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FOREWORD

The drast ic r ise in o i l prices in recent years has l e n t

renewed impetus to worldwide e f f o r t s to develop a l t e r n a t i v e

sources of energy. New, a l t e r n a t i v e and low-cost energy

sources have become v i t a l for the economic surv iva l of many

developing count r i es , in p a r t i c u l a r those which possess few

raw mater ia ls and have no income to pay vast ly increased

energy b i l l s . Drought disasters in the countries 1n the

semiarid areas which have led to the mass death of humans

and c a t t l e have focussed a t ten t ion on the connection

between attempts to Improve the water supply of these

regions and the lack of appropriate technologies and energy

needed to operate these technologies. The Seminar Centre

for Economic and Social Development of the German

Foundation for In te rna t iona l Development has tackled the

problem of appropriate technologies 1n a whole ser ies of

events and has already published discussion mater ia l on

th is subject r e f l e c t i n g the view of Afr ican count r ies .

The purpose of the Conference on Wind and Solar Energy

for Water Supply In Semiarid Areas was to o f f e r a f u r t h e r

forum for discussing the present s ta te and development

po ten t i a l of non-conventional technologies, adapted to the

natural condit ions and acute needs of the developing

count r ies . The experts from both developing and I n d u s t r i a l

countries who were approached In connection wi th the

Conference demonstrated a l i v e l y I n t e r e s t 1n the t o p i c .

Their contr ibut ions showed that there are already a number

of w e l l - t e s t e d and also newly developed methods for using

wind and solar energy for water supply which, once they

have reached the stage of mass product ion, w i l l be able to

contr ibute s i g n i f i c a n t l y to solving energy and water

problems in the semiarid areas.
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This Report is intended to make available the Conference
material and discussion results to all Interested persons
in the research, economic, and political sectors and hence
to provide impetus for the further development and practical
application of these technologies.

The German Foundation for International Development
wishes to express Its gratitude to all the authors and
Conference participants for having contributed to the
success of the Conference and the preparation of this
Report.

Brigitte Freyh " Dr Gerhard Fritz
Director General Director General
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RESOLUTION

Under the auspices of the German Foundation for Internation-
al Development there gathered at the beautiful and historic
Villa Borsig in the suburbs of Berlin (West) fifty-five sci-
entists, researchers and practitioners from all over the
world representing twenty-seven developing and industrial
nations and various international organizations with the
objective of discussing the important and momentous issue
of appropriate technologies for semiarid areas in the field
of utilization of wind and solar energy for water supply.

The Conference, which took place from 15 to 20 September
1975, held four 1 1/2 hour sessions ewery day, during which
the past, present and future endeavours and expectations of
mankind regarding the utilization of these important nat-
ural energies were discussed. The Conference also dealt
with forms and ways of international cooperation and ex-
change of know-how and then adopted the following general
recommendations:

1. The Conference, recognizing the looming energy crisis
and aware of the severe toll on the depietable sources of
energy, appeals to all nations of the world to join hands in
helping to save these resources, whenever possible, by the
development and utilization of the alternative renewable
energies of the sun and the wind.

2. The Conference, recognizing the significant amount of
research and development that must be carried out in both
developing and developed countries to come up with appropri-
ate and economically viable technologies, calls upon United
Nations agencies to reinforce and consolidate their efforts
into this field, especially regarding information exchange
and the support and coordination of activities, meetings,
etc., and also calls upon member countries to augment this
in letter and spirit both technically and financially. A
coordinating committee or a central UN agency for wind and
solar energy was one of the thoughts which the Conference



enthusiastically discussed and supported.

3. The Conference emphasizes the need for improvinq tradi-
tional technologies and also for moulding technology for
practicable and economic utilization in developing coun-
tries. The Conference recommends that climatological condi-
tions, potential skills of the users for operation and main-
tenance, economic and social benefits, and standards be
matters of prior consideration by researchers, designers »nd
manufacturers. Pilot projects are cited as solutions to
avoid hidden risks. The need for consolidated efforts by
international donors or suppliers and by recipient countries
to help the vertical flow of technology to grass-root levels,
i.e., to the users and their families, cannot be overempha-
sized. Training and maintenance units are most essential,
especially for the remote Isolated areas where the water
supply problems may be most critical.

On behalf of the countries or organizations they represent,
the Conference members would like to express their gratitude
to the German Foundation for International Development for
having organized this Conference.



I. CONDITIONS AND CONSTRAINTS
FOR WIND AND SOLAR ENERGY
IN WATER SUPPLY





SOME REMARKS ON THE USE OF WIND AND SOLAR ENERGY IN SEMIARID
AREAS

Dr H. Tabor

1. Solar power units are unable, at the present time, to
compete with electricity produced from central power sta-
tions even when the latter are fired by expensive liquid
fuels.

2. In remote areas, not connected to a grid, cheap power
station electricity is not available. This means that If
local power 1s needed. 1t either cones from draft animals or
from small diesel or gasoline engines.

3. In remote areas power from small diesels (or gasoline
engines) is extremely expensive, not so much because of the
cost of fuel, as because of the very high cost of mainte-
nance and spare parts 1n these areas. The fuel component of
the power cost may be of the order of 3-4 US cents per kWh,
based upon present international posted prices of fuel oil,
but the total local cost of power could easily be ten times
this figure.

4. Because of the high actual total cost of local power
from diesel engines, solar and wind machines now have a very
good chance of competing provided that they are truly main-
tenance-free machines- , or that the maintenance Is so simple
that it can be carried out by the farmer himself. (Solar
collectors should be stationary: tracking collectors are un-
likely to be practical In the field conditions under consider-
ation. )

5. Wind machines are generally simpler than solar machines.
But as the power developed is proportional to the third

U The Ormat Company in Yavne, Israel, has developed her-
metically sealed turbine-generators with extremely high
reliability. They operate on 1ow-temperature heat
sources and could easily be adapted to simple solar col-
lectors if a market were to develop.



power of the wind velocity, they are only practical in
areas with fairly high and fairly constant wind levels.
Wide fluctuation in wind speed is bad as little power is
generated at low wind speeds and the machines may be dam-
aged by excessive wind velocities.

6. The expected output from solar machines can be computed
for any given area and the range of variation fairly well
defined. For the pumping of water, there 1s no need to
store the solar energy, but Fig I shows that, to pump the
same amount of water as an engine working 24 hours a day,
requires a rated capacity of the engine, pump and plumbing
six times as great - and this 1s for clear days: on an an-
nual average one might need to rate the Installation at,
say 10 HP, for a unit that does an average 1 HP throughout
the year. This, of course, has a great effect on cost, and
thermal storage of the collected solar energy on the input
side may prove cheaper.

7. For the pumping of water, solar and wind units may have
a further advantage over diesels because of size. In one
African country, a number of 10 kW diesels were put at
widely spread well heads. These pumped sufficient water to
supply a large herd, which consumed all the grass for a
large radius around the well. Indeed the radius became so
large that the cattle became exhausted walking to and from
the well head. A study showed that had there been ten 1 HP
units instead of one 10 HP unit,the meat yield would have
been greatly Improved.

Diesels are less efficient, have shorter lives and require
far more maintenance when small than when large. In the
sizes we are considering, solar plants are not much affected
by size.

8. All discussion on the application of small solar power
units in developing countries is academic, unless the
richer countries are prepared to donate them or to provide
easy financing. All solar devices are capital-intensive and
developing countries have too many calls' on their limited
capital.



9. 9. A discussion on small solar power units was held at the
1973 UNESCO Conference on "The Sun In the Service of Man-
kind". The attached report provides some Insight as to the
real nature of the problem.



ROUND TABLE ON SMALL POWER SUPPLIES-^

An unscheduled round table on small power supplies was
held at the request of a number of delegates with about 70
participants. It was agreed that "small" referred to sup-
plies of 100-200 watts and upwards to twenty or more kW.

The opening speaker reminded the audience that it was
just 90 years ago that a solar-powered steam engine was
demonstrated by Mouchot in this very city of Paris and that
it was perhaps discouraging to see how little real progress
there had been (at least in mechanical systems) in 90
years: a number of systems had been described and some ac-
tually built, with entrepreneurs usually losing money. Why,
when there was such an obvious need in developing countries,
had there been no serious Introduction of solar power into
these areas? One obvious answer was the capital-intensive
nature of solar devices (which, even in mass production,
would be greater 1n first cost than conventional power
sources,) further aggravated by small-scale production 1n
the early stages, making the capital cost higher still.

Technical analyses and calculations conducted in the US
as long as thirty years ago had shown that solar engines
operated by flat collectors were feasible and that the cost
of power produced (without storage) was variously estimated
to be between 2-10 US cents at a time when central plants
were producing at a quarter of a cent.

In that connection it was pointed out that the absolute
cost of power in a developing region was not to be compared
with the costs in any developed countries but with the
costs of any alternative power at the local site: some local

1/ UNESCO Congress on The Sun in the Service of Mankind,
Paris, July 1973



power was often a matter of life or death to a community and
examples were given of the catastrophic effects of drought
in the Sahel region and of the lack of pumping facilities in
South America. Diesel pumps could be used but, apart from
the problem of fuel supplies, a breakdown could cause a
catastrophe if the supply of spare parts took too long. So-
lar plants, unlike diesel plants, could be small and put
exactly where they were needed and could, In theory at least,
be much more reliable. It was,in fact, stressed that solar
devices, if they were to be successfully introduced, would
have to be of high reliability (a point that had been
stressed in the Unesco advisory panel.).

Related to the question of rellability,—as well as to the
question of local manufacture versus import from the devel-
oped countries — it was encouraging to hear that in many de-
veloping areas the problem of maintenance had eased: 1n the
last decade technicians had been trained and this could and
would facilitate the dialogue between developed and develop-
ing countries and the transfer of technology.

Concerning local manufacture versus Import there was no
clear answer and one had to be pragmatic and consider each
case on its merits. Local manufacture, whilst highly desir-
able, was often limited by the absence of critical materials
or components (resulting 1n constraints In technical design)
and the total volume of production might be rather small. On
the other hand, 1t was favoured by lower labour costs and an
intrinsic shortage of foreign currency. Production in devel-
oped countries could be on a larger scale, was unconstrained
technically but suffered from the severe difficulty of not
knowing the local conditions of operation, or the real de-
tailed needs 1n developing countries (ex: pumping depth,
capacity, number of units required, etc.); without detailed
data the best-1ntent1oned firms or institutions could make
no progress. Whilst a delegate expressed the view that much
data was available In the developing areas, a major recom-
mendation of an international panel of the US National
Academy of Sciences on Solar Energy for developing regions
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had been the need to a s s e s s the real needs of e n e r g y and
the local a l t e r n a t i v e s a v a i l a b l e , in the d e v e l o p i n g c o u n -
t r i e s .

T h e r e w e r e a few short r e m a r k s on t e c h n o l o g i e s , s i m p l e r
than t h o s e n o r m a l l y c o n s i d e r e d for s o l a r p o w e r u n i t s , that
m i g h t be c o n s i d e r e d for local d e v e l o p m e n t and m a n u f a c t u r e .

To s u m m a r i z e , the p r o b l e m w a s e c o n o m i c , social and o r g a -
n i z a t i o n a l , not t e c h n i c a l . R e l i a b l e solar power p l a n t s
could be b u i l t tod»y w h i c h in some cases could be c o m p e t i -
tive w i t h o t h e r local s o u r c e s of p o w e r , t a k i n g into a c c o u n t
such p r o b l e m s as fuel and s p a r e - p a r t a v a i l a b i l i t y . This
c o m p e t i t i v e s t a t u s could only e x i s t if solar units w e r e
p r o d u c e d 1n r e a s o n a b l e q u a n t i t i e s w h i c h r e q u i r e d m o r e p r e -
c i s e d e t a i l s of the m a r k e t r e q u i r e m e n t s and a s o l u t i o n to
the d i f f i c u l t p r o b l e m of f i n a n c i n g the high first cost of
s o l a r d e v i c e s .
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APPROACHES TO WATER PUMPING IN ARID AND SEMIARID LANDS

Simon B. Watt, United Kingdom

This paper described the approaches to water lifting
that we have embraced during our work of publishing
manuals of Information on low cost/low skill technol-
ogies.

It emphasizes the broad nature of the approach, con-
sidering the way that the water Is to be used before
looking at the possible ways of pumping. Technology
is seen to be as much social In content and meaning
as physical, - this argument Is fundamental to a sym-
pathetic understanding of "appropriate technologies."

The costs of water pumping are very briefly out-
lined, and the various power sources suitable for
pumping are briefly discussed.



J2

1. Introduction

It is now becoming widely recognized that the techniques

and tools of production developed and used in the industri-

alized countries, are often inappropriate for other coun-

tries that have not accumulated a high capital base, do not

have extensive educational facilities, reserves of skilled

manpower, or access to cheap raw resources and large mar-

kets. These arguments are put forward by development econo-

mists, who are concerned that the development process is

passing by the majority of the poor in many developing

countries. They suggest that the only true measure of de-

velopment is the success of planning policies in reducing

poverty, unemployment, and inequality,-' the way towards

these successful policies lies as much through the adoption

of more appropriate techniques of production, as it does

through distributive investment policies.-

The basic approach of advocates of "appropriate technolo-

gies"' is to examine carefully and compare different tech-

niques in the light of various criteria. These criteria

cover a deep and broad perspective on human life and ex-

perience, and are often a criticism of the direction of

contemporary industrial societies.-

That a choice of direction does exist is often ignored,

as human progress becomes linked inescapably to high cost,

high performance, and high skill techniques of production.

Techniques that are more appropriate to the real needs of

the majority of the people in the world are sometimes over-

looked :

"Evidence suggests that 1n many instances in which labour-

intensive and efficient technologies are available, more

capital-intensive technologies are nevertheless chosen for

production. The reasons given are extensive, and include

subsidized capital prices, wages in excess of the marginal

productivity of labour, the ease of importing packaged

technologies which are generally capital-intensive in na-

ture, lack of information about alternative technologies,
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the desire to minimize management problems associated with
the employment of labour, and the pride which engineers and
top management may associate with sophisticated methods of

4/production. —

The arguments for "appropriate technologies" are probably
well known to most of the delegates at this seminar. In this
paper we have attempted to describe an approach to water
pumping 1n arid lands that takes Into account the overall
picture. The final choice of technique can only be a politi-
cal decision and our main contribution as practical engineers
must be to describe what 1s physically possible and how we
are to do It.-'

During the last few years, many questions have been asked
about the ability of "industrialized roan" to sustain himself
as fossil fuels become depleted. The questions perhaps have
even greater significance for the majority of people living
in the developing nations.

The 1954 UNESCO symposium on wind and solar energy for arid
lands, held in New Delhi, recognized the folly of living off
the accumulated capital of fossil fuels, instead of from the
Income or renewable sources of energy.-' The symposium recom-
mended, amongst other things, that a small pilot project
should be set up in an arid zone to Investigate the possibil-
ity of satisfying the energy needs of a small community by
Integrating solar, wind, and vegetable matter sources. It Is
surely a great pity that this recommendation was not taken
up.

Advocates of "appropriate technologies" will have sympathy
with the views expressed at the symposium. The various speak-
ers stressed the need for a wide variety of techniques to
suit the different conditions in arid lands. The paper by
E. W. Golding "The Economic Utilization of Wind Energy In
Arid Areas", and his comments in later discussions, put an
eloquent case for designing wind powered water pumps to suit
the needs and abilities of the people who are to use them.
He recommended that government departments should carry out



14

wind surveys, and actively plan to support the introduction

and local manufacture of low cost equipment.

Many countries are now beginning to carry out investiga-

tions of this sort,- and most of these demonstrate that

wind powered pumping can make a substantial contribution to

the water needs of small, rural communities. Wind power

would need to be backed up by auxiliary power from diesel,

electric, animal or man. The critical factors which deter-

mine the viability of wind pumps are the wind regime, and

the high initial cost of the equipment.

It is the purpose of this paper to give some perspective

to wind powered water pumping in arid and semiarid lands,

and to give an example of a low cost/low skill windwheel

that has been very successfully used over the years around

the Mediterranean. The countries in arid zones that are

most likely to benefit from the approaches outlined in this

paper are, of course, those not endowed with large reserves

of fossil fuels.

2. Some Notes on Water Use in Arid and Semiarid Lands

This paper has been written to demonstrate the approach

that we have adopted for water pumping on a low cost/low

skill basis. It 1s therefore necessary to discuss briefly

the way that water is used in arid areas, before we can

consider the best way to pump water,

Arid lands are characterized by very low rainfalls, and

hot dry climates. The rainfall pattern, the season, dura-

tion, intensity, and quantity, vary widely from area to

area. Historically, many arid areas were the seat of several

very advanced agricultural civilizations that flourished,

then disappeared.

The state of balance of plants and soils in these harsh

environments is fragile, and is easily upset by overgrazing

and poor farming practices. Once the vegetation is over-

grazed, it cannot recover quickly, inedible plant varieties

take their place, or serious erosion may begin. Arid lands



15

can,however, produce very high yields of crops, provided
that water is available; farming practices are steadily
being developed which make the best use of the low rainfalls.

Perhaps the most important and potentially the most dan-
gerous use of water in arid lands Is for stock watering.
Many authorities consider that the drought conditions in the
Sahel region have occurred not simply because of lack of
rainfall, but also by overgrazing which has prevented the
survival of essential vegetation.

We consider below the use of water for domestic, stock,
and agricultural purposes.

2.1 Domestic water use

One of the most pressing needs of people living in arid
lands is to Improve the quality and quantity of their water
supplies used for drinking, cooking, and washing. Contami-
nated and Insufficient water 1s one of the major causes of
Illness for mankind, and any programme of development is
Incomplete unless it considers better water. Improved sani-
tation, and hygiene education.

Traditional domestic water supplies are collected from
surface and roof run-off and stored in dsternes, water
tanks, haffirs, etc., or out of the ground from wells or
quanats. All of these methods have been used since man began
to live 1n arid areas, and history is rich with the Innova-
tions and skills displayed 1n his search for water.

Water supplies being such a vital need, are inevitably
vested with deep cultural meanings and traditions. Many
rural water supply Installations set up by outside agencies
have been abandoned even in dry areas, either because the
users did not trust them, or because they did not have the
skills and resources to keep them going. A more recent ap-
proach by water engineers and planners, 1s to adopt a policy
of upgrading the existing water supplies at the lowest pos-
sible cost to obtain the best possible Improvement.— The
preferences for the supply source of the users must be one
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of the most important considerations if the supply is to be
paid for, built, and maintained by the users.

An interesting example of this approach is the work of
9 /

Hans Guggenheim amongst the Dogon people in Mali. Me per-
suaded local people to line traditional grain storage bins
with ferro-cement to store rain water that collected off
the roofs during the wet season. Roof water is not as open
to contamination as surface water, and the tanks are well
understood by the local people. The tanks use both tradi-
tional skills and modern techniques and appear to be highly
successful and acceptable. On the other hand, they will only
be able to store a fraction of the water that is needed
throughout the year, and the alternative source of well
water also needs Improvement.

It 1s the obvious failure of techniques and equipment in
rural areas that is forcing engineers and economists to
look more carefully at the choices of technology available.
Hand pumps for lifting up well and tank water, for Instance,
have a notorious record of unreliability, and many well
construction programmes choose large diameter, hand dug
wells, 1n preference to small diameter tubewells, because
water can be lifted by a rope and bucket Instead of a hand
pump. Hand pumps cause many problems and much despair
amongst engineers when the pumps are not repaired and the
borehole is then abandoned. This failure demonstrates that
a different approach is called for, and much work is going
on now in many countries to develop pumps that can be made
locally and maintained with local skills and t o o l s . — The
pumps are being designed with ease of maintenance built
into them rather than to high performance standards or low
costs. An unrecognized problem that pump designers overlook
is that the pump is used by as many as several hundred dif-
ferent people during the day, and usually, if the pump is
installed by government agencies, no one is prepared to ac-
cept responsibility for its maintenance. Training local
people, organizing maintenance, gaining their confidence,
must be an integral part of a well improvement or construc-
tion programme.
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Domestic water supplies usually only need to deliver rela-
tively small quantities of water each day, and their im-
provement should therefore consider first of all easy access
and protection.

2.2 Stock watering

The recent tragic droughts 1n the Sahelian areas have
caused many people to think carefully about the causes. Many
geographers and elimatologists think that the main causal
elements are overstocking, poor range management, and an in-
correct approach to development, rather than to major cli-
matic c h a n g e s . — T h e y contend that stock breeding has been
encouraged to provide increased meat exports for the areas,
but that the traditional values of the local people are
based primarily on subsistence security and social prestige,
which means that they keep the largest possible number of
animals. The ecological balance of most arid areas is very
fragile, and overstocking causes a collapse of vegetation
growth and serious wind and water erosion then develops.

Providing stock watering points must be seen in this con-
text, although veterinary health programmes, a reduction in
raiding, a desire by the local people for more cattle etc.,
are also important reasons for the growth in cattle herds.
Water is a limiting factor for animals as well as men, and
deep-well water pumping must be seen as part of an overall
ecological pattern if the advance of the barren Sahara is to
be halted.

However, if deep well water is considered necessary for
stock use, then we have little choice but to use the com-
mercially available pumping equipment that has the best per-
formance record and needs the least skills to maintain. We
should not overlook the magnificent contribution that multi-
blade windwheel pumps have made in Australia, South Africa,
the U.S.A., and elsewhere where stock management has been
practised. In these areas stock rearing has been combined
with survival grass crops, or even cattle trucking, to main-
tain a better ecological balance between the number of ani-
mals and the foodstuffs available.
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One interesting suggestion that has been put forward, is
for the replacement of water wells by rainwater harvesting

12/tanks.—' These tanks would provide a natural water supply
for animals in a direct relation to the amount of plant
growth; in dry periods of low rainfall, when plant growth
is weak, animals will have no water, and the owners will be
obliged either to keep fewer animals or move them to more
fortunate areas.

2.3 Agriculture

Arid lands, which are characterized by a deficit of rain-
fall, and a high rate of evaporation from the long hours of
sun, are surprisingly fertile if water can be applied. Agri-
culture in arid and semiarid regions is carried out over a
wide range of soil moisture conditions, ranging from sea-
sons with below average rainfall, under which it may be
difficult to avoid complete crop failure, to seasons with a
moisture supply that may be almost or as favourable as con-
ditions usually obtained in more temperate regions. The ap-
propriate approach to crop production must be to both im-
prove the efficiency with which water 1s used, and to In-
crease the water supply.—

The efficiency of water use can be improved by preventing
the wastage of water in existing Irrigation systems, select-
Ing and managing crops In different ways, reducing evapora-
tion and seepage and by many other ways which will be well
known to the delegates at this seminar.

Supplies can be increased through upgrading the yield of
the source by deepening a well, enlarging a dam, the reuse
of water, and by rainwater harvesting and run-off agricul-
ture. The last two methods probably have the most interest-
ing potential.

Rainwater harvesting collects the water that runs off
specially prepared areas, and delivers it to much smaller
areas that can use the water more intensively. This sort of
agriculture is c*11ed run-off farming, and was developed
to very high standards over 2000 years ago in the Negev
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14/desert.— The land around a wad1 or a water course that is
periodically flooded to saturate the soils, 1s a naturally
occurring example of this. The water that 1s collected can
be used to grow high value crops, or grass crops that pro-
vide forage for animals during periods of drought. Another
development of run-off agriculture is micro-catchment farm-
Ing, which collects water even on flat lands and drains it
towards a suitable tree planted in a drainage hollow.

In arid and semiarid areas, crop yields are not generally
proportional to the amounts of precipitation. Yield levels
are determined by the amount of precipitation above the basic
minimum required to enable the crop to achieve maturity. If,
for instance, a grain crop needs a minimum of Z50 mm of rain,
a reduction of only 25 mm will result 1n total crop failure,
whereas an increase of 50 mm of rainfall may double y i e l d s . —
Irrigation research in arid and semiaHd lands 1s Increasing-
ly turning towards a system of survival water application,
which attempts to achieve the best results with the smallest
application of water, rather than to attempt to achieve the
maximum possible yields over a smaller area. Most crops have
periods in their growth cycle when adequate soil moisture is
vital to prevent crop failure and water use should be con-
centrated during these periods.

Water pumping for agriculture then, cannot be seen separate-
ly from the approach that agriculturalists are adopting in
arid lands. The pumping system may vary in sophistication
from animal powered pumps lifting water of survival irriga-
tion, to completely Imported motor powered systems in the
countries which can afford them. Cheap windwheel pumps such
as the Cretan Sail and the multiblade devices, can possibly
make a major contribution where surface stored or ground
water 1s readily available.

All water pumping is expensive, and the natural rainfall
should only be supplemented where there will be significant
gains in crop yield.
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3. Approach to Water Pumping and Pumping Costs

3.1 Some definitions

People usually associate the meaning of technoloqy with
the tools and equipment employed in production, and the way
that they are used. However, if the question is asked about
the exact relationship between technology and human socie-
ties, much confusion arises. A better way to understand the
meaning of technology is to consider it as a language;
skills or techniques then become equivalent to speech, and
tools or hardware the equivalent of w o r d s . — T h i s defini-
tion emphasizes that technology cannot be understood apart
from Its use In human societies, and the way that it is
integrated Into different cultures.

Economics is concerned with the best use of scarce natural
resources to provide a livelihood for mankind. Many econo-
mists question the relevance of much of the high cost, high
skill, high performance techniques and hardware to Improve
the quality of life for the majority of people in the world
who are poor. Schumacher suggests that a strategy of develop-
ment that allows the majority of these people to help them-
selves 1s more likely to be successful. He coined the term
"intermediate technology" to stress the need for techniques
and hardware that either improve what already exists, modi-
fies high performance techniques, or innovates low cost, low
skill e q u i p m e n t . — '

This is not, of course, a new idea. Gandhi put it in a
memorable phrase - "production by the masses, not mass produc-
tion." Mao Tsetung called this policy "walking on two legs,"
and some economists call it "integrated regional development."
It means precisely that the vast mass of poor and hungry
humanity must not be abandoned in favour of a few who can
pain the control of what is known as "modern technology." On
the other hand, the magnificent technical achievements of
the last century must also not be abandoned, and a balanced
programme of development has to be planned.



3.Z Approach to water pumping

Water pumping is only one area of interest in the broader
language of technology. Within water pumping technology
there exists a rich and a varied spectrum of techniques and
innovations which have been and are still being used 1n many
parts of the world. It is tempting to describe this spectrum
from the perspective of costs and benefits - the spectrum 1s
of course always changing as costs change, new Inventions
and breakthroughs are made etc.:

[OutputPerformance
Development
etc.

BENEFITS

1 DITIONALp7
HNIQUES |

HIGH PERFORMANCE
TECHNIQUES

— (The minimum
level of benefit

—' to be achieved
1s a crucial
decision)

^ COSTS C C a s h

~ > C0STS ISkills
/Fossil fuel, raw materials
(Social. etc.

The costs Include cash, skills, energy costs, and social
costs, and It Is obvious that these cannot all be related 1n
cash terms. The benefits will Include output, performance,
social development, and these are also not directly compa*
rable. However, describing the spectrum of technology in this
way is useful because It shows In general terms what many
practical people suspect, that modern technology has higher
costs than traditional techniques, although with higher
benefits. Also, that the spectrum observes generally the
universal law of diminishing returns.

Traditional techniques become traditional when they are
accepted and fully understood and are embraced within the
culture of the society using them. The development strategy
that attempts to achieve the greatest improvement at the
lowest cost must make a careful balance between investing
in and encouraging modern high performance techniques, and



what we can call intermediate techniques, i.e. those that
improve on the performance of traditional methods.

A study of the history of water pumping shows that pump-
ing techniques developed in parallel with the power sup-
plies. Centrifugal, axial, and turbine pumps are now in a
high stage of development only because the power sources,
Internal combustion or electric motors, can produce power
at comparable high speed. Animal and manpower cannot de-
velop these high speeds without expensive gearing.

It is useful to understand the evolution of the spectrum
of techniques 1n a way that shows the flexing, the tighten-
ing of control by Improved skills and materials, over the
more relaxed low performance range.

Engineers, with their zest for their art, concentrate on
Increasing the performance of the techniques, and are
understandably Inclined to abandon the inherently low per-
formance part of the spectrum. High performance techniques
need strict operational controls, better and more expensive
materials, greater skills 1n their construction, more main-
tenance and expensive spares, In order to achieve the de-
sired performance level. Without these, the techniques can-
not work and quickly collapse. Low performance techniques
on the other hand need fewer controls, can use local or
cheaply Imported materials, can be built with more general
craft skills, and require less skilled maintenance. High
performance techniques can be described as havino. a "tight
fit", or "flexed" - low performance techniques can then be
seen as having a "loose fit" or "relaxed".

An example of this can be seen with well construction
programmes for rural water supplies. Small diameter bore-
holes can be constructed quickly to penetrate a long way
into the aquifer, but they need hand pumps which will be
costly if they are to stand up to the rough handling they
will receive. Large diameter, open wells, are built by hand
and penetrate less than three metres below groundwater
level. However, hard and costly experience has shown that
hand pumps are not maintained and when they break, the bore-
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hole has to be abandoned. Large diameter wells can be pumped
by a rope and bucket and this technique of well construction
is therefore usually chosen despite the Increased risks of
pollution.

3.3 Development of pumping techniques

One of the problems facing planners when they are engaged
In development work Is the difficulty of deciding whether to
Improve existing equipment and traditional techniques, Import
tried and tested equipnent from other countries, or to modify
commercial equipment to suit local conditions. An example
from China of an Improved windmill Is shown In Fig. 1.

Whatever the decision, It 1s essential to understand that
technology is not only about hardware,-the attitude of the
users to the hardware 1s of equal Importance. Some of the fac-
tors that must be considered are outlined below:

a) Traditional craft skills available

Craft skills are usually sadly neglected by most edu-
cators 1n favour of literate skills. Craft skills, which
are the means by which most productive work Is carried
out, are the foundations of development, and It Is often
overlooked that most Innovations in technology have been
first and foremost rooted In these skills. Modern, In-
dustrial R & D programmes are usually more concerned
with controlling and streamlining the work force than
with Improving the quality of the product. Mahatma Gandhi
was well aware of the dangers of ignoring craft skills,
and his "Khadi" movement to persuade political leaders to
weave their own cloth was an attempt to Improve the public
status of the actual physical work of weaving.

All peoples have craft skills of some sort that they
are familiar with, and a technique that they can manage
with existing skills is far more likely to succeed than
one which needs new skills. The word "craft" has origi-
nated from the original meaning of "craftiness*"someone
who uses his cunning to make materials do as he wants.
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b) Access to a body of scientific knowledge

Many traditional techniques do not develop in effi-
ciency either because the users find them adequate for
their needs, or they do not understand the basic prin-
ciples of operation of the technique. The history of
technology is a veritable maze of false starts, sudden
Improvements, the transfer of knowledge, etc., and it
is only now becoming generally understood how the
cultural roots of a society determine how its technology
is allowed to develop.

Access to a wider body of scientific knowledge can be
Instruction manuals, technical advice, or by seeinq for
oneself how an Improvement can be made.

c) Confidence

One of the worst errors In believing that technology
is mainly about physical techniques, is to Ignore the
user. A better approach is to see techniques as a
physical way that people earn their livelihood. From
this perspective the attitude of the user 1s as impor-
tant as the equipment itself. Confidence allows people
to explore and make decisions about tools and equipment
that they could not make if they were unsure of them-
selves. Confidence 1s of course a vital state of mind
throughout all areas of human experience, and 1s one of
the reasons for the policy of encouraging self-reliance
in China.

We have already discussed briefly what we could con-
sider to be appropriate strategies for development, and
it is obvious that for many areas of activity, some
subsidy Is needed even to commence development, either
by extension work, demonstration, or cheap loans. The
total neglect of investment in the rural sector usually
occurs because the cash returns are small or even non-
existent. But it should be understood that the mass of
people often provide targe and hidden subsidies to the
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capital-intensive sectors. A distributive policy of

investment lies at the root of "appropriate technologies".

e) Extension
Showing people how to use and maintain the technique,

providing them with materials, supervision and confidence,
giving them cash subsidies, 1s the way of extending
techniques amongst the population. Extension work 1s of
the greatest Importance in development, even though It
has low prestige In many countries. One successful working
demonstration is worth a thousand written pamphlets.

3.4. Designing maintenance into pumping equipment

One of the criteria for choosing the most appropriate
pumping technique must be ease of maintenance. Indeed, some
people believe this to be the most important criterium. Many
developing countries are littered with the remains of equip-
ment that has been abandoned because of breakdown due to
lack of maintenance. It 1s not properly understood that the
network of skills, spares, supply lines and advice, which
have been built up over the years in the industrialized
countries, are poorly developed In many other parts of the
world. As practical engineers, we will all probably have
stories of equipment that has been abandoned either because
a vital spare part has not been available, or because the
equipment has not been designed to operate in the different
physical conditions.

A strategy for designing appropriate techniques will either
build maintenance into the equipment, by ensuring adequate
spares and training, or by using parts and materials and
skills which are locally available. Bearings provide a good
Illustration of this, especially for arid lands. The designer
can choose a sealed bearing that is expensive but will (It
is hoped) run for a long time before it needs to be replaced
or he can use cheaper unsealed bearings that need to be
replaced at frequent Intervals. Since many countries do not
have established bearing industries and supply networks, the
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choice is often to use costly sealed bearings. If the designer
chooses a technique that operates at lower speeds, then he has
a wider choice of bearings; he can use oil soaked wood blocks,
for instance. High speed lift wind wheels need high speed
bearinqs with all the problems of sealing them against dust
and grit; low speed drag machines on the other hand, run
successfully on oil soaked wood block bearings that can be
cheaply replaced.

Designing maintenance Into the equipment is absolutely
essential if it 1s to be used by people who have poor access
to spares and skills, and we suggest that this should be one
of the most Important points of discussion for this seminar.

3.5. Costs of water pumping

We have already suggested in this paper that pumping techniques
should not be considered before water use, and this Is especially
true with regard to agriculture in arid lands. It is not un-
common in many dry parts of the world to see water which has
been laboriously pumped out of a well soaking back into the
soil before it even reaches the crops. Cropping patterns, the
system of land and water use, and even land tenure, are there-
fore even more Important than the way the water is lifted. This
holistic picture, the overall view, is the basis of what we
call the "appropriate technology" approach.

Some economists believe that man and animal powered low lift
water lifting devices have been made redundant by diesel or
electric motor powered pumps, except in areas where there are

t o /

spare animals and plenty of people to do the pumping.— This
opinion has and will change as fossil fuels become scarcer
and more expensive. Indeed, we should not be surprised that
fossil fuel based power is cheaper than man and animal power, as
fossil fuels represent the savings of millions of years of
sunlight. Men and animals, on the other hand, can only use
solar energy collected over a few food cycles at the most.

Wind and solar energy will have to provide an increasing
proportion of all our energy needs. The solar pumps that have
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been developed to date are prohibitively expensive and the
commercial wind power pumps are also generally more costly
to buy and Install than small diesel sets. However, a range
of locally made wind power pumps, of varying size and
sophistication, will reduce these costs considerably. For
small subsistence farmers, a home made, cheap, and reasonably
efficient wind powered pump will make a substantial contri-
bution to removing the bottlenecks in the farming cycles;
the main difficulty lies In persuading him to persevere
with his machine.

If we are to consider water pumping and farm mechanization
In a typical arid or semiarid land, we must be aware of
several very obvious points:

a) The populations are usually sparse and dispersed, and
the distribution of electricity, fuels, services etc.,
is very much more costly than for concentrated populations.

b) The network of spares, repair facilities, advice, work-
shops, etc., 1s usually not well established; It has
been estimated, for Instance, that a tractor In an
isolated area will cost nearly four times as much over
Its working life than an equivalent machine 1n the
country manufacture.

c) The majority of the people In arid and semiarid lands
operate on a small scale, and they are not fully
integrated into the rituals of a cash economy. Many
live a nomadic or seminomadic life.

d) Investment capital spent totally within a developing
country Is likely to generate nearly twice as much
economic activity as the same amount spent on Imported
goods.

An attempt to cost water pumping 1s therefore very
difficult. Many of the people in rural areas, because of
lack of capital, skills, and their remoteness, will probably
never be able to use expensive commercial equipment, and a
realistic comparison of different water pumping techniques
is not easy.



Subsistence farmers generally hold a totally different view
of development than that held by development economists. In
addition, few economists have a thorough grasp of the techno-
logical possibilities available, and it is our responsibility
as practical engineers to turn our minds sympathetically to
the experienced needs of the people in rural areas, and the
ways that these needs can be met at the lowest cost 1n skills,
organization, work, or cash. This means that we must look
carefully at the whole spectrum of water pumping techniques
and power sources.

Several detailed studies of the costs and benefits of a
wide range of pumping and irrigation techniques, for Instance,
overestimate many times the initial costs, through a lack of
understanding of alternative techniques that could have been
used.—' There is much truth in the saying - ''where there is
a will, there 1s a way," and many researchers into the history
of technological development find that developments only take
place when they are needed and looked for, - within the laws
of nature, of course.

The general nature of the costs of water pumping have been
given in FAO Paper No. 60, ''Low Lift, Water Lifting Devices
for Irrigation," by A. Molenaar. The benefits of water use
have already been briefly discussed 1n this paper and there
1S overwhelming evidence that water 1n arid areas can be
used much more effectively than it is at present.

The cost of water pumping can be divided into two parts,
the overhead costs of Initial Investment, depreciation, and
perhaps Interest charges, and the running costs of operating
the pumping equipment. High performance techniques usually
have high initial costs, with low running costs. Low per-
formance techniques, if they are made locally, have low initial
costs, but the running costs are higher. The scale of their
use is perhaps the most important criterium of choice, as
expensive equipment cannot be written off against a project
unless it is used Intensively; low performance equipment is
almost always used on a small scale.
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Molenaar discusses the overall costs and scale of use,
with amount of water lifted, and his general conclusions
are still realistic, except that the costs of fossil fuels
and high performance equipment have escalated far beyond
the costs of traditional techniques. It Is not our Intention
to enlarge on his publication In this paper. We would like
to suggest, however, that the marginal cost of labour does
not usually take Into account the great benefits that can
be achieved If certain bottlenecks are removed from faming
activities, or If the farmer can construct and repair his
own equipment.—'

The approach of removing bottlenecks in the farming
systems and pumping techniques In order to achieve the
most for the least effort, can be best understood from a
thermodynamic perspective than an economic one based on
cash.

Sources of power available for water pumping

The energy resources of the earth fall Into two categories,
solar and non-solar. Solar-derived resources Include Inter-
cepted solar radiation, wind energy, products of photosyn-
thesis, fossil fuel deposits, and the power of falling water.
Non-solar resources are basically tidal and geothermal energy,
and the energy of both fission and fusion nuclear fuels.
Fossil fuels in the shape of oils provide perhaps the most
convenient and power packed energy source known to man, but
we are all aware that these are limited in supply. Wind and
solar energy will provide 1n the future the best long-term
hope for power for most of the world, but we should see this
against the wide range of power sources that are both avail-
able and used in arid and semiarid lands.

Sources of energy and power are a very large subject, and
it is only possible in this short paper to give a very brief
description of those that are Immediately suitable for water
pumping in arid areas with their dispersed populations.
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4.1. Han power

Man powered pumps are widely used to lift the small amounts
of water needed for domestic supplies, stock watering, and
micro-irrigation. For larqer scale irrigation and water lifting,
other power sources should be employed whenever possible to
release the skills and time of men for more productive work.

In many parts of the world, however, farmers and their
families are often the only source of power available. This
is not as close to slave labour as might appear at first
sight, as small amounts of water pumped over a few weeks can
save a crop or double its yield. In Bangladesh, for instance,
farmers are irrigating small areas of land from their hand
pumps to achieve an extra crop. The exhibition of locally
manufactured water pumps in Peking, 1958, had a majority of
man powered devices, reflecting the hard economic conditions
at that time. Man powered pumps are generally small and
portable, and therefore have a capacity suited to small fields.

The most efficient use of man power is through his legs,
not through his arms. Leg muscles are stronger than the
muscles in the upper part of the body, and a healthy man can
comfortably develop about 75 watts (0.1 h.p.) over long periods
by pedalling and 0.4 h.p. for short periods of a few m i n u t e s . — '
The many low lift pumping devices used throughout S.E. Asia
over the centuries, generally used leg power.

Man powered pumping devices are small, usually cheap to make,
and should not be overlooked in areas where a small amount of work
will bring a good return.

4.2. Animal power

Animal power is widely used 1n most parts of the world.
Draught animals if they are well looked after, and the equip-
ment is suitable, can make a substantial contribution to
irrigation farming. Very often, animals used for general farm
work, - ploughing, ridging, seeding etc., are released for
long periods, especially during the dry season. This spare
capacity of the animals can be very usefully employed in
water pumping.
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Draught animals need great care and must be managed with
affection and respect 1f they are to work well. The cost
of veterinary care, feeding, harnessing, purchase cost, must
be balanced against the work that they can manage and the
side benefits of meat, hides, manure, etc.

The following table—' is often quoted to show the
power output from various types of animals:

Animal

Horse
Bullock
Cow
Mule
Donkey

Weight
(Kg)

400-700
500-900
400-600
350-500
200-300

Draft Force
(Kg)

60-80
60-80
50-60
50-60
30-40

Average speed
m/sec

1.0
0.6-0.8
0,7
0.9-1.0
0.7

Power
(Kgm/sec)

75
56
35
52
25

(H.P.)

1.00
0.75
0.45
0.70
0.35

In areas where animals are not trained and used for general
farm work, the cost of buying and training the animals must
be related directly to the benefits resulting front water
pumping.

The common animal powered pumping devices range from a draw
rope pulling a water filled leather bucket up out of a well,
to vertical axis geared turbine pumps. The first is very in-
efficient, as the animal 1s obliged to retrace its steps
without doing any work; the second 1s very expensive, and
requires skilled maintenance. To use animal power effect-
ively the pump should demand a constant loading and power
take off gearing is necessary. This gearing can vary from
simple timber cogged wheels, to specially made steel crown
and pinion gears.

These power take off gears are prohibitively expensive,
sometimes being even more expensive than a small motor
pump set. There must be an urgent need for the local manu-
facture of these gear sets, which could be made 1n a small
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workshop. The "Liberation" type gears and pump shown in Fig. 2

was distributed widely throughout China to encourage local

manufacture.

4.3. Wind power

Wind power has been used throughout history for a wide variety
of tasks - corn grinding, timber sawing, etc., in addition to
water pumping. During the last 50 years, wind power has been
neglected by power engineers, and the recent upsurge of interest
obviously reflects doubts about the long term use of fossil
fuels.

Pumping water 1s probably the most useful way to use wind
power, as the machine can be allowed to run over the whole day,
and work whenever there is enough wind. Wind powered pumps
are used widely on the Great Plains of the USA, throughout
Australia, and many parts of Africa, and they have been devel-
oped to great robustness and simplicity. Fig. 3.

A great variety of wind power devices are known. For use in
arid and semiarid lands, they should be able to use the gentle
wind regimes, withstand the high temperatures and dust, and
be designed for simple local maintenance or totally sealed for
periodic maintenance by skilled fitters. The multiblade wind
wheel device, developed on the Western Plains of the USA in
the 19th century, and manufactured commercially is very robust,
but needs some skills for repairs; the sail wind wheel, still
used in Crete, is locally made and locally repaired. They are

both slow speed, high torque devices, and may be manufactured
2 3/without difficulty on a regional or local b a s i s . —

Wind wheels developed historically, on a craft basis, and
the optimum size for simple water lifting devices seems to
have been arrived at on an intuitive basis. The power from a
wind wheel depends on the square of the linear dimension,
the weight and cost depends on the cube; to double the size
of a wind wheel is to therefore quadruple its power, and to
multiply its use of material and cost by a factor of eight.
Most simple water pumping wind wheels have a diameter of less
than 5 metres.
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Wind wheels roust be designed to start and work In very
low wind speeds, and have a governing device built Into
them to prevent them from being destroyed in high winds.
Wind wheels must be designed like a toy bicycle to work
on the power of a child, yet be able to withstand or cut
off from an equivalent power source such as that from a
motor car engine, during strong gales.

Because wind power 1s so variable, It 1s necessary to
have a back up power source from man, animals or diesei
engines, for periods of calm. Matching and applying these
back up power sources to simple wind powered pumps presents
many difficulties and adds to the complexity of the equip-
•int.*!'

Wind pumps should also have storage tanks so that water
pumped during periods of strong wind can be used during
periods of calm, or whenever It Is needed.—'

4.4. Solar power

Solar energy Is perhaps the largest source of power
available to man, and great efforts are at last being made
to convert it Into mechanical power suitable for water
pumping, with varying degrees of success. Integrated dally
solar energy on a horizontal surface on good days in low
latitudes can be as much as 6 to 8 kilowatt hours per square
metre, - but this value will be very much less on cloudy
days. The great difficulty is to convert solar energy Into
a different form of power that can be stored and used.

At the present moment, existing solar water pumps are
expensive and very complex although new discoveries and
mass production will Inevitably bring the price down. One
of the potentially most promising devices is the Fluidyne
engine, that has no moving parts, and works on a Stirling
c y c l e . &

4.5. Electric and fossil fuel power

Diesel and petrol powered pumps are well known and need no
further comment here. Experience will have shown the most
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suitable types that can be successfully used In arid areas.

Centrally generated electric power, with its very high

transmission costs, will probably always be out of the

question for most of the areas we are considering.

Slow speed, high torque wind wheel devices

The multibiade and the Cretan sail wind wheel devices have
been widely used for many years to pump water. They are not
as glamorous as the high speed devices, but their robustness
has been well proven, and we should not overlook them because
of their lower efficiencies.—^

Multiblade devices are fully described in the various trade
literature available. They operate safely in relatively slow
wind speeds, although they are as likely to fail as any other
piece of equipment 1f they are not well designed or maintained.
F1g. 4. If they were manufactured on a local basis, substantial
reductions in cost are possible. The devices have either
geared drive transmissions, or are direct acting through a
crank wheel and connecting rod; the latter 1$ the simplest
and cheapest, using wooden bearings and an oil bath lubrication
system.
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l i m i t crop p r o d u c t i o n i n A f r i c a n fa rming communi t ies " ,
R.D. Mann, 1971. ITDG P u b l i c a t i o n s .

I l l "Pedal Dr ives f o r Borehole Pumps", S.S. W i l son . 1975.
Dept of Eng ineer ing Sc i ence , Oxford U n i v e r s i t y , U.K.

22/ " F i e l d E n g i n e e r i n g " , F. Long land. Gov. P r i n t e r of
Tangany ika , Dar-Es-Salaam 1952.

2 3/ ITDG are p r e p a r i n g a development programme f o r l o c a l l y
made wind powered pumps, to be c a r r i e d out i n c o l l a b o -
r a t i o n w i t h the Kenyan Government,

2J7 "Some problems in the u t i l i z a t i o n of w ind power i n
I n d i a " , R.v. Ramiah, UNESCO Symposium on Wind & So la r
Energy , 1954, p. 102.

25/ ITDG have a f o r t hcom ing p u b l i c a t i o n on fe r ro -cemen t
water t a n k s , t o take volumes from 1/4 to 100 cub ic
metres of w a t e r .

26/ " A p p r o p r i a t e Technology J o u r n a l " V o l . 1 No. 4 , A r t i c l e
by Peter Franke l q u o t i n g some sources of i n f o r m a t i o n .
Also Paper No. 5 , by C. West, AERE, H a r w e l l . ISE con-
f e r e n c e , P a r i s . J u l y 1974.

l]_l "Wind power i n Sudan" , S.S. W i l s o n , Dept. o f Eng inee r ing
Sc ience , U n i v e r s i t y of O x f o r d , U.K. Report on v i s i t t o
Sudan i n Janua ry , 1975.
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DISCUSSIONS AND RECOMNENOATIONS

WORKING GROUP I: CONDITIONS AND CONSTRAINTS FOR WIND AND
SOLAR ENERGY IN MATER SUPPLY

The development of wind and solar energy technologies Is
now absolutely essential If the coming crises of rapidly
depleting fossil fuel reserves 1s to be averted or minimized.
This Is Important for all areas of the world. Me should not
overlook the fundamental nature of wind and solar energy as
decentralized sources of power that have particular relevance
to dispersed populations In rural areas with their high dis-
tribution costs.

The Working Group agreed that the following factors should
be considered when planning the Introduction of wind and
solar energy technologies In water supply:

I. Wind Energy

1. Cliniatological conditions

The wind regime must be suitable for water pumping and
must be able to power the machine for at least part of the
day. Minimum wind speeds of less than 3 n/s are not possible
to harness In most machines.

Available wind data should be collected to determine Iso-
vents. Particular sites with strong, steady winds should be
located for early use.

Before expensive machines are Installed, the wind regime
must be understood In order to reduce the risks of costly
failure. However, for low-cost, locally made machines, ex-
tensive data collection over long periods Is not essential.
Local knowledge of wind conditions Is often adequate. The
special ciimatoiogical conditions that affect the use of
wind machines such as dust storms, extreme temperatures, etc.,
must be acknowledged in the design of the equipment.

The water supply that 1s to be pumped must be adequate 1n
flow rate. The quality of the water must be known, since 1t
may be corrosive or damaging to the pumping equipment.
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2. General performance characteristics of alternatives

The general performance characteristics of the wide range
of wind machines that have been constructed must be clearly
understood, if the best alternative is to be chosen. The
types of machines that start and operate most effectively
in low wind regimes should be isolated and examined in de-
tail. The flexibility of each type of machine for either
manual or automatic control should be investigated to see
what proportion of the total costs of each technique can be
saved by designing for manual control.

3. Economic considerations

The alternative available pumping techniques should be
examined and compared as to costs, etc. The costs of wind
machines for both small- and large-scale use should be com-
pared for viability; small-scale, low-cost machines have
particular relevance for small farmers. The proportion of
costs that can be saved by substituting local manufacture
or by the assembly of pre-made parts should be Investigated.

4. Potential skills of users

Existing wind machines of the users must be examined to
determine the potential for improvement. Existing craft
skills of the users should be examined to see if these can
be Improved with stronger materials, better tools and
equipment, etc. The technical potential of the users should
be assessed, and their history of adopting new techniques
must be understood. Local construction should utilize local
skills and available materials whenever possible.

5. Maintenance

The ability of the users of the machines to maintain the
equipment should be assessed. Possibly a maintenance struc-
ture will have to be established. The levels of skills for
the maintenance and servicing of different techniques must
be understood. Maintenance is expensive for dispersed popu-
lations and is one of the roost important considerations.
The confidence of the equipment users in their ability to
manage and maintain the equipment is vital.
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6. Introducing wind and solar energy technologies

The capacity of the existing Institutions to introduce the
techniques should be assessed. It was agreed that strength-
ening the capacity of these Institutions would be the best
way to Introduce the technologies, perhaps through extension
services. Pilot projects should be set up to demonstrate the
potential of wind-powered pumping.

7. Social considerations

The views of the users of the machines are of great impor-
tance, 1f the machines are to be accepted. Development should
take place at grass-roots level, and the users should, If
possible, be Involved at all stages of Introduction. This 1s
of special importance for the people who live In rural areas
and who have poor access to centralized repair facilities.

The potential of the technologies to behave as a distribu-
tive Investment must be understood, especially their capacity
to provide jobs.

The equipment must satisfy the genuine needs of the users.
In particular, they must reduce the work of women.

II. Solar Energy

1. Climatologies! conditions

Arid and semi-arid lands have high total solar insulation,
and lack of sunlight is not considered to be a major limita-
tion, except for cloudy periods during the year. There is a
lack of data on diffuse radiation which will affect the
design of the equipment. The quality of the water to be
distilled, pumped, or treated must be understood.

Z. General performance characteristics of alternatives

The efficiency of the various types of equipment must be
understood. The design of the equipment to track the sun can
be made to be automatic or manual.

3. Economic considerations

The existing sources of water should be examined to see
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if they can be improved at cost lower than that of intro-

ducing solar distillation.

The comparison of solar pumping techniques with existing

equipment should be related to long-term use. The costs of

solar water heating must be compared with conventional

existing techniques.

The proportion of costs that can be saved by the manual

operation of each type of equipment should be Investigated.

4. Potential skills of users

5. Maintenance

6. Introducing wind and solar energy technologies

7. Social considerations

The considerations for factors 4 through 7 are the same

as for wind energy.
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I I . WIND ENERGY
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EFFICIENCY AND ECONOMIC COMPARISON OF DIFFERENT WEC - (WIND
ENERGY CONVERTER) ROTOR SYSTEMS

Heiner Dbrner

In order to draw a comparison between different types of
WEC rotor systems It Is convenient to compile a list of all
the demands of such systems for all Installation sites.. This
11st which does not constitute a valuation, contains the
following demands:

- simplest handling of the plant without special training
of the user

- long operational life (20 to 30 years) with few maintenance
Intervals

- resistance of the components against all climatological
conditions such as heat, cold, dryness, atmospheric
humidity, salt air, rain, snow, Icing up, rime, lightning
and quicksand

- output at low wind velocity

- simplest construction design with easily exchangeable
components (module groups)

- divisibility of the plant with regard to size and weight
for the purpose of transporting the module groups

- low capital and operating costs.

The above demands require exact Knowledge of construction
design, as shown In a simple example.

A motor car with a mileage performance of 200,000 km has
had an operation period of approximately 4000 to 5000 hours.
During this time the car was frequently in the workshop and
the driver was permanently present to help with breakdowns. A
WEC must be 1n full action approximately 7,000 hours in a
single year and should run, more or less, unattended.

A WEC consists of the following main components or module
groups:



rotor (rotor blades, pitch control, wind direction
control, controlling mechanism)

gear unit (cogwheel, single-stage or multistage, chain
drive, tooth belt drive)

generator (direct current-, alternating current-, syn-
chronous- or asynchronous electrical machines)

tower (steel, reinforced concrete, self-supporting or
guyed, divisible or single part)

For a comparative examination we assume that the energy
from the wind will be transformed Into electrical energy to
drive a water pump and also offer electricity for other
purposes. The comparison is to be made between four rotor
systems:

free running turbine with horizontal axis (HAC)
shrouded propeller (aerogenerator) (SA)
SAVONIUS rotor (SR)
vertical axis turbine (VAC)

Before starting the comparison,further, fundamental re-
marks must be made. The design of an optimal WEC has to
fulfil three important qualifications:

high velocity ratio (this is the ratio of blade tip veloci-
ty u to wind velocity v, caliedA)

high aerodynamic efficiency (according to BETZ (1926) the
free running turbine can only extract 60 per cent from the
energy of the air flow)

minimal expense in material.

At a given wind velocity v the swept area A of the sys-
tem will determine the wind volume per unit of time. There-
by the fraction of the whole energy containing the air flow,
which is changed first into mechanical rotating energy and
then into electricity, is fixed. High velocity ratio re-
duces decisively the expense for* the energy transformation.
Of first order for the design of WEC is a radical struc-
tural emaciation. Only then can an optimal economic con-
figuration be obtained.
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The Horizontal Axis Converter (HAC)

Prof. HUtter of the FWE (Forschungsinstitut Windenergie-
technik) has much experience with this type of wind energy
converter. In the early 1950's Prof. HUtter developed in the
ALLGAIER-WERKE, Uhlngen, Germany, a standard unit with a
pitch-controlled three- and later just two-blade high tip
speed ratio rotor. This high-speed converter, including In
one block rotorhub, gear, generator and an automatic system
to position the rotor perpendicular to the wind direction,
has been adjusted to a tubular tower. High-speed converters
are plants where the ratio of tip speed u to wind velocity v
1s higher than 3.5. The speed of the ALLGAIER WEC could be
accurately kept at a constant rate, regardless of wind
velocity, by means of & flyball governor. Provided that a
sufficiently strong wind blew, the generator voltage of 220/
380 volts was so accurately maintained that directly con-
nected bulbs burned without flickering. This speed governor
also reliably limited the wind pressure on the rotating
wheel to the maximum value of 250 kg. (Figures 1, 2 and 3)

Thus the plant was safely protected against storms and
could be left unattended even 1n heavy storms. The velocity
of the blade tips was higher than during heavy storms.

The tower built with a safety of ten and securely anchored
to the foundation was subjected to minor stress only.

The starting of the ALLGAIER WEC was extremely easy due to
the carefully shaped metal blades with their automatic ad-
justment to highest starting torque when the plant was at a
standstill. The plant operated in very low winds up to
2.5 m/s.

The automatic shifting of the wheel was achieved by means
of a small side governor wheel which, through Its high gear
ratio with single-step back gearing and self-locking, amply-
dimensioned worm, could turn the entire head smoothly and
gradually into the wind. In this manner the use of vanes
mounted on long arms, causing the wheel to swing and vibrate
when subjected to gusty winds, was eliminated. Therefore a



Figure 1 ALLGAIER wind energy con-
v e r t e r WE 10, System Dr.
H i i t t e r . Composite b lades
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F igure 2 ALLGAIER 3-b lade wind
energy c o n v e r t e r



Figure 3 ALLGAIER wind energy converter
WE 10/6KW power unit
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Much longer service lift of the plant was assured.

The ALLGAIER WEC generated a three-phase current of 120/
380 volts and was equipped with a 3, 6 or 8 kM synchronous
generator. Full output of the generator was obtained In a
Moderate breeze at wind velocity 6 to 7.5 M / S . The ALLSAIEI
WEC could be termed a low-wind converter. This Is very <•-
portant for all Installation sites.

For water supply the water was stored 1n elevated tanks or
In underground reservoirs. Depending on wind conditions and
total conveying height, and provided that the total amount
of energy produced was used for this purpose, the following
water quantities were available:

Total Conveying
Height

5
10
20
40
60

Hater Depth
under Ground Level

1
5
15
32
50

Quant 1t>
cub. metres

per day

800 •
400 •
ZOO •
100 -
60 •

• 1000
• 700
• 350
- 150

120

Suppl
cub.
per

33 -
16 -

8.5 -
4 -

2.5 -

led
Metres
hour

63
29
14.5
7.5
5

Figure 4: Water quantities available with an ALLGAIER WEC

The total energy of the ALLGAIER WEC amounted to 12,000 to
20,000 kWh per year. A service life of at least 20 years was
guaranteed; with the exception of two oil changes a year the
plant required no further maintenance.

Some technical data on this WEC:

Diameter of wheel 10 Metres
Surface area of wheel 78 sq. Metres
Area of each blade . 1.3 sq. Metres
Standard height of tower 8.4 Metres

(higher towers on request)
Height of platform above ground . . . 7.2 Metres
Standard speed of wheel 100 rpm
Speed of generator 1500 rpm
Power of generator 7.5 kva - 6 kw

Figure 5: Technical data on the ALLGAIER WEC
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Units of this type have been produced 1n small quantities
and delivered mainly for the energy supply of farms In 12
countries of four continents 1n the world. (Figures 6, 7
*nd 8) (1)

For the comparison of the different rotor systems we
chose a WEC of this conventional type. All the experiences
made In two decades are taken Into account. The comparative
converter has a horizontal axis and a pitch-controlled two-
blade high-speed rotor. It uses a generator with 1500 rpm,
which means that a gear unit with a gear ratio of 1:15 must
be connected to the rotor shaft, because the rotor shaft
has, regardless of all wind velocities, a constant rate of
revolutions equal to 100.

The technical data on this two-blade rotor are:

rotor diameter D
HftC

swept area ^HAC 0.785 D _

area of each blade F,',AC
area of blade material Fvl.r,i0.02$ Du_-

depth of profile Euftc

ratio D H A C/t H A C

output at 5.6 m/s wind velocity

output at 7.7 m/s wind velocity(and more)

power coefficient <=PmaxHAC

at tip speed ratio Ah)jixHAC

area number Pu.r.- Au»^- <=„_„„„.„

comparison number V H A C= k^^^c' c p m a x H A C

rotor rpmr constant

rotor tip velocity

11.28

100.0

1.6

3,2

0.25

4S

3.3

6.0

0.48

14

48

6.72

100

6O.0

m

m

m2

m

m

KW

KW

m

m/s
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Figure 6 ALLGAIER/HOTTER 6 KW standard unit
on Becker's farm, Gun gams,
Southwest A f r i c a , 1951
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Figure 7 ALLGAIER/HOTTER wind energy con-
verter, Africa
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F i g u r e 8 ALLGAIER/HOTTER WE 10 I n s t a l l a t i o n
f o r w a t e r p u m p i n g , I n d i a 1960
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The power c o e f f i c i e n t - c h a r a c t e r i s t i c i s shown in F igure 9.

Cp.Betz
a. HORIZONTAL AXIS CONVERTER

•a

4*

M

8 12
X - U / V

Figure 9: Cp - characteristic for a horizontal axis wind
energy converter

The plant is designed 1n such a Manner, that the single
Module groups such as rotor, gear unit, generator, and
automatic control unit, are easily separable and Inter-
changeable. The single pieces of the tower are dimensioned
so that no one has to handle parts which are too long or too
heavy. This Is of utmost Importance for assembling, mainte-
nance and transportation. The rotor blades are manufactured
In glass-fibre reinforced plastics (GRP), thus guaranteeing
a virtually unlimited fatigue life. Each rotor blade of
5.64 * length weighs 20 kg and costs, in mass production,
approximately DM 800. This price was investigated by sail-
plane producers and Is an empirical value. The price for
the gear unit (1.500/100) is DM 1,800 and for the 6 kW gen-
erator DM 3,760. The tower of the HEC, built of reinforced
concrete, is about 10 m high, weighs 2500 kg, and resists a
horizontal load of 1000 kg acting on the top. Production at
the Installation site is possible. In mass production the
cost Is DM 1,100 per unit. If we use a steel tube as a tow-
er with the same loading, the weight is only 550 kg, but the
price scales tip to DM 1,500. With this rough calculation of
costs, a horizontal axis converter could be mass-produced
for between DM 15,000 and 18,000. The specific price per kW
would be, therefore,approximately DM 2,500 to 3,000.
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Shrouded Propeller (Aerogenerator) (SA)

(Figure 10; Artist's Impression of a shrouded propeller)

An Idea which Is continually appearing 1s to encase tur-
bines with a large tube to extract from the airflow a higher
performance per unit area of the rotor. (2) The equation
found by BETZ explains the performance of a free-running
turbine In terns of the axial momentum loss of the airflow.
Radial forces are neglected, an assumption which Is per-
mitted for the free-running turbine. The shroud profile
produces an additional circulation around the shroud. In-
ducing a supplementary velocity In the rotating area. These
vortices also cause a higher flow rate.

If we choose the right airfoil section for the shroud, we
can extract more than twice as Much energy from the airflow
as from a free-running turbine. Certainly these profiles are
sensitive to flow separation. Detailed examinations in this
field of research were made by Ozer IGRA 1n March 1975. (3)
In these experimental tests the rotor was simulated by a
sieve. The simple shroud with an airfoil NACA 4412 had a
rotor diameter of 64 per cent of the maximal diameter and
Its length was 1,449 times the diameter. The maximum power
coefficient, related to the throat of the shroud, reached
the value of 1,156.
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The equivalent data for the shroud propeller, built of
the same area of material as the HAC (3.2 m 2 ) , are:

diameter of shroud D,

diameter of throqt o,

length of shroud 1

swept area of rotor .

swept area of shroud A S A m a x

area of shroud material F=,

output at 5,6 ai/s vindpelocity

output at 7,7 m/s *

Output at 10,0 m/s "

power^oefflcient c p M x S A <ASAmin>

poweJ^oefficlent c ^ ^ <ASAmax>

at tip speed ratio XmaxSA

area number PSA - ASA> c^^A

comparison number V S A - AmaxSA*
 cPmaxSA

rotor rpm

at rotor tip velocity maximum'

0
0

1
0

o
3

. 8 4

. 5 4

. 2 2

. 2 3

. 5 5

. 2
O.O27
0
O

1

0

10
0

5

2122

6 0

,072

.157

.156
. 48

. 7

.27

. 1 4

.o

. 0 I)

m
in

m

m2

m2

m2

KW

KM

KW

m2

» / s

If we want the same output at 5.6 m/s wind velocity as we
obtain from the HAC, the data for a shrouded propeller are:

diameter of shroud DgAmax **38 m

diameter of throat D S A m l n 6.00 m

length of shroud 1 13,60 m
7

swept area of rotor AS M ) i n 2B.27 m

swept area of shroud AgAmax 69,10 m2

area of shroud material FgA 400,77 m
" t i o "SAmln^SAmax ° '«*
output at 5,6 m/s windfcelocity 3,3 KW

output at 7,7 m/s wlndjUelocity 8,8 KW

output at 10.0 m/s " 19.3 KW

powe^fcoefficient c ^ ^ 'ASAmln) 1.156

powe^oefflclent C p m a x S A , . , 0.48

at tip speed ratio KmaxSK * 10.7

rotor rpm 191.0

at rotor tip velocity maximum 60,0 m/s



This large shroud would have a surface of material of
2

400 m , not Including the rotor blades and mounting vanes
for the shroud Itself. If we assume that the shroud struc-
ture weighs 8 kg/m2 and costs per m* DM 10, this tube will
cost with a calculated length of 13.6 m DM 32,000. The
weight of this huge apparatus comes to 3,200 kg. To
dimension the tower, the most unfavourable loading case must
be taken Into account, that Is to say, when the air flows
rectangular to the shroud's axis. Thereby we have a swept
area of 127.5 m which Is exposed to an assumed wind velocity
of 60 m/s. With a drag coefficient of cDR = 0.5 the tower
has to resist a horizontal loading of more than 13 tons. In
comparison, the horizontal loading of the two-blade HAC Is
only approximately 1,000 kg with an estimated drag coef-
ficient of 1.5.

If we compare the shrouded propeller with the free running
turbine, we have to refer the power coefficient to the
shroud's largest diameter and not to the throat diameter. In
this case, the redefined power coefficient Is Cp_axs* "
c<PmaxSA ASA«.in

/ASAn.ax ' 0'48" lt 1s obvious that, If we
refer the power coefficient to the largest diameter of the
shroud, the SA works with the same power coefficient as the
HAC. The expense 1n material for the shrouded propeller
(125 times the area of material for the two-blade HA rotor)
Is absolutely beyond discussion. The tower structure has to
sustain more than ten times the horizontal loading of the
HAC.

For completeness it should be said that, with ring-flaps
mounted at the outlet of the shroud, the power coefficient
can be raised up to 1.42 with reference to the throat dia-
meter, but only to 0.165 with reference to the largest dia-
meter (flaps extended). The Immense consumption of material
for this design is even less suitable to extract energy
economically from the airflow.

The SAVQNIUS Rotor (SR)

In 1929 the Swede SAVONIUS developed a special type of
rotor (4). Two or three vanes are fixed between two end
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plates in such a manner that a slot remains between them.

The rotor axis Is vertical. The airflow acts upon the vanes

in such a way that a high pressure area is created on the

concave side and a low one on the convex side. It seems

at first as though the SAVONIUS rotor works on the principle

of drag utilization, as for Instance, the cup-anemometer.

Exact examinations have shown that the SAVONIUS rotor can

reach a tip speed velocity above unity, because there exists

an additional circular flow which Increases the tip speed

velocity.

If the vanes are formed In a special way a power coef-

ficient of cpma)(SR - 0.23 (Figure 11) can be obtained. The

SAVONIUS rotor Is a low speed rotor. The construction needs

a large area of material and therefore this rotor is ex-

pensive.

torque'

P o w e r |
coefficient Cp

coefficient c T
\

0,6 1J0 V 1,8
X-U/V

Figure 11: c, and cy - characteristics of a SAVONIUS rotor

If a SAVONIUS rotor 1s built with diameter equal to height

and the same area of material is used as for the two-blade HAC,

the following data result from the calculation:
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0.96
0.92

1.746

1.448

3 . 2

0.022

0.057

0.125

0.23

0.85
0.21

0.196

176.5

m
n.2

m2

tt2

m2

KW

KW

KW

m2

8.5 m/s

diameter equal height of SAVONIUS rotor DgR

swept area of SAVONIUS rotor A g

area of SAVONIUS vane material Fg R V

area of SAVONIUS end plate material F S R E

area of SAVONIUS rotor material F S R

output at 5.6 m/s wind velocity

output at 7.7 m/s "

output at 10.0 m/s "

power coefficientcpmQxSR

at tip speed ratio A. m a x S R

area number P S R = ASR. cpmaJ£SR

comparison number V g R = A.maxSR-
cPmaxSR

rotor rpm at 10.0 m/s wind velocity

at rotor tip velocity

A similar SAVONIUS rotor, but with the sine output as the

HAC, at a wind velocity of 5.6 m/s, must have these data:

diameter equal height of SAVONIUS rotor D g R

swept area of SAVONIUS rotor A C D

area of SAVONIUS vane material Fg R V

area of SAVONIUS end plate material F g ^

area of SAVONIUS rotor material F g K

output at 5.6 m/s wind velocity

output at 7.7 m/s wind velocity

output at 10.0 m/s "

power coefficientcpnaxSR

at tip speed ratio X m a x S R

rotor rpm at 10 m/s wind velocity

at rotor tip velocity

The weight of the SAVONIUS rotor would ne nearly 3,000 kg

for a metal structure. The price at 8 kg/m and lODM/kg

material would be about DM 30.000. This price for the rotor

alone makes this system unsuitable for a converter with this

range of performance. The resulting drag on the rotor In a

heavy storm (60 m/s) at a standstill would be approximately

14.4 tons, assuming a drag coefficient of c_R • 0.5 (as for

a tube). The control of the SAVONIUS rotor Is electronic so

11.76
138.30
260.70

217.20

477,90

3.30

8.57

18.77

0.23

0.85

13.8

8 . 5

m
m2

m2

m2

m2

KW

KW

KW

m/s
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that>> is constant and rpro variable. It would therefore be
best to produce direct current, if any.

The Vertical Axis Converter (VAC)

In the year 1925 the Frenchman Darrrieus took out a
patent for a windmill with vertical axis. Today this con-
cept 1s propagated vehemently by several institutions.
Besides the NASA Langley Research Center and the European
Company VFU/FOKKER 1n Amsterdam, the National Research
Council Canada (NRC) 1s mainly engaged in the high-speed
vertical axis converter. This Institution has also pub-
lished some experimental data (5,6,7). For the comparison
carried out here, the papers of Peter South and Ray Rangi
were used. (Figure 12) Comprising two blades, two bearings
and a shaft, the vertical axis rotor was posed as the op-
timal system. The two-blade vertical axis rotor has constant
chord, symmetric airfoil blades with their span parallel
to the axis. A simple calculation shows that a high-speed
rotor with straight rigid blades parallel to Its axis of
rotation would be subjected to a very high bending moment
due to centrifugal forces and would necessitate extensive
bracing. A perfectly flexible blase, on the other hand,
under the action of the centrifugal and aerodynamic forces,
would conform to a shape In which the only stresses would
be tensile. The resultant shape of the blade would then be
approximately a catenary. Hence, 1f we curve the blades
Into the form of the catenary, the bending stresses will be
negligible. For simplicity of manufacture, a constant chord
blade has distinct advantages and since the blades comprise
the major cost item In the rotor, it 1s reasonable to assume
that the cost of the rotor is proportional to the length of
the blade. The blades of the NRC rotor model with 30" dia-
meter were extruded from aluminum and are NACA 0012 (sym-
metric) airfoils of 1" chord length. Later the rotor blades
for the 14 ft. diameter rotor were made from cold rolled
sheet steel and were also approximately NACA 0012 with a 6"
chord =• 0,1525 m = tVA£..
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Figure 12 Three-b lade v e r t i c a l - a x i s - t u r b i n e
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Further technical data:

ro tor diameter D Ar, 4,27 m
2 0

swept area AVAC 0.69 DHAC 12.58 m

t o t a l blade length 1VAC 12.74 m

area of each blade F^AC 0.97 m

area of blade mater ial FVAC 1.94 m
depth of prof i le t c 0.15 m

r a t i O DVAC/EVAC 2 8

output at 5.6 m/s wind veloci ty 0.493 KW

output at 7,7 m/s " 1.254 KW

output at lO.Om/s " 2.783 KW

speci f ic rated output *D*VAC 220 W/m2

power coef f ic ien t C p m a x V A C 0.37

at t i p speed r a t i o A™,,, 6.0

rotor rpm 268.0

at rotor t i p veloci ty maximum 60,0 m/s
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To build a vertical axis converter with the same area of
material as the horizontal axis converter (3.2 m ), the
comparative rotor has the following technical data (Includ-
ing two SAVONIUS rotors for starting);

rotor diameter D V A C

swept area *VAC

total blade length 1 V A C

area of each blade F ^ ,

area of blade material F V A C

depth of profile tyAC

diameter and height of SAVONIUS rotors D g v A C

area of each SAVONIUS rotor *avAC

area of SAVONIUS rotor material F S V A C

total area of material

ratio D V A C/t V A C

ratio D V A C/D S V A C

output at 5.6 m/s wind velocity

output at 7.7 m/s "

output at 10,0 m/s *

specific rated output 1T V A C

power oo»«i«=ientcpmaxVAC

a t t i p speed r a t i o A m a x V A C

a r e a n u m b e r PVAC " *VAc' °PmaxVAC
comparison number VyAC= AmaxVAC- <=PmaxVAC
r o t o r rpm
a t ro to r t i p v e l o c i t y maximum

To ascertain how large the vertical axis converter must
be to gain the sane output at 5.6 m/s wind velocity as the
horizontal axis converter, that 1s to say, L V A C • 3.3 kW
at 5.6 m/s, the following technical data 11st applies:

rotor diameter

swept area

total blade length 1VA(,

area of each blade F^AC

area of blade material Fv

depth of profile t A c

diameter and height of SAVONIUS rotors

area of each 3AVONIUS rotor F
S V A C

area of SAVONIUS rotor material F,

2.89 m

5,76 m2

8.62 m

0.444 n 2

0.888 m2

0.103

0.58

1.156

2.3X2

3.2

28

5

0.221

0.574

1,257

22O W/m:

0.37

6.0

2.13 i

325. O

m

m

» 2

m2

m2

KW

KW

KW

2

n 2

n

60.O m/s

total area of material

ratio D V A C/t V A C

r a t i o DVAC/DSVAC

11,17
86.08

33.32

6.645

13.29

m
n.2

m

m2

n,2

0.3969 m

2.23

17.19

34.36

47.67

28

5

m
m2

m2

m2
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output at 5.6 m/s wind velocity

output at 7.7 m/s "

output at 10.0 m/s "

specific rated output TT V A C

swept area of SAVONIUS rotors *>SVAC
rotor rpm

at rotor tip velocity maximum

3.3 RW

8.579KW

18.791KW

220 w/ra2

9.95 m 2

60,0 m/s

At this point a decisive problem occurs. The VAC 1s not

self-starting. For running up this rotor needs a value of

S of approximately 2.6 to reachh • 6 and to rotate In the

opt 1 Bum of Cp m a x V A C « 0.37. If the wind velocity changes,

the electronic control keeps the rotor always In the optimum

point of cp. To obtain constant rpm of the rotor shaft, the

VAC has to operate with a very low, average power coefficient.

This results from the distinct peak of the cp - /Uurve.

(Figure 13)

Cp.Betz

60

40

20

VERTICAL AXIS CONVERTER

Corrected for
Reynolds Number
effects on C D

measured

0 Z 4 6 8 10
X - U / V

Figure 13: c p - characteristic of a vertical axis converter

The fact that this rotor has no self-starting property, is
of Importance. It is necessary to establish an auxiliary
drive to bring the Vfl rotor to sufficient rpms. At this moment
the rotor turns faster and faster and in our example you can,
for example, gain 3.3 kW at 5.6 m/s wind velocity. Until now
the self-starting has been effected with two SAVONIUS rotors
mounted at the top and the bottom of the rotor, near the
bearings. For these two SAVONIUS rotors we need about 34 n
of additional material, that is to say, additional to the
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2
blade material with an area of 13,29 m . The diameter equal
to the height of the SAVONIUS rotor Is 2.23 m or approximate-
ly 20 per cent of the VAC diameter. The electronic control
to A = constant and therefore changing rpm points to the
production of direct current. A generator for direct cur-
rent with 1,500 rpm and an output of 6 kW costs DM 2,700.

The costs of extruded airfoils made from aluminum with a
chord of 150 mm amount to 6 OM/kg with a 2.1 kg/m long rotor
blade. The two-blade rotor for the NRC VAC with a diameter
of 4.27 m would cost roughly DM 160.

The cost estimate for the comparative VAC shows that for
an extruded airfoil a chord of 400 mm the weight 1s 15 kg/m
blade length. The price for the two-blade rotor with a total
blade length of 33.32 m would be nearly DM 3,000. The

weight Is 500 kg. If the extruded rotor blade 1$ changed
Into a shell structure, we can estimate the following construc-
tion (Figure 14): The leading edge of the profile 1s an ex-
truded spar from aluminum. The aft part of the section has

leading edge (AL) covering sheet (AD

"foam core

PROFILE NACA 0012

Figure 14: Possible structure of an airfoil section (8)

a foam core with a covering of Al-sheet. The trailing edge
Is also of aluminum. This structure weighs about 6.6 kg/m
for an airfoil NACA 0012 with 400 MR chord length. There-
fore this rotor weighs 223 kg. The price for this weight-
saving-construction Is estimated vtry low at IS DM/kg. This
means the VA rotor with the same output as the HA rotor
would cost DM 3,350. If glass-fiber reinforced plastics
are to be used for this rotor, the weight would diminish
to 5 kg/m (400 mm chord). The total rotor weight Is 170 kg
but it costs at 40 DM/kg approximately DM 6,700. Additionally
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there is the expense of the two SAVONIUS rotors, roughly
DM 5,000 for 34 mZ surface (GRP) and a weight of 85 kg
each (2,700 DM for a metal structure, 136 kg each).

The necessary gear unit must have a gear ratio with the
factor 2 compared with the gear unit for the HAC. The price
for this larger unit amounts to DM 2,200.

For the tower we assume the same price as for the HAC
although an additional part is needed with the length of
half a diameter. Neither this Increase of cost, nor the cost
for an airbrake or for control flaps and the actuating rods,
nor the cost for the disconnection mechanism of the SAVONIUS
rotors have been taken into account.

The HA rotor with U s simple automatic shifting into the
wind, side governor wheel and single step back gearing and
self-locking worm, never approaches this increase in cost.

The VAC is not self-starting. Below a wind velocity of ap-
proximately 5 m/s there 1s no output. To obtain at a wind-
velocity of 5.6 m/s the same output as from the HAC, we
would have to use more than 14 times the area of material as
for the 100 m HAC. An area of roughly 17 m is exposed in
an emergency case (heavy storm, standstill of the rotor) to
a wind velocity of 60 m/s. The resulting drag must be sup-
ported by the structure and the tower. Even if we use a
metal structure, the capital costs for a VAC cannot be re-
duced to the level of the HA rotor costs in GRP. If we were
to take a composite rotor blade, the VA rotor would be 5
times more expensive compared with the 6 kW HAC. With regard
to the fatigue life, a metal structure is not acceptable.
1n developing countries areas with an average wind velocity
of more than 5 m/s are not found very often. Therefore with
the technical standard of today it is not possible to employ
the VAC economically.
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Conclusion

The history of western America, southern Africa, and
many islands in the Mediterranean shows the outstanding
role wind energy plays at the beginning of the development
of an area. In semiarid areas where the density of energy
requirement Is Initially wery low, the energy transfer
costs are so important that the WEC Is in many cases, for
example for waterpunping and electricity supply (light, com-
munication, cooking, cooling), the most economic solution.
The energy transportation costs include naturally the trans-
portation of the energy carrier substance (e.g., oil barrel
transportation with pack animals).

The next figure (Figure 15) shows clearly the comparison
between the described WEC rotor systems with respect to the
same area of material. It also Indicates the proportions
and the very different swept areas through which energy can
be extracted from the airflow. The last figure (Figure 16)
demonstrates obviously the other possible comparison. The
four rotor systems and their dimensions for the same output
at a certain wind velocity are depicted. Here it Is evident
too that the rotor with the least material expense is the
most economic. The quality number Q shows clearly the supe-
riority of the horizontal axis converter to the other exam-
ined systems.

The existing opportunity should be taken up by developed
and developing countries. The former can give the knowhow,
and the others can satisfy vital energy needs. This, with
the aid of their own energy, will bring progress in all
countries.
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Comparison of different WEC rotor systems,output 3.3 KW at 5.6 m/sec.
windvelocit>r, drag (DR> at 60m/sec., rotor weight (W) structure In GRP,

quality number (Q) - swept area A/area of material F.
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FLAPPING-VANE WIND MACHINE AND ROO-PISTON PUMP, AN INTEGRATED
DELIVERY SYSTEM FOR LARGE WELL DEPTHS AND SMALL FLOW RATES

Dipl.-Ing. Peter Bade

The energy of the wind has been used for centuries In many
different types of windmills for delivering water. In modern
times, progressive development of the traditional windmill
has resulted in the high-speed wind turbine and the slow-
speed wind motor.-' Both types are employed as prime movers
for driving centrifugal pumps and reciprocating pumps.

Centrifugal and reciprocating pumps both have certain
ranges of flow rate and delivery height In which one type
operates much more efficiently than the Other.

For the centrifugal pump, the quality criterion 1s defined
by the specific speed of rotation n

where Q is the delivery flow In m /s and H is the delivery
height. At low delivery flows, n becomes smaller with In-
creasing delivery heights, and eventually reaches a lower
limit value at which the relative delivery capacity Is very
small and the pump efficiency falls off sharply. If the pump
speed 1s increased to Improve the efficiency, cavitation can
result and the pump will then be destroyed. Krisam— gives a
value of n$ • 30 as the limit for the economical employment
of the centrifugal pump, which means that a centrifugal pump
running at SO r/s with delivery flows Q which are lower than
the functional values f(H) given In Fig. 1 operates very dis-
advantageousiy.

Dipl.-Ing. Peter Bade 1s scientific assistant in the Insti-
tute for Civil Engineering Hydraulics and Water Management
at the Technical University of Berlin, and member of the
Adapted Technology group there.
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On the other hand, the reciprocating pumps which are em-
ployed, for example, as deep-well rod pumps 1n the petro-
leum Industry, work economically at small flow rates and
large delivery heights.-^ For large flow rates, however,
the Mechanical effort with this type of pump Increases
steeply, and the reciprocating pump eventually becomes un-
economical .

In « very detailed work, Vadot- gives sizing and design
criteria for the various wind-pump systems, so that we can
dispense here with a detailed description of this problem,
but we can summarize the main considerations with respect
to pump systems with rotary wind machines as follows:

1. The rotary motion of the rotational wind machine must
In every case be converted by way of gearing or other
motion converters to the reciprocating action of the
piston pump.

2. The speed of the high-speed wind turbine (n - 3 to

8 r/s) and of the slow-speed wind motor (n • 1 to 4 r/s)
Is too low for the centrifugal pump and too high for
the reciprocating pump.

3. At low flow rates and large delivery heights, where the
reciprocating pump could be employed, the aerodynamic
caiiy optimal wind turbine cannot be employed owing to
its too low starting torque.-''* -f' -1

Many studies have shown, however, that the particular need
is for adapted water delivery systems to provide small daily
requirements. I.e., small flow rates at large delivery heads
from depths of more than 100 metres 1n the arid and semi-
arid development zones.- -

The highly developed pump systems with rotary wind machines
are unsuitable for water delivery In these cases owing to
the involved technology, the expensive maintenance and the
large investment costs.

Introduced here is a wind-driven deep-well piston pump in
which the movement behaviour of the component parts of the
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wind-power machine and the pump 1s matched, and In which the
technology 1s much less demanding compared with that of the
rotary wind machines.

The wind machine adapted to the motion of the recipro-
cating pump must provide directly an up-and-down movement In
the frequency range of 0.2 to 1 1/s without another motion
converter being interposed. The piston pump must have a long
stroke so as to ensure that any gas bubbles which may be

present in the well water do not adversely affect or prevent
8/delivery. Haddenhorst et al-' refer to this problem, among

other things, 1n oil production from deep-well probes. The
drive for deep-well pumps — as they have been used for centu-
ries—was effected 1n its most simple form by leverage using
human or animal power or, as 1n the case of oil-well beam
pumps, by means of an electric motor driving a crank gear
with sliding block.

Now, in order to utilize the force of the wind, the lever
principle is also used here, with the linkage of the deep-
well pump engaging at the shorter lever end, with a vane or
blade on the much longer lever arm on the opposite side of
the lever fulcrum. The vane can swing freely about Its hori-
zontal main axis between an upper and a lower angular stop.
The pivotal point of the vane 1s behind the resultant of the
vane lifting force or buoyancy In the wind direction, so
that the vane—depending on whether its effective approach
angle is positive or negative—Is swung by the lifting force
to the upper or lower angular stop.

The vane can thus assume two angular positions relative to
the longitudinal axis of the lever arm. At the same time,
during the up-and-down movement of the lever arm the effec-
tive approach angle 1s continuously changed (Fig. 2). This
coupling of the vane approach angle with the angular posi-
tion of the lever arm now effects the change of the effec-
tive vane approach angle from a maximum through zero as the
lever arm moves from up to down or vice versa. When passing
through the zero approach angle, the lifting force of the
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vane reverses its sign and the vane will be swung from one

angular stop to the other. The up-and-down movement of the

lever arm, and hence the working motion of the reciprocating

pump, therefore derives from the periodically changing direc-

tion and magnitude of the lifting force of the vane. Although

the vane approach angle can attain a large value at the upper

or lower maximum position of the lever arm, there is practi-

cally no danger of a break 1n the flow and hence a loss of

lifting force, since owing to the periodically changing cir-

culation around the vane there Is always a stable starting

boundary layer.

In order that the vane can swing automatically Into the

wind direction, the lever fulcrum 1s carried in a pedestal

which can rotate about the vertical on a wast. The vertical

axis of the mast 1s exactly 1n alignment with the axis of

the pump rod. By means of balancing weights on the outer end

of the pump lever, the oscillatory system Is brought Into

stationary equilibrium.

Let us now consider the working behaviour and motion of

such a wind pump with reference to a concrete example. The

pump system is to have a mean daily output, Q^^pi of
3
y

100 m3/d at a delivery height H of 40 metres. The average

wind velocity at the site is U - 5.2 m/s. Evaluation of the

annual availability of wind, the optimal matching of pump

flow rate and size of the water storage tank as well as the

yield of the deep well give a minimum wind velocity of

U = 4.6 m/s at which this wind machine must begin with

water pumping.

We now obtain the following main particulars of the equip-

ment:

Delivery height
Vane surface

Piston cross-section

Piston diameter

Pump lever

Lever arm

Mean pump stroke

H =
AF-
Ap-
Dp-

v
aF=
h =

40
29

0.016

0.143

1.2
20.0

0.6

m
m2

m2

m

m
m
m
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To determine the notional behaviour, the non-linear, non-
hontogene differential equation of the motion was solved by
a differential method and the results plotted on a graph.

Fig. 3 shows the hourly output Q_/y\ in relation to wind
velocity U and the periodic duration of one oscillation
T, | n. The curves are plotted, firstly, for a constant angle

+ o°C = - 22 and, secondly, for angles which become smaller
with increasing wind velocity. In the latter case, an al-
most constant mean flow rate can be maintained independent-
ly of the wind velocity. Fig, 4 shows the time course of
the amplitude of the vane pivot and the vane lifting force
for wind velocities U of 4 and 10 m/s. In the present
example, the basic arrangement of which 1s shown in Fig. 5,
the techniques of aircraft construction are employed. For
example, the vane 1s made of plastic, while the lever arm
1s of aluminium-tubes.

For certain areas of application where there 1s a lack of
the design, production and operating expertise required for
highly-developed lightweight constructions, the design can
be modified so that the main components such as vane, lever
arm, mast and perhaps also the pump and rod can be made of
simpler and well-tried materials. For example, the lever
arm can be of light timber construction, while the rigid
vane can be replaced by a sail construction made of strong
cloth. The drawings in F1gs. 6 and 7 Illustrate some of
these possibilities.
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FLAPPING-VANE WIND MACHINE

01 pi.-Ing. Peter Bade

I. Patent Specification

1.1 Introduction

The following specification describes the Invention of •
flapping-vane wind Machine to produce • force affect with
an up-and-down movement from the energy of the wind.

Wind machines heretofore known and used provide energy by
way of a rotational movement. The classical windmill and
the "American wind motor" are probably the best known exam-
ples of this method of energy conversion.

However, a number of machines, such as the reciprocating
pump, must receive their energy by way of an up-and-down
movement. To drive such machines, therefore, the rotational
movement of the classical wind machines must be converted
to an up-and-down movement by means of gearing and lever
mechanisms.

The wind apparatus by Melzer- and the oscillating vane
as described by Vadot-' do provide a force effect with an
up-and-down movement, but owing to the complexity of the
mechanical guiding of the vane, which simultaneously moves
up and down and swings from one angular position to the
other, practical application has not yet been found.

1.2 The invention and Its mode of action

The flapping-vane wind machine proposed here produces a
force with periodic up-and-down movement from the effect of
the force of the wind on one vane or several vanes arranged
In lattice form above each other, without complicated guid-
ing of the vane, solely from the motion of the vane relative
to the direction of approach of the wind.

1/ Heys, J. U. van: Wind und Windkraftaniagen, Berlin 1947

2/ Vadot, U: La Houiiie Blanche, No 2, Hars/Avril 1957
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One (or several) vanes (2) are rotatably mounted on the end
of a long swinging lever (1) so that they can swivel freely
about their horizontal axis transversely to the axis of the
swinging lever (1) between two stops (4). In this way, a
vane symmetrical about its generatrix can assume the angular
position o( or -^relative to the axis of the swinging lever.

The horizontal axis of the vane (2) lies behind the resul-
tant of the vane lifting force Fw seen in the direction of
the wind, so that with a change In the direction of force Fw

as a result of a change in the effective vane incidence
angle X" , the vane will be swivelled from one angle oCto the
other.

Swinging lever (1) 1s rotatably mounted in a fulcrum (3)
at a distance Ro fron the swivelling axis of the vane, so
that the swinging lever can move up and down about this
point. The angle between the axis of the swinging lever and
the horizontal is 6. As a result of the up-and-down movement
of the swinging lever, the Incidence angle of the vane JTwili
change at the same time dependent on angle B between the axis
of the swinging lever and the horizontal (Fig. 1).

FIG. 1

As angle 6 changes as a resu l t of the up-and-down move-

ment of the swinging l e v e r , the e f f e c t i v e incidence angle

of the vane if receives an addi t iona l angular component

• Ro . d B where U is the wind ve loc i ty ( F i g . 2 ) .
V dT

The e f f e c t i v e time-dependent vane incidence angle V i s there -
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fore expressed as follows:

( * ) ' B? ' TJ (Eq. 1)

In the extreme positions of angle fi of the axis of
the swinging lever at

/of/ - III - Ro . dB . 1
dt U (Eq. 2)

the effective incidence angle of the vane f undergoes a
change of sign, the vane swings from one angular position
to the other, and as a result of the now vtry large oppo-
site vane force, the direction of movement of the swinging
lever is reversed and the swinging lever is forced Into
the other extreme position.

Owing to the coupling of angle ocof the vane with the
angle fi of the swinging lever, the latter executes up-and-
down movements as a result of the periodically changing
direction of the vane force Fw.

The fulcrum (3) of the swinging lever 1$ supported In a
bearing pedestal (7) which is arranged on a mast (8) In
such a way that It can rotate about the vertical. The height
of the mast should be such that the vane does not touch the
ground at the maximum angular position and can always work
In an undisturbed wind current.

At a distance RB from the fulcrum (3) Is the point of
engagement of a connecting rod (10), which acts on a thrust
rod (6) through a universal joint (11). with this arrange-
ment the movements of the swinging lever deriving from the
vane forces Fw are transmitted to the machine with the
lever ratio R0/Ra.

With the periodically changing Incidence angle of the
vane, the vane stream experiences a periodically changing
circulation and hence a periodic, very stable boundary
layer. This prevents interruption of the flow at large vane
incidence angles Jf In the extreme positions for 6, and high
vane surface loadings permit a good utilization of the vane
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sur face , which is kept as small as possible for construct ional

and economic reasons.

-• ' \"tf.A. ^ ^ ' ^ S T

FIG. 2

Equation 1 shows how the motion quant i t i es depend on the

wind ve loc i ty U, such tha t with an Increasing U the value

dB/dt Increases f a s t e r than the wind ve loc i ty i t s e l f . Also,

the frequency of the up-and-down notion Increases but the

amplitude becomes smal le r , so tha t the system 1s s e l f - r e g u -

l a t i n g wi th respect to output .

In order to protect the vane bearings from excessive shock

loading when the vane f l a p s , the angular stops ( 4 ) are f i t -

ted wi th shock absorbers.

Weights (13 ) attached to the lever arm at the end remote

from the vane serve to keep the system In s t a t i c e q u i l i b r i u m .

The f lapping-vane wind machine to which th is invent ion r e -

la tes w i l l , owing to the back-and-forth and up-and-down force

act ion provided s p e c i a l l y by i t , f ind app l ica t ion on such

machines for which th is moving force act ion is c h a r a c t e r i s t i c .

The Invent ion Is therefore spec ia l l y useful 1n conjunction

wi th a rec iprocat ing pump (14) for pumping l iqu ids from great

depths. Both s i n g l e - a c t i n g and double-act ing pumps can be

used.

Use as prime mover for the production of e l e c t r i c i t y by

means of l i n e a r or immersed-coi1 generators is also possib le ,

l ikewise a combination of pump and generator as energy sup-

ply s ta t ion for use in remote areas, since the const ruct ion ,

s e r v i c i n g , and maintenance of such an i n s t a l l a t i o n w i l l be

extremely simple.
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Fig. 3 shows the arrangement of a flapping-vane wind ma-
chine Installation In diagrammtic form.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Lever
Vane
Fulcrum
Angular stop
Wind direction
Thrust rod
Bearing pedestal
Mast
Tall vane or rudder
Connecting rod
Universal joint
Shock absorber
Balancing weight
Reciprocating pump
Linear generator FIG. 3
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2. Patent Claims

Z . I A f lapping-vane wind machine, character ized in that one

or several vanes ( 2 ) capable of s w i v e l l i n g about t h e i r

hor izonta l axis between an upper and a lower angular

stop ( 4 ) are mounted on a f ree end of a swinging lever

( 1 ) , and the hor izonta l sw ive l l ing axis of the vane

( 2 ) l i e s in the d i rec t ion of wind flow behind the point

of app l ica t ion of the resu l tan t of the l i f t i n g force

Fw of the vane.

2.2 A f lapping-vane wind machine according to Claim 2 . 1 ,

character ized In tha t the swinging lever (1 ) can move

up and down In a pedestal ( 7 ) through the angle - B

about the fulcrum ( 3 ) , which Is at a distance Ro from

the sw ive l l ing axis of vane ( 2 ) and acts with a shorter

lever distance Ra through a connecting rod (10) and a

universal j o i n t (11) to move a th rus t rod up and down,

through which Machines are d r iven .

2 .3 A f lapping-vane wind machine according to Claims 2 . 1

and 2 . 2 , character ized 1n that the pedestal (7 ) 1s

mounted on a mast ( 8 ) so tha t i t can ro ta te about the

v e r t i c a l in such a way tha t the r o t a t i o n a l axis of

the pedestal ( 7 ) is In alignment wi th the axis of the

thrus t rod ( 6 ) .

2 .4 A f lapping-vane wind machine according to Claims 2 . 1 ,

2 .2 and 2 . 3 , character ized In that the thrust rod (6 )

moving up and down is d i r e c t l y connected wi th a l i n e a r

generator and a rec iprocat ing pump.

2.5 A f lapping-vane wind machine according to Claims 2 . 1 ,

2 . 2 , 2 .3 and 2 . 4 , character ized In tha t the angular

stops (4 ) are equipped with shock absorbers for damp-

ing of the sw ive l l ing motion of the vane or vanes (2 )

from one angular posi t ion c< to the other .
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6,000 HAND-CRAFTED SAILWING WINDMILLS OF LASSITHIOU, GREECE,
AND THEIR RELEVANCE TO WINDMILL DEVELOPMENT IN RURAL INDIA

Marcus M. Sherman

1. Abstract

The author visited Lass1th1ou, Crete, Greece, to ascer-
tain the reasons for the widespread use of windmills there
and to determine 1f any of the details of their design
could be Incorporated 1n the design of water-pumping wind-
mills currently being developed for widespread use 1n rural
India. The success of the Greek windmills may be attributed
to their use of Inexpensive and lightweight cloth sails,
maximum use of local hand-craftsmanship in construction and
simplicity 1n design of the steel turntable, the wooden Main
bearings, and the crankshaft.

2. Introduction

Lassithlou Is a broad fertile plain Isolated In the moun-
tains of Crete, the largest of the Greek Islands. Zeus, the
kind of Greek Gods, Is said to have been born 1n a cave
overlooking the area. Farmers from several villages surround'
ing this plain produce export quantities of beans, cabbage,
corn, potatoes and other vegetables through Intensive cul-
tivation of 1-2-acre plots during the warm season of May
through September. Winds during this season are light to
moderate. The general prosperity of this area may be par-
tially attributed to the widespread use of Aeolian energy
for the pumping of Irrigation water.

In the Mediterranean region large stone tower windmills
rigged with triangular cloth sails were traditionally used
for grain grinding and oil pressing. In 1918 this tradition-
al windmill design was adopted to smaller lightweight struc-
tures for pumping water. At the present time at least 6,000
of these simple devices are in seasonal use. Not Including
pump and storage tank, a Lassithiou windmill costs 10,000
drachmas to instai (Rs 2,500).
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3. Lassithiou Windmill Design

The Lassithlou windmill design consists of eleven basic
elements: base well, pump-storage tank, tower, turntable,
carriage, tall, main bearings, crankshaft, hub, spars, and
sails.

3.1 Base well

A 15-cm thick concrete slab covering a 2-m diameter,
10-m deep well forms the base of the windmill.

3.2 Pump-storage tank

Mounted on the base in the centre of the tower 1s a 13-
cm diameter, 15-cm stroke piston pump made of a discarded
M.W.II German cannon shell, fitted with a leather foot
valve and a leather-sealed piston. Pumping 2 litres per
stroke, 40 strokes per minute, this pump fills a 3 metre x
4 metre x 80 cm deep concrete storage tank in two hours.
The pump costs 1,200 drachmas (Rs 300) and the storage tank
4,000 drachmas (Rs 1,000).

3.3 Tower

The four-legged 5-metre high, 1.5-metre square base tower
is made from 5-cm mild steel angle Iron riveted with flat
steel cross bracing. The tower is bolted and wired to the
base.

3.4 Turntable

The turntable riveted to the top of the four tower legs
1s made of a 160-cm long piece of 5 cm MS angle iron bent
into a 50-cm diameter ring to form a flat horizontal bear-
ing surface for the carriage to rotate upon.

3.5 The carriage

The carriage is simply a rectangular-angle iron frame
35 cm wide and 140 cm long. The carriage 1s bolted down
with four bolts to two 35-cm pieces of angle iron riveted
to a 48-cm diameter flat steel ring which rotates on the
bottom inside surface of the turntable ring. This arrange-
ment keeps the carriage firmly attached to the top of the



tower while at the same time allowing It and the attached
shaft, sails, etc., to rotate vertically when the wind di-
rection changes.

3.6 Tall

A triangular tall of corrugated sheet steel 1.5 m x 1.5 •
x 1 in 1s supported by two 2-netre long pieces of angle Iron
from the rear of the carriage.

3.7 Main bearings

Two 34~CM wide, 15-cm high, 8-cm thick blocks of hardwood,
each with 1 5 CM diameter hole bored In the centre of the
large surface are bolted to the front and rear of the car-
riage to support the crankshaft.

3.8 Crankshaft

The crankshaft Is Made of a 5-CM dianeter, 160-CM long MS
steel rod which has a 'U' shape bent Into the centre. The
'U' section has an Inside width of 7 CM and a height of 7.5 '
CM, thus giving a stroke of 15 en. A 2-cM-d1aMeter steel
connecting rod attached with two bolts to a wood crank bear-
Ing transfers the rotatory notion of the crankshaft Into
vertically reciprocating Motion of the pump piston.

3.9 Hub

The front end of the crankshaft Is Inserted through a
30-cm diameter, 15-CM thick wooden hub Into which eight
5-cm square holes are chiseled In the perimeter to receive
the squared ends of the spars. The hub Is fixed to the end
of the shaft by a bolt passing through both. An Improved
hub made of two 30-cm diameter, .5-cm thick steel discs
separated 5 cm apart by 16 small rectangles of 10 CM X .5
cm steel to form eight square holes has recently been
adopted. A 60-cm diameter flat steel ring around the hub 1s
bolted to each spar to keep them secured within the hub.

3.10 Spars

The eight 2.8-m long spars made of wood radiate out from
the hub to form a total windmill diameter of 5.4 m. Small
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stones are attached to the tips of some spars when balanc-
ing 1s necessary. A central supporting spar of angle Iron
extends 2 m out in front of the hub along the main axis of
the crankshaft. Steel wires radiating back and out from the
tip of the central spar to the tips of the radial spars
provide bracing against strong winds. Steel wires between
the tips of all the radial spars provide additional bracing.
A 60-cm diameter flat steel ring around the hub 1s bolted
to each spar to keep them secured tightly within the hub.

3.11 Sails

A triangular cloth sail 2.6 m x 1.2 m x 2.4 m 1s attached
along the long edge to each of the eight radial spars. The
loose corner of each sail 1s secured with rope to the tip
of the adjacent spar, thus forming a strong uniform surface
for catching the wind. The sails can be wrapped around the
spars to control the amount of sail area exposed to the
wind.

Note: All measurements are accurate - 10%.
Photographs are available with the author.

4. Conclusions

The lessons to be learnt In India from the windmills of

Lassithlou are:

4.1 Cloth sail windmills can be successfully used for ir-
rigation in some Isolated areas.

4.2 Mood Is superior to metal for low-speed windmill spars
because of Its flexibility and light weight.

4.3 The wooden hub used in Crete Is similar in construc-
tion to a typical Indian bullock-cart hub.

4.4 The steel shaft normally used for making bullock cart
axles can readily be fashioned into an excellent wind-
mill crankshaft.

4.5 Wood may be used for the main shaft bearings and con-

necting rod bearing.
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4.6 Ball bearings are not required for the turntable.

4.7 MS steel angle Iron can be used to construct dvrable

towers where long strong wood poles are not available.

4.8 A storage tank Is Important for controlled Irrigation.

Note: As a result of these Investigations an Improved de-
sign for a windmill to be manufactured and used In
rural India was developed 1n 1975 by the author and
others with technical and financial assistance from
Indian Agricultural Research Institute, New Alchemy
Institute. East, and Oxford Committee for Famine
Relief (OXFAM).
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AN INTERIM REPORT: THE DESIGN AND CONSTRUCTION OF AN
APPROPRIATE WATER PUMPING WINDMILL FOR INDIAN AGRICULTURE

Marcus M. Sherman

I. Introduction

In many parts of India there are adequate supplies of
groundwater which are unavailable to farmers for Irrigation
during the dry season because of Inadequate power sources
for pumping. Electricity Is commonly available for only
four hours of pumping per day, due to heavy energy consump-
tion in the cities and overexpansion of the rural power
grid without a corresponding Increase 1n generating capa-
bility. Many farmers can never use electric pumps because
Government regulations prohibit Installation of electric
pumps within 128 metres of each other.

Three to eight horsepower diesel oil pumps are frequently
used for Irrigation but are very expensive to operate be-
cause of the high cost of Imported oil and high maintenance
costs. The traditional bullock-operated pumps remain the
most common and reliable source of irrigation water for
subsistence farming. Water for domestic use Is usually
lifted by hand with a rope and bucket from open wells.

During the early 1960s the Wind Power Division of the Na-
tional Aeronautical Laboratory— developed, tested, and
produced 200 12-bladed fan-type windmills which demonstrat-
ed the feasibility of using wind power to pump water In In-
dia. Several types of Imported European and American multi-
bladed windmills have also been used to harness India's
abundant wind energy resources. However, due to high capi-
tal cost of the windmills and high level of technical
skills required for maintenance of industrially produced
all-metal windmills, windpower Is not commonly exploited In
India.-1

In 1973 the Indian National Council of Science and Tech-
nology Expert Committee on Wind Power- In their project on
water pumping windmills stated that great possibilities
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exist in further development of windmills for irrigation as
well as water supply, even in areas having low wind veloci-
ties of 8-10 k.p.h. They concluded that fabrication of wa-
ter pumping windmills by indigenous manufacturers is possi-
ble and should be encouraged and popularized.

Having observed what appeared to be a classical "take off"
of wind pump technology in Crete and Cyprus, Duncan Allse-
brook,-' OXFAM water technology advisor, noted that the
elements involved seem to be:

a) the private Import of a few sophisticated, efficient
windmi11s;

b) an agricultural economy without the benefit of mechani-
cal implements;

c) rainfall totalling less than 30 inches per annum, with
a pronounced dry season;

d) large, flattish basins or plateaus with fertile soils
and shallow water tables (15-60 feet below surface);

e) farmers willing to experiment with more Intensive agri-
culture, particularly vegetable gardening and orchards,
than has been possible under conditions of limited Ir-
rigation;

f) the existence of a large corps of local craftsmen, par-
ticularly carpenters, masons and blacksmiths.

II. Design Criteria

In order to surmount many of the difficulties encountered
by previous wind power development efforts in India, the
following design criteria were chosen for an appropriate
windmill prototype.

a) Low wind

The windmill must operate in low wind speeds of 6-8 k.p.h.
characteristic of many areas of India during the dry winter
and must be adjustable to operate in higher wind velocities
up to 40 k.p.h.
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b) Pump

The windmill must have high starting torque and low r.p.m.
to operate a large bore piston pump or a large diameter
diaphragm pump.

c) Irrigation

The windmill must lift 28,570 litres per day from a ten-
metre-deep well at an average daily wind velocity of 4-6
k.p.h. in order to Irrigate one hectare of field with 2 cm
water per week.

d) Low cost

The capital cost must be below RS 3,000 to be competitive
with the capital cost of a diesel or electric pump set.

e) Local materials

All windmill construction should be of common sizes of
locally available materials to minimize cost and simplify
repairs.

f) Local skills

All construction skills should be those of local crafts-
men 1n order to stimulate the rural economy and Increase
the degree of involvement of the village people.

g) Operator

It was assumed that the operator would be at the site
each day, therefore automatic blade adjustment would not be
required.

h) Low maintenance

Maintenance costs and skills should be low.

i) Traditional pump

The windmill should not interfere with the continued op-
eration of the traditional pumping device on the same well.

j) Labour-intensive

Basically, a labour-intensive, capital-conservative de-
sign was required.
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III. Description of the Windmill

This windmill is the fourth in a series of prototypes
that have been built near Madurai , South India, by members
of the Madurai Windmill Committee, Rev. C. P. Heineman,
T. 0. Heineman, Manoharan Selvaraj, M. S. Pillai, S. T.
Arasu, M. M. Sherman.-' -' -1 It is an adaptation of the
traditional Greek sail-wing windmill design which is widely
used on Crete.-' -' A 25-foot sail-wing windmill with six
sails in the classical Greek configuration has been de-
signed by Hans M e y e r — ' and tested by Brace Research Insti-
tute.

Local purchase of materials commenced on 3 February 1975,
and construction of the windmill by the author, A. Manoharan
Selvaraj, S. M. Thirunavakarasu, and various local craftsmen
continued at a regular daily pace until completion on
25 March when the first pumping trial was made. A public
demonstration was given on 29 March.

When the author left Madurai on 19 April 1975, the wind-
mill was operating well, pumping 1,635 litres per hour from
a depth of 9.2 metres at an average operating speed of 12
r.p.m. in low winds, estimated to be 6-8 k.p.h. Maximum
speed observed was 25 r.p.m.; minimum speed before stopping
was 8 r.p.m.; starting speed was 12 r.p.m.

The components of this Indo-Greek windmill pumping system
are: well, storage tank, foundation, pump, variable stroke
pump lever, tower, turntable base, turntable carriage, tall
vane, crankshaft connecting rod, crankshaft, shaft bearings,
hub, arms, sails, and operator.

a) Well

The prototype was erected over the corner of a 5 m x 6 m
x 8 m deep well dug into a fractured rock aquifer. The well
was also fitted with a traditional kumalee bullock pump and
a 5 h.p. electric pump. The windmill is located over one
corner of the well so it does not interfere with the opera-
tion of either of these pumps.
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b) Storage tank

A concrete or stone storage tank with at least 30,000-
Htre capacity 1s necessary to provide a large quantity of
water In a short period of time once dally for flooding the
fields- A storage tank may serve as a multipurpose struc-
ture by being used for aquaculture and partially as founda-
tion for shelter.

c) Foundation

The foundation of the windmill consists of six heavy
steel anchors, four of which are Imbedded In concrete 1n
1-metre-deep, .5 m-d1ameter holes outside the corner of the
well and two of which are fastened to a large stone pillar
laid across the corner of the well.

d) Pump

The pump used in the first testing of this windmill Is a
piston pump with a 10 cm bore and a 61 cm maximum stroke.
The pump 1s attached In the bottom of the well at the end
of 9.1 m of 5 cm steel pipe suspended from the stone pillar.
The top of the pump piston connecting rod passes up through
and out of the top end of the pipe and Is secured to the
end of the variable stroke pump lever.

e) Variable stroke pump lever

Because the seasonal Intensity of the wind varies, It Is
desirable to vary the load on a windmill for optimum use of
the available wind. This Is accomplished with a 2.5 m long
5 cm x 20 cm teak beam mounted at the base of the windmill
by a fixed axis point at one end and attached to the pump
piston rod at the other end. The bottom end of the wooden
crankshaft connecting rod is fixed to this lever by a steel
bracket at a point between the ends of the lever. This
point can be varied to change the length of stroke deliv-
ered to the pump connecting rod. The pump lever Is also Im-
portant because it Increases the stroke of the crankshaft
from 13 cm at the crankshaft to a minimum of 18 cm and a
maximum of 36 cm at the pump connecting rod. Increasing the
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stroke is useful because it permits the use of a smaller
bore piston pump which is available in the local market.

f) Tower

The tower 1s made of six 8-m-long teak poles bolted at
the bottom to the steel anchors in the foundation and bolt-
ed at the top to the base of the turntable. The base of the
tower is 1.8 m 1n diameter. There are two sets of cross
braces nailed to the inside of the tower and a set of in-
ternal guy wires. Ladder steps are nailed to the inside.
Five additional steps nailed around the tower one metre
above ground provide a standing platform for the operator
while he is adjusting the sails.

g) Turntable base

The base of the turntable consists of a steel truck tire
rim with an inside diameter of 23 cm. The truck rim is
drilled and bolted to the tops of the teak poles. The
smooth circular platform formed by the inside of the rim is
the bearing surface upon which the turntable carriage sits
and rotates.

h) Turntable carriage

The turntable carriage is a 1.5 m x 36 cm rectangular
iron angle frame which 1s secured to the turntable base by
four bolts which are fixed to two 25 cm pieces of angle
iron which rotate on the bottom inside surface of the turn-
table base. This arrangement keeps the carriage firmly at-
tached to the top of the tower while at the same time al-
lowing it and the attached tail, crankshaft, sails, etc.,
to turn when the wind direction changes.

1) Tail vane

A 1.3 m x 2.5 m rectangular tall made of bamboo matting
in a light teakwood frame is supported by a 3.7 m long
piece of heavy duty bamboo pole from the rear of the turn-
table carriage with two "U" bolts and is braced with guy
wires. The tail keeps the sails always facing the wind.
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j) Crankshaft connecting rod

This connecting rod was made of two 5 cm x 5 cm x 3 m
teak poles bolted together end to end. The bottom of the
rod is bolted to a hinged steel bracket which can be moved
to different positions along the pump lever. The top of the
rod is bolted to a steel swivel which in turn 1s bolted to
a wooden bearing attached to the crank. Since the connect-
ing rod is always In tension and never in compression there
are no braces or guides necessary. The swivel allows the
crankshaft, etc., to turn in response to changing wind di-
rection without twisting the connecting rod or pump lever.

k) Crankshaft

The crankshaft is the main shaft which directly transfers
the horizontal rotary motion from the windmill sails into
the vertically reciprocating motion necessary to operate
the piston pump. There are no gears or pulleys in the driv-
ing mechanism. The crankshaft is made of 3.2 cm mild steel
rod which has a crank of 3.2 cm mild steel rod welded at
the centre to give a total stroke of 13 cm. A cotter pin at
the tail end of the shaft keeps the shaft from sliding for-
ward out of the bearings.

1) Shaft bearings

The crankshaft is supported directly behind the hub and
directly behind the crank with two 5 cm thick blocks of
hardwood, each with a steel ball bearing in the centre to
hold the crank, These wooden bearing blocks are both bolted
to the turntable carriage. The front bearing is slightly
elevated so that the front of the crankshaft Is raised 6°
up from the horizontal, thus preventing the tips of the
bamboo arms from hitting the legs of the tower.

m) Hub

The hub functions as a connector between the arms of the
windmill and the crankshaft. It consists of an ordinary ox
cart wheel hub with eight wooden spokes. The spokes are
braced to each other with wood. A bamboo arm is attached to
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each spoke with two "U" bolts. A hole in the centre of the
hub fits onto the front end of the crankshaft and is secured
by a 1,6 cm bolt "cotter pin."

n) Arms

Eight 4.5-m-long bamboo poles radiate out from the hub to
form a total windmill diameter of ten metres. A central sup-
porting spar of bamboo extends out two metres in front of
the hub along the main axis of the crankshaft. Number eight
gauge single-strand steel wires radiating out and back from
the tip of this central spar to the tip of each bamboo arm
provides bracing against strong winds. Wires between the
tips of all the radial arms provide additional bracing.
Bamboo arms have the advantage of high flexibility and ten-
sile strength as well as widespread availability and low
cost. Village craftsmen are familiar with bamboo as a build-
ing material. Disadvantage of bamboo is that it will split
over a long period of time or if mishandled.

o) Sails

Cloth was chosen for the wind-catching surface of the
windmill because it 1s lightweight, easy to handle, readily
and cheaply available and it forms a strong uniform surface
for catching the wind when supported at three or more
points. The eight right-triangular sails were stitched by a
local tailor from khaki cloth normally used for bus conduc-
tor uniforms. A 10-cm-wide sleeve on the hypotenuse side of
each sail allows it to slip on and off the bamboo arms. The
tip and hub ends of the sleeve are tied securely to their
respective ends of the bamboo arms. The 90° corner of each
sail is secured by a rope of coconut husk fibre to the tip
of the adjacent arm.

p) Operator

It is important to have a trained person daily at the site
to control the windmill, direct water flow, and make minor
repairs.
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IV. Control Mechanisms

a) Manual

The operator is the primary control mechanism of this ap-
propriate windmill. The windmill is stopped by one or two
ground assistants who pull the ropes hanging from the end
of the bamboo tall boom. This pulling of the tall Into the
wind turns the turntable carriage so that the sails turn
out of the wind and stop rotating. The operator wraps each
sail one or more times around each arm in order to decrease
sail area in higher winds. During highest winds and gusty
local storms the sails are fully wrapped and secured around
the arms. It is possible to furl only two. four, or six
sails during highest operating speeds. The operator adjusts
the windmill to seasonal changes in wind velocity by moving
the steel bracket at the bottom of the wooden connecting
rod to different points along the variable stroke pump lev-
er. Thus the pump stroke can be varied from 18 to 36 cm.

b) Automatic

The tall automatically paints the full area of the sails
toward the wind in front of the tower. Emergency automatic
feathering of the sails 1s provided for by using a 1.3 cm
coconut fibre rope as the tension member from the 90° cor-
ner of each sail to the tips of the adjacent arm. When the
wind speed Increases to a high level this weakest connec-
tion In the energy transfer would break before loads on the
other materials became destructive. The feathered sails
would, however, flap against the tower, chafe, and perhaps
tear, if not promptly attended to.

V, Construction Expenses

a) Materials

Hub Rs 35.00

Lorry rim 40.00
Bolts 248.68
Washers, rivets, nails, cotters, etc. 32.68
(hardware)
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Materi ais (contd)

Steel flats, plates, rods, angles, clamps Rs 549.92

5 cm pipes, fittings 264.87

Ball bearings (2) 36.00

G.I. wires 125.12

Wooden reapers, lever beam 271.14

Teakwood poles 197.00

Bamboos 136.50

Paints, turpentine 170.25

Stones 140.00

Cement 158.91

Cloth, thread 702.01

Tools 54.63

Miscellaneous contingencies 149.09

b) Labour

Honorariums, salaries

Bata (food)

Labourers' cooly

Biacksmithy, welding, machine shop

Tailor

Masons

Carpenters

c) Transportation

Local travel, bus, cycle rent

Transport for materials

Rs

Rs

Rs

RS

Rs

3,311.80

900.00

150.00

46.00

317.25

73.00

47.00

172.50

1,705.75

149.60

164.00

313.60

Total Rs 5,331.15
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VI. Power Equation

The eight-biaded Greek sail configuration of this wind-
mill is ten metres in diameter and starts in a minimum wind
velocity of 6-8 k.p.h. Theoretical useful power of the
windmill is .133 KU at 8 k.p.h.

Power equation: P = KAV CpEjE,,

where: P - power in kilowatts delivered to water

K = metric constant, .0000137

A = 3.14 RZ (R - 5 metres)

V = wind velocity (8 k.p.h.)
•-'—5

Cp * power coefficient where .59.3 "fs theoretical
maximum (.3 1s used for̂ -ttre sail windmill)

E 1 » efficiency of power transfer 95%

E 2 • efficiency of pump 85*

Theoretically 5,222 litres/hour of HgO can be pumped up
ten metres In an 8 k.p.h. wind.

.133 KW x 737,56 ft lbs/sec x 3,600 sec + 32 ft * 8/lb =
1,379 gallons (5,222 litres).

Actually 1,636 litres (432 US gallons)/hour were pumped
from 9.2 metres in 6-8 k.p.h. wind.

VII. Implementation Suggestions

a) Handicraft

Dutch, Mediterranean and Chinese history proves that less
industrialized countries can provide themselves with a
great deal of applied windpower if local skills and materi-
als are used through the adaptation of handicraft tech-
niques. In order for wide-scale utilization of windpower to
occur in India, it is important that there be a widespread
diffusion of the knowledge of the possibilities of wind-
mills in favourable areas, in addition to adapting modern
windmill technology to traditional skills and materials by
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regional engineering institutions. Particularly at the be-
ginning of windmill implementation programmes, the design
should be as simple as possible in order to effectively in-
troduce windpower to people having no previous conception
of its possibilities.

b) Demonstrations

Real demand by farmers for windmills must be created by
actual demonstrations of windmills in practical operation.
Questionnaires and Information pamphlets should be avail-
able to interested persons.

The biggest problem of windmill Implementation is that
each Installation must be engineered to a different load
and different wind conditions. This problem may be overcome
by developing a standardized technique to properly match
local conditions of wind, groundwater depth and water re-
quirements with proper pump sizes and windmill diameters
and having regional centres for evaluation of windmill
questionnaires and making recommendations for suitable
windmill designs.

c) K U

It may be Insufficient to supply local craftsmen with
blueprints and written Instructions only. Stam—' suggested
that it is better to provide a construction kit. Such a kit
may Include a strip story illustrated instruction, clearly
understandable for people who cannot read, together with
the essential welded metal parts that cannot be fabricated
in a village. The kit should also contain a scale model
built from bamboo and paper.

d) Alternative utilization

Efforts should be made to develop alternative means of
utilization of wind power for interruptible, variable-speed
mechanical tasks such as water pumping for public water
supply, grain thrashing, winnowing and grinding, sugar cane
crushing, wood cutting and turning, fodder chopping, com-
post grinding, oil pressing, cable plowing, stirring of
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slurry In methane gas plants, stirring of algae cultures,
so that these power loads may stop consuming nonrenewabie
energy resources.

e) Current evaluation

The Indo-Greek windmill is currently being evaluated for
use in windpower development schemes in India by the Gandhi-
an Institute of Studies,—' Varanasi, and the Indian Agri-
cultural Research Institute,—' New Delhi.

VIII. Conclusion

It is the author's opinion that this appropriate windmill
design concept can be used economically in many rural areas
of India due to Its low cost, high power output, wide avail'
ability of the materials and construction stills and a ca-
pability for sail and pump adjustments for running in both
high and low wind velocities. However, further development
work Is needed.
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X. Addenda

Rev. C. P. Heineman, Treasurer of the Nadurai Windmill
Committee, reported on 21 August 1975 that:

"As yet, there has not been much show of Interest around
in villages, probably because the windmill Is not working
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now. I feel there are some points that have to be o v e r c o m e

before this type of windmill could be e s t a b l i s h e d . It has

so far required a lot of adjustment to get it to work after

u n w r a p p i n g the s a i l s . Quite a few points show strain due to

the c o n s t r u c t i o n materials used, and the power on the mill

because of such a large d i a m e t e r . As it stands at p r e s e n t ,

I am afraid it will get out of order f r e q u e n t l y , and m a i n t e -

nance is not an Indian v i r t u e . More of a compromise has to

be made with utilizing s o p h i s t i c a t e d methods at p o i n t s , and

better m a t e r i a l s . This is only my o p i n i o n . "

Mr. T. 0. H e i n e m a n , member of the Madurai Windmill Commit-

tee, reported on 28 August 1975:

"In c o n s i d e r i n g capital cost it may be noted that the

capital cost or m a t e r i a l s cost of an experimental prototype

will be quite d i f f e r e n t from the cost to a farmer of a

proven d e s i g n . Even the cost of a proven design will de-

scend after one or two y e a r s due to various economic fac-

tors typical of all new p r o d u c t s . Thus an experimental

prototype costing Rs 4,000 (not including salaries of re-

searchers and other e s t a b l i s h m e n t c o s t s ) could be copied

by independent farmers for Rs 3,000 to Rs 3,500 and by

e n t r e p r e n e u r s for even l e s s .

Electric pump 5 h.p.: 40-50 thousand It/hr.

K u m a l e e : 100 It/bucket x 3 b u c k e t s / m i n u t e x 60 m/hr =

18,000 It/hr.

F o u n d a t i o n : I believe that one of the things this proto-

type proved was that the stone pillar across well corner is

u n n e c e s s a r y and mill can be completely aside well c o r n e r .

T o w e r : For d u r a b i l i t y , seasoning of the teak poles or any

treatment to prevent splitting is e s s e n t i a l . U n f o r t u n a t e l y ,

letting poles lay around while they season means capital is

being locked up which will raise c o s t s . Otherwise the tower

has been proven an asset of this design.

The t u r n t a b l e base is an asset of this design.
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Turntable carriage: Perhaps wooden beams would give
strength economically, with metal seats to ride on base.

The tall vane 1s a minor liability of the design. It must
be redesigned to last years.

Crankshaft: I believe the car or truck crank Is the answer
for this, combined with brake drum for hub.

Hub: Believe that wood Is best avoided here as strength
and rigidity are crucial. The force exerted on the hub Is
tremendous, especially at point of transfer to shaft. The
number of problems solved by a metal piece here would be
many whereas the problem of weight of this metal would be
easier to contend with. The hub Is at the root of a number
of problems with the arms.

Arms: I think bamboo has potential, but some problems: It
gives with wind so much that sails hitting tower are so far
the major problem with this mill. First, I'd like to try
kull bamboo. And this I'd like to treat the same as flutes
and pole vault poles for straightness and durability. The
attachment to hub and the hub's spokes must be absolutely
rigid as 1" play at hub can multiply along the length to
the tip. Also the "nose" must be very rigid, again because
just an Inch of play can multiply Into much play at sail
arm tips. Under wind pressure I believe the bamboo flaxes
so that the tips actually move forward, loosening the cir-
cumferential wires and allowing the tied corner of sail to
go backwards and hit tower. A certain amount of this flex-
ing will have to be lived with and need not be a problem.

Sails: They will probably fray at the leading edge
against the bamboo arm. Perhaps metal rings could be used.
It might be noted that the sails are the most expensive, by
far, single component and that, since power Is proportional
to square area, their quantity (in square units) cannot be
scrimped on to reduce costs. But if any other way were con-
ceived of to economize here, overall economy would be sig-
nificantly effected.
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Pump: Though not put in final form yet, I doubt if you
can beat a piston pump of appropriate size.

I think the biggest problem of windmill implementation 1s
that there 1s not nearly enough actual live experimentation.
Since we are Interested in low-tech, and cost, designs must
vary from area to area depending on local resources. Since
the mathematical number of variations of design, and permu-
tation of design variabilities of each segment, 1s extremely
large, I am very surprised that the various people Involved
in windpower development that I have seen have actually
built so few prototypes. I'd like to see someone hand some-
one else Rs 100,000 and say: "See how many mills you can
build in one year, and then I'll give you enough to see how
many times you can rebuild each of those in successive modi-
fications for the next year.". I think two years and 2 x 105

Rs later one could easily have created the splash that would
ripple to and change every corner of India. The things that
this windmill has proven are enough to warrant that. It at-
tracted community Interest and has overcome many major tech-
nical problems. Further development depends on people with
general technical know-how and lots of creative application
skills.
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AN AIR-OPERATED DEEP-WELL PUMP WITH TWO TYPES OF WINDMILLS

Jack Park

Based on operating experience with several types of wind-
power devices, two specific windmill designs are being de-
veloped for pumping water from deep wells by means of com-
pressed air.

The components of the windmill pumping system are illus-
trated in Figure 1. The two windmill designs are illustrat-
ed in Photographs 1 and 2. These two designs represent dis-
tinctly different design considerations.

Photo 1 illustrates a vertical axis Darrieus-type rotor
in combination with sailwing blades. Three blades were
tested with this prototype; more blades, or less, may be
suitable, although three seem best from a vibration stand-
point. This design is useful for regions of gusty winds of
variable direction and, while Its specific output power is
slightly lower than the windmill of Photo 2, its yield of
water-per-hour can be higher in such gusty locations.

Photo 2 illustrates a conventional horizontal axis wind
rotor. The particular unit shown is an electric generator
with the streamline cowling removed. The blades and car-
riage of this unit are being adapted to accept mounting at
a suitable air pump.

Operation of the air pump system is as follows: windmill
power operates an air pump of suitable size and design
which pressurizes a manifold. Air pressure may, or may not,
be stored in a pressure tank for demand pumping. This air
pressure is piped to a submerged positive displacement air-
operated water pump. Pump exhaust air and water are ducted
upward to a water storage tank where exhaust air is released.

To digress, starting torque problems are reduced and the
use of a high-efficiency, high-speed windmill is possible
in this system, since high pressure is not required, and
simple by-pass fuse-type air valves may be designed to per-
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m i t e a s y s t a r t i n g . A d d i t i o n a l l y , an a i r - o p e r a t e d p o s i t i v e
d i s p l a c e m e n t pump has been d e s i g n e d w h i c h p r o d u c e s r e a s o n -
a b l e w a t e r f l o w w i t h o u t s e n s i t i v i t y to d i r t and o t h e r f o r -
eign p a r t i c l e d a m a g e . T h i s pump is c u r r e n t l y c o n s t r u c t e d of
p l a s t i c s , and its s u i t a b i l i t y to w i n d m i l l d e e p well p u m p i n g
is b e i n g t e s t e d .
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SIMPLE ANEMOMETRIC EQUIPMENT

Dip!.- Ing. Paul Oubach

1. Abstract

The search for simple equipment to be used in developing
countries (appropriate technology) is f a c i l i t a t e d i f the
t o t a l i t y of a l l possible solut ions can be taken as a point
of departure. These solut ions can be found by means of the
morphological method. A simple anemometric device b u i l t from
local materials according to the run-out p r i nc ip le can be
erected and operated by local people. The morphological
method as well as the anemometric equipment are described
in th is paper.

2. Method For the Design of Anemometric Equipment

2.1 Introduct ion

Besides the precise co l lec t ion of anemometric data over
large areas by means of highly sensi t ive instruments for
meteorological purposes, the local wind data co l l ec t i on for
the design of small-scale devices is important for cer ta in
indus t r i a l i zed countries as well as for the developing
countr ies. My experience as a lecturer of appropriate
technologies wi th the Federal Technical School have shown
that i t is not qui te so easy to design simple devices, as
the measuring apparatuses are highly sens i t i ve . That Is why
we use a method that enables us in p r inc ip le to f ind a l l
solut ions of a given problem. Professor Or Zwicky (see
bibl iography no. 1) ca l l s th is method the morphological
method.

I t should be mentioned b r i e f l y in th is context that
Professor Zwicky (1896-1974) was the i n i t i a t o r of Swiss
Development A id. In 1949, a f te r a v i s i t to Taiwan, he
encouraged some Swiss c i t i zens to form a Swiss Forward Team
to Nepal (1950-51). This i n i t i a l programme led in 1955 to
the cons t i tu t ion of the Swiss Association for Technical Aid
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to Developing Countries (Heivetas) which I am representing
here.

2.2 The Morphological Method

Zwicky defines morphology as follows: "Morphology is
dealing with the shape and structure of problem fields for
the purpose of finding in a methodical and systematic way
the totality of the solutions to a given problem."

Fig. 1 shows the three kinds of morphology, among them
the method of systematic field overlapping in the example
of the periodical system of chemical elements (Meyer,
Mendeleev 1869) which is universally known.

Fig. 2 illustrates in a more detailed manner the method
of the morphological box.
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2.3 Morphology of Possible Anemometric Equipment

A known equipment (she l l anemometer) comprises elements

that can be described according to t h e i r c h a r a c t e r i s t i c s

as fo l lows:

A5 B2 C3 °5 E l F l G2 H2 J 3 h L l M l N6 ° l P5 «4

These characteristics are reported on the morphological
box of f i g . 4. For each line and for each characterist ic,
a l l elements f i t t i n g the characteristic concerned are then
sought.

Every measuring device consists of sensors, converters,
indicators, recording elements and recording devices. The
conversion of the signals can take place by several stages.
We wil l confine ourselves to two stages, which wi l l result
in the two-dimensional submorphology, as shown in f i g . 3.
Not a l l the 36 combinations are reported on the lines B,
C, H and J .

Converter

1 mech.

2 pneum.

3 hydr.

4 electr.

5 therm.

6 opt.

mech.

1

11

21

31

41

51

61

pneum.

2

12

22

32

42

52

62

hydr.

3

13

23

33

43

53

63

electr.

4

14

24
34

44

54
64

therm.

5

15

25

35

45
55

65

opt.

6

16

26

36

46

56

66

Submorphology

The morphological box ( f i g . 4) shows a l l elements known

(to us) . An anemometric equipment w i l l comprise one element

of each l i n e . Even i f not a l l combinations w i l l make sense

(9x7x12x9x8x8x6x7x12x5x6x7x7x8x6x4 « 6.2 x 1 0 1 3 combinations),

the e x p l o i t a t i o n of the morphological box w i l l demonstrate

that a number of I n t e r e s t i n g solut ions for our purposes can

be found.

Six of them are described as examples In the f o l l o w i n g .
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Examples: a) windmill type anemometer with direct reading

b) balloon observation on the radar

c) wind-T

d) hot-wire anemometer

e) windmaster

f) run-out anenoneter

a)

0)

c)

d)

e)

n

A6 B2 C, D S Ej F1 Gl Hj

A8 BZ C3 D9 E8 F6 G4 Hl

Al Bl Cl Dl El Fl h h

A7 B6 HZ h EZ3 F4 Gl l

A5 BZ C3 D5 El Fl GZ H2

A4 BZ C5 D2 E6 F3 G6 H2

Jl h 4 Ml N6 °1 P5 "4

J3 K5 L6 M6 N5 °8 P6 «4

Jl K4 Ll Ml Nl °1 P4 h

fl Jl «1 Ll Ml N5 °8 P5 "4

J3 K2 4 Hx N6 Ol P5 Q4

J5 K4 L5 M 4 N, 0 4 P, Q 2

The elements N 2, P4 and Qj 2 are of decisive Importance
for the use of the devices in developing countries.

3, Construction of the Anemometer Apparatus

The device can be run either with water or with dry, fine
sand. In both cases, a recipient (e.g. an old petrol barrel)
will serve as a reservoir for the Indicating fluid. The
size of the recipient will be chosen according to the re-
fill frequency. The recipient 1s mounted on tripods at
least four to five metres high. In areas with high wind
intensity, the tripod must be braced. In very rainy areas
the device must be covered when it runs on sand. When water
is used as an indicating fluid, then a possibility of
correction has to be provided for by means of simultaneous,
and separate, pluviometry. The same applies in cases of
strong evaporation and longer reading Intervals.
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T h e c o l l e c t i n g r e c i p i e n t ( e . g . m a d e o f s h e e t m e t a l ) c a n

be d i v i d e d in as m a n y r i n g s a n d s e c t o r s as t h e m e a s u r i n g

p r e c i s i o n m a y r e q u i r e . A c o n s t r u c t i o n c o m p r i s i n g f o u r r i n g s

and e i g h t s e c t o r s h a s g i v e n g o o d r e s u l t s ( f i g . 5 s h o w s t h r e e

r i n g s a n d f o u r s e c t o r s ) . A c o l l e c t i n g d e v i c e w h i c h is m o u n t e d

on the s u p p o r t s f r o m t h e s o i l u p w a r d s g i v e s t h e a d v a n t a g e

of b e i n g a b l e to d i s c h a r g e w a t e r o r s a n d i n t o m e a s u r i n g

v e s s e l s . In s u c h c a s e s , it is c o n v e n i e n t to use v e s s e l s

w h o s e b a s e s a r e e q u a l in s q u a r i n g (a g e o m e t r i c a l f o r m u l a is

g i v e n in the a p p e n d i x .
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The best flexible will be one of rubber (according to
experience) having an external diameter of about 10 mm and
a thickness of 1 - 1.5 mm. The lower part of the flexible
has to be stabilized by covering it with a tube. By means
of a proportioning device, the quantity of the indicating
fluid (water, sand, etc.) can be adjusted.

Calibration of the Devices

Each Individual flexible with its staoilization tube must
be calibrated in its original length. This is done best
by mounting it on the running gear of a motor car. The
"speed of the wind" will then correspond to the speedometer
reading. For this calibration, the flexible has to be full
of water or sand, for this changes its elasticity. The
length of the stabilization tube has also to be checked to
know whether It is sufficient. In order to adjust the lateral
displacement (excursion) X to the width of the measuring
rings, one can either modify the length of the flexible to
a certain extent or apply an additional charge (thicker
stabilization tube e t c . ) . Fig. 5 shows the values of lateral
displacement for a rubber flexible four metres long and
10 mm thick.
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C a l c u l a t i o n o f t h e R i n g D i a m e t e r ( s e e f i g . 6 ) :

8 • F

d , =

d, =

•Example:
d , ••- 0 , 5 0 1 m

d , « 1,514 rn

d , = 2 ,080 m

d . = 2,522 m

TT

7 1 • 9 • F "= 3,385

4,652

5,641

fie. 6
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DISCUSSIONS AND RECOMMENDATIONS

WORKING GROUP II: WIND ENERGY

I. Needs

An expose was given by Mr S. A H on the problems of water
supply in Somalia. In general it was felt that persons from
western countries lack insight Into the varying needs 1n
different developing countries.

II. Anemometer

The discussion was opened by Mr Dubach, who called for a
methodological approach in finding appropriate solutions to
a problem with certain constraints. As an example, he ex-
plained the design of a very simple anemometer. It was gen-
erally felt that for in situ measurements (e.g., in hilly or
mountainous areas) there is a need for simple, reliable, and
sufficiently accurate wind-measuring equipment, especially
Integrating systems. Two approaches were mentioned. One was
the sampling of data on a cheap tape, which could then be
analyzed with the aid of computers elsewhere. The other was
the Involvement of the Inhabitants in collecting the data,
thereby serving the educational purpose of bringing about a
feeling of strengths and values of winds 1n the area.

III. Design

Mr Park showed the process of development of a wind gen-
erator (4 m diameter) for electricity generation. The first
conclusion, confirmed by Professor Hiitter, was that the
horizontal axis machine offers the least problems in terms
of vibrations, costs, etc. The second was that pitch adjust-
ment is the best solution for control problems. The third
was that solving the problems of mounting the machine on a
tower is as essential as the design of the machine itself.

Mills of the 5 m to 15 m diameter class are the most dif-
ficult because for economic reasons external control systems



cannot be used; for bigger machines external control systems
(e.g., hydraulic) comprise only a very small part of total
costs.

The 5 m to 15 m diameter class seems most fit for water
pumping, heat production, and cooling for farms, the 15 m
class for communities for electricity generation with
stand-by diesels. Very big machines (100 kW - 1 MW) are
best suited for public electricity networks.

As regards deep well pumping (100 m or more), it was felt
that electricity production in combination with submerged
electrical pumps seems the best solution.

IV. Appropriate Solutions

As regards the technological sophistication of windmill
designs, the general consent was that there 1s, at this mo-
ment, a place for every type of windmill, from the Greek
(Cretan) mill with triangular sails to the more sophisti-
cated propeller type, the choice depending on a variety of
local conditions.

Two constraints, however, were put forward:

• the basic principle of the machine should be sound;

- the machine, regardless of its simplicity or complexity,
should be designed according to 1975 available knowledge
and insight.

V. Consideration of Conditions

Appropriate technology should consider the peculiarity of
the conditions of each country.

In Somalia, where underground water 1s too deep (200 to
450 m) and the cost of a drilled well is about US? 30,000,
it became suitable to use electrical generating sets and
submersible pumps Instead of windmills for pumping water,
because the former have the advantage of more output and
more capability of lifting.



133

In the same way the most economic way to supply water for
b-i9 farms in the agricultural are* is to use bigger pumps
providing ZOO and more m per hour. Windmills will find
their appropriate application in the isolated rural v i l l a g e s ,
where they can supply water and energy.
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III. SOLAR PUMPING AND
ELECTRICITY SUPPLY
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SOLAR THERMAL POWER STATION WITH 10 kW O U T P U T FOR PUMPING

AND E L E C T R I C A L A P P L I C A T I O N S

Dr. Ing. W. K l e i n k a u f , Dr. Ing. Rainer K o h n e , and

D i p l . - I n g . Michael Simon

The following c o w o r k e r s are p a r t i c i p a t i n g in the d e v e l o p m e n t

of the solar power plant:

Or. Ing. K. S c h r e i t m U l l e r OFVLR

D i p l . P h y s . F. L i n d n e r DFVLR

Dr. P h y s . W. Eder M . A . N .

D i p l . - I n g . R. Brunner M . A . N .

D i p l . - I n g . R. Nika M . A . N .

The sum of annual s u n s h i n e hours 1s very high for regions

at latitudes between 30° North and 30° S o u t h . The values run

from 2.800 and 3.000 up to 4.000 hours a y e a r In e x t r e m e

cases (Tchad, L i b y a ) . S o l a r energy d e v i c e s for various pur-

p o s e s , e.g. current g e n e r a t i o n for c o m m u n i c a t i o n systems or

supply of mechanical energy for w a t e r pumping are t h e r e f o r e

best suited for these c o u n t r i e s .

F i q u r e 1 shows the hourly v a r i a t i o n s of normal I n s o l a t i o n

on a clear day at s o l s t i c e . The assumed m a x i m u m at noon 1s

9 5 0 W/m . The amount of insolation on a p l a n e normal to the

sun is yery high already In the early m o r n i n g .

The solar water pumps using flat plate c o l l e c t o r s have

still very low e f f i c i e n c i e s , only about 1 - 3 per cent.

F u r t h e r m o r e the head 1s very low b e c a u s e of the small p o w e r .

In the f o l l o w i n g it will be pointed out that f o c u s i n g c o l l e c -

tors using mirrors or lenses to c o n c e n t r a t e the solar r a d i a -

tion will have much higher e f f i c i e n c i e s and e s s e n t i a l l y m o r e

capacity during the day than flat plate c o l l e c t o r s .

In Fiqure 2 the d i a g r a m of such a plant can be seen: The

w o r k i n q fluid (water) heated by solar c o l l e c t o r s streams into

the steam engine which either drives a pump d i r e c t l y or an

electric generator, The steam is liquefied in the c o n d e n s e r

and again pressed in tne c o l l e c t o r system by a w a t e r feeding
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pump. Whether a conventional flat plate collector or a
concentrating collector should be used depends mainly on
the costs and on the ease of maintenance. The costs are
Influenced by the total efficiency of the plant. The total
efficiency essentially depends on the collector efficiency
and the temperature of the working fluid.

The conventional flat plate collectors utilize partly the
diffuse radiation, too, contrary to the concentrating col-
lectors. This part is on the average lower than 10 per cent
for the countries considered and plays therefore a minor
role. Flat plate collectors have the crucial disadvantage
of decreasing efficiency with Increasing collector
temperatures. Furthermore the Insolation on fix tilted col-
lectors is smaller 1n the morning and afternoon. Thus the
value of efficiency decreases still more. An additional
disadvantage 1s that a low boiling working fluid such as
Freon must be used. This demands expensive heat exchangers.
Furthermore turbines suitable for these fluids are not
available as far as we know. The thermal efficiency in-
creases correspondingly for higher collector temperatures.
However, sufficiently high efficiencies can be reached
only 1f envelopes reflecting the infrared radiation are
used (-which are expensive) or selective coatings are ap-
plied (-which show degradation).

Focusing collectors consist for Instance of a parabolic
trough or a Fresnel lens concentrating the direct solar
radiation on an absorber pipe mounted in the focus line.
These collectors have very high efficiencies - about 60 per
cent - already for low concentrating factors between 15
and 20.

The focusing collectors must track the sun. By that the
high efficiency remains nearly constant in the morning and
afternoon. A further crucial advantage - contrary to the
flat plate collectors - is that conventional available
steam engines can be used because of the higher working
temperatures.
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In the next Figure 3 the efficiencies of a concentrating
collector (cylindrical paraboloid) are plotted versus the
insolation per square meter. The working temperature is 200°.
For comparison the values of a conventional flat plate col-
lector at 100° C and of a flat plate collector with an infra-
red reflecting inner glazing at 100° and 200° C are plotted
too. The strong decrease of the efficiency for low insola-
tion data is very distinct. Thus the total efficiency of
such systems is considerably diminished in the morning and
afternoon. Furthermore It must be recognized that the dashed
lines are for the expensive collectors (Infrared reflecting
envelopes). Higher collector temperatures (200° C) result in
an extremely strong decrease of efficiency.

The already high efficiency of the concentrating collector
with values of about 60 per cent can be increased up to 63
per cent using Infrared reflecting glass tube around the
absorber pipe. It must be proved, however, whether this ex-
penditure is worth being advocated for economic reasons or
not. Contrary to the flat plate collectors two difficult
mountings are possible for the cylindrical parabolic mirror:
The horizontal E-W orientation of the focus line and the N-S
mounting with a tilt angle corresponding to the latitude. In
every case the collectors must be tracked from time to time.
The E-W mounting offers the advantage of tracking the mir-
rors only once per week. This can be done manually but then
only concentration factors of about five can be obtained.
This results in a lower collector efficiency of about 45 per
cent. Therefore a continuous tracking is preferred.

The E-W mounting yields a higher energy output than the
polar mounting during a relatively short time interval at
noon. The polar mounting however has a laraer total energy
output if times before 10.00 a.m. and after 2.00 p.m. are
considered.

These relations are presented in the next Figure (4). The
curves indicate the dally variations of the power input to
the thermal cycle. The angle of incidence as well as the
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collector efficiencies depending on the current insolation
data have been regarded. Curve "a" shows the relations for
a conventional flat plate collector with double glazing
(working temperature 100° C ) .

Curve "b" relates to the expensive flat plate collectors
with an Inner glazing reflecting the infrared radiation.
The values for this collector at working temperatures of
200° C were plotted too (curve " c " ) . The curves "e, d" and
"f, g" respectively relate to a concentrating col-lector
(cylindrical parabolic mirror) for E-W and N-S mounting. As
mentioned above the E-W orientation will be preferred for
shorter time intervals, but for longer time periods the N-S
mounting yields a higher total energy output. The utilized
dally time period virtually depends on the available
mounting area for the collectors. For a distance of about
one meter between the collectors the time between 9.00 a.m.
and 3.00 p.m. can be fully utilized. In the hours before
and after this period the collectors are shadowing each
other partly. In the next Figure (5) such a parabolic
trough mirror can be seen. For constructive reasons the
length and the width of the collector are about 2,5 and
1 m respectively. The outer diameter of the collector
pipe 1s about 2 cm because of optical reasons. Thus a con-
centration ratio of 15 to 20 results. The tracking 1s
operated by a self-locking worm gear driven by a small
electric motor (30 W ) . The mirror rotates around the ab-
sorber pipe. Thermal expansion of the pipe 1n axial direc-
tion 1s compensated by corresponding knock-out spindles.
Up to six collectors are connected by one string in the
middle of which the tracking device is mounted. The collector
pipe , which is the same for every mirror of one string,
is centrally led through the knock-out spindles as well as
the worm gear. It is supported at suitable positions by
roller bearings.

The rough solar sensor consists of several photoconduct-
ing cells and tracks the mirror first within a two degrees
view. Then a fine tracking occurs (view smaller than 1°) by means
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of t h e r m i s t o r s located above the a b s o r b e r pipe within the

glass tube. In the next M q u r e (6J the p e r f o r m a n c e of this

fine tracking is o u t l i n e d . If the sun gets out to the l e f t ,

only the right sensor will be r e s p o n s i v e and vice versa. A

third t h e r m i s t o r which never gets into the focus line com-

pensates the ambient t e m p e r a t u r e by m e a n s of a b r i d g e cir-

cuit. At night the tracking d e v i c e returns the c o l l e c t o r

string to its p r e - s u n r i s e c o n d i t i o n . In cases of e m e r g e n c y ,

for instance o v e r h e a t i n g of the a b s o r b e r p i p e , the m i r r o r

must be turned away. Then a thermal c i r c u i t b r e a k e r mounted

at the hottest point of the pipe a c t u a t e s a s e r v o m o t o r .

The tracking must be operated only every four m i n u t e s . The

motor runs about five seconds with a rated speed of

1.300 r.p.m. Thus the needed energy can be n e g l e c t e d .

The next F i g u r e (7) is an a r t i s t ' s view of a p o s s i b l e c o l -

lector a r r a n g e m e n t on a p l a t f o r m two m e t e r s above the ground

level (E-W m o u n t i n g ) . The power plant is located c e n t r a l l y

under the platform. From the c a l c u l a t i o n s on the w a t e r / s t e a m

circuit (total e f f i c i e n c y at least 6 per c e n t ) an e f f e c t i v e

c o l l e c t o r area of about 150 - 180 m results for a 10 kW

solar power p l a n t . Thus 72 c o l l e c t o r s are needed with a c o l -

lector s u r f a c e of 2.5 s q u a r e m e t e r s . T h e s e can be comprised

in strings with 6 c o l l e c t o r s lying in 13 parallel r o w s .

F u r t h e r Improvements m a i n l y of thermal e f f i c i e n c i e s will

d e c r e a s e the e f f e c t i v e c o l l e c t o r area to 100 - 120 m c o r -

r e s p o n d i n g to 8 - 10 per cent total efficiency.*" To

get an equal power output d u r i n g eight hours the s o l a r power

plant will be mounted N-S with a tilt c o r r e s p o n d i n g to the

l a t i t u d e . Thus the flow d i r e c t i o n of the w a t e r / s t e a m m i x t u r e

is a s c e n d i n g , c o u n t e r i n g a p o s s i b l e s e p a r a t i o n .

The w a t e r v a p o u r , which has a t e m p e r a t u r e of a p p r o x i m a t e l y

200 - 250° C and a p r e s s u r e of 17 - 25 atm. can be exploited

in steam t u r b i n e s , 1 i f t i n q - c y l 1 n d e r m a c h i n e s or in r e v o l v i n g -

c y l i n d e r m a c h i n e s . Since steam turbines of such a small size

are of low e f f i c i e n c y and r e v o l v i n g - p i s t o n steam e n g i n e s are

not yet c o m m e r c i a l l y a v a i l a b l e , the use of a l i f t i n g - p i s t o n

p l a n t , which was tested by M . A . N , y e a r s a g o , is initially

In comparison the upper limit of future d e v e l o p m e n t potential
would be nearly 20 per cent so that the m e n t i o n e d values of
8 to 10 per cent are very r e a l i s t i c .
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envisaged. Series-produced components for Diesel enqines
can be used 1n this machine. The following pictures,
Figures 8, 9 and 10 show a longitudinal section of this
solution, the characteristic piston with Integrated cross-
head serving to separate the steam-contact parts from the
oi1-lubricated parts. For 10 kW a 1-cylinder version would
be used Instead of the 3-cyl1nder one shown here. The
maximum output of this engine series lies at some hundreds
HP, using six cylinders.

The design 1s compact, has a high degree of efficiency
and is suited for inexpensive series production. Work 1s
presently being carried out on further-developed versions
using even more cheaply produced large-series parts for
Diesel engines.

For night operation a steam reservoir 1s initially en-
visaged, to be followed later by a hot-water pressure
storage system. The hot water will either be fed solely to
the steam engine or, 1n the case of excess capacity of the
collectors at midday, also to the reservoir. At present the
reservoir 1s a simple steel tank with Insulation, designed
to supply 1 kW throughout the night or 10 kW for a shorter
time. When the system is operating on the reservoir, the
hot water Is fed, as steam, from the reservoir via a
throttle valve and water filter to the steam engine.

A closed-circuit system 1s used, the expanded steam, after
condensation 1n the condenser, being returned through a
small pump to the solar collectors as water for reconversion
to steam.

It would, however, be possible to modify the plant to
operate In open circuit with salt water, the resulting
condensate being made available as distilled fresh water
for drinking purposes. A 10 kU plant would be capable of
producing about 1,500 litres per day.

The mechanical energy of say 10 kW could Initially be
used to pump water: with a pressure head of 60 m, for
example, 30 m /h or approximately 240 m /day could be
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produced. With a pressure head of 20 m production would be

approximately 800 m /day.

Fiqure 11 shows some pump diagrams. Of course the mechanical

energy can also be converted directly into electrical energy

by means of a normal commercial generator running at 1,000 or

1,500 r.p.m. The electrical energy thus produced could be fed

into the mains and used not only in pumping stations but also

by other electrical consumers.

The costs of power generated in this way (Including amortiza-

tion of present-day manufacturing cost of the plant) are

interesting.

Fiqure 12 shows also, as a comparison, flat collector ar-

rays for which costs, using the same calculation basis, range

up to DM 2.00 per kWh. depending on duration of sunshine,

whereas for the chosen concentrated collector type costs of

approximately OH 0.70 - 0.90 per kWh can be achieved even on

the basis of prototype costs of approximately DM 130,000

for a few prototypes. For optimized plants manufactured in

large series at a cost of approximately DM 50,000 to 70,000,

electricity costs of less than DM 0,50 per kWh could be

achieved. Additionally it must be remarked that the electrici-

ty cost varies with duration of usable daily sunshine,

for example from 9.00 a.m. to 3.00 p.m. or 8.00 a.m. to

4,00 p.m. as to be seen in Figure 12.

The final table (Figure 13) includes again a summary of the

specification data for the plant, figures being given not only

for the present experimental prototype but also for the later,

further-developed optimalized series plant.
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M.A.N. STEAM ENGINES

Introduction

In the past years increasingly vertical engines having a high

rate of revolutions have been introduced. The reason for this

is obvious. These engines have a greater specific output per

unit of displacement. Having the same output, they are smaller

and lighter and therefore less expensive than a horizontal

steam engine. In addition, they permit direct drive of rapidly

running generators and of other machinery and cause negligible

foundation and assembly costs.

Already several years ago M.A.N. started to work in this direc-

tion and developed within the framework of extensive development

and research work an engine having a high degree of heat efficien-

cy as well as all other advantages of a modern engine.

The main field of application of the engine will be in the

heat-consuming small and medium industries, among others in the

woodworking, ceramic, textile, leather, brick, brewery and food-

stuffs industries.

The engine may also be used for the drive of steam railcars for

steam cranes, auxiliary engines in power stations and as main or

auxiliary drive in inland and deep-sea navigation.

CONSTRUCTIVE DETAILS:

The main constructive aspects are as follows:

1. The engine is single-acting.

2. The engine operates with valve gear.
3. The engine has no stuffing box.
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Figure B

Graph Z (Figure 8)

Section of a three-
cylinder engine

1 Live steam supply pipe
Z Intake valve
3 Leakage steam exhaust
4 Vaive spring
5 Crosshead pin with

lubricating bores
6 Frame
7 Lubricating bore for

push rod
8 Push rod
9 Nose on valve rocker

10 Starter shaft
11 Roll
1Z Valve rocker
13 Vertical shaft
14 Roll
15 Lifting shaft
16 Crankpin bearing
17 Crankshaft
18 Shaft for operating

drain valves
19 Decompress)on and drain

vai ve
ZO Cylinder head
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Graph 3

Longitudinal cross
section of a three-
cylinder engine

21 Nonreturn valve
22 Belt canal for

cylinder lubri-
cation

23 Exhaust pipe
24 Exit slots
25 Crosshead sleeve
26 Oil groove In

crosshead
27 Cylinder liner
28 Lubrication bore

In the crosshead
sleeve

29 oil container
30 Oil pan
31 Piston
32 Crosshead
33 Piston rod
34 Wheel-case
35 Lubrication bore

In piston rod
for crankpin
bearing

36 Intermediate g«ar
wheel*

37 Lubrication bore
In the fraeie for
crankshaft
bearing

38 Coupling flange
39 Oil strainer
40 Mud drain
41 Coupling flange

see
graph 4



Graph 8 Assembly of a four-cylinder
unit {maximum width 1100 mm)

(g) 42 Distributing slide valve
43 Servomotor
4S Starting lever
49 Latch (lever)
50 Pressure lubricator
51 Regulator
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Pmi
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1 3-lyl.

30,6 ota

301 "C

1,58 010

1198U,'mif

178 PS

N,
3.1,1.

20,3 ata

300" C

1,46 ala

7,48 otm

996 U/min

1104 PS

Operation
The live steam passes through

the supply pipe (I) to the
cylinder heads (20). The valves
control the supply of stea* to
the cylinder. The steam
pushes the piston downward and
escapes through the slots (24)
Into the exhaus pipe (23).

Main data
The engine Is built with

three, four and six cylinders
for exhaust or back-pressure
operation. The cylinder dia-
meter Is ISO mm and the lift
120 mm so that the piston
speed is only 4 n/s at 1000
revolutions/m1n. The engine
is designed for pressures of
up to 30 atmospheres excess
pressure and temperatures of
up to 400° C. The cylinder
output is approximately 60 hp.
The main dimensions can be seen
in Graph 8.

Graph 7 Piston stroke diagram
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SPECIFICATION FOR 10 KW SOLAR ENERGY POWER PLANT

A) Temporary test prototype

1. Electrical power output:

2. Collector area:

3. Steam circuit:
(t ~ 200° C)

4. Storage system:

5. Electrical energy output:

6. Current cost:

7. Fabrication cost for
prototypes:
(ca. 30 St.)

8. Cost for fabrication
in series:

y o

operation daytime 950 /m
operation at night

10 kW
1 kW

180 m tracked concentrating
collectors

1-stage steam piston engine
with electric generator
1000 rpm - 50 Hz

Steam storage 17 bar, ca. 30 m

300 solar days (2,400 available
solar hours per year) 21,000 kWh

ca. 0.70 - 0.90 DM/kWh

ca. DM 137,000

lower than DM 100,000

B) Aim of development for optimised serial production type

1. Electrical power output: operation daytime:
long duration
can be extended to
operation at night:
long duration
short time

10 kW
40 kW

2 kU
10 kW

2. Collector area:

3. Steam circuit:
(t K * 2 5 0 ° C)

4. Storage system:

5. Electrical energy output:

6. Current cost:

7. Cost for fabrication in
large series:

ca. 100-120 ra
2 tracked

concentrating collectors

1-2-stage steam piston engine
with electric generator
1500 rpm - 50 Hz

Hot water storage, ca. 4 m3,
ca. 25 bar

300 solar days (3,000 available
solar hours per year) 23,000 kWh/pa

ca. 0.30 - 0.70 DM/kUh

ca. DM 50,000 - DM 70,000



T e s t i n q o f a f i r s t p i l o t p l a n t
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THE UTILIZATION OF SOLAR ENERGY FOR PUMPING HATER IN
DEVELOPING COUNTRIES

M. Vergnet

Following the work of Professor Masson of Dakar U n i v e r s i t y ,

our group of researchers have for about 15 years now been

invest igat ing the p o s s i b i l i t i e s of harnessing solar energy

to solve energy production problems In Iso la ted t rop ica l

regi ons.

The Pierre Mengin Establishment and the Sodete Francaise

d'Etudes Thermiques et d'Energie Soia i re work in close c o l -

laboration with a number of Afr ican research I n s t i t u t e s , in

p a r t i c u l a r : the Universi ty of Dakar, L'Ecole I n t e r - E t a t s ae

Ouagadougou, The Universi ty of Chad, the Laboratoire d'Ener-

gie Solaire du Niger , the Laboratoire d'Energie Sola i re de

Bamako.

In view of the recent developments In th is f i e l d of tech-

nology, the Atomic Energy Commission, la S o d i t e Renault ,

le Groupe t o t a l , and la Societe Gaz Ocian have decided to

assist us in th is research.

Solar Energy

Solar rad ia t ion is a free source of energy ava i lab le 1n

large quant i t ies everywhere, in p a r t i c u l a r 1n the a r i d r e -

gions of the developing countr ies. I t can amount to as much

as 1 kW/m2 at ground l e v e l . This advantage, however, 1s in

part o f fset by a few drawbacks, which explain why this form

of energy has not yet been f u l l y e x p l o i t e d .

Al l sources of energy are required without exception to

function 24 hours a day, solar energy, however, is c y c l i c .

During cloudy weather this form of energy Is considerably

reduced, di f fused radiat ion representing only 30 to 40 per

cent of d i rec t energy. I t is ava i lab le regular ly and 1n quan-

t i t y only in general ly under industMai ized t rop ica l regions.

Having analyzed these d i f f i c u l t i e s we decided for purposes

of e f f i c iency on cer ta in basic options.



Basic Op t i ons

a j S ince s o l a r energy i s c y c l i c , we were l o o k i n g f o r an

a p p l i c a t i o n wh ich wou ld s i m p l i f y energy s t o r a g e . Water

pump ing , wh ich i s one o f the most common forms o f energy

a p p l i c a t i o n in t r o p i c a l c o u n t r i e s , f u l f i l l e d t h i s c o n -

d i t i o n .

b) S i m p l i c i t y o f o p e r a t i o n and r e l i a b i l i t y . I n o r d e r t o

adapt the equ ipment to p r a c t i c a l c o n d i t i o n s i n these

i s o l a t e d r e g i o n s , i t was necessa ry t o des ign r o b u s t

mach inery wh ich d i d no t r e q u i r e ma in tenance by q u a l i f i e d

p e r s o n n e l .

A l t h o u g h they produce o n l y s m a l l t h e r m a l energy y i e l d s ,

i t was dec ided t o use f l a t - p l a t e c a p t o r s w h i c h , be ing

s t a t i o n a r y , do no t f o l l o w the pa th o f t h e s u n .

P a r t i c u l a r care was taken i n t he d e s i g n and c o n s t r u c t i o n

of the thermomechani c and t h e r m o e l e c t r i c c o n v e r t e r s i n

o r d e r t o ensure t h a t they were as r e l i a b l e as the r e s t

o f the s o l a r e q u i p m e n t .

O p e r a t i n g P r i n c i p l e o f S o l a r Pumps w i t h F l a t - P l a t e Cap to rs

We e l e c t e d t o use s o l a r energy t o d r i v e a w a t e r pump by

means o f a l o w - t e m p e r a t u r e t h e r m a l c y c l e between the ho t

source fed by s o l a r r a d i a t i o n and the c o l d s o u r c e , t he pumped

w a t e r .

1 . S o l a r c a p t o r s

A b a t t e r y o f r u d i m e n t a r y and e n t i r e l y s t a t i c s o l a r c a p t o r s

c o l l e c t s the s o l a r r a d i a t i o n and c o n v e r t s i t I n t o h e a t . Th is

process r e q u i r e s the use o f a b l a c k e n e d s t e e l p l a t e t h e r m a l l y

i n s u l a t e d f rom the s u r r o u n d i n g a i r and housed under g l a s s t o

take advantage o f the p r e s s u r e e f f e c t . Th is p l a t e passes on

the heat to a heat c o n d u c t o r , g e n e r a l l y w a t e r c i r c u l a t i n g i n -

s i de the c a p t o r s .



163

2. Thermal Converters

This radiation, which has been transformed by the captors
into calorific energy, must be turned into a usable form of
energy, in this case a thermodynamic potential, by means of
a converter. The process is as follows: The heat conductor
collects the thermal energy produced by the captors and
passes it on to an organic liquid gas, thereby bringing the
liquid gas to the evaporating point. The pressure obtained
by the evaporation of this fluid actuates the converter,
either a thermomechanic expansion engine, a piston engine,
or a turbine.

After passing through the converter, the gas is again
liquified by a condenser, the heat being removed by the water
pumped through the installation.

3. Pumpi ng

A water pump actuated either directly by the main shaft
via a piston engine or by a centrifugal pump fed by a generator
engaged on the turbine discharges the fluid in a borehole
or in an intake downstream.

The elements comprising a 1 kW pump and the solar turbo-
generators are represented in the diagram below:
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Current Projects

Apart from various prototypes being tested in laboratories,
mainly at Dakar University, several different pumps are cur-
rently in operation. Relevant statistics are given below:

Segal Pump

Surface area of captor 88 mz

Output 6 m3/h

Total manometric lift 25 in

Operating time 5 to 6 hrs

Date of entry into service 1968

Location Institut de
Physique
Mitioroiogique
de Dakar

«•!• '

Onersol Pump

Surface area of captor

Output
Total manometric lift
Operating time....
Date of entry Into service..
Location

60 mZ

6 to 7

12 m
4 to 6
1969
village

m3/h

hrs

of E
(Niger)
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Caborca Pump

Surface area of captor....

Output. . -.

Manometri c lift

Operating time ....

Location. . ..

90 m2

3 m3/h

45 m

5 to 6

Caborca

hrs
(Mexico) 1974



167

Cebailos Pump

Surface area of captor....
Output....
Manometric 1i ft....
Operating ti roe....
Locati on....

90 in'

4 m3/h

35 m

5 to 6 hrs

Ceballos (Mexico) 1974
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Ouaga Pimp

Surface area of captor.

Output

Total manometHc l i f t

Operating t i m e . . . .

Date of entry in to s e r v i c e . .

Location

30 m'

2 « 3 /h

20 M

4 to 6 hrs

1971

Ecole Inter-Etats
de Ouagadougou
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Current Fields of Development

These technologies are being developed In three different
fields:

Village water supply

In locations where we are competitive, our task 1s to
solve the problems of supplying water to small agglomera-
tions of 1,000 to 2,000 inhabitants and at the >«ae tint to
integrate solar pumping processes Into the social process
by combining the solar pump with local facilities such as a
school (Chinguetti, Ceballos, etc.). * dispensary centre
(Dioila), or an administrative building.

Thus the process of supplying water also Initiates ancil-
lary development processes.

Water supply for grazing ranges

In order to fully exploit the stock-rearing potential of
the tropical regions, in particular the Sahel zone, a num-
ber of waterpoints to serve 1,000 head of cattle, must be
established.

In our view, solar pumps are one method of solving this
problem. To prevent overgrazing, the stations should be
kept down tc reasonable size. Ideally there should bt a
series of sma> stations producing about 50 m per day,
situated In intt.vals along the cattle tracks. This would
also help prevent the major weight losses and deaths which
frequently occur when livestock are moved along the trans-
humance and marketing routes.

Irrigation

Energy Is required in the order of 25 to 50 and 100 kU
for irrigation purposes. The Mexican Government commis-
sioned us with the first project of this type. A series of
project tests was commenced in June 1975 and the project
is due to come into operation in October 1975. In this field
of solar energy application the reliability of the Instaila-
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t i ons i s of fundamental importance. The use of stage gas

tu rb ines guarantees r e l i a b i l i t y over a per iod of at l eas t

ten yea rs . As regards investment c o s t , the cost p r i ce per

cubic metre ca l cu la ted on the basis of a twenty-year repay-

ment per iod i s i n the order of 0.10 to 0.15.

Since the surfaces of the captors must be qu i te l a r g e ,

plans e x i s t to cons t ruc t along w i t h the p lan t a whole v i l -

lage to house the people working in the area. For t h i s ambiT

t i o u s p r o j e c t we are r ece i v i ng assis tance from the Atomic

Energy Commission v ia the Groupement Promethee, which

l a t t e r i s p a r t i c u l a r l y i nvo lved in these problems.

Future Programme

In a l l our a c t i v i t i e s we have always attempted to take

I n t o cons ide ra t i on the cond i t i ons in the developing c o u n t r i e s ,

which i s why we always r e f e r s imply to p ro jec ts and p a r a l l e l

t h e o r e t i c s t u d i e s .

Many coun t r ies throughout the wor ld have now become i n t e r e -

sted in t h i s technology, and we have been commissioned w i th

the estab l ishment of about t h i r t y s t a t i ons of t h i s t ype .

Upper V o l t s , Chad, Senegal , B r a z i l , M a u r i t a n i a , Cameroon,

and Mexico have demonstrated p a r t i c u l a r i n t e r e s t .

The Mexican Government was the f i r s t to consider the l a r g e -

scale I n t r o d u c t i o n of so la r pumps. We are at present i nvo lved

in an I n i t i a l programme f o r ten s t a t i o n s , f i v e of which are

c u r r e n t l y in ope ra t i on . We are i n charge of a 25 KW s t a t i o n

p rov i d i ng i r r i g a t i o n f o r San Luis P o t o s i , and the Mexican

Government plans to i n i t i a t e a programme fo r approximately

1,000 so la r pumps and 25 to 50 50 kW t u r b i n e s .

Lower costs made poss ib le by t h i s programme w i l l make so la r

energy d i r e c t l y compet i t i ve w i t h cu r ren t sources of energy in

a l l the t r o p i c a l zones.

Future P o s s i b i l i t i e s

At present we are i n t e r e s t e d only in the most urgent prob-
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lem, that of water supply. It is possible to establish refrig-
eration plants to preserve drugs in hospitals and to supply
cold stores in the agricultural field. The first such projects
are to be carried out this year at the Dioila and Koupela
dispensaries.An interesting study could be undertaken later
on the possibilities of using this technique for the pur-
poses of air-conditioning. We will shortly be building Aranon
houses in France, and there 1s no doubt that solar energy
will soon be applied also to air condition tourist centres,
small hotels, etc.

The longer term objective, however, 1s to supply electric-
ity 24 hours a day from small Independent power stations of
between 25 and 100 kW. Before this Is possible, however, we
will have to solve problems of storing heat, the research
into which remains as yet Inconclusive, despite optimism In
this field.

This has been a description of the work of a small group
which is interested not only 1n the technical aspects but
also in all the human aspects of solar projects and which has
always sought to Integrate development considerations In
their work and to bear in mind the possibilities of technology
transfer to Interested Third World countries.
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SOLAR CELLS FOR TERRESTRIAL USE

G. H. Hewig and W. H, Bloss

Introducti on

Solar energy can be converted directly into electricity.

The device for this conversion process Is the so-called

solar cell. Solar cells are the most Important power

source for space applications and they have proved their

reliability 1n more than 1000 spacecrafts. The costs per

kW of the installed generator for terrestrial applications

will be the main problem. Therefore, the different possi-

bilities for the structure of the solar cells will be out-

lined and compared with each other under the aspect of

large area production.

Solar Irradiation on the Earth

There exist some data on the solar Insolation on the

earth. These data correspond to the total Insolation and

Include the direct solar Irradiation and the scattered

light of the atmosphere and perhaps of clouds. Fig. 1

shows the total Irradiation of sunlight on the earth. The

lines 1n it connect points with the same total irradiation,

the magnitude of which is indicated In kcal per cm2 which

corresponds to the total solar energy per year irradiated

on a horizontal area of 1 cm . From fig. 1 It can be seen

that the irradiation in the Sahel zone 1s about 200 kcal/
2 7

cm per year. This corresponds to an energy of 2400 kWh/iir

per year. In Germany the total Irradiation is smaller by

a factor of two. So the semi-arid areas have a lot of solar

energy but a large lack of water, so 1t would be the best

thing to use solar energy for the water supply. As the

photovoltaic effect is one possibility to use solar energy,

this effect and the possibilities to be expected will be

outli ned.
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D i f f e r e n t Solar Cells

The photovol ta ic e f f e c t is based on the separat ion of

d i f f e r e n t sorts of charge car r i e rs in a boundary, espec ia l -

ly the separat ion of photogenerated electrons and holes in

serai-conductor p-n j u n c t i o n s . As n and p mater ia ls can be

of the same or d i f f e r e n t k inds, there are a lo t of mater ia ls

which can be used for solar c e l l construct ion and 1t looks

as though a d i f f e r e n t type of solar ce l l w i l l be su i tab le

for the d i f f e r e n t a p p l i c a t i o n s . For space app l ica t ion the

s i l i c o n so lar c e l l seams to be the best solut ion as the re -

l i a b i l i t y is of most important I n t e r e s t . But for t e r r e s t r i a l

appl icat ions the CdS solar c e l l w i l l probably be the cheapest

and therefore the best s o l u t i o n . There fore , the production

processes of these c e l l s and a few others which were developed

in the l a s t years are described shor t ly to get some Ideas of

the production costs for la rge-sca le producing.

The silicon solar c e l l , which 1s of great success in space

application, 1s a single crystal solar c e l l . The p-type

single crystal which was grown out of the melt is cut in

wafers with a thickness of 300u. A n-type layer at the sur-

face is created by diffusion. The front layer is contacted

by an evaporated grid structure. To avoid reflection losses

an antiref lective coating is evaporated, which causes the

blue appearance of the surface.

The solar cells are produced with efficiencies up to 20

per cent - . Nevertheless, a good standard process yields

cells with efficiencies of 12 per cent without using a high-

ly sophisticated technology. The area of one cell is 20 cm ,

which results in a power output of the cell of 0.24 U per
2/ ?

c e l l - ' . Therefore , a solar c e l l area of about 8 m produces

in br ight sunshine a power output of 1 kW. The degradation

of s i l i c o n solar ce l l s is n e g l i g i b l e for t e r r e s t r i a l use.
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Ct*2S-CdS

The Cu-S-CdS solar cell is a polycrystallint call. The
n-type CdS layer is evaporated under high vacuum conditions
on a metallized substrate. The thickness of the n-type CdS
Is about 20 to 50}i -/. The p-type Cu2S layer Is generated
by a dipping process in a cupreous chloride solution. The
front contact consists of a photoetehed gold-piattd copper
grid by using a proper adhesive Material between the Cu^S
layer and the grid. Cu2S-CdS solar cells show efficiencies
up to 8 per cent, but there exist some probien* 1n the re-
producibiiity and the degradation of this cell. Due to the
lower efficiency a solar cell area of 12 m2 produces in
bright sunshine a power output of 1 kW. The single cells
can be produced with an area up to 100 CM ,

Other Compounds

Some other types of solar cells show good results: the
GaAs, the InP-CdS and the Cu In Se£-CdS solar cells. The
GaAs solar cell is produced by liquid phase epitaxy tech-
nique. The efficiency of this cell reaches 20 per cent - ,
but material and production costs are very high.

The InP-CdS -1 and the Cu In Se2-CdS -* solar cells are
produced with efficiencies up to 12 per cent. But the base
material Is a CdS single crystal which is very expensive.
Only If it Is possible to use polycrystalUna CdS-layers
can the cell become a serious competitor to Si and Cu2S-
CdS solar cells.

In fig. 2 to 4 there are shown some solar cell genera-
tors, available commercially, in the power range of 1 to
8 Watt corresponding to an Irradiation of 100 mW/cm2 which
correspond to bright sunshine on a clear day. In fig. 5
there 1s shown a CdS solar cell which was produced at our
Institute.

An advantage of the CdS cell is the rectangular shape
also for cells with a sensitive area of 40 cm2. The silicon
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cell has the advantage of high conversion efficiency up to
14 per cent. But the large area CdS solar cell has a very
good filling factor, this means a good proportion between
the light sensitive solar cell area and the area of the
total generator.

Appi ications

The main advantage of the solar cell generators is the
fact that they are electronic devices without moving parts.
This results in a service-free operation for years, as it
can be seen by some applications of solar cell generators
as power supply for electric equipment, for example for
educational purposes (TV) in Niger.

Automatic Measuring Stations

The lack of correct meteorological data is a great diffi-
culty for all projects in semi-arid areas. Therefore, auto-
matic measuring data stations should be installed. The
problem of the power supply for these stations can be
solved by using a solar cell generator combined with a

2
proper battery. A solar cell area of 1 m produces an elec-
trical power output of about 50 W, which will be sufficient
for a lot of purposes. A plotter with 5 to 10 different
channels, which can record all needed meteorological data,
can be supplied by this arrangement.

Power Supply for Water Pumps

Another possibility for the application of solar cells
will be the usage of solar cell generators as power supply
for water pumps. This application depends on the occurrence
and availability of underground water. In the following It
is outlined what can be expected from a solar cell genera-
tor in combination with a water pump.

It is assumed that the solar irradiation in one year
amounts to 2400 kWh per m (see fig. 1 ) . If solar cells
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with an efficiency of 5 per cent are used, a solar cell
generator with an area of 1 ra yields an electrical ener-
gy of 120 kWh per year. As the efficiency of the water
pump is about 75 per cent, a mechanical energy of 90 kWh
per in solar cell area and per year can be reached. The
underground water is assumed to have a depth of 30 m, in
this case the waterpump which 1s supplied by 1 m 2 solar
cell generator with an efficiency of 5 per cent will pump
1080 m water from a depth of 30 m to the surface in each
year. In fig. 6 the magnitude of the pumped water in m 3

is plotted as a function of the depth in which the under-
ground water occurs.

Cost Analysis

Si solar cell generators are available for about 50 t
per Watt -', but there are some new technologies, e.g.
ribbon technique and polycrystalline Si solar cells, which
will probably be cheaper. Projected costs for S1 solar
cells are in the range of 0.3 to 1 $ per U I/i/10/, cu S-
CdS solar cells will be producible with costs projected
in the range of 0.3 to 0.7 * per W ^ , but first of all,
the existing problems of reproducibility and degradation
have to be solved. A panel with a power output described
above amounts to 1000 $, the water pump to about 400 $.
The costs for the installation of the water pump are very
difficult to estimate and depend largely on the depth in
which the pump has to be installed. Neglecting these in-
stallation costs for the pump, the total costs for the
equipment with today's technology should be about 1500 $,
which means a magnitude of 1080 m water, pumped from a
depth of 30 m to the surface each year. So the installa-
tion costs for 1 m pumping capacity each year are about
1.4 $. If the equipment is not destroyed mechanically, an
operation lifetime of more than 15 years can be expected.
Further cost reductions can be expected by using CdS solar
cells when the technology for the production process is
developed enti rely.
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F i g . 1: Local d i s t r i b u t i o n of the
i r r a d i a t i o n on the earth

F 1 g . 2: S i l i c o n s o l a r cell g e n e r a t o r (USA)
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F i g . 3: S i l i c o n s o l a r c e l l g e n e r a t o r ( U S A )

Fig. 4: Silicon solar cell generator (Germany)
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Fig. 5: CdS solar eel 1

Fordermenge

in rr^HQ pro Jahr

pro rn^ CdS-Solarzelten

(TJ = 5 % )

Fig. 6: Pumped water (in m ) as a function of
the depth the underground water occurs
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THE GEOMETRY OF THE GUIDANCE OF SOLAR REFLECTORS

Dipl.-Phys. Klaus Kuhnke and Dipl.-Ing. Friedrich von Bismarck

For the guidance of a solar reflector according to the
position of the sun, two different movements of the sun
with regard to the surface of the earth must be taken
into account, namely:

a) the daily orbit of the sun from east to west according
to the revolution of the earth, and

b) the seasonal variation In height of the position of the
sun according to the ecliptic incline with regard to the
earth's axis.

When designing solar reflectors by means of appropriate
technology, the obvious way is to adjust the seasonal move-
ment (b) dally by hand (for example by means of a set-screw)
whereas a simple automatic device should be designed for the
daily east-west revolution (a).

Although the dally apparent movement of the sun (a) holds
two components for the observer on earth (I.e. the vertical
up-and-down and the horizontal east-west components) one
single degree of freedom, i.e. revolution around one single
axis, will be sufficient for a device (such as a solar re-
flector) to follow this movement (see Appendix). For this
purpose the axis of revolution must be parallel to the axis
of the earth. This principle applies to all geographical
latitudes and does not depend on the deviation of the geoid
from the spherical or ellipsoid shape.

The position of the axis of revolution does not depend on
the seasonal position of the sun (b). That 1s to say, models
such as shown 1n Figure 1 where the position of the dally
revolution axis (a) would have to be adjusted dally by means
of the seasonal regulator (b) must not be adopted. One must
instead look for models corresponding to the principle rep-
resented in Figure 2 where the dally revolution axis (a) is
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situated in a permanent angle^with regard to the surface
of the earth (i.e., parallel to the axis of the earth) and
where the seasonal mechanism (b) revolves daily around the
axis (a). It is easy to determine the correct angle/?, for
this angle is always equal to the geographical latitude of
the place where the device is located (see Appendix).

A construction according to Figure 1 would be possible if
linear-focused paraboloidai reflectors are used (such as in the
figures). When directed towards the sun, these reflectors
will always focus the light on the focal line, whatever the
angled may be (Figure 1). But as the totality of the radi-
ation collected by the reflector 1s proportional to cos &,
and therefore decreases according to the cosinus i f ^ ^ Q -
the model according to Figure 1 should be avoided, if pos-
sible, also for linear focussing reflectors. The loss of
energy would amount to approximately 8 per cent if the reflec-
tor 1s aligned with a vertical deviation of±23.S° with
regard to the position of the sun. This deviation corresponds
to the Incline of the terrestrial orbit, i.e., to the season-
al maximum height variation of the sun's position.



fig. 2
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A p p e n d i x I

G e o m e t r i c a l , N a t u r e of the G u i d a n c e M o v e m e n t A c c o r d i n g
to the O r b i t of the Sun

For the sake of s i m p l i c i t y let us a s s u m e a v e r t i c a l axis of
the e a r t h in s p a c e , so that the e a r t h o r b i t w o u l d not be in-
c l i n e d and the s u n l i g h t w o u l d fall in l a t e r a l l y in a r i g h t
a n g l e ( F i g u r e 1 ) . In this c a s e the p l a c e P w h e r e the r e f l e c t o r
is l o c a t e d will turn h o r i z o n t a l l y in a c i r c u l a r m o v e m e n t .

D u r i n g this c i r c u l a r m o v e m e n t the r e f l e c t o r s h o u l d a l w a y s
be d i r e c t e d toward the sun so that the s u n l i g h t will r e a c h it
in a r i g h t a n g l e . T h i s is o b t a i n e d by m a k i n g the r e f l e c t o r turn
in the r e v e r s e d i r e c t i o n ( e a s t - w e s t ) a r o u n d a fixed a x i s that
is p a r a l l e l to the a x i s of the e a r t h . In this way the r e v o l v i n g
m o v e m e n t of the r e f l e c t o r is e l i m i n a t e d ; w h a t r e m a i n s is a c i r -
c u l a r t r a n s l a t i o n m o v e m e n t of the p l a c e P w h e r e the r e f l e c t o r
is l o c a t e d on the e a r t h ' s s u r f a c e .

T h e c o n s t a n t a n g l e b e t w e e n the e a r t h ' s s u r f a c e and the r e v -
o l u t i o n a x i s of the r e f l e c t o r \s equal to the g e o g r a p h i c a l l a t -
i t u d e / ? b e c a u s e of the r i g h t a n g l e b e t w e e n the n o r m a l l i n e (ra-
d i u s ) and the t a n g e n t (the p y r i f o r m i t y of the e a r t h h a v i n g been
a l r e a d y t a k e n into a c c o u n t ) .

N o t h i n g is c h a n g e d w i t h r e g a r d to t h i s p r i n c i p l e w h e n the
e a r t h ' s o r b i t 1s i n c l i n e d w i t h r e g a r d to the e a r t h ' s a x i s so
that the s u n l i g h t d o e s not fall in to the e a r t h in a r i g h t
a n g l e to its a x i s , i.e. in the e q u a t o r i a l p l a n e , but in an
a n g l e < ( - 2 3 . S ° ! < < + 2 3 . 5 ° ) ( F i g u r e I I ) . It is a g a i n s u f f i c i e n t
to turn the r e f l e c t o r in the e a s t - w e s t d i r e c t i o n a c c o r d i n g to
the h e i g h t of the sun a r o u n d the a x i s of r e v o l u t i o n p a r a l l e l
to the axis of the e a r t h ; what r e m a i n s is a g a i n o n l y a c i r c u l a r
t r a n s l a t i o n m o v e m e n t of the p l a c e P w h e r e the r e f l e c t o r is
l o c a t e d on e a r t h .

The d i f f e r e n c e b e t w e e n F i g u r e s II and III s h o w s c l e a r l y that
the r e v o l u t i o n axis of the r e f l e c t o r is not s u b j e c t to s e a s o n a l
c h a n g e s but m u s t r e m a i n r i g i d l y p a r a l l e l to the e a r t h ' s a x i s .
The s e a s o n a l v a r i a t i o n c o n s i s t s in a c h a n g e of the p o s i t i o n of
the r e f l e c t o r with r e g a r d to its l o c a l l y fixed r e v o l u t i o n a x i s .
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Appendix I I

Non-Electrical Automatic Guidance

The solar reflector is balanced by means of an adjustable
counterweight and can thus be easily moved around the rota-
tion axis. I t is driven by means of water power according
to the Pelton turbine principle. A simple water wheel 1s
driven at 6 revolutions/sec, the height of fa l l being 1 m
and the nozzle opening 0.9 mm2. A reduction of 518 400: 1
causes the reflector to rotate with the sun(l revolution/
day). The constancy of the height of f a l l of the turbine
water 1s guaranteed In line with the principle of a "HUhner-
trHnke" (watering tank for chickens): A container which Is
t ight ly sealed at the top and holds 150 1 (the amount of
water 1s suff icient for one day) Is provided with an outlet
at the lower end and placed In a small basin from where
the water flows to the turbine. The lower end of the outlet
determines the level of water 1n the basin. The level re-
mains constant, regardless of the flow of water.

In a developing country the entire device can either be
screwed or welded using section Iron and sheet metal. Some
bearings and possibly the nozzle for the turbine may have
to be Imported. The worm gear and the water wheel can be
manufactured by local craftsmen. Additional electronic
photocell devices need not be Imported; they would be too
complicated for a layman to understand or repair.

Energy Output

I f , taking Into consideration the unstable weather and a
medium efficiency In Central Europe during the day, a con-
version of available solar energy of 580 W/mZ « 500 keal/m h
Is assumed, 150 1 of water per hour per 1 m of solar pro-
jection area can be heated by 5°C (swimming pool) or 25 1
of water per hour can be heated from 20°C to 50°C (desali-
nation of seawater).

In arid areas the energy output wil l be twice as high.



wall cold water

Bismarck/Kuhnke: Automatically guided sun reflector
without electronic device to heat water



192



D I S C U S S I O N S AND R E C O M M E N D A T I O N S

WORKING GROUP III ( A ) : SOLAR PUMPING AND E L E C T R I C I T Y SUPPLY

It may at first glance a p p e a r to be i l l o g i c a l to deal

with these two p r o b l e m s s e p a r a t e l y . H o w e v e r , the i m p o r t a n c e

and scope (economic and s o c i a l ) of solar p u m p i n g and e l e c *

tricity supply as well as m e t h o d o l o g i c a l reasons led the

W o r k i n g Group first to s u c c e s s i v e d i s c u s s i o n s of the two

p r o b l e m s and then to a d i s c u s s i o n of p o s s i b l e s i m u l t a n e o u s

soluti o n s .

I. S o l a r Pumping

1. M e e t i n g w a t e r r e q u i r e m e n t s by means of s o l a r p u m p i n g in

d e v e l o p i n g c o u n t r i e s

W h a t e v e r the method of p u m p i n g , w a t e r r e q u i r e m e n t s can be

s u b d i v i d e d into the f o l l o w i n g three c a t e g o r i e s :

- w a t e r r e q u i r e m e n t s of the p o p u l a t i o n in urban and rural
a r e a s ;

- w a t e r r e q u i r e m e n t s for c a t t l e ;

- w a t e r r e q u i r e m e n t s for a g r i c u l t u r e : s p r i n k l e d and i r r i -
gated c u l t u r e s .

a) Water r e q u i r e m e n t s of the p o p u l a t i o n

Large a g g l o m e r a t i o n s with more than 5000 i n h a b i t a n t s are

m e n t i o n e d only for the sake of c o m p l e t e n e s s . The m e e t i n g

of such l a r g e - s c a l e w a t e r r e q u i r e m e n t s (50,000 and more

cubic metres per d a y ) poses d i f f e r e n t and c o m p l e x p r o b l e m s

which cannot in the near future be sol ved by s o l a r p u m p i n g .

In the rural areas the p o p u l a t i o n is g e n e r a l l y d i s p e r s e d

over n u m e r o u s v i l l a g e s of various sizes (50 to 5000 i n h a b i -

t a n t s ) . D i s t a n c e from the sea a n d / o r w a t e r c o u r s e s ( r i v e r s ,

lakes or p o n d s ) make n e c e s s a r y w a t e r s u p p l y through w e l l s ,

the number of w h i c h d e p e n d s on the size of village c o m m u n i -

ties and the local h y d r o l o g i c a l c h a r a c t e r i s t i c s .

The w a t e r r e q u i r e m e n t s range from 30 to 50 m per day to
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100 to 250 m per day. The wells have varying depths: 10 to
20 m near the sea or watercourses and 20 to 30 in and 60 to
100 ra in the i n t e r i o r of the country. The wells exp lo i t the
foss i l s t ra ta and sometimes reach a depth of 150 m and more.
The amount of water obtained ranges from less than one m
to 20 m per hour for wells supplied by groundwater and 50
to several hundred m per hour for wells supplied by foss i l
layers.

b) Water requirements for ca t t le

In many countries s i tuated in ar id or semiarid regions
animal husbandry plays an important role in the nat ional
economy. The watering points intended for the watering of
ca t t l e are generally dispersed over large areas and period-
i c a l l y used by the c a t t l e . Taking various factors in to con-
s idera t ion (average distance which ca t t l e can cover, con-
servat ion of pastures, environment, e t c . ) , the water re-
quirements to be met by watering points (we l l s , borehole-
w e l l , or borehole) are w i th in the range of 5 to 50 m and,
in exceptional cases, of 200 to 250 m3 per day.

Two other character is t ics (depth, output) of the watering
points (we l l s , borehole-wel ls , boreholes) are the same as
a) above.

c) Water requirements for agr icu l ture

The developing countries are making e f fo r t s to expand
d i f f e r e n t types of spr inkled and i r r i g a t e d c u l t i v a t i o n ;
vegetables, f r u i t , staple crops ( r i c e , maize, sorghum),
and export crops (co t ton) . Water requirements, which vary
from plant to plant and from region to region (type of
s o i l , s ign i f icance of evaporat ion), are enormous.

On the average, water requirements are as fol lows for
the d i f f e re n t types of crops;

35 m /ha/day for vegetables and f r u i t
60 to 100 m /ha/day for sugar cane and cotton
30 to 65 m3/ha/day for r i c e .
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This corresponds to a range of 30 to 100 m /ha /day .

The appl ica t ion of special techniques of water u t i l i z a -

t ion ( s p r i n k l i n g , dr ipping) could br ing about an economiza-

t ion of 30 to 35 per cent , but the costs are high (excess

pressure in the case of s p r i n k l i n g , pipe network in the

case of d r i p p i n g ) . Economical solut ions must s t i l l be found.

In view of the large water requirements in the sector of

agr icu l tu re hydrau l ics , recourse must be taken to the use

of surface waters ( r i v e r s , dams, ponds) o r , in except ional

cases, of la rge-sca le groundwater resources at a depth of

2 to 5 metres. The order of the manometric height of pumping

(5 to 10 metres) is a favourable fac tor with a view to the

possible use of solar pumping.

d) Power ranges required for pumping

The preceding data permit c a l c u l a t i o n of the power r e -

quired for pumping i n s t a l l a t i o n s in each s p e c i f i c case. In

the case of a g r i c u l t u r a l hydraul ics the s ize of area to be

spr inkled or i r r i g a t e d is de terminat ive : values of 30 ha,

100 ha, and 1000 ha and nunometrie heights of 5 to 10 m

have been app l ied .

Whatever the type of pumping i n s t a l l a t i o n used, the range

of power used is as fo l lows:

2 kU (medium-size v i l l a g e s , regular watering p o i n t s , small

hydro -agr icu l tu ra l i n s t a l l a t i o n s )

5 kU ( large v i l l a g e s , regular water ing places connected to

deep w e l l s , medium-size h y d r o - a g r i c u l t u r a l I n s t a l l a -

t ions)

10 kW (very large v i l l a g e s , much frequented water ing places

connected to deep w e l l s , medium-size h y d r o - a g r i c u l -

tu ra l i n s t a l l a t i o n s for crops requ i r ing i r r i g a t i o n )

25-100 kW ( large hydro -agr icu l tu ra l i n s t a l l a t i o n s ) .

1 1 . E l e c t r i c i t y Supply

I t can be said that the present s i t u a t i o n in most develop-



196

Ing countr ies is such that p r i o r i t y must be accorded to the
solut ion of the water supply problems as examined above.
The supply of e l e c t r i c i t y for a l im i ted range of requi re-
ments must be emphasized in view of the soc io -cu l tu ra l im-
portance of the requirements in quest ion. The solar i n s t a l -
la t ions chosen should be combined with a storage device.

1. E l e c t r i c i t y supply for communal i n s t i t u t i o n s : dispen-
s a r i e s , maternity hosp i ta l s , schools, educational
can_tres

In ru ra l areas the lack of e l e c t r i c energy considerably
reduces the effect iveness and social performance of a
number of communal i n s t i t u t i o n s : the health centres can
operate only during the day, vaccines and certain medica-
ments cannot be s to red ; the pupi ls and adults attending
educational centres have disadvantageous conditions for
studying.

In accordance wi th the size of the v i l l a g e , a power s ta-
t ion of 500 W to 1 kW operating three to four hours per
n ight represents considerable progress.

2. Supply for communications devices

The communities of the rura l areas are in general qui te
i s o l a t e d . E l e c t r i c i t y supply for small radio stat ions (20
to 40 W), stat ions for educational te lev is ion (10 to 20 W),
and radio sets to be used by the whole community (some
100 W) contr ibute to overcoming the i so la t i on of the i n -
habi tants and permit at the same time the development of
soc io -cu l tu ra l a c t i v i t i e s .

3. Power range required

The e l e c t r i c i t y required to meet the requirements men-
tioned above ranges between 500 W and 1 kU, In view of the
fact that energy utilization is not c o n t i n u o u s , it could
be reduced by half , if an appropriate storage device would
be coupled to the chosen solar installation.



I I I . Select ion of Type of I n s t a l l a t i o n , P o s s i b i l i t y of

Simultaneous S a t i s f a c t i o n of All Requirements, Eco-

nomic Aspects

1. Whether pumping or e l e c t r i c i t y supply is concerned, the

select ion of the type of i n s t a l l a t i o n (convent iona l , thermo-

mechanical , pho tovo l ta ic , t h e r m o - e l e c t r i c , e t c . ) must be

based on an analysis and an evaluat ion which take into con-

s idera t ion both economic factors ( investments, recurr ing

costs) and u t i l i z a t i o n condit ions ( length of 1 1 f e , mainte-

nance problems, e t c . ) . A comparison of c lass ica l and solar

solut ions is not reasonable i f , in view of the an t ic ipa ted

progress of the technology of solar i n s t a l l a t i o n s and t h e i r

average l i f e , the evaluat ion does not cover a period of at

least ten to twenty years .

2. The problem of simultaneous s a t i s f a c t i o n of a number of

requirements (pumping, e l e c t r i c i t y supply) by one solar

device apparently cannot be solved by one so lut ion app l ica -

ble to a l l cases. Only a thorough examination and an evalua-

t ion of advantages (and disadvantages) of a l l possible a l -

te rnat ives w i l l f a c i l i t a t e decision-making.
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IV. SOLAR DISTILLATION
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SYSTEMS FOR SOLAR DISTILLATION

Tom A. Lawand

I. INTRODUCTION

Solar distillation 1s not really a new process. Its princi-
ple was known to the ancients. Although there may be others,
the first mention of solar distillation known to the author
was reported by Mouchot who stated that the Arabs "se
servaient de vases de verre pour operer certaines distilla-
tions au soleil". He then elaborated on their method as
follows: "Au dire des alchimistes, les Arabes pour operer
certaines distillations au soleil, se servaient de wiroirs
concaves, poli, fabriquees $ Damas". In 1'Histoire Naturelle,
published in 1551, Adam Loncier depicted by means of an
illustration a similar procedure for distilling, amongst
other items, the essential oils of flowers.

The next report on solar distillation comes in the excellent
historical review of desalination by Nebbia and Menozzi. They
quote the work of Delia Porta, published in 1589, whose
apparatus was described in detail, for the distillation of
herbs.

Obviously, the distillation capabilities of solar energy
were well understood although no specific reference to water
desalination was made. It must be noted, however, that Delia
Porta published several other books on desalination experiments.

The first specific reference to the possibilities of solar
distillation were made by an Italian, Nicolo Ghezzi, who
wrote a short treatise in 1742 where he proposed the following
which has been freely translated from the original Italian
script:

"Perhaps placing a cast Iron vase containing sea water
in such a manner that the sun's rays will strike it
(and during mild days and seasons, not an Insignificant
amount of vapour will be formed) and if the spout of
the vase is shaded from the sun, it will result in
a more copious and more extended flow of fresh water".
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The next reference to solar distillation was given by
Harding who reported on a 4,800 square metre still erected
near Las Salinas, Chile. This unit was of the greenhouse or
roof type solar still. No mention is made of what inspired
the builder, a Mr. Wilson, regarding this design. It is
known that the productivity of the still in summer was of
the order of five kilograms of fresh water produced per
square metre of evaporating surface per day. It is an Inter-
esting reflection on the simplicity of the process that
productivities reported from solar stills recently built
are of the same order of magnitude.

For a while after this, few reports of solar stills appear
to have been published. In the decade following World War I,
Interest was renewed in solar distillation. Many publications
have followed with reports on the process in general, often
accompanied by descriptions of small stills of the roof type,
V-covered, tilted-wick, inclined tray, suspended envelope,
tubular, or air-inflated design.

In order to increase the productivity, several workers have
tried forced circulation systems to condense the water vapour
externally from the still. Others tried to recapture the
latent heat of evaporation through multiple-effect systems
or humidification systems.

Several large solar distillation schemes have been proposed
while others have considered combination plants which generated
power as well as desalting saline water.

Alternative uses besides desalination were also found for
solar stills, such as regenerating solutions, and obtaining
fresh water from the ground.

There are a number of plans and specifications for the

building of solar stills which have been published.

Quite a few patents have also been issued in this field.
With a few exceptions, they generally deal with small solar
stills, etc.

It goes without saying that small stills of under fifty



square metres in area, as have been described, are most use-
ful for individual family units in isolated areas. Stills of
this type have been extensively tested, particularly at the
University of California, Berkeley, as reported in 1961 by
McLeod, et al. They give results of productivity of a small
solar still for seven years, 1952-1959. The Las Salinas still
in Chile was reputed to have run for 40 years but records do
not appear to have been published.

Work on larger solar stills was Initiated through the efforts
of the Office of Saline Water, US Department of the Interior,
reported mainly by Lof and the Battelle Memorial Institute.
This work was carried out chiefly at the Solar Research Station.
Daytona Beach, Florida.

These stills were glass-covered units, and one was 250 square
metres in area. Although primarily designed as deep basin
evaporators with a depth of sea water up to 30 centimetres,
there was continuous experimentation in solar still operation,
which was excellently reported in the publications of this
series.

Concurrently, several other designs of stills were tested.
Including the a1r-inflated plastic and tilted wick stills.
The former were tested for the Church World Service who were
instrumental, in 1964, in the installation of the first large
plastic solar still on Symi, a small Greek Island in the
Dodecanese. Subsequently, several other stills were built on
small Greek Islands.

This work was taken over by the Hellenic Industrial Devel-
opment Bank which financed some of the largest and longest
operating solar stills in the world.

Other significant activities have resulted in solar still
installations in Spain and Australia. In both countries, glass-
covered stills have been favoured. The Australians have built
a large still, 3,800 square metres of evaporator area at
Coober Peby, South Australia. In Pakistan, an even larger
solar still has been built in Gwadar.
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The important work of H o w e , T l e i m a t et a l . in this field
must be m e n t i o n e d . In p a r t i c u l a r , their c o l l a b o r a t i v e efforts
with the South Pacific C o m m i s s i o n in the testing and i n s t a l l a t i o n
of solar stills on small islands in the Pacific Ocean have been
most i n f o r m a t i v e and useful in resolving problems e f f e c t i n g
fresh w a t e r p r o v i s i o n to small c o m m u n i t i e s . These i n s t a l l a t i o n s
are not quite so large as the o t h e r s , having been designed
mainly for family u s e . One unit on Fiji was nearly 30 square
metres in a r e a . The work of this group in stressing the importance
of rainfall c o l l e c t i o n and storage in c o m b i n a t i o n with solar
stills clearly p a r a l l e l s the present study

The Brace R e s e a r c h Institute has been a s s o c i a t e d with the
c o n s t r u c t i o n testing and o p e r a t i o n of several large solar
stills in the West Indies at Petit St. V i n c e n t (230 square
m e t r e s ) and in a rural a p p l i c a t i o n in Haiti (300 square m e t r e s ) .
Both units are combined with rainfall c o l l e c t i o n .

One of the b e t t e r overall a s s e s s m e n t s of this field is Solar
D i s t i l l a t i o n of Saline W a t e r , prepared by the B a t t e l l e Memorial
I n s t i t u t e , June 1970 for the United States D e p a r t m e n t of the
I n t e r i o r . This manual reviews the w h o l e subject and lists the
d i f f e r e n t u n i t s , both e x p e r i m e n t a l and p r a c t i c a l , which have
been built during the last few d e c a d e s .

The short resume given above is i n d i c a t i v e of the very nature
of solar d i s t i l l a t i o n t e c h n o l o g y . It is by no means s t a g n a n t .
Improvements are c o n t i n u o u s l y being made w h i c h h o p e f u l l y will
reduce the costs and increase the p r o d u c t i v i t y of solar s t i l l s .
With this in m i n d , f u r t h e r a d v a n c e s in t e c h n o l o g y should m a k e
the future use of solar d i s t i l l a t i o n even more f e a s i b l e .

II. E x p e r i e n c e s with O p e r a t i n g Solar Stills

The Manual of Solar D i s t i l l a t i o n of Saline Water is the most
c o m p l e t e d o c u m e n t to d a t e d e s c r i b i n g the d i f f e r e n t solar stills
which have been built to date in d i f f e r e n t parts of the w o r l d .
The s i t u a t i o n is c o n s t a n t l y changing due to the variable
c o n d i t i o n s under which these units are tested and i n s t a l l e d .



205

Delyannis at the 1973 Fresh Water from the Sea Conference
in Heidelberg prepared a more up-to-date list given in
Table I, and illustrated in Figures 1 to 7.

It is evident from this list that solar distillation
technology has been tried on a fairly extensive basis in a
number of different areas and climatic regions. Obviously
notali these units will represent success stories. This 1s
because by their very nature, they will be of a pilot plant
nature as various organizations and research teams acquire
increased operating knowledge. Nonetheless in order to
ensure that this technology is adequately treated, it will
be necessary to compile a comprehensive assessment of
different systems and how they have performed in practice.
It is equally important that the socio-cul turai aspects of
each of these installations also be monitored so that it
will be possible to ascertain whether these have been given
sufficient attention in the preparation of these projects.
It is apparent that solar distillation is often an appropriate
technology. The question that must be raised however is
whether this technology has been effectively and appropriately
applied.

Many organizations have published details of operating
experiences and productivity. The Hellenic Industrial Devel-
opment Bank in Greece has monitored the performance of the
solar still at Nissyros in the Aegean and these figures are
given in Figure No. 8. What this does show is a reduction of
production of roughly 12 to 15 per cent during the summer
months over a period of five years. What has caused this
reduction? It is essential to determine these factors in
order to illustrate the effectiveness of this type of tech-
nology. This in addition underlines the necessity for global
assessment of the various components of these systems in
order to ascertain their short- and long-term appropriateness.

A series of photographs Illustrate the different solar
distillation units listed in Table I. In addition, some
smaller individual basis solar stills have also been shown.
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It is essential to realize that one of the prime advan-
tages of solar distillation is Its flexibility. It is ex-
ceedingly easy to increase the capacity of these solar
Stills by adding additional units. On the other hand, solar
stills can be used 1n very small-scale operations by pro-
viding freshwater for Individual needs in units adjacent to
residences or Integrated directly Into the roof of build-
ings. A number of commercial firms now exists which provide
hardware either In the form of installations on a turnkey
basis or in the form of prefabricated units.
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COUNTRY

A us tralia

Laps Verde la.

Oiile

Greece

India

Mexico

Pakistan

Spain

* un i s i a

1. 5. A.

., « , : :::Ji..-s

LOCATION

Muresk 1
Muresk 11
Coober Pedy
Caiguna
Hamelln Pool
Griffith

Santa Maria
Santa Maria

Las Salinas
Quillagua

Symi 1
Syral 11
Aeglna 1
Aegina 11
Salable
Patao*
Klaoloa
Nlayros
PI skardo
Klonlon
Meglitl

Bhavnagar

Nativldad lal.

Gwadar 1
Cwadar 11

Las Marina*

Shakmou
Mahdla

Dayton* Baach
Daytona Baach
Daytona Beach
Daytona Baach

Bakharden

Petit St. Vincent
Haiti

DESIGN

5
5
5
5
5
5

3
3

5
5

2
4
3
4
3
6
6
6
6
6
6

5

4

6
7

1

4
4

1
1
2
2

5

2
u

YEAR

1963
1966
1966
1966
1966
1967

1965
1968

1872
1968

1964
1968
1965
1968
1965
1967
1968
1969
1971
1971
1973

1963

1969

1969
1972

1966

1967
1968

1959
1961
1961
1963

1969

1967
1969

M2

372
372

3160
372
5S7
413

743

4460
100

2686
2600
1490
I486
388
8600
2308
2005
2200
2400
2328

377

95

306
9072

868

440
1300

228
246
216
148

600

1710
223

FEED

Brackish
Brackish
Brackish
Brackiah
Br«ckl»h
Brackish

Scawater

Brackiah
Seawatar

Seavatar
Saawatar
Seawatar
Saawatar
Seawater
Saawatar
Saawatar
Saawater
Sawatar
Saawater
Saauatei

Saawater

Seavatcr

Saawater
Seawater

Seewater

Brackiah
Brackiah

Seawater
Seawater
Seawater
Saawater

Brackish

Seawater
Seawater

COVER

Glass
Glaas
Glass
Glaaa
Glaaa
Glaas

Plastic

Glaaa
Glasa

Plastic
Str. pl»t.
Plastic
Str. Plat.
Flaatic
Class
Glaaa
Glasa
Glass
Glasa
Glaaa

Clasa

Glaas

Glass
Clasa

Glaas

Glaaa
Claaa

Glaaa
Claaa
Plaatle
Plastic

Glass

Plastic
Glass

REMARKS

Rebuilt
Operating
operating
Operating
Operating
Operating

Abandoned

Abandoned
Operating

Rebuilt
Disuntled
Rebuilt
Abandoned
Abandoned
Operating
Operating
Operating
Operating
Operating
Operating

Operating

Operating

Operating
Operating

Operating

Operating
Operating

Rebuilt
Dismantled
Dismantled
Dismantled

Operating

Operating
Operating
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Components of Solar Distillation Systems

There are many ways in which solar distillation systems
can be built. It is generally agreed that it would be most
advantageous for these systems to have a long life. At the
same time full appreciation and use must be made of locally
available materials and technologies. In this manner, truly
appropriate systems can be developed and maintained by the
local population.

Specifications for Solar Still Components

Many designs of solar stills exist. One aim of this study
is to evaluate and adapt various materials for use in still
construction.

Hence, 1t has been decided to split up the material re-
quirements in relation to their function within the unit.
These are listed below:

1. General Specifications of Solar Stills

2. Transparent Cover

3. Evaporator Liner

4. Solar Still Frame

5. Sealants

6. Insulation

7. Auxiliaries - Piping, Pumping and Reservoirs.

1. General Specifications of Solar Stills

There are certain basic requirements which must be met.
In general, the unit

a) must be easily assembled In the field.

b) materials imported to the region should be packageable
so that transportation costs will not prove excessive.
(This is particularly true not only for shipment from
one country to another, but especially for Internal
movement within a given area, i.e. from the port to
final destination.)
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c) should be lightweight for ease of handling and shipping.

d) must have an effective life, with normal maintenance,
Of ten to 20 years.

e) must have access ports for ease of maintenance.

f) should not require or depend upon external power
sources.

g) should serve as a rainfall catchment surface.

h) should be able to withstand the effects of severe
storms.

1) must be manufactured of materials which will not con-
taminate the collected rainwater or the distillate.
(It must be continuously stressed that solar stills
constitute the water supply systems for the communities
served and hence must be nontoxic in every respect to
the freshwater produced.)

j) must be fabricated so that the maximum size of solar
still components can be directly related to economic
shipping dimensions as specified by freight carriers.

k) in general must make use of as many local resources,
whether material or labour, as possible.

In summary, the solar stills must meet standard civil and
structural engineering standards.

2. Transparent Cover

This serves to cover the distillation segment and permit
access of the solar radiation to the interior.

Properties required are listed below:

a) The material must withstand the effects of weather -
wind, sunshine, rain, dust, etc.

b) The material must have a transmissivity for short-wave
solar radiation (between the limits of 0.3 and 3.0
microns) of over 85 per cent and preferably higher.
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c) Essentially, it must be nearly opaque to long-wave
(over 3.0 microns) radiation.

d) It should not have a high water absorptivity, both from
Its use as a rainfall catchment surface on the outside
and its probable use as a condenser on the inside.

e) The solar reflectivity at normal Incidence should not
exceed ten per cent where possible.

f) The solar absorptivity of the material should be low,
especially if the cover 1s also to be used as a con-
denser.

g) The heat capacity should be high In order to reduce the
cover temperature.

h) The material properties should not alter with age.

1) The material should not possess electrostatic proper-
ties which would concentrate dust particles on the out-
side surface.

j) If the cover is to be used as a condenser, then the
material must withstand temperatures of up to 80° C.
In addition, one side will experience extremely high
relative humidities (up to 100 per cent), while the
other surface must concurrently withstand the low
humidities prevalent In arid regions.

k) The cover must be able to withstand the ravages of
small animals.

1) The cover must be able to withstand a wind load of up
to 45 metres per second.

3. Evaporator Liner

•The evaporator of basin liner serves as the absorbing
surface for solar radiation as well as a container for the
saline water. Materials used for this purpose should have
the following properties and characteristics:
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a) The liner must be impervious to water-

b) The liner must have a solar absorptivity of the order
of 0.95. Generally, black materials are used.

c) The surface should be fairly smooth so as to discourage
the deposition of scale from the saline water. It also
becomes easier to clean when this is necessary.

d) As liners are often placed directly on the ground, the
material should not deteriorate or decompose on contact
with normal soils.

e) The material must withstand the effects of continuous
immersion in hot, saline water. Temperatures should
not exceed 80° C to 100° C upon being heated.

f) The basin liner should not emit any gases or vapours
which could taint the taste of the freshwater
distillate.

4. Solar Still Frame

This section refers to materials which are used to form
the frames of the evaporators.

Any materials used in this fashion should possess the
following characteristics:

a) They should be resistant to attack from the saline water
or atmosphere.

b) In case they are exposed to the evaporator, they should
be covered with a protective coating.

c) They should be sufficiently heavy so as to anchor the
stills to the ground during periods of high winds.

d) Solar stills vary in width from one to three metres and
are generally up to 50 metres In length. Frame components
should be available in a series of sizes, which could be
easily disassembled for shipping and erection on the Site.
In situ construction must also consider logical sizing.

e) The frames should be made of such materials as to permit
ease of working or attachment.
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f) These materials should not be affected by direct contact
with the ground or exposure to normal weather conditions.

g) As the frames separate different evaporator bays, they will
more often than not be used as a walkway and must be able
to withstand usage in this capacity.

h) Any sections of the frame exposed to the exterior will
invariably serve as part of the rainfall catchment surface.
In this regard, the material should neither absorb too
much of the incident rainwater nor contaminate it.

5. Sealants

This section includes materials used to seal transparent
cover materials to one another as well as to the other
components of the distillers. In addition, it includes any
members used to support the superstructure of the distillation
units as they will invariably come in contact with the trans-
parent cover.

a) The materials should not be adversely affected by exposure
to the weather on one face and by their possible exposure
to the interior of the evaporator on the internal face.

b) If the transparent cover is to be used as a condenser, then
the sealants and structural components should intercept a
minimum amount of solar radiation in order to keep the
efficiency high. In addition, all heat inputs to the cover
area Increase its temperature and reduce the evaporation
potential of the system.

c) A minimum number of sealants should be utilized. Preferably
the same sealant should be employed to bond the transparent
cover materials as well as to seal other materials used in
the solar still construction.

d) The sealants must be easily applicable under extreme field
conditions, as it is likely that they will be utilized
during erection phases on the site.

e) If structural cover supports are not used, the transparent
cover material sealants must withstand the effects of winds
of up to 45 metres per second.



215

6. Insulation

The insulation used in solar distillation units 1s used
beneath the seawater evaporator basins in order to reduce
ground heat losses. The materials used for this purpose
require the following properties:

a) They must be lightweight and structurally self
supporting-

b) They must be waterproof and basically water-Impermeable-

c) They should Insulate the edges as well as the base of
the evaporator-

d) The insulation must withstand temperatures of up to
80° c and must not warp or change shape-

e) The Insulation must withstand the effects of the
ground on which 1t 1s placed-

f) Insulation materials could also serve as basin dividers
in large solar still bays-

7. Auxiliaries - Piping, Pumping and Reservoirs

This section includes all fluid systems - gutters for
rainfall and condensate collection, piping for feed and
rain lines, and reservoirs for saline and fresh water.
In addition, some form of pumping mechanism should be
provided for water transfer.

a) All auxiliaries in contact with either fresh or rain
water should have a protective coating of inert material
in order to avoid contamination or damage to the system.

b) All Internal gutters or piping systems must be of
continuous, single-piece construction so as to avoid
internal joints which are difficult to maintain.

c) All joints which must be made to piping or gutters must
be easily undertaken under field conditions.

d) All auxiliaries and reservoirs must be so fabricated
as to meet general shipping dimension regulations.
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e) Where conventional power sources do not exist, the pumps
should be manually operated or wind-powered units.

f) The distillate reservoir should exceed at least the
maximum daily production capacity by a factor of three.

g) The rainwater reservoirs should be rated to existing
short-term rainfall intensities.

8. Note on the Use of Windmills for Providing Water for
Solar Stills

As longer solar stills are considered, it becomes necessary
to pump large quantities of water. There are several modes
of operation that can be envisaged.

a) The continuous flow of water through solar stills - this
type of operation has been followed in Australia. The
amount of saline water generally fed into solar stills is
of the order of 0.5 kg/hr per sq. metre of evaporating
area. A reservoir is needed to permit gravity feed of the
water into the solar still. Water must be pumped from a
w e l l , salt lake, the sea etc. into this reservoir. In this
case a smaller reservoir can be envisaged because of the
continuous nature of the operation. Experience has indicated
that the buildup of aiqae etc. can be considerable with
this system.

b) Water can be flushed through the solar still periodically,
i.e. every one, two or three days, removing all of the
concentrated saline solution, and replacing this with
fresh brine. This method requires a longer reservoir than
method (a) but it is more suited to manual operation, and
results in less sealing within the solar still basins. If
wind speeds are variable, then this method has greater
advantage, as the larger capacity reservoirs can insure
that some water can be replaced in the solar stills.

Selecting a proper windmill for these applications depends

on the following conditions:

a) the availability of the saline water,
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b) the volume of water to be pumped per unit time and the
total head through which the pump must work,

c) the availability of wind during the periods of operation
of the solar still,

d) the suitability of this equipment under the somewhat
severe climatic conditions prevailing In locations
where solar stills are often used.

The careful selection of a windmill-pump system 1s an
integral part of a solar still system for remote locations.
Some backup pumping system whether manual or conventional
should be provided to ensure the continuous operation.

If electricity or diesel power 1s available on the site,
its use should be considered, provided the cost and
operations can be absorbed by the local authorities. In
all cases, all the alternatives must be explored.

9. Note on Freshwater Reservoirs

In all cases, freshwater collection reservoirs should
be provided. This will permit the measurement, collection
and storage of water from these sourses. Generally, separate
collection systems should be provided to avoid contamination
from

a) dirt, dust, animal and bird droppings In case of the
rainwater collection,

b) saltwater overflow 1n case of the distillate production

The freshwater should be carefully handled and possibly
sand-filtered if the need arises.

It is obvious that these specifications do not cover all
types of applications of solar stills. Rather, they should
be viewed as criteria which should be adhered to, if we
wish to develop appropriate technology in solar distillation.

III. Costing Procedure for Solar Stills

In 1970, A. Deiyannis proposed the establishment ; of a
standardized procedure for costing, applicable to all designs
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of solar stills and to all countries. This procedure was
designed to allow the comparison of the cost of the various
solar stills at a given locality, as well as the calculation
of the cost of a given design in various localities. There-
fore, such detailed information must be provided for each
case to make this aim possible and any comparison reliable.
A modified version of this procedure is given below.

A principal item of equipment for this comparison should
be the distillation plant proper, as representing a particular
design. Auxiliaries, more or less not directly dependent on
the specific solar still design, e.g., site preparation, fencing,
storage facilities, pumping, piping, etc., must be quoted as
well in detail, but as separate or independent items.

Units of necessary materials and total amounts needed must
be reported separately for each item. Cost of materials and
labour in the currency applicable to the proposed site must
be given.

A description of the proposed mode of operation, including
continuous or batch feed, brine evacuation and renewal, neces-
sity of cleaning cover or basin, etc., should be given.

Special mention should be made if rainfall is to be collected.
Only additional cost for this purpose, on top of the convention-
al solar distillation plant, should be included in this item.

1. PLANT DESCRIPTION

(a) Location: Place Country
Latitude Longitude
Elevation m over sea level

(b) Feed: Type of water
Salinity mg/1 NaCl
Total hardness meq/1 CaO
Carbonate hardness meq/1 CaO
Permanent hardness meq/1 CaO

2
(c) Plant Area: Water evaporating surface m

Cover projected area m
Area inside boundary of the still,.,.m

2
(d) Available area for future enlargement m

(e) Number of distilling units:
Water evaporating surface m per unit
Cover projected area m per unit
Dept of brine in basin.
Cover material.
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(f) Mean daily output per year l/m^ day or I/day
Maximum output 1/m2 day or I/day

2. CONSTRUCTION OF DISTILLATION UNITS

(a) Basin structure par unit:

(b)

Gravel and sand
Cement
Concrete Mix
Precast concrete beams

(No. of dimensions)
Precast concrete posts

(No. of dimensions)
Steel for reinforcement
Other material*

.m X ....

.pieces X

.piece* X

Butyl rubber sheet
Asphalt mats
Polyethylene, sheet
others - specify

(c) Sealing material*:

Silicone rubber
Asphalt cement

kg

a2

m2

m2

X -

x =
X =

X «

.tubes X

. X

. X

(d) Gutters and weirs:

stainless steel strip
Aluminum Channel
Plastic channel

mX
m X
mX

Asbestos - cement angles m X
Asbestos - cement strips m X
Other specify m X

(e) Insulation:

Polystyrene m X
Other materials specify X

(f) Labour for:

I. Basin: concrete ski l led
unskilled

other work

....mh

. . . . m h
mh

2. Lining: skilled
unskilled

3. Sealing: skilled
unskilled

mh
mh

»• *.*mh
mh
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11) Labour fur:

4. ClutU'rs: ak.ilJ.i-d mil X
unskilled nh X

5. i n s u l a t i o n : ukllK-il mh X
unnkllleil mh X

Any t'tlliT (m

Civ) Total cunt of liuaiii:

Cost . . . . . . . per in tvaponitIng surt'ucu

Cost por m2 of COVLT projected drua

J. COVER CONSTRUCTION

(,;i) Materials used:

Concrete curbs (dimensions) pieces X
Aluminum angle* (dimensions) kg X ....
Aluminum T-eeii (dimensions) m X ....

Cover: glass m' X ....
Tedlar m2 X
Other plastics m2 X

Sealing Materials:

Sillcone rubber tubes X = ...
SilMtlc tubes X • ...
Other sealants X = ...
Primer lit. X •

(b) Labour for:

Cover structure skilled ... mh X ...
unskilled ... mh X ...

Cover material skilled ... mh X ...
unskilled ... mh X ...

( c) Total cost of cover:

Cost ... per m2 evaporating surface
Cost per m2 cover projected area

4. COST OF DISTILLATION UNITS (total of 2 and 3)

(a) Basin
(b) Cover
Total of distillation units

Cost per ij of evaporating surface
Cost per m of cover projected area
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5. SITE PREPARATION

Minimum ares required for projected output m
Coet .... m2 X =

Removal and relocation of -

(a) Earthen material* m 3 X =
(b) Rocky material* m 3 X

Type of mechanical means used:

Machine hours ,,.. h X .
Labour, skilled .... mh X
Labour, unskilled ,.. mh X

Any other special

Total cost of sit* preparation
Coat per nr of evaporating surface
Cost per vfi of cover projected area

6, PIPING AND PUMPS

(a) Salt water:

.. m pipe mm 0 X

.. m pipe mm 0 X

.. m pipe mm 0 X

.. valve* mm 0 X

.. valves mm (I X

.. valves mm 0 X
fittings ran fl X
fittings mm 0 X
fittings mm 0 X

(b) Distillate

. m pipe mm 0 X
, m pipe mm 0 X
. m pipe mm 0 X
. valves mm 0 X
. valves mm 0 X
. valves mm 0/ X
fittings mm fl X
fittings mm 0 X
fittings mm 0 X

(c) Pumping (specify HP per pump)

salt water pumps ... mm 0 X .... =
distillate pumps ... um 0 X .... -
windmill pumps ... capacity, cost.
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(d) Total cost of piping and pumping:

Cost .... per m2 evaporating surface
Cost .... per m2 cover projected area

7. STORAGE

Capacity for salt water m_
Capacity for distillate m

(a) Materials used
(specify by item)

(b) Labour, skilled ... tun X ... =

unskilled ... mh X ... -

(c) Total cost of storage

Cost per m 3 of storage capacity
Cost per m 2 of evaporating surface

Cost ..... per m2 of cover projected area

8. FENCING

Total area included inside fencing ,.., mz

(a) Materials used

(specify"by item)
(b) Labour, skilled ... mh X ... =

unskilled ... mh X ... -
(c) Total cost of fencing

Cost .... per m of area included
Cost .... per m2 of evaporating surface
Cost .... per m2 of cover projected area

9. OTHER ITEMS OF INVESTMENT COST

(a) Facilities for pretreatment of salt water
(specify by item)

(b) Facilities for post-treatment of
distillate (specify by item)

(c) Transportation of materials to the

site (specify by item) ...

(d) Engineering and design ...

(e) Supervision of construction ...

(f) Testing

(g) Brine disposal

(h) Power supply ...
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(i) Total cost of other Items

Cost .... per m of evaporating surface

Cost .... per m* of cover projected are*

10. RECAPITULATION

Cost of distillation unit*
Site preparation
Piping and pimps
Storage
Fencing
Other items

I npwp^inJjpi i n .

Total

Contingencies, 10% of total
Insurance
Interest during construction

Grand total

Cost p«r a* of evaporating surface
Cost per m* of cover projected area.
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IV. Why Consider Solar Distillation

The need for water in arid areas of the world is taking on
increasingly large proportions as the population of the world
increases. There are 35,000 kilometers of coastal deserts
located in some of the most favored climatological regions of
the world. The time will come when 1t will be necessary to
make use of the areas not only for habitation but also for
Increased agricultural production. Given these conditions,
technology which by large makes use of locally available
resources will obviously be favoured and decidedly more
appropriate. The use of solar distillation could therefore
be considered not only for the provision of water, but also
for the production of agricultural produce when combined
with structures like greenhouses which can control the often
harsh natural climatological conditions experienced in these
areas.

One would consider the use of Solar Distillation if the
following conditions are met:

a) The availability of saline water.

b) Small populations living in arid areas where inexpensive
conventional sources of energy are not readily available.

c) No natural sources of freshwater under the control of the
local population are easily exploitable-

d) For extended periods of time, there is adequate level of
solar radiation Intensity and reasonably high ambiant air
temperatures .

e) Areas where the annual rainfall generally does not exceed
600 millimeters.

f) Land is available and has little opportunity cost.

It must be pointed out that generally Solar Distillation
should only be provided in quantities less than 20 cubic
metres per day. Even this constitutes an exceedingly large
size of installation. It can be that the cost will be exces-
sive and the size relatively unmanageable in attempting to
build installations close to this upper level. This does not
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necessarily mean, however, that only snail populations need
be supported. Given that man can survive easily on 10 litres
of freswater per day for his basic needs, approximately
2 000 persons per community could be supported In a 20 cubic
metre per day plant. In this method of operation,however,
all other forms of water would be derived from saline water
sources.

What criteria should the decision makers 1n the developing
arid areas utilize In considering solar distillation as an
option for freshwater provision for rural communities. The
prime advantages of Solar Distillation are that

1. The units can be built to a large extent using locally
available material or materials from manufacturers in
the country or the general region.

Z. The local labour force can undertake all the principal
jobs in the construction, installation-operation.and
maintenance of the system.

3. Generally, apart from the amortization of the capital
Investment the cost of the operation is not high If
the unit has been appropriately constructed In the
first Instance.

No desalination process should even be envisaged until
full exploitation has been made of all natural freshwater
sources - surface, ground and rain water. This applies
as equally to solar desalination as to other conventional
processes. In the solar case, the energy cost Is nil but
the cost of collecting this "free" energy is not without
value.
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PHOTOS OF SOLAR STILLS

Stills in Petit St. Vincent, West Indies (plastic covered)
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Construction of Still in Haiti
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Solar Stills in Haiti

individual Still
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S t i l l Windmill Pump in Haiti
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Solar Still-Greece
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Solar Still-Anguilla
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Brick Frame Solar Still
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Solar Still-Greenhouse, Turkey
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Solar Still Integrated into Roof
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SOLAR DISTILLATION USING DISTILLING TANKS AND EVAPORATION

CLOTH

Professor Dr.-Ing. A. Beckers

Various forms and methods of producing evaporation and
condensation have been Investigated for the development of
solar distillers. This paper deals with solar distillation
using tanks and solar distillation using evaporation cloth.

As a rule the tanks are made from asbestos cement, but In
recent tests glass fibre was used since it has certain ad-
vantages, to be mentioned later. The distillers with evapora-
tion foil are made from galvanized lead, but here again new
possibilities are being investigated in order to avoid the
problem of lead corrosion.

In both cases the surface exposed to solar radiation is
constructed from glass. So far trials with plastic materials
have proved relatively unsuccessful. Because of its good
capillary properties, jute has been successfully used for
the distillers with evaporation foil. The most crucial point
is the blackening, which has to withstand the solar radia-
tion.

In designing solar distillers It 1s necessary to define a
few Important parameters determining the thermal properties
of these devices. The two most Important are 1) the energy
balance of the distiller, and 2) the thermal inertia of the
distiller.

The first definition Identifies thermal efficiency as the
ratio of output 1n the form of condensate to input in the
form of absorbed solar energy.

Thermal inertia 1s the time between the points of maximum
radiation and maximum distillate production. This definition
is important, since it provides the possibility of comparing
various methods of distilling water by means of solar energy.
Certain devices — tanks or evaporation cloth — need more time
to effect evaporation than do others; that is to say, there
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is a longer wait until water is produced, and less use is
made of the variable anount of solar radiation at any given
moment.

Figure 1 demonstrates these factors in mathematical terms.
The useful energy is the evaporated mass times evaporation
heat

Q e = m 3 • r

The energy balance is used to calculate further energy
flows:

- to heat the excess water,
- to heat the water which is to be evaporated,
- losses due to reflection and heat emission through the

walls,
- heat given out as a result of the condensing of the

distilled water.

Q d represents the heat absorbed by the surface exposed
to the solar radiation. In the case of a tank, this value
is measured vertical to the earth's surface. In the case of
a distiller with evaporation cloth, which is inclined at an
angle, the energy must be measured vertical to the evapora-
ting surface.

Hence the thermal efficiency is given by
m.

Figure 2 shows measurements taken from a distiller with
evaporation cloth at the Technical University of Santa Maria
in Valparaiso. The top left of the figure represents in
diagram form the apparatus with the evaporation cloth, in-
take and outlet, and the mean values for the temperatures
of intake, condensate, and outlet, 23° C, 31° C, and 58° C.

2
The mean radiation measured was 1 cai/min cm and the mass
flows 40.1, 8.3, and 31.8 ml/min. These values were used to
draw the energy flow diagram on the right of Figure 2.
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With regard to thermal Inertia, the more sensitive the de-
vice, the quicker it adapts to fluctuations In solar energy
and the greater the amount of distillate produced. On the
other hand the distillate yield 1s more Irregular.

It 1s more Important In the case of distillers with evapo-
ration cloth to ensure that the cloth Is kept moist. This
means that the water throughput must be relatively large. As
a result of the high temperature, the energy loss from the
excess water is relatively great. Since moreover, the salt
concentration Is relatively low, It Is practical to use this
preheated water to directly supply the tanks as shown In
Figure 3.

When designing solar distillers geographical factors also
have to be taken into account, as described below:

1) Danger of earthquakes

Earthquakes are an Important factor In, for example, the
Chilean desert regions, since the asbestos cement tanks rest
directly on the ground and therefore risk being fractured.

2) Oxidation

As far as possible it 1s essential to use materials which
withstand corrosion over long periods of time.

3) Climate

The extreme temperature fluctuations which often occur
must be carefully observed, since they produce thermal ten-
sion 1n the elements. The wind 1s also important since It
removes condensation heat and creates the danger of the
glass covers being soiled by flying sand.

4) Fauna

Experience has shown that plants situated in locations
with high temperatures, fresh water, and hence a large number
of animals must be built with corresponding precautions.

On the basis of many years of preliminary study in the
Laboratory for Solar Energy Utilization at the Santa Maria
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Technical University 1n Valparaiso, a pilot project has been
Initiated in collaboration with CIDDA (Centre for the Re-
search and Development of the Atacama Desert) 1n Quillagua.
Results are available for the first year of operation from
April 1974 to March 1975.

Quillagua is a village in the desert with 600 inhabitants
who live primarily from the cultivation of alfalfa grass
and maize. The River Loa, which runs through the village,
Is highly saline, making water supply problematic. At
present the water,which is of very poor quality when judged
by the standards set by the World Health Organization, has
to be transported 200 km by rail.

The test plant consists of 30 asbestos cement tanks of
1.8 m surface area, of which the evaporation area amounts
to 1,64 mZ. There are also six reserve units, none of which
was needed during the first year.

Water for the system 1s supplied from River Loa. Every
morning twice the amount of saline water is let in from a
storage tank as distillate was produced in the previous 24
hours. The water Is let into groups of six units each con-
nected In sequence one after the other. Naturally some heat
is lost with the excess water, thus reducing efficiency, but
this method prevents salt accumulating and making cleaning
necessary.

With a total evaporation surface of 49.2 m Z, the annual
mean per radiation period was measured at 5.11 kWh/tn per
day, producing an annual average of 2.7 1/m d of distillate.
The distribution throughout the year is given in Figure 4.
the following table gives information on costs:
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asbestos cement
open tank

glass cover

rubber gaskets

costs of Installation
per tank (based on 36
units

pump, tank, pipes

Interest at the rate
of 6 % on capital
costs

servicing and
maintenance

total cost per unit
per year

cost per
unit
US %

15.11

15.14

3.21

17.13

1.12

52.51

6.98

service
life
years

15

20

5

15

20

cost per unit
per year

US $

1.01

0.80

0.64

1.14

0.06

3.15

6.98

13.78

For annual production of 1621 1 per unit, the costs of
the produced distillate are calculated at 13.78/1621 -
0.0085 US ?/l.

By way of comparison, the transport costs to Quillagua
amount to 0.0023 US J/l, whereas the cost of the transported
water 1s 0.013 US 3/1- The distillation plant therefore
proves an economic proposition, since production costs
amount to about half of the cost of the transported water.

It Is Interesting to note that efficiency can be Increased,
as was shown In the preliminary tests. When the surface area
is covered with a layer of fine gravel (about 1 cm deep),
efficiency Is Increased by 18 per cent.

If the amount of excess water Is reduced, the amount of
distillate produced can be Increased by ten per cent. This
would Indicate that the costs of a larger Installation could
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be still lower. Taking the example in question, the instal-
lation costs for a plant of 10,000 isr, as 1s needed to sup-
ply Quillagua, could be an estimated IS per cent lower.

Since a pure distillate 1s not ideal drinking water,
further processing proves necessary. Chemical processing is
generally very expensive and unfeasible on economic grounds.
Investigations should therefore be made to ascertain
whether 1t is possible to add a very small amount of
raw water in order to make the quality of the drinking
water acceptable.

For other uses of fresh water, e.g., cultivation under
plastic tents, the amount of raw water added could be con-
siderably increased, thus appreciably Increasing water pro-
duction. Experiments up to now have shown that the cultiva-
tion under plastic tents of fresh vegetables to supply
small settlements 1n arid regions is a very promising
project. The amount of water needed is far less than in the
case of open Irrigation and therefore could be met by the
supply produced by solar distillation.

There are already several working models for the applica-
tion of solar distillers to produce fresh water, in partic-
ular for supplying small settlements. Whilst requirements
will naturally vary for each situation, there is every
reason to be optimistic that this process will prove eco-
nomically feasible in many cases.
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AN EXPERIMENTAL SOLAR STILL DESIGN FOR THE SUDAN -f

Yahia H. Hamid — '

This 1s a general note on the economic and technical fea-
tures of a solar still developed for use In the Sudan with
no details of cost or construction. This design 1s being
tested 1n the laboratory and may eventually be adopted for
the construction of solar desalination plants connected
with, presently, over 200 rejected high salinity under-
ground boreholes.

Solar desalination of brackish underground and seawater
1s a practice which has been known to man for many centu-
ries. The economics of the process, mainly those of Initial
charges, were so unfavourable that solar desalination stood
no chance of meaningful competition with other desalination
processes. However, recent advances 1n the technology and
design of the solar still using modern and more durable
materials, as well as the thorough understanding, resulting
from Intensive research, of all the factors Influencing the
still performance, have already led to a cheaper product
from the still and may soon tip the balance In favour of
solar desalination.

By Its very nature, solar desalination Is suited for ap-
plication In the arid hot regions of the world. Large areas
of many of the Northern and Western African countries fall
in this category, I.e. mainly arid. A realistic economic

+/ A publication of the Institute of Solar Energy and
~ Related Environmental Research, National Council for

Research, Khartoum, Sudan, presented at the 1st Con-
ference of the Federation of African Organizations
of Engineers, Cairo, Egypt.

++/ Lecturer, Mechanical Engineering Department, Faculty
of Engineering and Architecture, University of Khartoum
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study of the capital cost of the solar still in these coun-
tries should consider the following alternatives:

1. The use of local materials in place of Imported materi-
als. This Is dictated by the foreign exchange limita-
tions confronting developing countries.

2. The types and standards of skills of the local workers
and the technological level of the local Industries.
These factors should be considered as early as the de-
sign stage and hence carefully weighed, particularly
when the still Is to be Installed far from urban cen-
tres with minimum attention.

3. The generally abundant and low cost manual labour avail-
able In these countries. Labour Is probably the most
Important single factor which leads to the relatively
high cost of presently accepted solar still designs.-

Consideration of these factors as applied to developing
countries favours designs of the still which are labour-1n-
ttnsive and adapted to local materials and skills. As the
solar still Is generally a very simple single-effect appa-
ratus, suitable alternatives could be arrived at without
jeopardizing the performance of the still.

Recent development research on solar still designs at the
Faculty of Engineering and Architecture, University of
Khartoum (1n progress since 1969) has proceeded with the
following economic constraints:

1. Low overall cost of the unit.

2. Minimum foreign currency expenditure on materials,
equipment, and expertise.

Techno-economic factors such as the durability of the
materials, performance of the still, operation and mainte-
nance problems, and simplicity of construction operations
were also carefully considered and analyzed in the case of
each design. Designs were then tested in the laboratory on
full-scale models. Guided by our experience and the experi-
ence of pioneering groups in this field such as SCIRO
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(Commonwealth Scientific and Industrial Rtstarch Organiza-
tion), Division of Mechanical Engineering 1n Australia. It
becane evident that low capital cost, durability and high
performance of the still are the lain features which would
put solar desalination In a conpetitive position with other
desalination processes.-' Minimum technical requirements of
construction, operation and Maintenance are an extra fea-
ture of the still for the technologically underdeveloped
countries.

On these bases an experimental solar still suitable for
the Sudan has been developed. The research project was Ini-
tially supported by the Ministry of Cooperation and Rural
Development. so that the developed designs would be field-
tested at some of the Ministry's rejected underground bore-
holes. Plans for the construction of two 1.000 m pilot
plants, one In Khartoum province and one In Kordufan prov-
ince, are under way. In 1971 the program received the sup-
port of the National Council for Research after the crea-
tion of the Institute of Solar Energy and Related Environ-
mental Research.

Two versions of a single design of the still have emerged.
The first version represented an earlier stage of the exper-
iment and was tested on a full scale 6 m laboratory model.
Test results over the last 7 months, summarized In table 1.
Indicate better performance data than the typical data
quoted from reference^ for similar operating conditions.

Table 1

Average yield Yield from a typical solar
Month 11tres/mz/day sttii-aimilar operating

cond. Iitret/m'/diy

3.88
3.90
3.57
3.80
3.54
3.58
3.35

April
May
June
July
August
September
October

4.24
4.28
3.90
4.14
3.87
3.91
3.66
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The second version of the design, which has possibil it ies
of considerable reductions in capital cost, has not been
ful ly tested but preliminary test results are favourable.

General features of the design are a ten meter long glass-
covered bay. The bay's main structure is made of masonry
brick with a bed of straw or dry sand for insulation. The
brine basin Is covered with heavy gauge black polythene
lining (0.013* th ick) . Silicone rubber 1s used exclusively
for the sealing and the structural joining of the glass
cover. The bay and cover are set horizontally for batch
f i l l and discharge of the brine and mid-bay collection of
d i s t i l l a t e . The cover has glass ends with si 11 cone-hinged
flaps for the purpose of cleaning the s t i l l . The only vari -
ation In the two versions of this design Is in the d i s t i l -
late collection arrangement. The f i r s t version incorporates
a silicone sealed glass trough, details of which are shown
In figure 1. The second version 1s simpler as a water seal
Is used. The d is t i l l a te trough, lined with white polythene
sheeting. Is actually part of the masonry structure. De-
tai ls of this are shown in figure 2.

Favourable technical features of the design may be clas-
si f ied under construction features, operation features and
maintenance features, as detailed below:

a) Construction features: On the whole the design was meant
to be simple and easy to construct. The brick structure
of the s t i l l 1s laid horizontally with minimum secondary
jobs such as preparation of s i t e , f inishing, etc. There
are no f i t t ings for f i l l i n g or discharge of brine. The
ends are simplified and require the same type of sk i l l as
that for the glass covers. The d is t i l l a te troughs are easy
to construct and the brine basin ends are removeable.
Wider glass cover panes may be considered to reduce cost
of silicone and on-the-job labour.

b) Operational features: Batch f i l l and discharge are
adapted. The f i l l i n g and discharge of the brine require
no s k i l l . The collection of d is t i l l a te midway across
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the bay reduces revaporation loss and Improves tha drain-
age efficiency.

c) Maintenance features: The proposed ten metre bay
length provides for easy cleaning from the ends. Period-
ic dumping (weekly) of brine from the basin as a result
of the batch f i l l i n g minimizes cleaning and reduces the
chances of salt and algae formation.

Subsequent publications wi l l contain details of the
design 1n the form of working drawings as well as layout
plans of the proposed pi lot plants. Detailed construction
procedures wi l l also be delineated.
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UTILIZATION OF SOLAR ENERGY FOR DESALINATION IN INDIA

Professor N. Majumder

India lies within the latitudes 7°N and 37°N with an an-
nual average Intensity of solar radiation of nearly 600
cai/cm^/day, the yearly average being more In arid and semi-
arid regions and some southern parts of the country. Our
country stands 113th 1n the ladder of per capita energy con-
sumption which 1s in the range of 100 to 150 KUh, A look at
the present 'Indian energy scene1 which Is typical of most
of the developing countries shows an urgent necessity to
explore and exploit newer energy sources such as nuclear
energy, solar energy, geothermai energy, etc.

Rainwater constitutes the only practical major natural
source of water deposited on the earth's surface by the
spontaneous cycle of operations of evaporation and conden-
sation occurring in nature. Due to rapid Industrialization,
growing population and improved standard of living, many
developing countries including India are facing the problem
of water shortage. In the absence of alternative water re-
sources to meet the increasing demands, desalination 1s
gaining Importance day by day.

Solar energy utilization and desalination have been cou-
pled together for the production of fresh water from sea
as well as brackish water sources. 'Solar Distillation'
offers fruitful opportunities for producing drinking water
for household purposes.

The earliest experiments In our country on the 'Solar
Stills' were conducted at NPL^'Two stills systems namely,
'concentrator' and 'Telke'sV type stills were experimented
upon. In the concentrator type stills reflectors were em-
ployed for concentrating the radiations at the bottom of a
still. An indigenous metallic still was mounted with Its

+/ NPL - National Physical Laboratory; New Delhi.
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bottom at the focus of the reflector. A thermal efficiency
of 17 to 20 per cent was realized. Improvements In the
thermal efficiencies were obtained to the range of 30-35
per cent using plane glass mirrors. The cost of such s t i l l s
1s very high and the efficiency very low, hence the work on
this type was discontinued for obvious reasons. The work on
Telke type of s t i l l s was also In i t ia ted at the NPL in early
19S0's. Five different sizes of Telke's type s t i l l s were
fabricated using Indigenously available material. The maxi-
mum yield of d is t i l l ed water obtained was 0.066 to 0.073
gal /sq. f t . /day, from different s t i l l s . The TDS 1n product
water was 10 PPM. On tha basis of price index of 1952 in-
stal lat ion cost per sq . f t . was estimated to be 2 to 4 ru-
pees. Thus cost of setting up a unit of 1 gal. of d is t i l led
water/day works out to be Rs. 80, which is approx. 250/-
rupees based on the present price Index.

In 1964, CSMCRI,-/ Bhavnagar started working on Solar
d is t i l l a t ion after the discontinuation by NPL. Optimum pa-
rameters were evaluated regarding the design of solar s t i l l s ,
essentially tha Telke's type. The standardized unit using
black polythylene tape lining to the tray has the external
dimensions of 2.36 x 1.22 m. with a double sloped glass
cover placed at an angle of 20°. Data collected throughout
tha year Indicates that the average productivity of the unit
ranges to 2.51 l/mZ/day yielding an efficiency of 28 per
cant with solar energy isolation of 550 cal/cm2/day. In the
year 1974 the laboratory has reported some Improvements in
tha f i e l d . The reported efficiency is 30 per cent with a
productivity of 3 1/m /day. Pilot plant studies are under-
taken by this laboratory and have set up 10 s t i l l s covering
an area of 350 m . The experiments regarding use of plastic
covers as roof did not show a success owing to the l i f e of
the plast ic. Other Improvements in the s t i l l are the use of
an ashphalt/concrete combination for the base of the tray
and precast parts for use In rigid top, bottom support com-
bined with thin water gutter, for collection of product wa-

+/ CSMCRI - Central Salt and Marine Chemical Research
Inst i tu te , Bharnagar.
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ter. This technique has been standardized and is available
with NRDC. The efficiency of solar still is improved fur-
ther in modified process of humidification-dehumidifica-
tion.

In this technique as shown in Fig. 1 saline water heated
by solar energy in solar collectors or by any other source
is pumped countercurrent to atmospheric air in a humidifier
(normally a packed tower) whereby the air gets humidified.
This humidified air then enters a surface condenser and
gets dehumidified releasing water as product. Cold saline
water is circulated as a coolant in the surface condenser
and that preheated water circulates through solar collec-
tors. Research and development work on this technique was
undertaken in 1965 by CSMCRI.

Earlier experiments have been on a very small unit com-
prising of a packet tower made of 5 cm d1a glass tube and
packed to a height of 30 cm with 6 mm x 6 mm Raschig rings.
The dehumidifier of surface condenser has a total cooling
area of 0.225 m provided by 5 mm 0.0. and 46 cm long 32
copper tubes fitted inside a G.I. pipe shell of 10 cm I.D.
having 75 per cent segmental baffles. Experimental runs
have shown that the unit has a capacity of about 140 ml/hr
with brine temperature of 60°C, and Hquid/gas ratio (L/G)
of about 3 is suitable. In these runs the unit is fed with
hot brine heated in an electrical heater.

Another unit of 130 litres/day has been fabricated and
experimented upon. This unit has the packed tower made of
mild steel (20.3 cm dia) and has 98.5 cm height packed with
12 mm x 12 mm porcelain Raschig rings. Surface condenser
has a shell fabricated with mild steel plates having 20.3
cm D and accommodating 96 copper tubes of 1.3 cm O.D. and
92 cm long. The shell side is provided with five 75 per
cent segmental baffles. The experiments on these units have
confirmed (L/G) optimum of 2.03. The actual output from
this unit has been less than theoretical due to less con-
densation area available 1n the condenser. This unit has
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been operated most of the time with electrically heated
s e a w a t e r and a few runs have been taken with solar collec-
t o r s .

With the experience gained and on the basis of the data
collected a pilot plant of 4500 litres/day capacity has
been d e s i g n e d , constructed and operated.

This pilot plant has been operated with solar collectors
but without satisfactory p e r f o r m a n c e . For operation of the
plant steam-heated seawater has been used as preliminary to
the use of waste heat of industries. The successful opera-
tion of this technique is based on the performance of solar
collectors if solar energy is to be used as the source of
e n e r g y . Available plastics used in collectors have a life
of about four m o n t h s . Glass appears to be better in this
respect.

The pilot plant has been provided with 9 solar collectors
covering an area of 344 m . J h e y are 91 cm wide and 40 cm
long. But their performance on this large scale has been
very poor. Heavy leakages of saline water have been observed
1n the c o l l e c t o r s . M o r e o v e r only PVC and polythene films are
indigenously available in the country, hence solar energy
based operation of this technique has not been considered
p r o m i s i n g .

The cost of solar still is dependent on the type of still
and the maximum efficiency is assumed to be 30 per cent, and
with the value of average annual incidence of solar e n e r g y ,
the calculated productivity is taken as the basis for calcu-
lation of surface area required for solar s t i l l s . Usually
2 per cent cost goes for maintenance of the stills under
Indian c o n d i t i o n s . Today in our country a 30 1 capacity still
with 10 m area will require an investment of 1,000 to 1,200
rupees a p p r o x i m a t e l y . It Is also evident that the output is
not dependent on the feedwater salinity and upscaling cost
is linear. H e n c e , by putting up a large scale community plant
there is not going to be a saving of cost as the scaling up
cost is almost proportional to the product yield.
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In a comparative assessment of economics of solar still
it is found that this will become economical to piped wa-
ter supply only when the still has a capacity of 15,000
I/day to pipe water up to a distance of 3 km. This prepo-
sition Is Impracticable »s this will need an area of 200 m
which reflects on the Increase in the efficiency of solar
still.

In spite of this economics in certain situations solar
stills offer fresh water on comparative basis. Apart from
use 1n arid regions, lighthouses can use thts with good
results. The Department of Lighthouse and Lightships, Min-
istry of Transport, Government of India, spends Rs. 80 to
100/m of water for supply of fresh water to small group
of workers in lighthouses. CSMCRI has installed a still on
Navin'ar Lighthouse having an area of 57.2 m 2 with a capac-
ity of 130 I/day. The construction cost as estimated in
1973 was 5400/- with assured life of 20 years. The cost of
water becomes roughly 75 to 78/m3. CSMCRI has Installed
about 40 stills till 1972.

The above analysis under Indian conditions clearly indi-
cates that the cost of construction of solar still (as of
today) is Rs. 150/m2 area yielding fresh water 3 I/day.
The capital Investment on solar st1lls/l/day of water Is
Rs. 30/-. This has to be decreased five times or so to
make a large scale installation economical. This can only
be possible by increasing the efficiency of solar energy
utilization and reducing the cost of materials used to
fabricate the solar still.
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WATER DISTILLATION PLANT

Dip!.-Ing. R. Owsianowski

1.0 Physico-chemical principles

The purpose of this plant, which is described here, 1s to
gain desalted water out of seawater, or other undrinkable
water. The salty compounds have to be eliminated. This Is
done by converting water Into vapour and condensing it again.
The conversion from water Into vapour needs very much energy,
the so-called evaporation energy. The same amount of energy
is regained by condensing the vapour, the so-called condensa-
tion energy. The radiation energy of the sun serves as the
energy source. Two physical facts are united In this plant.

1) Sunlight 1s transformed Into heat when falling on a
black surface, it is absorbed and converted. By cooling the
black surface with water, the water becomes warm and a cer-
tain amount gets transformed into vapour. When the surface
1s covered with glass or GPR one will have a greenhouse ef-
fect.

2) The amount of vapour which can be absorbed by a certain
quantity of gas 1s a function of Its temperature. The higher
the temperature, the more vapour can be absorbed. When the
gas 1s cooled, the vapour Is condensed to water. The follow-
ing is the Idea of the construction: to transform solar
energy into heat, to transform water Into vapour.

To make this simple Idea efficient one has to use several
processes:

1) While water runs down the inclined plane, the air as-
cends and 1s saturated with vapour.

Dip!.-Ing. R. Owsianowski is scientific assistant In the
Institute for Civil Engineering Hydraulics and Water
Management at the Technical University of Berlin, and
member of the Adapted Technology group there.
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2) The evaporation of thin layers
A thin water layer covers the declined plane, while run-

ning down; here the ratio of surface to volume is very
good.

3) Recycling principle
Air as well as water can be recycled in the apparatus.

4) Heat pumps
The condensation energy 1s absorbed by a heat pump and

brought back to the reservoir from which the water starts
running down the declined plane.

1.1 Energy flow

To heat water from 0° C to 100° C only 100 kcal are needed,
but to evaporate water from 100° C, 540 kcal are needed,
which means that one needs 600 kcal to evaporate water with
a temperature of 40° C.

1000 ml H z 0 f 1 u 1 d (100° C) > 1000 ml H e 0 y a p o ( j r (100° C) •

540 kcal.

One can expect in arid or semiarid regions about 600 kcal/
ha> , which means that one can gain 1000 ml (1 liter), if
all the sun energy Is converted Into heat and the apparatus
Is very well Insulated. Under the condition that heat pumps
are used, the yield will be much higher.

2.0 The construction

When water flows down the black inclined plane, some of
1t will be transformed Into vapour. The rest Is collected
In the bottom basin. The warm water 1s pumped into the top
basin and starts trickling down again. During this process
air 1s gently pressed in the system, starting from the bot-
tom basin, ascends and is saturated with vapour. This satu-
rated air has to pass two funnels. One of them is connected
with the storage tank, the other 1s combined with a heat
pump. The condensed water 1s collected separately, while
the cooled air is pressed into the system again. The quan-
tity of condensed water has to be replaced by water which
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1s coming from the big storage tank. The flow of water 1s
regulated by a simple valve.

2.1 Supplementary apparatus

As shown, the main energy 1s needed to evaporate the water
and not to heat it. Therefore, supplementary energies In the
range of 100° C or

Z.X.I Sun_mirror

range of X00° C or slightly above are very useful.

A sun mirror has the big advantage to be adjustable, while
the distillation plant has a fixed location. Water can be
heated in the focal line.

1) With temperatures around 100° C this water can be
brought Into the distillation plant, or

2) evaporated and then brought into the plant; the hot
steam would heat the water 1n the tank, or

3) could be recycled in a closed pipe.

It would be best to recycle a liquid such as meta-,
ortho- or para-xylol, the xylols having a boiling point
around X40° C,

2.1.2 Use of heat pumps

To get higher temperatures of water it 1s useful to take
advantage of heat pumps as pointed out under 1.0. When sus-
taining a cold store one could use a heat pump, which gives
its energy to the distillation plant.

3.0 Materials used for the construction

The materials which are used should be inexpensive and
durable; if possible, one should try to use local materials
as much as possible.

The structure should be built in such a way that It can
easily be extended and repaired.

Sheets of the inclined plane

1) Particularly suitable is trapeze sheet metal of alumini-
um or steel. Here it is used for facades and roofs. Their
drawback is that they are very expensive.
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2) However one can buy metal sheets and can edge them by
oneseif.

3) Corrugated metal or corrugated asbestos cement is quite
useful, but one has to position it in such a manner
that the water flows across and not downward.

4) The plane can be made out of concrete; its natural
roughness disturbs the water layer, but it has the
drawback of being rather heavy.

3.1 Covering of the inclined plane

1-) For covering one can use glass plates. The disadvantages
of glass is that it 1s too heavy and fragile.

2) GPR has the disadvantage of being less penetrable for
light, 1t scratches easily and becomes murky. Meanwhile
there are many sophisticated techniques to treat glass
and plastic, which cannot be discussed here.

3.2 Insulation

To minimize the loss of energy it is necessary to insulate
the tanks and the Inclined plane.

3.3 Water tanks and water storage tanks

The volume of the tanks at the bottom and the top has to
be large enough to guarantee that the water is not saturated
with salt while the plant is working the whole day.
(Saturated sodium chloride solution: 360 g NaCl/1000 ml
water, by 30° C ) .

The tanks can be smaller when the water is not recycled.
The water storage tank has to be fairly large. It has to be
large for two reasons:

1) The water should be pumped from the sea level to the
tank by means of a flapping-vane wind machine. As wind
is an irregular energy source, there should be always
enough water for windless days.

2) The water in the storage tank serves as cooling agent.
The tank is connected with one of the chambers at the
top of the inclined plane. So the hot vapour is con-



279

densed to a certain amount when passing this chamber in
pipes. The Mater 1n the storage tank is heated. Therefore
warm water passes the valve filling up the tank at the
bottom to replace the distilled quantity.

3.4 Pumps used in the plant

As described above the high storage tank will be filled
with water by means of a windmill. The air which 1s moved In
the distillation apparatus must be pumped. A lot of types
are available. The water which is recycled In the plant must
be pumped. Well adapted for this task 1s the so-called
"Mammutpumpe". In such a pump, which can be easily prepared
from a variety of materials and which contains no mobile

parts, an air water mixture 1s generated. With such a pump
3 3

1 m water can be pumped 5 to 15 m high, by using 2 to 3 r
of air.
4.0 The distillation plant as integral part of a project

4.1 Windpower

Wind 1s used in windmills to pump water into the
storage tank.

4.Z Sun mirrors

The energy of the sun 1s utilized by means of sun mirrors
to generate temperatures slightly above 100° C.

4.3 Heat pumps

The condensation energy is brought back Into the system
by means of a heat pump, but heat from coldstores can be
used in the plant as well.1

4.4 Distillation plant and gardening

The inclined planes are arranged in such a way that
agricultural work 1s possible to be done under them and
between them. The space between the planes is sufficient for
direct and indirect light to penetrate.
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4.5 Water from the plant

The water must be mineralized before it can be used. This
can be done by adding the needed chemical compounds, or by
filtering it with mineral materials.

Patent application has been filed.
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A RESEARCH AND DEVELOPMENT PROGRAM ON SEA WATER DESALINATION
PLANTS

Dr. K.-P. Schubert

Two methods of sea or brackish water desalination are dis-
cussed:

- solar disti1lation,
- reverse osmosis combined with a solar powered rankine

cycle.

Solar Distillation

A desalination plant using solar energy for water distilla-
tion is being developed and tested by Dornier System. A
joint research and development program with the Royal Scien-
tific Society of Jordan is under way. A desalination plant
of 400 m solar collector area will be erected in Aqaba.

The aim of this program 1s

- test of the plant under arid conditions,
- automization of plant operation,
- optimization of plant operation.

The base line of the development is shown in Figure 1. A
highly efficient solar collector, using heat pipes for "the
collection of solar energy, is combined with a greenhouse.

The advantages are

- highly efficient collector for optimum energy gain,
- high water temperature in the distiller and therefore

high vapor pressure and condensate output,
- small heat capacity of the plant,
- heat flux only 1n one direction as the heat pipes operate

as thermal diodes,
- no corrosion and fouling problems, as the brine 1s sepa-

rated by a thin plastic foil from the heat pipes and can
easily be removed.

Figure 2 shows a scheme of the plant. During operation of
the plant, finned aluminium heat pipes collect the incoming
solar energy. The heat flux is concentrated at the upper end
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and conducted to the brine. The brine 1s separated by a
thin plastic foil from the heat pipes. On top of the brine
channel a flat plate with cooling channels 1s arranged, at
which the evaporated water condenses. The distillate 1s
collected and stored in a storage tank. The heat of conden-
sation Is transported to the cooling water.

Figure 3 shows two modules of the plant at the test area
of Oornier System.

In Figure 4 the production of useful water Is shown as a
function of the solar Intensity and the brine temperature.
Due to the Increasing vapor pressure of the water, the mass
flow of the distillate Increases.

Reverse Osmosis Combined with a Solar Powered Rankine Cycle

In Figure 5 the scheme of a small solar power plant, com-
bined with a reverse osmosis apparatus, 1s shown. Although
this arrangement 1s much more complicated than a solar
still, 1t can be shown that due to the high efficiency of
the reverse osmosis, an attractive amount of water can be
desalted or cleaned. In addition, electric power 1s avail-
able.

Dornier System 1s now Involved in the development of this
plant. The first phase Is directed towards an output of
10 kW of electric power. If this power 1s used to operate
the high pressure pump of the reverse osmosis plant, an
output of Z to 3 cubic meters of useful water per hour 1s
expected. The water output 1s highly sensitive to the salt
concentration or pollution of the raw water.

The working machine of the power plant is a small radial
turbine arranged at the same shaft as the synchronous gen-
erator, delivering a frequency of 666 Hz by 40,000 revolu-
tions per minute of the turbine. The high frequency current
will be transformed to direct current of 110 V and alter-
nating current of 220 V and 50 Hz due to power demand.



285

Advantages of this system are

- high water production,
- power supply for additional consumers.

Technical and Thermodynamic Aspects

Solar Distillation

- Relative simple design, therefore low maintenance but
moderate useful water output,

- Concentration of salt for energy demand negligible,
- High energy needs for water vaporization, which 1s

wasted to the cooling water or ambient air.

Solar Powered Reverse Osmosis

- Sophisticated technique, various auxiliary devices
necessary,

- Membranes for reverse osmosis still In the development
phase,

- Desalination of water with respect to energy consumption
and development only up to 1 per cent of salt concentra-
tion attractive.

Conclusions

For water desalination both systems can be considered, due
to the boundary conditions at the place of plant operation.
But the solar distillation plants are being much more In-
vestigated than the solar reverse osmosis plants. The rela-
tive small water production of the solar still 1s a compro-
mise for its simplicity. Two years of research and develop-
ment will now be undertaken to Investigate how this compro-
mise can be optimized. Especially the desalination plant
developed by Dornier System is well suited for the adapta-
tion of a multi-stage vaporation unit, Increasing the usable
water output considerably.

The solar powered reverse osmosis plant can be seen as a
future option, if additional energy for other purposes is
demanded. The electrical part of this plant will operate In
about two years.
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Figure 3
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DISCUSSIONS AND RECOMMENDATIONS

WORKING GROUP IV: SOLAR DISTILLATION

Discussions started after setting the agenda of the Meet-
ings based on questions and Inquiries raised by members of
the Working Group 1n a free session. The Items suggested
for discussion were generally categorized as relating to one
of the following main headings:

1. The present state of solar still technology;

2. The choice of a technology of a solar still for applica-
tion in a certain locality;

3. Cooperation programmes between developed and developing
countries 1n the field of solar distillation.

Elaborate discussions followed the setting of the agenda.
A paper on the present state of solar still technology,
prepared by Dr. Sakr, and a document summarizing scientific
and technical factors Influencing the solar still perfor-
mance were circulated. Discussion on the technical aspects
of solar distillation proceeded along the following lines:

- the simple greenhouse still: typical performance,
limitations, etc.;

- other improved designs: reported gains in efficiency and
yieldsj

- new trends, Including the heat pipe still.

Various aspects of solar still technology were also
touched upton, Including optimal size and dimensions of com-
ponents, reuse of latent heat of condensator, types of saline
water, relative performance of tilted verus classical
greenhouse solar stills, determination of solar still ef-
ficiencies, etc.

There was considerable discussion on the economics of so-
lar stills, and the need to develop low-cost, long-life,
robust solar stills. The use of concentrating solar collec-
tors for solar stills was discounted for a number of reasons,
including the often high percentage of diffuse radiation In
arid areas and the dangers of overheating the saline water
and thus causing precipitation.
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As a specific case study 1n connection with the question
of choice of technology, there was detailed discussion on
the need for a portable solar still which nomads could take
with them on their travels. It was generally decided that
although surface saline was available in some parts, the
need to pump the saline water from wells indicated that
perianent solar distillation plants along the path of the
nomads would be the best solution to consider.

Considering the present state of development, it was con-
cluded that the simple greenhouse still represented the
best choice for application in developing countries.

In considering the question of choice of solar still tech-
nology for a particular locality, three levels of technology
were Identified:

- the highly sophisticated technology of the developed
countries;

- the local technology of a developing country;
- a technology dictated by

- technical factors peculiar to solar distillation systems,
- techno-economic factors pertaining to the region where

the system Is to be Installed.

It was agreed that the third level constituted the appro-
priate level of technology for a region. A team of trained
scientists and engineers with sufficient knowledge of the
region would be 1n a position to choose the proper tech-
nology of a solar distillation system for Installation 1n
the particular region. Since the solar distillation system
is generally a simple system, the choice of a technology can
be influenced to a greater extent by the level of local
technology.

Furthermore, it was stressed that a total system approach
to the choice of technology is necessary. This requires
that principles of choice of appropriate technology must be
applied to the individual components of the solar distilla-
tion plant, e.g., the pumping facility, etc.
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Discussion of cooperation programmes between developed
and developing countries in the field of solar energy drew
a variety of proposals aimed at enhancing the long-term
impact of such programmes on the recipient countries. The
proposals centered around training and development of
research facilities prior to the implementation of full-
scale projects:

1. Initiation of a summer school for solar distillation In
which young engineers and scientists would be exposed
by experts to the technology;

2. Creation of research centres for solar distillation In-
corporating data-taking and testing facilities;

3. Training of a core of researchers from the receiving
countries to ensure continuity of research and develop-
ment in this area.
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V. RESEARCH AND DEVELOPMENT
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APPROPRIATE TECHNOLOGY AND THE CHOICE OF SOME RESEARCH

PROJECTS

Cornel is Daey Ouwens

This paper deals with the possibilities of doing research
in the field of energy supply for developing countries,
considering especially wind and the sun as energy sources.
As the main subject of this Conference 1s the application
of wind and solar energy for semi arid regions, the examples
will be directed to this subject. We will outline what our
philosophy is in doing research for developing countries;
in this the ideas of appropriate technology are very Important.

In looking at the needs of developing countries It Is clear
that energy is fundamental to their development. Now there
are several advantages of using the sun and wind as energy
sources, for Instance: no, or hardly any, environmental
problems; no exhaustion; no dependence on other countries.
Further, the decentralized aspects are often Important,
because generally there 1s no effective system for the dis-
tribution of energy.

What do we think of when developing the sun and the wind
as energy sources for developing countries? Huge fields of
solar energy collectors or relatively small decentralized
systems? Pumps made of advanced materials or locally avail-
able materials? Systems made by labour-intensive processes
or not? What is the amount of money which is available for
a product?

When answering these questions, one must keep clearly in
mind that there Is not much enthusiasm about the results of
the aid to developing countries during the last one or two
decades. An analysis of the reasons has led to the conclusion
that many projects failed because the system introduced (from
complete factories to machinery for agriculture), was not
appropriate, did not fit, did not suit the community which
had to work with 1t. People must be able to work with a
machine, maintain it, repair it and even after a while make
a new one themselves. But it 1s not only the technical aspects
which are important, since the system must also be acceptable
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from an economic viewpoint. At the same time the new system
must be socially appropriate. If it does not fit Into the
local culture, there is no point in introducing it.

So, in our opinion, one has to look at the system from more
than just a technical point of view. Many of these ideas can
be found in the articles and books about appropriate technology.

Here we want to emphasize that appropriate technology is
not an answer to all problems. Of course advanced projects
can also be undertaken, for instance in the field of space
research. But a lot of this research is already going on, and
appropriate technology 1s at the least a very attractive
completion of our help. We must never forget that 80 to 90 per
cent of the people in developing countries are still living
in rural areas, and appropriate technology is Intended to
concentrate on their problems.

Let us try to get two things clear. Firstly, what are the
implications of this philosophy when we talk about systems
for pumping water in semiarid regions, and secondly what is
the role of western institutions, such as universities, in
this context.

To answer the first question, let us say there is water
available and we want to pump it by a windmill. First, we need
a lot of information not only about the climatologies! conditions
but also about the peoples' way of living, about the possibilities
of maintaining and repairing a windmill. What materials are
locally available* and if new materials are to be introduced,
can they be handled. In the context of appropriate technology
it would be most desirable if, after introducing the first
windmill and testing it, the community could maintain it and
local industry could make more. Of course a training period
in a western country for some of the local people might be
necessary. Know-how has to be transferred. But as soon a
possible they have to take over.

Now the second question concerning the role of institutions.
The Information given is based on practical experience within
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our university. First, what we call "micro projects." He
receive many technical inquiries from developing countries
about completely different subjects. If possible, the
question 1s given to somebody who has experience on the
specific subjects.

Two examples: how can I prevent scum in a methane digester;
what is the best way to store potatoes? The answer 1s mostly
in the form of a description or reference to the literature.
Sometimes there is some follow-up after the question 1s
answered, but normally micro projects are just Incidental
and without continuity.

Often, however, the question has wider aspects. If some-
body asks for a windmill and we know enough about the local
conditions and about the man who has to work with 1t, we
can send drawings of a certain type of windmill. But 1f it
should be a prototype of a windmill with wide application,
then it is not a micro project any more. Then we have to
be careful. In the first place we need a windmill which will
be foolproof. If a system is introduced in those countries
on a big scale, the system must not fall. Further, the
windmill has to be optimized, the best type of windmill for
a certain application. It is certain that a detailed research
program will be needed before the best system can be pre-
sented.

Let us put it another way. How can we introduce appropriate
technology on a wide scale if the technology does not exist.
We often need to develop completely new constructions. This
holds also for pumping equipment in semiarid regions.

If we would like to use the sun as an energy source instead
of the wind, the same questions as mentioned above will cone
up. By analyzing all possible solar pumping systems, we will
be able to decide which systems are most appropriate and
then we must look at those parts of the system which can be
improved by doing research. One problem 1s on what basis do
we choose our research projects. On the one hand we must be
sure that there will be applications for the research and on
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the other hand there must be some expertise on the subject
at the institute. Also the person or group of people must
be really motivated about the project. So it is difficult
to give general rules. If a group really wants to do research
for developing countries, there is normally no problem about
the subject.

In doing research one must always keep in mind the ultimate
application, namely the community where it has to be applied.
If the research is successful we have to transfer the knowl-
edge to the country so that they can take over. The problem
is difficult because one has to look at all aspects.

We can give many examples where systematic research could
give useful results. For instance cheap solar cells might
have a great influence on the energy use in developing
countries. One can think of selective surfaces which are
so important for solar thermal systems. There are also many
applications for simple intermittant cooling systems. Devel-
opment of appropriate machinery for agriculture is also a
challenge. Also there are still possibilities of optimizing
methane digesters.

What I have tried to say is that much research for devel-
oping countries can be done, but from our point of view it
is very important that other aspects should be taken into
consideration when choosing research projects.
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PROMOTION OF APPROPRIATE TECHNOLOGIES FOR DEVELOPING

COUNTRIES BY THE GERMAN FEDERAL GOVERNMENT

The German Federal Government regards the t r a n s f e r of

technologies as an Important contr ibut ion towards the eco-

nomic and social advancement of these count r ies . In i t s

view, i t Is necessary to make the technical procedures

evolved in the I n d u s t r i a l countries more e a s i l y a v a i l -

able to the developing countries and to remove the obsta-

cles hampering the t r a n s f e r of technical knowledge.

To prevent the developing countries from becoming u n i -

l a t e r a l l y dependent on technology t ransfer from abroad and

to make the best of the po ten t i a l for Innovation o f that

technology In production structures In the r e c i p i e n t coun-

t r i e s , I t 1s necessary to promote technological research

and development In these count r ies . Therefore , the German

Federal Government cooperates wi th developing countr ies

by s e t t i n g up p i l o t projects for the opening up of uncon-

ventional sources of energy, for the u t i l i z a t i o n of loca l

raw mater ia ls and for the development of economically v iab le

i r r i g a t i o n methods. In a d d i t i o n , the developing countr ies

are given assistance in se t t ing up and expanding centres

for the development and dissemination of technologies In

the developing count r ies , and cooperation between these

centres and corresponding German i n s t i t u t i o n s is encouraged.

In p a r t i c u l a r , the German Federal Government supports fo r

use in rura l areas those technologies which are l a b o u r - i n -

tens ive , help save c a p i t a l and foreign exchange, help make

use of untapped raw mater ia l deposits and energy sources,

ensure smal l -scale production at low-cost , and are simple

enough to allow easy maintenance and repa i r of production

requisites.

Pilot Projects

I t did not prove possible to carry out the German Federal
Government's i n i t i a l plan to promote the development of
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appropriate technologies by s e t t i n g up an i n s t i t u t e for tech-

nologies for developing countr ies . Ins tead , a t ten t ion was

turned to p rac t i ca l projects 1n the f i e l d , espec ia l ly to p i l o t

p r o j e c t s . The object of these projects is to f ind technolo-

gical solut ions to economic or social problems occurring in

several countries rather than j u s t one. In a p i l o t p r o j e c t ,

an I n s t i t u t i o n in a developing country, in close coopera-

t ion with a German counterpart possessing the know-how,

t r i e s to work out an appropriate technological approach to

the problem. The necessary f inance is provided in par t or

In f u l l by the Federal Republic of Germany out of technical

assistance funds.

The Federal Min is t ry for Economic Cooperation and the

Federal Min is t ry for Research and Technology cooperate

closely in the planning and execution of t h e i r a c t i v i t i e s 1n

the area of technology. On the s c i e n t i f i c - t e c h n o l o g i c a l side

(handled by the Min is t ry for Research and Technology) a

number of cooperation projects with developing countries are

already under way. Close s c i e n t i f i c co l laborat ion wi th sev-

e ra l more developing countries 1s being prepared. In these

cases, cooperation means mainly an exchange of s c i e n t i s t s

and the j o i n t u t i l i z a t i o n of research i n s t a l l a t i o n s . Coordi-

nation agencies on the German side are the i n t e r n a t i o n a l of -

f ices of the Nuclear Research Centres in Jl i l ich and Kar ls -

ruhe.

On-going P i l o t Projects with a Bearing on the Subject-matter

of th is Conference

As f a r as the use of solar energy is concerned, the German

Federal Government has s ta r ted cooperation with developing

count r i es , through the technical assistance programme of

the Min is t ry for Economic Cooperation, in the fo l lowing

areas: p u r i f i c a t i o n of water for dr inking purposes, d e s a l i -

nation of sea-water , r e f r i g e r a t i o n and production of mech-

anical energy for operating water pumps. Under the s c i e n t i -

f i c - t e c h n o l o g i c a l cooperation programme handled by the Minis-

t r y fo r Research and Technology, preparations are under way
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for jo int development work to use solar energy for supplying
remote regions with e lec t r ic i ty .

Brief Description of Pi lot Projects

1. Solar heat pipe procedure for purifying water (SOHP)

The system was developed by the firm Dornier, and a
prototype was tr ied out at Lake Constance. In the SOHP
procedure, solar energy 1s absorbed by specially-treated
glass surfaces. Brackish water Is heated In a system of
tubes arranged beneath the glass surfaces and piped In
to evaporators. The further procedure Is conventional.
The steam condenses, producing water (which has the
properties of rain water) which 1s stored. The SOHP
procedure Is particularly suited to supply small con-
sumer units such as hospitals or schools.

Advantages of the procedure: purification of sea water
and brackish water; easy maintenance as there are no
moving parts; drinking water Is obtained at low costs;
substantial desalination effect: up to 5 l i t res drinking
water per square meter of absorption surface are obtained
per day.

2. Use of greenhouse effect for obtaining drinking water

Sea water 1s desalinated and evaporated In a glass-
covered building. The procedure yields about 3 l i t res
of drinking water per square metr* per day.

3. Use of SOHP procedure for solar cooling

The system is based on the aqua-ammonia absorption cycle.
The heat necessary for evaporation is obtained from solar
collectors. The system 1s suitable both for stationary
and mobile units. I t 1s Intended to be used for the cold
storage of vegetables, meat and f i sh , and for the pro-
duction of ice.

4. Solar-operated pump

Object of the pilot project is the development of a
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prototype of a pump which would permit the tapping of
underground water reserves with the help of solar ener-
gy. The pump is driven by a sort of piston which in turn
is moved by the expansion of a medium heated by solar
co l l ec to r s . At a la te r stage, i t 1s hoped to bu i ld the
pumps l o c a l l y . The pumps are intended for use mainly in
rura l areas.

Scope of the German Research Programme 1n the Field of Solar

Energy

Over the next f i ve years, funds amounting to about DM 110
m i l l i on w i l l be avai lable for research work on solar energy
In the Federal Republic of Germany. Research w i l l be con-
centrated on the use of solar heat.

Where to Obtain Addit ional Information

During the Conference, please contact Mr KUhn from the
Minis t ry for Economic Cooperation for fu r ther in format ion.
After the Conference, wr i te to

Federal Min is t ry for
Economic Cooperation
- Referat 300 -

D 5 3 B o n n 1 2
Postfach 1203ZZ
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WIND ENERGY IN DEVELOPING COUNTRIES: A RESEARCH PROGRAMME

IN THE NETHERLANDS

P. T. Smulders

The energy crisis in 1973 brought about a renewed Interest
in the use of sun and wind as energy sources. In the western
world wind energy systems well over the megawatt range are
being considered in a number of countries as one of the means
of solving future energy needs and environmental problems
inherent to high per capita energy consumption. In developing
countries the situation is completely different. Per capita
energy consumption Is a factor 10 to 100 lower. Also 80 per
cent of the population lives in the decentralized rural areas.
In some cases distances between communities are so great that
centralized energy distribution networks are out of the
question.

What then are the potentialities of wind power for these
areas, what are the social, cultural and economic constraints
to introduce wind power and what kind of technical research
is needed as one of the links in a program to put the wind
to work.

In my opinion the utilization of wind energy will (for the
coining years) be most effective on the small scale, say
related to the needs of one or more farmers, (1 hectare »

2 1
10,000 m - Zj acres). In India, for example, the average
plot of a farmer is between 1/3 and 1 hectare. Water needs
for a variety of crops Is on the average 50 n>3 water/day/
hectare.

Depending on the pumping height H, the energy needs are
small; e.g. for 50 m3/day at H - 1, 10 and 100 m the theo-
retical power requirements are about 5,50 and 500 W respec-
tively.

Requirements for drinking, cooking and washing for a family
are of the order of 100 I/day. Water consumption for beasts
varies between 10 I/day (a sheep or 100 chickens) to 70 1 a
day for a cow.
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So very roughly we can say: the energy requirements (pumping
over the same height) for

irrigation of I hectare
domestic needs of 500 families *re

water needs of 1 000 beasts equivalent

We should therefore consider in the first place windmills with
an average power of 1 kW and less. In general that will mean
mills with diameters less than 10 m. (E.g., calculations for a
site in India with a (low) annual average wind velocity of
approximately 2.5 m/s were made, assuming a pumping height of
10 m. With a mill of 6.Z diameter the annual average capacity
was 100 m /day, assuming normal efficiencies for mill and pump.)

Commercial mills are available on the market, but at a cost
of $ S00 or more. There should be a relation however between
capital investment and the yearly earnings of a farmer, which
in many cases will be between $ 200 and $ 500. That fixes limits:
wind energy investments per farmer should probably be well below
t 100. This implies that mills be made in the country itself,
preferably for the major part in the villages, and that repair
and maintenance is simple.

Where now does research come in, especially research at in-
stitutes in western countries? I believe we should concentrate
on doing those things

a) for which we have the ability, are well equipped, have
the information (e.g., literature access) and the money;

b) which for various reasons are difficult or impossible

to do at the moment in the developing countries themselves
or are just not done.

At the same time we should concentrate less on doing those
things where developing countries have the expertise: in
defining needs, evaluating social and cultural implications,
and setting up extension programmes.

As an example, an outline is given below of a research
program, which has just started in the Netherlands on the
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utilization of wind energy in developing countries. Partici-
pant are members from the Organisation for Applied Scientific
Research TNO, The University of Groningen, and The Eindhoven
University of Technology.

I. 1. a) A number of different conceptual designs will be

evaluated and if necessary tested, leading to hard-
ware prototypes with known characteristics, which
can be used as a starting point for local adaption.
Variables are: tip speed ratio, mills with vertical
versus horizontal axis materials (sails, wood, metals,
etc.) transmission, etc.

b) Different conceptual designs of water pumps will be
evaluated and if necessary tested.

c) Evaluation of windmill pump systems for different
situations.

d) Long term: possibilities of generation of electricity
and other applications, maybe in combination with
water pumping.

e) Long term: integration of wind energy systems with
other systems, e.g. solar.

2. Evaluation of sites. As power is related to the cube of
the wind velocity, it is absolutely necessary that wind
data in situ are available. This implies

a) availability of simple and inexpensive wind measuring
equipment for in situ measurements. To this end
evaluation of existing equipment and maybe design
of new equipment is necessary;

b) simple evaluation methods of existing wind data.
Often scanty, these must be devised.

3. Evaluation of inexpensive storage systems: pumped storage,

compressed air storage, etc.
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II. In principle the program aims at transfer of knowledge
and know-how, primarily in such a way that wind energy can
become effective at the village level. We believe there
is a great need for a handbook on windmill technology for
the worker in the field, explaining basic principles but
also giving information on construction, etc. Such a
handbook could be invaluable in adapting windmill systems
to local conditions. Another method of transferring knowl-
edge could be by exchange of students.

III. In addition to the parts of the program described above
in I and II, which may seem rather abstract or academic,
projects with parties from developing countries are being
initiated. One example is participation in an agricultural
project on the Cape Verde Islands, where there is inciden-
tal ly a lot of wind.

As a conclusion I would say that projects aiming at making
wind energy effective will in general only succeed if as well
as institutes from both developed and developing countries
there are organizations involved which work at the village
level. All our 1975 ingenuity will be necessary to construct
simple and inexpensive, reliable systems. From there, in the
long run, more complex and sophisticated systems, utilizing
solar and other reliable sources, may evolve in such a way that
a number of developing countries may by-pass the fossil-fuel
stage which is typical of western history.
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THE ACTIVITIES OF MESSERSCHMIDT-BOLKOw-BLOHM GMBH IN THE
APPLICATION OF SOLAR ENERGY

Dr. rer. nat, Knut Berndorfer

Messerschmitt-BBlkow-Biohm GmbH (MBB) has been developing
solar energy systems 1n its Space Division for several years.
All these systems could be applied in developing countries
and most of them have been designed specifically for this
purpose.

The following activities are being pursued at present:

1. Development of house heating and cooling systems.

2. Building a 10 kWg solar power supply.

3. Preliminary design of 100 kWe power station.

4. Preliminary design of 1 MWfi power station and
equivalent pumping station.

5. Comparative analysis of designs of solar power stations
in the range 100 Wa to 10 MW,,.

A brief description of the activities follows below:

1. Solar House Heating and Cooling

Modular solar house heating systems have been developed
since 1974, based on a flat plate collector of very simple
design which is being subjected to long term tests at the
present time. The heating systems are expected to be on the
market within 18 months; combined heating and cooling systems
are being projected In cooperation with firms specializing
in cooling installations.

2. 10 kw Power Supply Prototype

This work is being sponsored by the German Ministry for
Research and Technology (BMFT) and Is aimed at producing a
prototype by the end of 1976. The power supply 1s intended
for use in developing countries and appropriate technology
has been used throughout. Water is heated to 95° C in MBB's
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flat plate collector and transfers heat to a simple and reliable
heat engine which drives a generator. The heat engine could be
used similarly to drive a pump.

3. Preliminary Design of 100 kW Power Station

This is an experimental power station which 1s being devel-
oped within the framework of a cooperative agreement with the
Italian firm Ansaldo, with the technical guidance of Prof.
Francia and J. Gretz of Euratom. It uses a single parabolic
reflector of about 30 m diameter to heat water in a boiler at
the focus of the paraboloid. The plant will be erected in
Italy where in the presence of an electricity grid no energy
storage 1s foreseen.

The design of the paraboloid, with its tracking system, Is
sufficiently simple and reliable to consider applying it to
pumping stations in developing countries.

4. Preliminary Design of 1 MWC Power Station and Equivalent
Pumping Station

This is being carried out by the same consortium as 3. The
design is based on the central tower concept first demonstrated
by Prof. Francia in Genoa and preferred by E.R.O.A. in the US
for 100 MWfi plants. An area of 15,000 m 2 would be required and
a tower about 30 m high which would produce steam at 450° C
and 60 atm.

The same plant could pump 6 m / s of water through a height
of 10 m for about seven hours a day and also provide 100 kW
of electricity for auxiliary services. An area of 1,500 nectar
could be irrigated in this way.

5. Comparative Analysis of Various Designs of Solar Power

Stations in the Range 100 w to 10 MW .

This study is sponsored by the BMFT and was started recently.
Different system designs for producing electric power will be
compared on the basis of criteria derived not only from tech-
nical and economic considerations but also from the require-
ments and resources of developing countries. India, where MBB
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has built up close connections In this respect, has betn
foreseen as a typical case, though with necessary Modifi-
cations the results will also apply to other developing
countries.

Similarly the results may be applied with little modifi-
cation to systems for pumping water either with mechanical
or electric pumps. Energy is conveniently stored In this
case in a water reservoir.
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DISCUSSIONS AND RECOMMENDATIONS

WORKING GROUP V: RESEARCH AND DEVELOPMENT

Following preliminary discussions, the following agenda
was agreed upon:

I. State of the Art and Research Programmes 1n Developing
Countries Represented at the Conference

II. Methane Digesters

III. Concentrating and Flat Plate Solar Collectors

IV. Uncovered Areas for Research and Development

V. General Recomendations.

I. State of the Art and Research Programmes In Developing
Countries Represented at the Conference

In order to place the discussions of the Working Group 1n
their proper perspective, it was decided that each represen-
tative undertaking research in a semiarid area would present
a resume of his research and development activities 1n the
field of solar and wind enerqy. This was done by represen-
tatives of Egypt, Sudan, Niger, Mali, and Senegal. It was
interesting to note that there was certain commonality In
their activities, as most addressed themselves to the prob-
lems of solar distillation, solar heating, solar cooking,
solar drying, etc. In several Institutions work was also
carried on in film technology and on the important problems
of the use of solar and wind energy for the pumping of water.
Solar pumping experiments have been undertaken utilizing
flat plate collectors for the operation of Rankine cycle
engines as well as concentrating collectors for the produc-
tion of higher temperatures. It is significant to note that
a wide variety of research activities of good quality are
currently in progress. In summing the total number of per-
sonnel currently involved in the countries, it was evident
that more than a hundred researchers are actively working in
nearly twenty institutions.
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The wind energy work to date has been directed towards
the development of small-scale water pumping units as well
as the evaluation of commercially available units imported
from abroad.

II, Methane Digesters

In view of the considerable amount of attention accorded
to methane digestion, it was decided to review the potential
of this system in view of its ultimate dependency on solar
energy. Discussions were held on the principal operation
techniques as well as some areas of research. It was pointed
out that the direct use of solar energy could be profitably
exploited through research and development programmes for
maintaining the optimum maintaining temperature. Recent
studies have indicated that 1t 1s possible to generate up
to twenty per cent of basic power requirements of a typical
African village. Methane gas can be used to power a modi-
fied diesel engine.

III, Concentrating and Flat Plate Solar Collectors

Following a brief review of the state of the art of the
principal features of both systems, areas of research and
development in concentratinq collectors were examined. This
was done principally because of the growing realization that
in order to increase operating efficiencies while at the
same time cutting down on the size of installations, concen-
trating systems have some validity. The potential of using
concentrators on a village level was also discussed. Some
of the general areas of technology needing further develop-
ment were identified.

1. Simple tracking systems should be further developed.

2. There needed to be significant attention paid to funda-
mental research, in particular with regard to proper-
ties of component parts of systems.

3. In view of the apparently larne amount of measured dif-
fused radiation, it was agreed that there should be
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only one definition of diffused radiation. The data ob-
tained from around the world could then be Intercompared.

4. In view of the considerable number of concentrating
power systems developed for use in the semiarid areas
in the world, it would be Important to undertake a
global assessment of the potential for power generation
In different parts of the world.

5. This would necessitate the development of an accurate,
robust, Inexpensive, diffuse radiation measuring sensor
which could be Installed in conjunction with an Inex-
pensive, low-cost recorder or Integrator.

6. There should be some international support.

7. It was suggested that solar concentrating collectors
more suited to low-attitude areas as well as their
ancillary controls be developed.

IV. Uncovered Areas for Research and Development

A novel type of solar pump recently developed In India
using the principle of expanding vapour In a reservoir was
described.

The tower type of solar energy concentrator was also dis-
cussed in some detail. These solar power systems could pos-
sibly produce a variety of outputs.

A non-tracking concentrating system was also discussed. In
the field of wind power there is a similar lack of robust
inexpensive measuring equipment to monitor wind speed and
direction.

There also appeared to be the need for a low-speed wind-
mill for water pumping which could generate one to two
horsepower at approximately IS km/hour wind speed.

V. General Recommendations

It is essential to recognize that there is a significant
amount of research and development that still must be car-
ried out in both developed and developing areas in order to
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come up with appropriate and economically viable technologies.

In some instances, bilateral cooperation was very positive
in promoting research and development activities. A detailed
discussion was held on the role that the international or-
ganizations of the UN could play 1n furthering the technology
of solar and wind energy. There was general agreement that
much more effort should be put into this field by the UN agen-
cies, especially regarding information exchange and the sup-
port and coordination of activities.

It was stressed that the semiarid areas should do as much
as they can on their own. Additional funds are required for
further research and specific projects. There is a great
need for technical information exchange in these fields.

However, it was not possible to come to a consensus of
opinion as to the methodology that might be followed in im-
plementing these programmes.

It was pointed out that UNESCO is seriously considering
the establishment of a Committee to handle this technology.

In view of the multiplicity of technical meetings in the
field of solar and wind energy, it would be advisable if
there were some form of international coordination. It would
facilitate the attendance of delegates from the developing
countries.

There appeared to be a need for the exchange of Informa-
tion between the various institutions doing research in the
field of solar and wind energy as applied to pumping water.

It was recommended that given the fact that most represen-
tatives from the semiarid countries present at the Conference
tre here in their official capacity representing their
governments, the DSE should circulate the general conclu-
sions of this Conference to the different international or-
ganizations.
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DISCUSSIONS AND RECOMMENDATIONS

WORKING GROUP VI: TRANSFER OF TECHNOLOGY - PRODUCTION AND

MAINTENANCE

The Working Group discussed the different aspects of tech-
nology transfer in developing countries. The principal con-
cept 1s that of the promotion of research and of existing
projects in order to achieve Industrial development In these
countries 1n this sector.

After a far-reaching discussion, the following main points
were elaborated:

1. Appropriate technology relates primarily to the rural
environment. Therefore machinery must be found which 1s ef-
fective, can be handled easily and is easily understood by
the rural population.

Before the rural population Is contacted by extensionists,
an intermediary group must be considered which plays an Im-
portant, even Indispensable role 1n the development of these
technologies: the researchers (at national or regional
Institutes of applied research), the responsible national
politicians (governments) and the technical services working
in the field (hydraulics, public works, agricultural engi-
neering, agriculture, etc.).

2. Regarding the modalities of technology transfer, 1t 1s _
of importance that the rural population and the above-men-
tioned institutions are familiarized with the new techniques.
To achieve this,

a) the complete confidence of the rural population must be
gained;

b) a conscientization and training programme covering pilot
farms or experimental stations, scholarships, conferences,
exchange of documents, etc., must be Initiated. This ex-
change of information should take place not only between
industrial and developing countries but also among the
developing countries themselves;
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c) regional centres for wind and solar energy must be es-
tablished or extended in order to coordinate the ac-
tivities of existing organizations (ONERSOL in Niger,
IPM in Senegal, EIER in Upper Volta, DFVLR in the
Federal Republic of Germany, Laboratory of Solar Energy
in Mali, SOFRETES in France, Canadian Institute, etc.)
and to permit the rational development of research in
semiarid regions.

All activities and institutions could be coordinated by
an international organization such as the UN (for example,
the UN could establish a special section which could cooper-
ate with existing UN organizations dealing with energy
problems in certain fields: FAO, UNIDO, UNESCO).

Until such an organization has been established the UN
could publish practical manuals on wind and solar energy
which could be distributed free of charge to all countries.

3. As far as maintenance is concerned, the Working Group
was of the opinion that an efficient organization would have
to be established which could be in charge of organizing
and controlling activities.

4. With regard to the concept of cooperation, the princi-
pal idea was that of the existing technologies some are
satisfactory and others need to be improved.

^In all cases they have to be promoted and developed local-
ly. To achieve this there must be mutual and multilateral
cultural and technical exchange in the form of exchanges of
ideas and visits of technicians and experts of all coun-
tries.

The formula of cooperation should be: "You do it your-
selves, and then we do it together."
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Monday, IS September

9 to 10.30 a.m.

11 a.m.

11.30 a.m. to 1 p.m.

1 p.m.

3 to 4.30 p.m.

4.30 to 5 p.m.

Arrival and registration
of delegates

Opening of the Conference by
Mr R. Biihling, MP, President
of the Board of Trustees of
the German Foundation for
International Development
(DSE) and Dr Gerhard F r i t z ,
Director General of OSE

Plenary session

Presentation of technical papers

Wind Energy
"Wind Energy Converter Systems
for Water Pumping and Electr ic i ty
Supply" (with films and slides)

Professor Hiitter, Stuttgart

Lunch

"Flapping-Vane Wind Machine and
Rod-Piston Pump, An Integrated
Delivery System for Large Well
Depth and Small Flow Rates"
P. Bade, Berlin

"Efficiency and Economic
Comparison of Different Wind
Energy Converter Systems"

Dipl.-Ing. Doerner, Stuttgart

"Simple Anemometric Equipment"
Dipl.-Ing. Dubach, ETH, Zurich

"The Design and Construction of
an Appropriate Waterpumping
Windmill for Agriculture in
India"

M. Sherman, USA

Coffee break
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Monday. 15 September (contd)

5 to 6.30 p.m.

6.30 p.m.

Solar D i s t i l l a t i o n

"Systems for Solar D i s t i l l a -
t ion"

T. A. Lawand, Canada

"Solar D i s t i l l a t i o n Using
D i s t i l l i n g Tanks and Evapo-
rat ion Cloth"

Professor Beckers, Aachen

"A Research and Development
Programme on Seawater
Desalination Plants"

Dr K.-P. Schubert, Dornier
System, Federal Republic
of Germany

"An Experimental Solar
S t i l l Design for the
Sudan"

Y. Hamid, Sudan

Dinner

Tuesday, 16 September

9 to 10.30 a.m. Promotion of Appropriate

W & S Technology

"Appropriate Technology and
the Choice of Some Research
Projects"

C. Daey Ouwens, The Nether-
lands

"Wind Energy in Developing
Countries: A Research Pro-
gramme in The Netherlands"

Professor Smuiders, The
Netherlands

"Approaches to Water Pumping
in Semiarid Lands and a
Description of the Cretan
Sail Windwheel"

S. Watt, S i lsoe , UK
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Tuesday, 16 September (contd)

"Promotion of Appropriate
Technologies for Developing
Countries by the German
Federal Government"
H. Klihn, Federal Ministry
for Economic Cooperation,
Bonn
Dr Klein, Federal Ministry
for Research and Technology,
Bonn

10.30 to 11 a.m. Coffee break

11 a.m. to 1 p.m. Solar Pumping Electricity
Generation

"The Utilization of Solar
Energy for Pumping Water In
Developing Countries"
M. Vergnet, SOFRETES. France

"A R & D Project for 10 KW
Solar Power Station"
Dr Kleinkauf and Dr KBhne,
OFVLR, Stuttgart
Dr Simon, MAN, Munich

"Solar Cells for Terrestrial
Use"
Dr Hewig and Professor Bloss,
Stuttgart

Additional related papers by
Dr Berndorfer, MBB, Munich

1 p.m. Lunch

3 p.m. Formation of working groups

3.30 p.m. Working Group I: Conditions
and Constraints for W » S
Technology in Water Supply

Working Group II: Wind Energy

Working Group III (a): Solar
Pumping and Electricity Supply

Working Group lit (b): Solar
Distillation
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Tuesday, 16 September (contd)

6.30 p.m. Dinner

Wednesday, 17 September

9 a.m.

1 0 . 3 0

11 a.m. t o 1 p.m.

11 a.m. t o 1 p.m.

1 p.m.

Z.30 p.m.

6.30 p.m.

Working groups, contd

Coffee break

Final meeting of working
groups I to I I I

Press conference

(Between 9.30 a.m. and
12 noon a representative
of Lufthansa German Air-
l ines w i l l be avai lable
at the Conference Secre-
t a r i a t to book return
f l i g h t s . )

Lunch

Departure by bus for
sightseeing tour of
Berlin (We'st)

Dinner

Thursday. 18 September

9 to 10.30 a.m.

11 a.m. to 1 p.m.

1 p.m.

Plenary session
Findings of working groups
I to III

Panel discussion with rep-
resentatives from devel-
oping countries: Perspec-
tives of Development and
Dissemination of W & S
Technology for Water
Supply in Developing
Countries

Lunch
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Thursday, 18 September (contd)

3 p.m. Formation of working groups

Working Group IV: Choice of
Technology

Working Group V: Research
and Development

Working Group VI: Transfer
of Knowhow, Production, etc

3.30 p.m. Working groups In session

4.30 to S p.m. Coffee break

5 to 6.30 p.m. Working groups, contd.

6.30 p.m. Dinner

Friday. 19 September

9 to 10.30 a.m. Working groups, contd

10.30 to 11 a.m. Coffee break

11 a.m. to 1 p.m. Final meeting of working

groups

1 p.m. Lunch

3 to 4 p.m. Plenary session
Reports of working groups

4 to 4.30 p.m. Coffee break

4,30 to 6 p.m. Panel discussion: Tasks of
R S D, Problems of Communica-
t ion , Organization and Inter-
national Assistance for W t> S
Technology in Developing
Countries

7 p.m. Reception and dinner given
by the Director General of
the German Foundation for
International Development
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Saturday, 20 September

9 a.m.

10.30 a.m.

1 p.m.

Afternoon

Final session

Evaluation and recommen-
dations for future co l -
laborat ion

Coffee break

Lunch

Departure
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