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I. INTRODUCTION

1. The earth receives alnost-all its enerdy fron the sun, in the forn of
electronametic radiation nade up of 3 per cent ultra-violet, 42 per cent
visible and 55 per cent infra-rcl rayse This "Fuel" iz reuarkable for the
fact that it is freey abundant, and does not depend on nen, aninals or
plantss’ It is not thernal but of electromagnetic qriging in theory, then,
it is completely transformable into nechanical energye

2o idood, coal, oil and natural gas are solar energy transformed, as are the
winds and watere It is the.cun ahich keeps the earth close to the tempera-
ture required for human- existences Agriculture is made. possible by the sun,
and by the rainy, a natural form of irvigation which derives its existence
from-the sune . .

3. In human terms the .sun is in xhaustiﬁle, althoush its mass is decreasing
by about five million tomnes a seconds The earth receives about one ten—-
billionth of the sun's ener(y, which yearlys represents five to ten times

the total fossil reserves known in the world (uraniua included)e

L4e Unlike other continents,. Africa straddles .the equator and is thus
especially blessed since it is exposed to solar radiation throughout the
yeare The African countries which have areas with a desert or Sudan— type
climate enjoy excellent conditions of insolation and intense solar radia-
tione The potential inportance ‘of -solar energy varies according to the
climatic zénet S Co

~.In the Saharan zone, -the annual insolation (the Juration in which
the intensity of direct solar radiation has a maximua value in the order
of 50 per cent of its daily maxinmun value} varies betwecﬁJS,ﬁOO hours ahd
4,000 hours; the mean intensity of total radiation (th¢ sum of direct
radiation, diffused radiation and alnost gggligible atnospheric radiation
on a horizontal surface) anounts to 1 K¥/m>~and morcs

‘= In the Sudano-Gahelian zones, the annual insolation varies between
2,700 ‘and 3,400 hours, while tie mean intensity of over all radiation ranges
betteen'0u3rand 040 Kil/n2a Cn ' Lo

- In Guinean or equaforial‘cliﬁﬁfié-zéﬁes, annual insolation varies
between 1,500 and 2,000 hours, and total radiation intensity varies betwcen
O3 and 045 Kii/m2e B v S S

-
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S5¢ In the first two groups of countries, which are particularly well
endowed, ‘theé highly scattered population, the severe water problem in
fhe'dry season away from permanent water cources and certain river
valléys with seasonal intermittent ‘discharges,. and the relatively heavy.
dependence of food, industrial and export crops and livestock on elimatic
variations ftogether point to the need to take advantage of the various
advantages of solar energy and its applications: . -

6e  Although thé third group of countries are less well endowed from the

~ point of view of availability of solar energy, they are blessed with

'hy@r§eléCtriq energy and perhaps also with other anergy sources, . . . N

conventional or otherwise (solid, liquid, gaseous or ligneous fuels and
tidal energy or thermal power derived from the sea)e However, in.view of
their large rural population, their communications difficulties and

other problems confronting them, : such- advantages should not induce those
countries to neglect the use of solar energy, especially in its thermal, -
applicdtions based on greenhousé effects (solar water heaters, stills and
dryers), and the photovoltaic, thermoelectric and even thermodynamic: . .
conversion of this form of energy (direct production of electricity and
solar energy and tRéir various applications)a. : , S

I 5

' 7¢ * The steady rise in the price of ‘petroleum and its derivatives a@d‘?

the onsét'of a worldwide energy crisis which is expected to occur in the.,
years to come are undoubtedly behind the renewed-interest in .solar enerpy
in the developed as well as the developing countriese The fact that .all
Covernments are rapidly becoming aware of the enormous possibilities
offered by the use - of direct - solar radiation to.meet their future
energy needs and that scientists all over the world, even in countries
with relatively limited solar energy potential, -are putting more and
more efforts into harnessing this source of energyy can . be explained

by its chief attributes: and advantagese S o

e .Solar energy is a universal source of energy in that sufficient
quantities exist almost everywhere on. the earth‘s.sqrfaqe an&,it can be .
captured locally to satisfy numerous needs and tbgréforq there is no neéd to
transport it, It is an inexhaustible source of energy. Life itself is

.governed-by the sun, .so that as long as there is life on .earth, solar energy
+will be found in abundance, It is clean, Its use does not result in smoke;

odour, noisor waste. This is a considerable advantape in that it cuts

down pollution at 2 time when the world is investing_ substantial emounts

of money in the struggle against pollution and in the effort to safepuard the
humen environment. Another advantage which cannot be overlooked is that

the use of solar energy can make a, great contribution in the campaipn

ageinst cdeforestation, which results in the deterioration of the ecosystemn,
desertification and drought,

L
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9¢ As an important local source of energy, solar radiation guarantees
greater independence from foreign energy sourceso lany countries are
therefore comlng to view the use of solar energy as an important national
objective 51nce their economic development in the yvears to come will
undouBtedly 'beé ‘accompanied by an ever increasing demand for energye
However, ‘soldr ensrgy presents some drawbacks, or rather inadequacies, -
which shcild be m1n1m1zed as muc: as possiblec It is an intermittent
source of enargy ouing tu the succescicn of day and night and to seasonal
varlatlons and it is widely dispersed, meaning that large areas of land.
are needed for a large~scale industrial operation. Consequently, a heavy

“ipitial invéstment may be necessary, but the opera ating costs of solar energy
‘are insignificant, even nomexistent, compared to those associated with
tradivional energy sourcess -

10, Althoigh it is hard to asscss ekabtly the contribution * which solar
energy could make within the framework of a global approach to the =
economics of energy in different countries, it is reasonable to think that,
wﬁile its contribution will be uneven, it Will have a significant effect
on ‘the ecoriomic and soeial development of the African countriess - The -
present status of technologlcal development and the economic v1ab111ty
in the traditional sense ‘of this notion vAary immensely dependlng on the
kinds of use envisaged., * It would, however, be risky, in the context of
African developing countries, to insist only on the traditional rate ‘of
return criteria, for the indirect advantages are leégion and often-
unquantifiables In many caces; Research and Development are still needed
before installations which are satisfactory from the point of view of
eonversiqn output and economic competitiveness are available,

11. HbWevér, the arfort required must not cesuse African countries to
adopt a passive attitude in that they sit back and wait for foreign
coyntries to’ ‘do everythlng at the scientific and teckrical level, The
1ndependence ‘of African countries and their future in the field of enerpy
will to a great extent depend on their ability to organize, execute and
develop ‘their own scléntific and technical potentizl both in the limited
field of solar energy and new enerpy sources znd in the broader field
comprising the total body of energy resourcese 1his highlights the urgent
need for greater co-operation at the regional and .nternsational levels,
and in this respect institutions such as OAU and BCA have a leading role

to playe
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II.  APPLICATIONS OR USES OF SOLAR ENERGY IN AFRICA

12  If Africa's aim is to make rapid and significant progress in its.
national and regional development within the framework of collective
self-reliance; it must. give high priority. to rural development with a
view tc forsstalling any concentration of population in urban arecass In
future -t will: therefore be necessary to devote the lion's share of the.
development effort to.energy infrastracture in the countrysides This
jnfrastructure will necessarily comprise apparatus and  installations .

vwhich make use of solar and wind energy and methane fermentatione The
;v exploitation of energy sources depends on the demand for energy, which is

at present very low and shows very little concentration owing.to the
dispersal of the population ove* vast areas. The distribution of energy
over long distances is not a viable solution because of the obvious
problems presented by the shipment of fuel or of the prohibitive cost

of transporting electric power, even that of hydro~origine = . .

13 Tn rural areas the problem will he one not so much of determining
the kind of general scientific research carried out at the international
level as of finding ways of adapting the findings of this research to
specific needs. - It is ip this comnexion too that the greatest socio-
psychological,problems+an§»encountered since development is not what is
attained merely by installing the right equipment or applying the right
technology; nc matter how advancede Its true measure may be most
accurately taken by the way people concerned accept it and the value they
attach to its resultse o :

1k, Tt seems possible that the use of simple techniques with low

sapital intensity would, at least in sofar as some applications of solar
energy are concerned, go a long way toward meeting urgent needs in the
rural areas. Other applications will still require a great Research and
Development effort. African countries and intergovernmental and multie
national bodies, whose objectives is to ensure that the economic and social
development of the continent progress®s as rapidly as possible within-the
framework of . a-global strategy of collective gelf-suf ficiency, must pay
 particv’ar attention to the following sectors: '

{a) Production_and use of low, medium and_high-~heat potential

15, For ~ommon household pur-ose (heating and cooking ) and some
industrial or collective uses of low~heat (heating water or air for drying .
certain products), solar devices which act as greenhouses may very econo—
mically replace conventional devicesa The necessary technologies have
been perfected and are available; even in Africas Before their use can
become generalized, however, there must be a policy to establish
collective facilities im rural areas and maybe also a credit policy in
urban agglomerations because of the low income of the inhabitants and the
magnitude of the initial investment requireda
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164 Some industrial uses of wood for the production of high-temperature
heat (baking bricks and verious ceramics, &tcs) are aggravating defores—
tation in certain areas where the practice is already causing . alarm
because of the use of wood for household purposese The substitution of
solar energy through the use of medlum—perxormance and medium-power-
kilns would help to limit environmental hazards (deforestation and its
consequences, atmospheric pollution and ecolbglcal xmbalances) ‘and’ would
make it possible to decentralize productions’ The technology required for
this type of facility is still at the’ Research and Develoument stage,

but some tests are to be carrled out in the nger K '

17» The production of cold (air conditioning and refrigeration) from
solar energy is worth investigating because cold temperatures could be
used collectively in rural areas (in heaith establishmenie and for the

" preservation of vaccines and perishable foods ) and- in urban agglomerations

(for central air coaditioning of buildings &r multi-family dwellings)e
Such schemes are still a% the Research and DFvelopment stage although

*much w0rk has already been carrled out on theme

(b) Productlon of mechaﬂ;cal or electrlcaL energy for var1ous low—or

medxummpower devices . , L

18, . Solar englnes “and turblnes operat1ng at temperatures of between
7049 and 1209C on various kinds of organic vapour .may be fueled from o
flat-plate collectors, those operating at, temperatures higher than 120° C
may be fueled from concentrating collectors. A power range of between

1 and 5-10 KW are especially suitable for use in supplying villages and
grasslands with water. Devices operated on between 10 and 50-100 KW

are useful for supplving farms with water (crops watered or irrigated by
surface water or underground water at varying depths) . When these units

‘are commected o alternators, they can produce electricity for various

purposess The addition of accumulator batteries would then make it
possible for the units to operate at night.

19. ThisrfyPe_of device produced in small lots is now available on
the market for about HUS 40,000 per kilowatt. If they were mass
produced, their price could be one third to one guarter of thats They
are, however, irreplaceable in outlying arceas which are difficult to
reach, where the problem of supplying water and electricity is acute.
Research and Development is under way with a view to devising similar -
facilities with a performance and an adequate life span.



ECA/CNo14/NRD/E/36
Page 6

20a° There now exist prototypes of 50 KW solar engines capable of

1rr1gat1ng hundreds of acres and of supplying entire farm co- operatives

in areas where the maintenance of conventional pumping devices (generating

sets, notor-pumps etco) presents problems which are extremely difficult

to solvee - Moreover. it is possible for a solar engine to drive an '

‘alternator to meet the electricity demands of co~operativese It is now

" accepted that the price of such solar equipment will be S1gn1f1eantly

reduced when high-power facilities begin to come into general usees With &
regard to the production of electricity in connexion with the establishment

of 25~ to 100 KW solar power stations distributing power around the clock,

the price per kllowatt-hour w111 be ‘about $US 0.15 to 020 in the near

futureas ) w ?

- 21e Photovoltaic solar cells make it possible to obtain electrlc power
directly from solar radiation, the yield varying at present from between
6 to 16 per cent., "All the uses to which electric and/or mechanlcal N
power may be put may thus be contemplated, including the pumping of water,
the treatment of grain, refrigeration and air conditioning and supplying
radios, educational television and other communications apparatus
(transmitter-receiver sets, microwave relays, etcs)s. Panels of photovoltaic
components are now available on the market at prices which vary from
between $US 10 to 40 per Watt installed, depending on the material used
and the ability of  the panel to resist various atmospherlc agentsy

These costs are comparable with those of solar equipment for thermo-—
dynamic. converalon, which although much more cumbersome and calling for
a. greater number of . operations, has the advantage of being partially
manufactured in Africa itself, .

22. In view.of the outlook for the development of teehnology and the
production of photovoltaic cells, it may be expected in the near future
that the cost will be one half to one third of : what it is-now, the. announced
objective being $US 3 to 5 per Watt installed.

23,  Thermoelectric conversion of solar energy is at present less
advanced than photovoltaic conversion because of the unavoidable concen—
tratlon of solar energy (operating temperature varying from between 350
and 700 C) and. the resultant technological problems (the resistance of
semi=conductors. used and the marked decline in their performance),
However, the use of material in series in thermoelectric batteries offers
possibilities for considerably higher conversion efficiency which have.
not yet been adequately explorede. !Moreover, a reduction in the size of
the battery (components) due to a concentration factor from 100 to 200
would also help to lower the cost price of facilitye Finally, since the
semi-conductors used are made of polycrystalline materials, their
technology is less cmmplex and their cost could be considerably lower than
in the case of photovoltaic cells despite the fact that a concentration

mirror is required; in any case; this is what those who advocate the use
of the thermopile believed
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2he The application of thermoelectric conversion of solar energy to
the production of cold through the Peltier effect is one method of
achieving solar refrigeration and air conditionings The thermopiles
available at present have an efficiency rate of from. 6 %o 8 per cent,
and only low—power units (from 1 to a few dozen Watts) are obtainable,
at prices which are still rather high because they are individually
producéda E - : -

ITT  RESEARCH AND DEVELOPMENT ACTIVITIES AND ACHIEVEMENTS IN THE
USE OF SOLAR ENERGY. IN AFRICA E

25.  Since early in the 1950s, a number of African countries have been
conducting research aimed at the use of solar mnergys Experimental
centres have made it possible to develop prototypes of solar devices, such
as water heaters, dryers, stills, cookers, refrigeration facilities and
low~power solar engines for supplying water to grasslands and viliageso
Some of the technology developed has already made it possible to start
popularizing their use, and it im now possible to bring them to the
semi—-industrial or industrial stagee A brief review can be made of the
various activities taking place in the major solar energy research and
application centres of the continent. -

26,  In Algeria solar energy research is being conducted primarily

.. under the auspices of the Organisme national de la recherche scientifique
. (ONRS) (the National Scientific Research Agency) and universities working
in close collaboration with its Part of the research.is being carried

out at the solar energy station at Bouzarcah, which is responsible to
ONRS; The station has a parabolic collector with an automatic sun.
tracking systeme On the basis of this station's experimental woxk, a

technical and economic study is being done with a view to setting up an
electro—solar power-statione Along with this study, insolation measurements
were taken in liaison with the national meteorology office in order to

establish a radiometry metwork throuvghout the countrye Research has also
been done on the low~temperature use of solar energy including the deve-
lopment of solar flat-plate collectors and the production of hot water for
health purposeso The water heaters are built from lccal materials and

operate at the station sites Other projects include a study on home
heating, the use of solar energy in agriculture, z siudy on storing solar
energy in all its forms, and the study and development of a solar cookere
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27 Research: is being carried out .on ‘he manufacture of solar batteries

in another research centre. which 1s.also responsiblé: to ONRS; results -

have been  encouraging and will-be.useful at the international level. A

third apsa of research:dea’.s with the establisument of .a low-temperature
power-station at Orén*at the Fcole nationale superieure d'eceoignement
polvtechniquei(national polytechnic-institute)c An-integrated Sccialist

village using soft ensrgy as much as possible is being planned in the

cortext of an agreement with the United Nations Uhiversity in Tokyo. A ’
site has been chosen and feaeibility §-.dies completed, The picject is

being carvied out under the auspices of ‘the Ceritre de recherche’ en

architecture et urbanisme (the Architecture and Town Planring Research -
Centre). Annaba University is primarily interested in solar pumps, -
cencentration systems and the integrated use of solar energy: SRR

28.. . As it is impossihle to complete a research projeet*withdut-ﬁraining
qualified staff, a post-university le?eltprogramme-wasﬂscheduled'for"~-1

September 1979 at the University o6f Science and¢ Teghnology at Algiers. -

20, In the area of wind energy, experimental pumping stations are’
already operating; results are encouraging and poin* to their poseible
widespread use throughout. the country. - . A

30. . . Some of the activities mentioned are,bging car?ied§gyﬁhbyfAlgerié
alone, - agreas ofhers_arﬁ;pért_ijpilaﬁgga}'hgfeéﬁénts withocountries: stich
25 the Federal Republic of Germary and France or with intérnational-agencies.
In defining and implementinguits.prdgramme,fAlgefiéfhas at ali times been
concerned ‘with integrating Algeria prodvction with solar energy research
as fully as possible. . .. : c = ' -

31, Commmications difficulties have arisen between African Sitates with
respect to research problems, Algoriz is esager to see the development of
subregional or even regional co—operation with a view to dintegirating the
use of African makeriulc in the solar industy,, which will no doubt’
continue to grow, - : S o o

32, - In Egypt a research programme wWas established in 1957 ot the
utilization of solar energy including solar water heating, wateér disti-:

ilatioun, solar eaergy concentration for power generators, solar cooling;
cooking and recently thermoclectric generalors and hydrogen productions -

33. Studies were done on the performance and upgrading of solar water
hesters. Research and evaluation work was carried out on seiective
coatings, the durt precipitation effect, concave glass covers, the
cptimization of flow rates and tilt angles, Kconomic ressailii WAS also
done on the national needs for hot water, available technology and
production costs.
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3k, Since 1957 the solar energy laboratory of the national research
centre at Dokki, Cairo has been carrying out surveys and doing research
on the basie of technology and economic forecasts with a view to using
solar energy in various areas., The aim of the programme is to find the
solar energy system suitable for use in conjunction with existing energy
sources, to save fossile fuel -and reduce the effects of atmospheric .
pollutior, '

35.. The programme started with the thermal use of solar energy in
different areas such as water heating for home heeds, water:.desalination,

.cooling, cooking and power gencration.

(a) Reliability and econom*cs of solar water heating

.36, . Approximately 75 per cent of home energy needs are related to
heating, particularly water heating. The study:of solar water heating

was therefore chosen as a priority area in the research programme. Various
studies were done on the performance of various types of solar water
heaters, ' :

37. An economic analysis was then made of solar water heating and
focused in particular on the average annual consumption of an Egyptian
family. Based on Egyptian solar conditions, it was found that a solar
water heater with a 2 m> surface was adequate tc satisfy the hot water
needs of a family of 5 persons (about 150 litres per day at an average
temperature of 50 o 55 C).

38. The economic analysis was based on a comparison of the costs of
solar heating with the costs of three other methods, It was found that
solar heating was less expensive than heating with kerosene, butane gas
©or electricity, . -

39. In the area of distillation, the programme included research on
the performance and productivity of greenhouse-type stills and on improved

designs of evaporation and condensation circuits.

(b) Solar water desalination

Lo, The laboratory started its work in this field in 1958. Significant
efforts have been made in this a-+ea of research since much of Egypt

suffers from a shortage of fresh water. At the outset, a simple greenhouse-
type still was used. An increase in nrocductivity ‘led to some improvements
with an analysis being done of the parameters affecting the efficiency
coefficient, The distillation process is complex consisting of an
-evaporatior operation and a concdensation operation. The two phases take

" place simultaneously in a dual chamber still. [fvaporation increases as a

- larger amount of solar energy penetirates the wall seeing that the possibi-
lity of cbndensation on'the coilector is reduced, Condensation is improved
through the presence of fresh water in the concenser which acts as a vapour
trap and through the cooling causerd by the condenser's being insulated

from the sun‘s rays.
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41.. The evaporation phase could also be improve? by- increasing the
temperature of the salt water. It has been proved that the evaporation
rate is a function of the water temperature. The process could be
improved therefore by orienting the evaporation surface so that it will
collect a larger amount of energy. To this end, a semi-concentration sfill
was built ard an 8 per cent increase has been obtained. :

42, _An economic study of a greenhouse-type solar vater still has'been
done. The. -otal cost of the still increases as the still's capacity
jncrease . dowever, the unit cos - (per cubie metre) rlecreases with the
increase in the still's capacity, then increases sharply and drops once
again following a jagged curve. This can be attributed to an increase
in operating costs.

L3. 'In_1976,an eccnomic research and evaluation programme was carried
out gn the above-mentioned designs. The surface area of each still was
30m « The aim of the study was to determine the follewings '

- manufacturing ease

possibility of using materials available near the site of the
still _ : ' - S ’
- production costs

- durability, servicing, repairs, etc.

- efficiency coefficient

—length of programme (two to three years)

{c)} Production of cold from solar energy

L, A study was carried out on the use of solar energy for refrigeration.
The factors affecting the operation of a refrigerator using absorbed. solar
energy were studied . A co—operative programme with the Federal Republic

of Germany on the use of solar energy for the cold storage of vegetables

js in progress and a prototype is being tested..

45, The experimental,eQuipment ie a domestic refrigerator operating

on the assorption principle and using an aqueous ammonia solution; it has

a aapacity of 27 litres an:t runs on butane gas. "It has been converted to
run on solar energy. A solar enevgy heating loop in which glycerine is the

- heat—transfer fluid has been fitted. TIts boiling point at atmospheric
pressure is 186°C while the working temperature is 120°C. ..

(2) Power generation

46. The power generation programme started in 1663 with calorimetric
studdes of a cylindrical parabolic collector mace of plane segment mirrors.
It has been extended simce 1975 through a NSF/USA (Nuffield Foundation)
grant for power zeneration using a thermodynamic cycle. Solar thermoe~
lectric generators and solar cells are currently being tested. T
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L7, A model of a cylindrical parabolic mirror with a focal length of

1 m and an aperture of 2 m has been constructed. Calorimetric tests have
been carried out to investigate its energy distribution <4in" the focal
plane, It was found that it behaves as if it’ were made in one piece, The
maximum temperature at the focus was about AOO C.

18, New liexico State University and the Egyptian Solar Fnergy Laboratory
are undert ing a joint programme on power generation by the Rankine cycle
using a 5 m~'collector for generating steam which is then passed to a steam
turbine. The collector is constructed on the same principle,

(e) Solar cookers

49, An é€lliptical paraboleid cooker of 1.5 m diameter has been constru—
cted from alumimium strips, The focus must be located in a horizontal -
plane so that the cooking pot can be nlaced at that point. The existing
cooker is deésigned so as to make this possible., The results of the
investigation were as follows:

- it takes 20 minutes to boil two 11tres of uater at 200° Co’

- it takes about 2 hours, start1ng from 11 o'oclock, to cook a meal
con51st1ng of vegetables, rice and kebab for five persons.

50. At the present time, research in Egypt is oriented towards the .
industrial scale production of solar equipment, as well as research,
Some. fundamental research has been started on heat transfer, absorbant .
cqatzngs, dust precipitation and measurement -of solar parameters,

51, . The programme for the next few years wlll 1nclude researnh on
subjects such.as water and air heating, water desa11nat10n, sclar
distillation, solar drying, biomethane, wind power for small-scale power
generation and mechanical use, solar cells, solar pumps (thermodynamlc and
photovoltaic), use of biomass by direct combustion and solar refrigeration.

52 Certain types of solar equxpment are already available on the

Egyptian market; these. 1nclude solar water heaters, solar st1115, solar
dryers, and lower-power wxnd generators, Production of solar pumps and .
wind pumps, solar cells, etc., is, expected to begin in the near future,

53« . In }Mali, the Solar Energy. Laboratory in Bamako, estab11shed in 1964,
is the main national institution involved in solar energy research,
However, it was five years before a workshop was equipped w1th the necessa—
ry mechanical equipment and a few laboratory instruments. In 1969, when
effective work began, the staff consisted of the department heacd and one
other employee, There are now approximately 30 employees, all Mallans,f
worklng in four sectionS. They include five senior research workers, one
senior administretor, three technicians, foremen and so on,
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5h. = Activities aﬁe'cdnCeﬁtréted mainly on the study of the means of
using solar radiation without prior conversion. In thsi respect liali can
now be regarded as having some experience in the following five fields:

(a) Yater heating .

Be Models”of water hgéfers, well adopted to_natibnal requirements and
climatic conditions, have been developed..

(b) Domestic water heating

. 56, After three years of research and experimentation a campaign wWas
organized.to attract the attention of the authorities and the general
population, For this purpose.the solar energy laboratory gave practical
demonstrations in tali of the equipment which had been developed. )

57 Since 1972 investment has made it possible to manufacture almost

300 water heaters, of which more than 200 are alreary or will be installed
in hospitals, maternity homes, hotels, private houses or administrative
buildings all over the country. Some of these water heaters were
jnstalled in the homes of members of the CMLM (Comite militaire de
liberation nationale), of the Government and of other high-ranking officials
with the aim of reducing the amount of electricity consumecd by the
Covermmént itself., In this manner official recognition of the role which
the use of solar energy is already playing in the social and economic
development of the country is being sought. Ohter users of water heating
equipment include: the matérnity homes at lopti and Sevare {200 litres),
Markala (400 litres), and particularly Bamako, where a 2,000 litre capacity
heater is operating at the Hospital du Point G, and another at Gabriel
Toure; 2,000 litre capacity heaters are also installed at the Hamdall—
Laye maternity home and at 1'Hétel du Rail. : -

58.  Although this part of the programme has been successful it would
have enjoyed greater success if it had been supported by a publicity
campaign. Such support is now possible as an industrial and commercial
institution‘hds been established which will collaborate with the Labora-
tory in marketing water heaters and other solar equipment. This institu—
tion, called the "Fonds energie solaire", is now meeting local demand and
exporting as well. Upper-Volta, for example, has ordered several dozen
water heaters. The Fund is proposing to huild a distillation unit maceiof
bricks to produce 500 litres of distilled water per day. Under these -
circumstances there can be little doubt that [lali will “soon stop importing
electric water heaters and will stop using wood or charcoal to heat water
in the future, or use less of them. This is the ultimate aim, which seems
to be understood by the authorities, T : RS
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(¢) Industrial héating

59.;A The study of water ‘heating for 1nﬂustr1a1 purposes as well as for

.other uses has not been limited to- tradltlonal ‘methods, A¥l-sectors of

the eéconomy were examines! for bosslb* ~Eplicatisnsi - Oneexample-is the
investigation of the possible use of flat solar collectors for-the
preheating of fuel oil for the kila at the SOCINA cement factory in Diamou.
First results indicate a saving. of nearly 60 million FM./year on an

aiinmestment :amortizable in one to two years. This project is of great

interest as 1t will be the fivgt attempt to use sclar energy industrially

~ang, one that. OCIHA con51ﬂe”s 't6 be essent tial, Ohce this has: been started
it will then be p0591ble to consider using this process systematieally
gfqr-other ﬁppligaulonv, such as uteam generat;on, heaﬁing or drylng, and

.. where other flulds are heated ‘ _ _ o

e e
{ !

(ﬂ) Solar distiilation and steam gerération

60. At the present time di:tilled water is not produced commer01a11y in
Mali although there are many uses . for. its-car batteries, PharmaceutlcaT
pn&ﬂucts,,agg toilet preparations. Distillation can also be used to
produce drlnking water from Dolluteo or blacklsh water, although chem10a1
tneatment is;. stlll requlreo .
61. Public servicéa"(gﬁafé urdertakings in particuldr) need distilled
water badly. Since 1970 the Solar Energy Laboratory has been regularly
supplying such important services as the Genie militajre:de’ Reg1e des

... .chemins. de fer, the Garage ALmlnlstratlf and a 1arne number of garages and
. -private 1nd1v1duals. AR L Do _ .

S Ty

62. N The problem of the shortahe of distlllea water an":.t¢~ hlgh prlce
is expected to be overcome by the constriction of a’large"still (surface

. area 1,000 m ) with a capacity of between 3,000 and 5,000 litres per day.

Thls project has already been flnancéd ‘and will soor be started. Constru—
ction of additional #till is in¢luded in the current: five:year plan. : These
will have a surface area of 200 to 300 m? and will be lochted in five.
important towns in the other regions of the country. In this way the whole
of mali will have distilled water in sufficiéht fudhtity and at low cost.
In spite of the low selling price dt ds-hopedithat the.investment will

be amortized in one vear. e -
63. One advantage of having distilled, watér. avallable locally relates
to the distribution of pharmaceutical products, Tie Pharmacie ¢'appro—
visionnement du [fali of the Department ‘es medicamenbu, located in Bamalko,
currently supplies “he whole of 1lali with merlicines of all kinds. A high
proportion of these are solutions in glass coatairers which are easily
broken cduring transport. If distilled water was available on the spot
only the freeze-dried drugs wc.ild have to be transnortec, This would
reduce transportation costs, chorten delivery times and prevent breakages.
Another advantage of locally available distilled water is that it can be
used for drinking nurposes. In regione such as Taoulenit (northern lali),
where well water is brackish; this is of considerable importance.
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Bl At the present time it is necessary to:transport drinking water,

at considerable cost, over long distances. The production of distilled
water on the spot, as can now be done by the Solar Fnergy Laboratory, would
be of considerable benefit to the economy. : .

() Combined still and water heater

'65. A combined still anc water heater has been developed which combines
the operations of distillation and heating. The quantity of distilled
water obtained as a percentage of the volume of water in the apparatus is

2 to 3 per cent when the temperature of the water in the tank is EOOC, and
5 to 6 per cent when it is 80°C. This equipment costs only slightly more
than a simple water heater and since distilled water finds a ready sale the
initial investment is soon amortized and the equipment then becomes a source
~of income. ' -

i1 #{f) Cylindrical parabolic collector

66, Work has also been done on a ¢ lindrical ‘parabolic concentrating
collector (length 4m., 2perture 1.5 m). The quantity and: physical
characteristics of the steam produced are being studied with a view to
application to distillation processes, motors, etc..

€8) Solar agxiég

67. Extensive experience has been acquired in drying food products. such
as meat, fish, mangoes,etc, Samples of these dried products have been kept
fot years without any deterioration. The same cannot be said of traditiona-
1ly dried foods, which become infested with insects.. : :

68. - The advantages of solar drying have beenwdemonsfrated; @roéessing is
fully hygienic, and it has been shown to be economic when used in the
following Malian undertakings: - : L

- SOCOMA (fruit canning plant);: drying:mangoes;

— SOUBEPEC and OUBEV: drying meat;

~ La Tannerie (shoe factory) : drying hidles;

= la Briquetterie (factory for making refractory bricks).



69. A meeting of direct
discuss the 1ntroduct10n o

-...view, solar drying has many.

method of preserving and a
production of mangoes.
and although some are cons
of waste occurs. Cutside
because of lack of stocks,
consumers hesitate to buy
of the year. If, however,
were to adopt the solar d
season could be dried and
prevent waste, increase prq
dried fruits. at considerabl
economy of the country.

b

70. The use of solar dry
building bricks and thus re
of fresh f;sh and meat when
waste, These consideration
soeial development of the ¢

(h) Solar cookers

71, Although the technic]
their use has encountered
habits of the population
campaign are therefore nece
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rs of these undertakings was held in 1970 to
‘solar drylng process. From their point of
advantages in particular, it provides a cheap
sc increases production., An example is the
ng the seascn, mangoes are picked everywhere
e’ locally and others exported, a great. deal
he season SOCOMA has to suspend operat;ons ‘
This situation causes selling dlfflculties as
product which is available only. during part
SOCOIfA and other producers of mango products
ing process the surplus of mangoes during the
old all year round at a low prige. This would
duction, eliminate the need to import other :
e cost and, in general, be of benefit to the

ring would also increase the production of

duce the requirements for cement. The drying

i these are freely available would prevent

s are of great 1mportance to the economic and
ountry. :

al problems of solar cookers have been solved,
ychological problems, It is contrary to the
1 careful preparation and an educational
ssary before they are introduced., This

introduction must not be hurried if the principle of the solar cooker is

not to be rejected by the p

724
a government subsidy,,the
rural areas in exchange for
of the solar cocker will co
development of the country.

The method of intred

opulation.

uction has already been decided. By means of
equipment will be supplied free of charge in
forestry work. 1In this way the introduction
ntribute in several ways to the economic

Its use will reduce dependence on conventional

fuels and consequently reduce atmospheric pollution; it could also be a

determining factor in the s

(i) Solar pumps

iccess of the reafforestation programme,

73. Interest in solar pu
February 1975 that the firs
cycle pump made by SOFRETES
Bamako, where water is avai
use in a dispensary, matern
fountains, and cattle troug
dispensary.

s first developed in 1969 but it was only in
pump was dnstalled., A KW thermodynamic ,
(France ) was installed at TMoila, 175 km from
able. The pump draws water from a well for
ty home, a secondary school, a number of water
s. The solar collectors form the roof of the
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Fle -~ - A pump of the same kind is installed at ¢he Rural Polytechnic
School of Katibougou, 50 km_ from Bamako. It supplies water. for the school
and is a means, of 1rr1gat1ng a field where the students work on agrlculture.

75.,, The Wlnlstry of the Interlor has also. asked the Solar Energy
Laboratory to study what ecu1pment will be needed for a large-scale
programme. of fitting pumps in wells, inclyding wells in the recently drought
stricken Sahel region. Finance is ava:.lablo for installing two pumps at
Dyli and. Kerbane in the Nara department, One of them could be of the
photocell kind, L o B ' ' B

76, A solar, station financed entirely by a French Government grant was
inaugurated at Dire in November 1979 at a total cost of something like
800 million Mali francs. The Dire solar thermodynamic station, with a
rated capacity of 65 KW, is reckoned to be the most powerful of its kind
in the world. It is requlred to perform the following duties:

- Pumping an,average of 8,50C m3 of water dally from the river Niger
. to irrigate 110 hectares for, the Dire "wheat action"; . .

.= Pumping an average of 600 m3 of water daily from a borehole to

supply Dire village with drinking water;

— Running a refrigeration unit producing 30,000 negatlve kilo-
calories daily to maintain a temperature of 4°C for the con-
~servation of perishable foods;. Co

S Supplylng an average 5 KHh of electric1ty daily for evenlng
‘lighting;

~ Generating an average of h50 KHh daily.

77 The Dire station consists of a machlne hall in which there are three
Diesel sets beside three solar generating sets called Dire I, Dire II and
Dire ITI, a grid of flat solar collectors of a total area of 3,248 m? in

28 banks, eight of which are used as roof elements, a heat storage basin

of 425 m3 capacity providing night power, connecting piping, a water intake
and network of irrigation channels.,

78.  The Dire I and Dire II sets each have a 22 X capacity and drive
the irrigation pumps directly. The Dire III set, also of 22 KW capacity,
drives a 30 KVA alternator supplying the submersed borehole pump, the
refrigeration unit, the lighting system and control, automation and safety
features. Incidentally, the station is designed for automatic operation
but can, if necessary be operated manually.
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79, . Malians were involved in.the project throughout from the design -
stage through to the civil and hydro engineering work and all the
iristallations were assembled by.a locally recruited team under the _
guidance of- French engineers. For the purposes of this project, which.

is the first integrated programme using solar energy, . two engineers of the
Bamako Solar Energy Laboratory attended a training course in France on
thermodynamic cycle pumps.

80. ° Simultaneously with these practical aspects of the work, resea:ch
continues on improving techniques .and attaining new targets. Research
activities are mainly concentrated on: o : .

— Improving collector performances;
= Industrial heating and drying;
- large-scale water distillation;

— Improving the dimensions, performances and transportability of
solar cookers; :

- Solar air.conditioning;
- Electricity generation (photocells);

—~ Steam raising to supply engines.

81.. Substantial infrastructure is required for successful implementation
of these various projects. In addition to the personnel referred to,

there are three buildings for offices, laboratories, workshops and stores.
It is planned to expand the station by the construction of a new labora-
tory, a new solar station and a 100 m? concrete distilling plant. They
will be built on two large open spaces provided by the Government. New
Laboratory equipment for the solar station worth more than 60 million
Mali francs will be installed shortly over and above additional ‘equipment
purchased recently for 330 lali francs. A general and specialized
scientific library contains more than 800 volumes. ' '

82. For these activities to be ongoing financing must be reasonably
constant. As a token of its interest in the development of solar energy
in Mali, the Government agreed to the setting up of an industrial and '
commercial organization whose funation will be to make and sell solar
energy devices. This body will be called the "Solar Inergy Fond”,. - Some

if not all of the profits will go towards self—financing of the Laboratory's
various programmes.
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83. = The idea of using solar energy commercially is  just starting to
mke headway in Mali and solar energy projects should be given a'high: .
priority. Solar energy is & local -resource and its' enormous potential:
makes it the answer tb" the country’s future energy requirements, despite
" the existence of hydroeiectric potential. However, other conventional
energy resources are limited,

8. In tke Niger, tests in the field of solar energy utilization for
water ‘heating and ccoking have been undertaken in the Niger ever since
the 1960s, and the interest aroused by the implementation of these .
pioneering wrojects has encouraged the Niger CGovernment to establish by
a decree of 5 kay 1965, adopted on 15 May 1965 a Solar Energy Board.

85. ONERSOL is a State organization with legal status and financial
autonomy, of an industrial and commercial nature, under the Head of State
or a minister appointed by him-.

86.  Tts terms of rexernnce, as laid down by the abovenmentloned decree,
were further specified by the Ordinance dated May 15, 1975 The purpose
of ONERSOL is:

-~ On the one hand, torcafry out research and development on the
design, testing and perfecting of prototypes of installations or
dev1ces operated on solar energy,

_ f._ On the other hand ‘to popularlze such 1nsua11at1on or dev1ces,
R mannfactuge them indust rially and market them, in the country
as well as abroaﬂ

'8§. . In accordancg w1th these prov131ons, ONERSOL has carried out research
in the field of solar energy and popularlzed some dev1ces which can be
mass-produced as from now.

a8. Uurlng the perlod 1966-1975, solar water heaters with capacities
ranging from 100 1 to 1, 000 1, and sclar distillers with capacities of
10 1/day and 25 l/dav were studled tested and perfected.

89. Since 1971. about %O water ‘heaters hcve been installed in private
dwellings as well as in schools or public health buildings and about ten
solar distillers have also been 1nsta1;ede They have been so popular that
mass—product ion of these device: is plarned for widespread use,

0. Following a warket rescarch and feasibility study of a factory to
cover the local, as well as regional, demand, that was carried out jointly
with TLO; an 1noustr1a1—scale piant was bu11t (befueon September 1975 and
July 1976) and has just started nroduction in the Niamcy industrial area.
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91, This plant was designed to be the manufacturing and difussion

branch for solar energy devices cesigned by the ONERSOL Research

Department, and will allow ONERSOL to divide their work more effectively

in two distinct, although complementary, difficult fields of activity
because towards the end of 1974, it had bscome increasingly difficult

for a centre with only four research physiC1sts,one'engineéf,'two
technicians and a score of workers to deal with both research and marketing.

92. The buildings of the ihdustrial plant for the manufacture of solar
energy equipment at Niamey cover a surface area of 850 mZ and are equipped
with modern machines. Tt is the first of its kind in Yest Africa. Tts
aim is to work the raw materials in their simplest form (sheets or tubes)
into the profiles and sizes required.. Current production capacity is
‘around 400 water heaters per year (Eonsisting of a 200 1 thank with an
insulatgd reservoir, a cover, a 2 m collector and supports) and 1,000 to

1,200 m“jflat;blﬁte'collectors for pumping stations., Productions can

_ easily be increased to 500 water heaters and 3,000 m“ of ‘collectors without
any major change in the production line. o :

93 The‘raﬁge.Oflproducts'maéé,and available on the mgrket in the Niger
includes the following_: , . _

200, 400, 600 and 1,000 1 solar water heaters;

10 and 25 1/day solar stills (high capacity distillation units can
‘be made to-order); - S e SR

. single or double glass flat plate collectors gith an active surface
area of 1.72 m2 and a 60 per cent yield at 70°C. ’
Ok The following ex-factory prices are quoted for ONERSOL products

(CFA francs as at 1 January 1975)

Solar water -heaters .-~ 8ingle glass, ;w,; rDonble.glasé_

200 litres 17176 700 . - 188.200
LOO lities 7 ! , 251 500 . L .
600 litres 206 200 356 000

1000 Litres . ' oo . BLE LOO . 613 000

Solar collectors o S ey
per m? 36 250 ' L2 000

Solar stills

10 litres/day 83 400
25 litres/day 180 000

Solar pump blocks (order of magnitude} 10 000 000/ 71
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95... 1In the near future, the factory will'be in a position to offer
cylindro-parabolic collectors with an active surface of 12 m®, This kind
of collector was developed by the ONERSOL research department some years
back, Similarly, ONERSOL is already ablé to offer a wide .range of thermo-
dynamic pumping stations on a turnkey basis. ST

9. The Research Department is now in a position to concenirate
. exclusively on basic and/or applied research, which is already uncder way
in the following areas: E . ;-

. (a) Solar energy thetmadymamic conversion, Experimental study on
the hot source of a freon gas dolat motor has been carried out since July
1973 and has already yielded corclusive data on the the thermal efficiency
of the plant, so that actual construction of a first prototype is being
considered which will produce around a 1XW from a 24 mZ collector swface
area. ONERSOL is at present engaged in negotiations with a Towveign compa--
ny on a draft co-operation agreement to bring this prototype into
_ -operation. Other interesting applications could be dmrived from the
' ‘success of this project such as refrigeration based on a compression
system, and power generation with alternators. Theoretical calculations
and the test results would indicate that the motor could run on 2 to 10
V/CV according to the collector surface.

(b) Solar—energy flat plate collectors and water heating, Prior to
marketing solar water heaters, numerous tests were carried out on various
- absorbant coatings covering the flat collcetor heating plate. Studies
are under way to improve the energy output of collectors which are fully
competitive with anything produced elsewhere in the world.

(c) Solar kiln. A research programme on concentration coliection
has been undertaken at ONERSOL; this programme aims at equipping the
country with a 40 to 50 X solar kiln, an operating temperature of 1,500°C,
for building material processing (burnt bricks, lime, cement). A kiln
temperature of 1,500 C will make it very versatile: for example it could
be adapted for ore-processing tests. The installation includes:

— One parabolic mirror which was entirely designed at ONERSOL -
data were subsequentiy forwarded to CNRS (Odeillo, France) for
checking and further information; o

— two 8 m x 15 m heliostats to follow the sun:

- %he kiln proper,
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A 21-million CFA Francs contract has been signed with SNRA (local firm)
for the manufacture of orientators. The mirrors for the orientator—
panels were ordered-ﬁrpmwthe-hiroiterié CASTRAISE (iirrot ‘factory in
Casters;fFrance).in,ﬂptilu1975 and have arrived in Niameys ™

(d) Solar air-conditioning

; (e)rThermo—eIEQtric and Ehotovoltaic conversion. These two fields
of activity are still-forward—looking projects, although for the very
short term, since basic naterial has been ordered and even installed at

- 'CNERSOL. HYith regard to solar‘air-conditioning, there are plans to test
in the climatic conditioning, there are plans to test in the climatic
conditons of the Sahel brine-based refrigeration systems (lighium:bfbmide)
within the framework of the laboratory—complex scheduled for installation
in implementation of the solarjgilp,pgpjeét.

,1iGoncerningé?h@rmo-electriq15ﬁquhgppyoltaic conversion ’twoiresearch

- ‘projects are planned:

—- Study of thermo—electric generators to supply receivers used-as
heat pumps, for refrigeration or air-conditioning. '

~ Study -of photocell specifications (an order has already been
placed for these photocells, at a cost of 2 million CFA francs).

(f) Vater pumps for irrigation. Tn a joint venture with the relevant
department of the Ministry of Rural Development, ONERSOL has just obtained
EDF support to finance water pumping plants for irrgation purposesS. Thus
over the next three years, two SOFRETES-type solar pumps with 5 KY¥ capacity
each will be tested in the Niger river valley, and one 2 K capacity pump
up country. ‘Solar pumping ecuipemnt .currently sold by SFRETES costs LO
million CFA francs for 5 X Jdeveloped at Rouen port, with shipping and re—
lated works, the installed KI would cost 12 million CFA francs in the Niger
‘at leasts International financing:Qrganizationsihave already withdrawn
. §pom such an investment, which would cover. the irrigation of four hectares
‘of rice field only, with a head of 5 m. That is why ONERSOL‘ié’going to

- . import part of the equipment only,. ise. the motor and its essential’™:

fittings; it will then manufacture flat-plate collectors locally. ONERSOL
thus .expects to save at least. 2 million CFA francs per installed KW."

§E§ff recruitment and training

97. = An expatriate civil engineer managed the Centre at its beginning
with limited staff, and attempted to popularise solar water heatens, and
rudimentary cookers.. lMaterials used in the constructioﬁ‘of these devices
(wood, iron, groundnut husks as insulators)3had the disadvantage of

deteriorating rapidly in the climatic conditionc of the country: cracks in
wood ,iren rust..e.
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98. From 1969 on, a high—level physicist from the Niger specializing in
solar energy, was recruited; tests were consequently resumed and manufactu-
ring standards were improved, - Theé raw material selected for metal devices
is aluminium, the insulator being fibre-glass. Their cost is higher of
"course, ‘but their energy output is higher and they should last at least

ten years._

99; ~ From 1967 to 1973 the nimber of staff did not change much {(one
. expatrlate research worker, ‘mné expatriate engineer and one expatriate
_ overseer, two technlc1ans for récording instrument maintenance, seven
~ workers ). After 1973 thbree physieists with an li.Sc. or B.Sc. in physics
were recru1ted Two of them took a solar energy training course in:
Perpignan (France) in 1975. The engineer is still an expatriate. There

" are two technicians and 16 workers from the Niger. Six are assigned to

the Research Department and ten to the lanufacturing Department. A staff
increase is scheduled in the next three years;. however, there are: impondera-—
* ble factors in this. respect, relating. to the educational achievements of
present staff. Up to nouy senlor staff have come from the’ Mlnlstry of
Education {on voluntary ba51s) Technicians are trained on-the~job and may
take refresher courses abroac. ~The 'same ‘applies to. workers who generally

" come from the Nlamey Vbcatlonal School. - o

Bgsearch 1ssues and f1nanc1ng
If}lOO. ONERSOL 1nifia11y recelved fore1gn flpan01a1 support (FAC UNDP,
;Labyan Afd,” UNESGO) for the construction and equipment of the’ Research
1Department offices and workshop, as well as the purchase from abroad of
the necessary insolation angltemperature. measuring instruments,"’ From 1966
to 1973 the annual grant frem the national . budget was 1ngreased from 3
o 10 million CFA francs, and reached.22 million in 1976. The. Niger
" Government declded to donate 300, mlllion CEA francs to, ONFHSOL for varlous
activities. & - ‘ e _L‘lrw,_“, .

el i : _—

101. The Dremlses of the newlywbullt factovy, Wthh was entlrely Gqﬁern-
ment financed, cost 75 million-CFA francs. The machinery, which was mostly
imported from ‘France and the Federal Republic of CGermany and financed in
part by UNESCO (Saudi Arabian Fund for the Sahel countries) to the extent
of 10,5000,000 CFA francs, cost 27; 250,000 CFA francs; 13 miliion .were spent
on factor" inputs (alumlnlum sheets, tubes, “extruded sectlons, flbremglass,
glass sheets, etc ) CEe T

: 102. These figures show that the Government is more and more ccmmitted to
.:.the ericouragement of both solar cnergy research anr pablic acceptance of

“its applications, Nevertheless management and adm1n1strat1ve duties, trips
and other commitments in pursuit of financial: backLng, ften br*ng "escarch
to at least a temporary halt, ! '

A

T L T
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103, Horeover, given the sophisticated teheniques of some current

or planned projects, ONERSOL will have to approach foreign countries,
and European ones 'in particular, for assistance. in carrying oqt some
of these projects. It has already done so on behalf of the solar motor
since there is no thermal motor manufacturing plant in Africa.

104, ONER3CL is also dependent on foreign suppliers for measuring
instruments ' and for factery inputs (seai-~finished products). However,
the raw material is extracted .initially from mines within the country,

and only poor organization and lack of trade among African countries
oblzge ONERSOL to deal with third partics. There is.no aluminium industry

_in Africa (extruded sections are particularly: needed) nor is glass
- manufacture, hence the necessity to import tons of glass from Europe,

4 good deal of whichiis wasted through breakape or fibre—~ glass is

“imported, the best thermal insulator at this time.

105« Scientific co—operation between African States is negligible,
and opportunities for African scientists to meet, generally occur within
the framework of international conferences and seminars outside Afr;cao

106, However, in the particular field of solar energy research there
have been some attempts to co—ordinate the activities of existing centres,
with emphasis, at least for seientists, on data exchange and in-service
courses for staff at different centress This. year, for instance, a Mali
research student engaged in similar thermo-~electric and photovoltaic
conversion studies was brought by ONERSOL to Niamey for a two-week courses
Since he left, however, this kind of co—operative shceme has suffered,
there being no legislation to provide for such schemes despite their
clear value to both: countries concerncd. Nevertheless, ONERSOL has just
received a trainee from Chad, and has been asked by Senegal to take onee

107 Following the UNESCO General Conferénce iﬁ Nairobi in 1976, ONERSOL

- was asked to set up special post—graduate courses in solar technology for
~ African research workerss These courses were held in Niamey, from 3 to
" 2k April and from 1 July to 31 August, 1877, for 22 traineces from nine

African countries (Senegal, Mali, the Upper Volta, the Ivory Coast,.Togo,
Nigeria, Sierra Leone, Algeria and the Niger)e Subsequent programmes are
being considered, and!the Niger is eager to make more training courses in
solar eﬁergv technlques, avallable tc African researchers and quallfled
staffo i

¥

Use of solar energy in télecommunicatiggg in the Niger
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108 Up to 1973 all postal and telecommunications 1nstallat1ons were
powered by energy from conventlonal sources: that is, electrlc pqwer
from the city grid, and power from post and. telecommunlcat1ons generatlng
~ gets and batteries in the villagcss L N h L

109 In 1974 OPIN, (Niger Post ‘and Telecommunications Administration),
for the first time equipped a radio relay station with turbo-generators.
Their performance is satisfactory but the cost is highe Therefore OPIN
: has turned to solar energy and have asked manufactures for information.

110. Meanwhlle the Malagasy Postal Admlnistratlon approached OPTN for
" information on the use of solar emergy in the Niger telecommunlcatlons
networks Before answering this request OPTN forwarded it to ONERSOLe On
18 July 1975 data concerning telecommunlcatlons(capaC1ties from 1 w to
1 KW) was supplieda S1nce then OPTN has studied this question in. deptho

111, In October 1975, the first photocell-based self-contained power
pack was ordered for the Boultanda radlo-relay station which. is. 60 miles
"north of Niameya e _

- Latltude 14° 00N L ‘
- Longltude 02° 09’E I b
~ Alt;tng 280 me h |

:— DecLinéfion 5? 10

- Solar collector tilt angle 14°

112+ ' ‘The power equipment comprises a solar colléétor, an electrical
current’ charge controller and a batteryes When there is no sunshine the
collector stops supplying energy and the battery takes over-

1130 * The Boukanda relay station has a 35 watt average consumpthn and a
4O watt peak consumptions This supply system lasts on average for ten
yearse The project costs 5,385,266 CFA francs. 533 526,56 CFA frgqcs is the
average operatlng cost per year-

114+ ‘Before the commissioning of the solar collector the Boukanda relay
station operated AD 608 type large capacity power batteries. In 1975, 160
batteries of this type were used in this stations The batteries' average
cost in Niamey, being 20,000 CFA francs; the operating expenditure for the
relay station amounted to 3;200 000 CFA francs.

115« The collector is made up of 33 modules with an 3.1 watt nominal
capacity, and a total supply of 207 wattse The size of cach mogule is

1 mx Osl5 my so that the collectorts surface area is about 5 m e« The
modules are mounted on aluminium extrudeéd sections set on a metal%lc frame
with a tilt angle calculated for the latitude of the location (14 N)s In
the daytime the collector supplies power to the radio relay system and to
a battery made up of 17 lead cells with a 250 AJhe capacitye
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116« Solar generators of this type are now scheduled for installation
in various parts of ‘the country tc supply power to low capaclty radio relay
stations and to small telephone exchanges in rural arease -

117%“ TranSmISSIOn. OuallamsBanlbangou L1nk, Maradl—Dakore Lank, Zlnder—
Tanous Linke The . last two are HF radio links with an average 30 minute

power spals

118, - Replacements At present all unconnected districts are equipped with

1,938 type local battery exchangese These exchanges are.no longer produced
and spare parts are also missings  They are-scheduled for replacement by
more modern equipment with electronic components operating on 6V, supply
instead of 48V, which supplies the old equipmente HMoreover the new
exchanges will serve from 20 to 200 subscrlbere at a power consumption rate
“of 12 to 120 watts. RN , : : ‘

119, School telev181on. Twentyhtwo school courses  are transmltted by a
system run on 10 watt average capaclty photocells. This was achieved in
a JOlnt prOJect wlth ONERSOL.- : . RS SR e

1204 - Generally solar energy has been introduced into the telecommunlcatlons
network where during thé course of modermisation essential to :the ecoromic
and: social development of the country, 1sting equipment has been found.. .
to be absolete or unsu1table. " : SR R AT
. R .
121, The results of work,dene and being done by ONERSOL in the nger o
suggest that the following projects should be undertaken subject, of. course,
to the availablllty of the neeessary flnance and labouro

- Popularlsatxon on-an adequate scale of tested thermal solar A ap
installations such as cookers and dryers .already in use and 11kely
to have an immediate effect on present social .and ecconomic
conditionsa

~ Development of the activities of the Trade and Manufacturing '

. Department, }mprovement in the quality of its goode, widening
of the range of products (solar motore), o

- Contlnued research on solar boilers fitted w1th cyllndrlcal

' parabolic mirrors for use with solar' motors. of 2 to 10 CV and
subsequent joint" productlon with the f;rm Sp1ller, in the Federal
Republlc of Germany, of the fxrst complete prototype

- Continued resezrch "towards the creatlon of solar electrlc
installations fitted with thermo—clectric and photovoltaic
batteries and parabolic revolving medium precision mirror, Study
of thermo—electric and thermo~dynamic refrigeration.
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- Experlment on solar alr-condltlonlng. This is linked with the 5 74
oven project which will include: trial teating of cement roasting ‘and
of various clay products; the production of lime; experlments ofl,
and eventual testing of, clinker production for cement and. so forthe
Moreover, as the solar oven must be constructed within & building
with a laboratory and other rooms, this allows research experiments
on solar central air—conditionings In the same way the study of

" solar absorptzon refrigeration in Szahelian climatic gonditions,

suggests as does the study and productlon of solar compressor

refrigerators together with the Rankine cycle colar motor, using an
appropriate gas as motor fluid and coollng fluidy
e L

Start of a programme of experimental studies of "greenrhouse""crops

raised on minimal (salt or fresh) water consumption. 7This programme

to be carried out with the co-operation of the public services as well
as that of - 1nterested organlzatlons and 1ndrg;dualsn Twu:j_ﬁ

TR BRI R

122, Taking into account the time span of sucH a: programmé there must be
. selection of immediate, short—-term, medium—and long-term objectives and this
””must bé’ accordlng to various con51derabions. eeZo 'the stage of development
at WH1ch a project hus ‘drrived; the' ‘complexity of the technology requ1red°
the degree to which thé' piroposed installations w11} affegt ‘economic ‘and |
social progress and development particularly whére there are pressing enerpy
demands and where seolar energy is most suited (waterupumplng, 1rr1gat10n
malong the Niger and other ‘water solrees, water hea*lng and d1°+1113n

' ‘process drying of agrlculutural goods for export)y etco o

123, In Rwanda solar energy reqearch is carried out at the Energy Reaearch
and Application’ Centre (CEAER), which'was' estiablished in 1974 in Butare, a
‘part of the National University and responsxble to the Mlnistrf of Natural
Resources, Mines' and Quarriés.

F )

124, This natignal Centre has three main objeqtives:,”__|;;

- To study and develop Slmple machines powered from iocal enargy
sources, and adapted to the needs and condltlons of Rwanda,

L

.= To popularlse such machlnes*and to encourage thelr pﬂoduCo*on on a
fiw;;”' small scale f;om‘reliable prototypes wh1¢h will attract.the interect
o of the’ pegple of Rwanda;.

- To contrlbute to the tralnlng of research -and ;technical management
stafio o ‘ =

Y RN

cadd
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125 Within this frame five main arecas of résearch have been givggkppiqyityi

—~ solar energy;

- low poﬁer turbines;

- peats

- methane gas from Lake Kivu, and
‘é-geotkermal energys |

126, Since the establishment of CEAER there have been a number of solar
energy research and development projects. in the following areass

(a) Solar water heating: Solar water heaters have been researchede
One 1,200 litre/day prototype has been installed at Gabiro Hotel in the
Rwanda National Game Park; it supplies 6 rooms with hot water at a temperature
of 40 to 60°Co Prototypes of various capacities have been designed and tested
in order to popularize solar water heating for several reasons: .

- to reduce firewood consumption, thus alleviating deforestation
- effects; L ’ o : =

- to improve rural living standards by.faéilitating better prophylaxis;
rural dispensaries and maternity clinics could be equipped with solar
water heaters; S '

— to use hot uater as the motor power for solar pumps in order to
improve rural water supplys '

.- (b) Flat collector performance improvements Several tests have been
mades. Flat coilector construction has been improved and the latest colléctor
prototypes. are now fully competitive with foreign collectorse The Butare
Centre is instaliing 70 m® flat collectorse '

(c) Solar distillation. One solar s%ill supplies the Butare National
University chemistry laboratories with distilled watere Distilled-water
supply to garages for battery charging is being studiede

. () Solar refrigeration. A large capacity absorption solar refrigerator
prototype (4 to © w3 for the cold chamber) is being developeds Some technical
snags, particularly the low efficiency of the 18 m* parabolic cylinder shaped
collector, are eausing delayo In the same line of thinking, farmers are being
approached about the need to develop solar dryers for agricultural produce
preservation and storageas
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{e) Bolar. cocking. Rwanda is experimenting and testing a solar
cooker imported from Switzerland, EE T E : TR
(f) Sunshine recordinge Insolation data have been recorded by the
Institute's recording stations for about ten yearso Statistical data
processing is being carried out with one computer. . - - ,

127, Rwanda has cerried out sma.i-scale experimenti: on biomethane
conversion. CEAER has boosted research in this areas Larger capacity
units are nov being installed and consumptions for various applications
(cooking, limhting. =%e-:-) are being evaluatedo One gas producer prototype
based on cowdung fermentation is Heing tested in an agricultural college
wich has a sizable cattle--herde

128, Concerning low water fall harmessing, Rwanda, being a mountainous
country, is taking very careful stock of electric and mechanical power
generation. Low capacity turbine integration in Rwanda has been proceeding
;since 1975, . It is planned to instal one 20 HP rustic turbine on a low
‘water fall near the University, with the help of a group of civil enginee~ .
ring students. This turbine could run a sorghum mill and serve as a proto—
type for future plantse o S -

129, In Senegal, the Institut de Physique Meteorologique (IPM) (Institute

of Meteorological Physics) was set up in 1055 as part of the Scinece Faculty
:of the University of Dakar, Several years ago a laboratory was established

. on the initiative of Professor Henry Masson, Dean of the Dakar Science

Faculty, to meet the demands of a great many international agencies wishing
to obtain information relating to the meteorclogy of tropical arease

130, The work of this Institute centres around a: laboratory for measuring
solar radiation, which is perfectly equipped for measuring direct, global
and diffuse solar radiation and the thermal balance. Radiation is measured
‘every day,.and the findings, with regard tc both solar radiation and the
thermal balance, have been published by courtesy of the Voeikov Central.
Geophysical Observetory in Leningrad for approximately the past 20 yearsa.

131,  Ti: solar energy programmc under way in Senc al has focused primarily
on water, which is justified, by the inwrease In the prices of so—called
conventional energy and by a policy of environmental orotections The
scientific and technical research division co-ordinates the research and
implementation of programmes and ensures their financing through either
domestic or external sources. IPIl possesses the equipment needed to work

in the four areas of research an. implementationh of its programmes
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(a) Improving the performance of solar engines used for water pumplng
' in villages, grasslands and agricultural areas; oL

(b) Water heating for domestic and‘pollective_uées;
(e) Preserving foodstuffs, especially fish, by hot air drying;

~ (d) Distilling water for hospitals and clinice in remote rural areas
7" Tand tredting brackish waters using the same processes

IFM is now being converted into Centre dlétudes et de recherches des énerg;es
renouvelables (CERER)(Study and Research Centre for Renewable Energy Sources)
which will have an integrated Rese:rch and Development programmece CERER was
offlclally established in 1980s o

132 The semi-conductor laboratory of the Science Faculty is particularly
interested in photovoltaic conversions Ifts research is aimed at promoting
the use of solar batteries in the production of electricity and the pumping
of watere The Institui universitaire de technologiec (IUT) (University
Technological Institute) has as its goal the training of technical staff in
diverse fields for immediate imployment in Senegalese industrys It has
high level staff including some persons interested in the use of renewable
energy sourcess Students have participated in applied research work on high=
temperature thermodynamic conversion, the use of solar batteries in refrigera—
tion and lighting, the study of housing in ‘erms of local building materials,
weather conditions and the country’s lifestyle; and the building of wind-—
millse The Thies Polytechnic School is responsible for training high-level
engineers but also concerned with promoting the use of solar pumps and wind
machines in rural arease

-

133¢ The Government established an industrial company to implement the use
of solar energys Projects are being considered with France, Canada, the
United States, the Federal Republic of Germany and other countries with a
view to making more efficient use of renewable energy sourcess A rural
energy centre is being plamned to study the most suitable #ay of combining
the use of the sun, wind and biomacse The UNEP-assisted project is aimed
at meeting the encrgy nceds of a small village unit at the lowest coste With
the help of FAC, four 1 KW power-stations were installed and are operating
to supply water to four arcass A one KW water pump has also been installed
at the Centre national de la reche che a ﬁgyonomlqge (Natlonal Agronomy
Research Centre) at Bomby for cxperiments in drip irrigation of market garde—
nings A 60 KW pumping station is now being installed at Bakel to irrigate

a hundred hectares and in this way to promote the diversification of -
agrlcultural products in this part of the Senegal river valleye.
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134. §enelecgthe Socigtd national'd'electricité'du-Senegal§(the5
Senegrlesc N-tional Electiric Company)-is“c:rfying~0ut ~ raral clectrifica~
tion project at Dinkhaoe A 25 KW electrosolar power-station is nearing
complation. It will provide the vill-ge of Dickhao with electricity and
be nssocizted with an experiment=l centre for solor materinlse This
power-st-tion is to begin operating forthwith (toward mid-1930)., -

135."'JLast1y on the nstionnl lovel ns well, the Institut de recherche et
de documentotion, (Resecrch and Documentztion Institute) in linison with
the national meteorology office, hns installed me~surement devices in most
of,ﬁg:qadminlstrhtivb regions in order to produce radiometric maupe

. ok -
136, "Sudan is onc of the most solar radiation=rich countrics_of the
world. ~Geogrmphically it is locoted betwcen 1atitudes 4> & 22° north of
the eguator. Thus it is o sSuitable place for utilizing such an important
source of ever-lasting type of energys Utilization of solar encrgy is not a
new subject in Sudan, It hos been usced over meny ages for the drying of -
agriculturzl ﬁrodu¢ts,7tiﬁber, mud, bricks etc.. These 2 plicotions of solar
power; though‘primitive;in;naturg; were_the first steps to enter the solar
ercy i [ Co S . :
137. - Beientific resesrch of Sol-r anergy in Sudon started in 1955 at the
~‘Criversity-of Khartoua, where the Departument of Physics wrs engnrged in
‘power generatisn nnd me~surements of solar energye. In 19593 t" e Department
of Mechrnical Engineering beghn to conduct resenreh on solor:desalinntion;
power generction, water “eéoting ond dehydrotions The institute of Solar
energy:wés estrblished in 1970, In 1977 it hes baen rencmed the institute
of Energy Researca (L¢EosRs) The ~ctivitias of this institute in Solor
snergy resenrch include the following - B

i -~ Develonment of sclor stills for large scale opplication,
jiir—Jtow~cost‘w;tcr henters '
iii = Flot-plate steom renar~tors
iv - Solar cooling systenms

v = Solar drying

133, + In May 1930 the Nationzl Enerpy Administrotion whs crested as on
orpon of the Ministry of Ensrgy ~nd Mininge  Its.mejor role is to control,
eoordinate,utilize, and retionalize the cnerpy sources in Sudafle Solecr
power -rescareh ~nd doveolopment lic within the scope of its setivities.

Tre Notionel ener(y Administration will ensble, through intensive resccreh
work, the solnr enerpy to porticipnte in the tctal share of energy needed
in Sudzn by the 1lst quorter of the 2lst centurye The Notionel Council for
Rese~rch is undertaking the developrent of different solar power projectse
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139, A brief summrry nbout these projects is pgiven hercunders-—

_ (i} Sol~r water heaters .

. Fi&e"units are .installed at the Foculty of Engineering(University
of Khartoum). .Esch unit is inclined 15 to the South and comprises of
golvonized steél tubes sented on grlvonized cdrrugnted steel plates or mesh
wireses The tubes are covered by plass plates. Qutlet temperaturss up to
75 C =2re rerched depending upon u~ter flow rote inside the tubess Such
units may prove suitsble in residential arons, hostels, ond hospitolss

(ii) Solor stills

Lese units produce distilled woter from top woter/wells waters Eoch
unit congsists of a flat ;lass mounted con o basine This basin is filled .with

. water, and by the"green housa" effect water evaporatas ond then condenses

on the ploss surfece ~nd the droplets are sothered con throurhs. One rollon
of distilled water is produced per meter square flot plote per dava

Four unite are installed neor Khortoum aren -

T Lo R T o TP PO S L

"Place ... . ) : o L mnl/do
University of Khartoun (Institute of Eneryy - s 20
o o Research)
édﬁan(InStifﬁté of Enerpy Resea?éh) R ) j;”‘f"A” 40
Shampat_(Foqd Research Centre) - 16
Medaﬁ% (%grieﬁltural Research Corporation) ' :ffiw‘: 20

... Petrol stntions can utilize such units to procuce distilled woter
for cars accumulatorse R

(iii) Solar Cooling: Unit,

- This #nit is » Jonation from Netherlonds and is-installed ot the
Freulty of Enpineeringe (University of Khartoum) . - It is composed of stedl
tubes filled with solid caleium chloride, Ammonic is cbsorbed by CaClo

turing night and ejected Auring dnve As on result of this process cogling
‘occurss This unit now produvces zbout 16 k7 of ‘ice per 2ve -

(iv) 'So1ar Drying

Air s forced by means of fans to pass » series of cascades towards
a cabinet where drying takes places The cascadzs are composed of black tubeg
with flat slass plates mounted over them, Air absorbs heat as it posse :
through the cascadas ond the outlet temperature reaches up to 20°C (1527F) .

Bricks arc tested in the ccbinet for dryinp and good results zre obtrinade.
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(¥) Phactovoltaic solar punns

One type of such pumps is pbsitioncd at Butri (25 Kam South &f
Khartoum)s It is composed of = pannel of solar silicon cells which
converts solar energy directly into electrical enerpy (DeCe) The
penel has a -desipn peck power of 060 watts with an averapge output of
400 to 500 Wattse A DeC, motor drives a centrifupnl pugp to pump
water from o surface well with a capacity of 18 . to 23 n” a daye.

-+ Although the capital installed cost is comparatively high, the.
operating condition of the pump is now under investipztion and
recording to come to o finnl judrement.

(vi) Solzar Thermnl pump

. This unit is under erection now ot Subn (15 K South of Khnrtoum).
It consists of flat plate collectors which contcin freon 13. A
~diaphragmensine is pressed by heatins freon and » reciproeatin~ motion
‘15 craated ond transmitted to a hydraulic press which delivers water
from an artesian wells :

Potentisls of. Solar applications in Sudan

140. The potentinls of harnessing solor eneryy in Sudan have foorl prospectc
due to more than one reasons-

(i} Sudon climote is very suitable for sclar utlllzﬁtlon especially
in middle and northern areas.

(ii) Mmjority of population resides in rural areas which laek
conventionzl sources of energy (mainly ulectricity), Solnr
ener;y con be utilized with rensoncbls cost to promote the
dévelopment 'in thesc remotc arésse Woter puming, irripsation,
and cooking are suitsble ficlds of Solar,-pplicotions,

(iii)Needless to soy that Solar cner;gy environmentally is clesnest
gource .of enerpgy, besides theot it needs less cpermting and
maintenance costs once the equipment is erected,

141, In fzct Sudan lacks the technology of Solar cnercy, like many other
developing countries, but wouls like to step forwar? into such zone through
rescarch and by the help of cther develorer nations, beczuse Sud~h enjoys
a lot of Sclar enerpy -~nd there is no recscn te miss 2 technelo;y that would
convert the enormous azmounts of hest into useful applicationse
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142, In Tunisia solar enerpy research has been going on for about twenty
years, and some solar energy units hove been installed, such as the water
heating installation at the Kairouan High Schools However, serious
consideration begen to be jiven to the use of sclar energy only after

1973, the yeor when the world energy crisis bepgene To cvercome the crisis
the National Enrincering Schocl of Tunis (ENIT) be;un research znd develonad
a flat c.llector, chotocells and o sclar hent pump. ‘

143. ©On the other hand, Tunisiezn Oil Enterprises (ETAP) ha undertoken
studies ~nd research intc the Jifferent uses of sclar cnergy such as
Aomestic heating and industricl woater heatinge The conclusions “rown from
these stulies were that, comperes with the current nrice scnles for oil
nroducts and electricity, solar znerpy was not yet commetitivey Comsecuen—
tly ETAP hor! recommentled that Tunisizh suthoritices should exempt oll plants
using solar enerpy from tex, It hadt recommencled ~lsc that subgidies be
pranted te users of ecuipment rum on solar enerny, and that loenlly
monufactures machines and instollations os well as locally procuces” material
should Be used s _much as possible in order to raduce costse These
recommencations are still being considerel.

144 ¢ Tunisin has bepun, however, to rut a few water—heater mocels on the
merket, ond is completing resezrch—developnent  work onsi

- small scale production of solqr electricity: projects ore Now
beiny developery; -

~ solar pumns; several mrototyres are beinf tested and the study
of their econcmic viahility is planne -

- laboratory production of hydrosen

145, The Upner Volta hes undertaken several research and development
projects with special emphasis on soler water pumping and refrijeraticn,
initially at the Inter-Stzote Rurzl Developrent Encineering School (EIER).

146, Water pumpinge. Only low—temperature mechonical pumps using flat
collect.rs bave so far been testeds One of these has been in cperation

~t ETER since 1971. TIts operating fentures nre g8 fcllows: "OUAGA" solar
pump; flat ccllector with a surface aren of ED.mz;.single—cylinder motor;
heat vehiclet initinlly methyl chloride., ncw butanes The expected
discharge was 2 m”/he The pump is installe? in = reseryoir without
rencwoble subterranean woater supply. In crder to keep wnter:in the reser—
voir, the pumpe? water must be returned to ite The reservoif also acts

~ng a cold source for ths condensery the water heated in the condenser zlso
returns to the reservoir, thus raiasing the temneraturce This Azcreases
the efficiency of the system.
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147, Four rumps of a similar type were to be installed in 1975 under the

auspices of the HyArwullcs an’l Rurnl Development Dehwrtment, at the rate
of one per cent:

(z) One for Koupel~ Hospital to suphly nressure water, hot woter and
distilled woter with 2 cold chomber for serum and vaccine
preservection; '

(b) A second one to supply water to Djulso villapes

(c) A thirad for arrlculturﬂl water gupplys This pump wos intended
for » well dArille? in liarkcye and to supply water for Cﬂttle an-t
1rr14ﬂt10n

() A fourth, ingtalle? at EIER in. 197J, has o collector surfrce
arez of 75 m2 and o dischoree of 3 to 5 m /h with o 45 m “aads
it operates for 5 to 6 m hours 2 day.

148, These four stations will mnke it possible inter alia to study
operating conditions snd evaluate costs. The first two projects are finan—
ced by "Catholic Life", the third by DGRCST (France) »nd the SOFRETES
Companys The pumps will have a power of zbout 1 KW and the boreholes will
be 18 to 25 m deeps Water will be stored in zn carth-banked reservoir
covered with o plastic's sheet, According to available informztion these
pumps have already been installed. Other stations are scheduled for
installation under the "Sahel Alternative Energies" projecte In 1976 some
ten SOFRETES MS-5 pumps were installed in the following placess Kembara,
Djibasso, Kassoum, Thiou, Gorom-Gorom, Ounhobe, Bangn, Tapaiko, Darka and
Zinibeogo for villepe w-oter supplies and water supplles for ranpgelond, These
stztions have o discharge of nhout 15 m /dﬂV. Financial support cnme from
French bilaternl zide Under the same project two SOFRETES MS-7 pumps were
installed at Konpoussi ond Barsalogho, =lthough intended for village water
supply, thesec two pumps con deliver 250 litres of hot water o éay en ch and
‘provide r‘efrlp‘e,r'wtlon (*t"ley are equippedwith - 150-litre refriperator
opersting at 3 C) EIER is z2lso planning to supply wanter to hospztﬁls,
stock=breeding centres in communities and rural villages.

1&9- " EIER is enrapes? in an "pplleﬂ resenrch prorr-mme for improving the
conponents of the solar mechanical pump ond redueing coste In order to
reduce flot collector costs it is investipoting concrete flot collectors

and trickle systems, with o view to having them 90 percent loecnlly built,

A kigh efficiency ddaphropm motos hos been Jesipned in the school =nd o
potent hrs been token oute Research is nlso proceceding to improve the
condenser ond adept it to loenl low—hydrometry climatic conditionss Evaporo—
tion condensers wculd help to lower the temperature of the cold scurce and
reduce its woter consumption.
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150, FIER has macde o "research aopreement” with the solar mechanienl
pump manufscturer under which immrovements developed by EIER -re vested
in the monufacturer an?. introstuced into prototypes.

" 151.  Water—heaters and cookers: Monufacturing solar water hecters on?
_ cookers locally would help to save firewcods Water henter protctypes

made in Niamey fulfilled expectations and could be manufaetured locnllye
Solar cockers would solve the crucinl issue of wood supply and woult heln
to check the deforeststion process which is assuming alarming proportionse

At present,_the-firewoodmmmd.in Ouapadougou comes from 50 to 80 km awcye
. In 5 to 10 years time the distance will havewinQne:sedisofmucF thnt sumnly
. will be cut of . the cuestion. ' :

152,: - Dryers: Fruit and vegetablé dr?inﬁ is an imprtsnt ~etivity in Urmer

Voltzy and designs of operatibnal,pfOtotypes of solar drysrs would be
welcone with a view to setting up local manufoctures ‘ ' '

15, Coolinrs ELER hos resecrched refriceration with solar pumps ond
- ’ p S I LIOL R ; ool el punp

windmills with o view fo adding compressors to the systemss

154.  Solar equipment for buildings: The Volta Valley Authority is

. planning to flood some onchocerdissgsis affected orens (» “iscase causing

blindness)» The inhabitants will be resettled in new villapes, The
head of Town-planning and Architecture has sugpested thot the new dwellings

. should hove solar collectors ns a standard fenture for water heating,

power generation and water pumpinge

155, = Power penerztion: At present nothing is being done in Upper Volta
about -solar power seneratione Desipns for lgw ﬁowar (1 XW) penerators
would be welcome to run well pumps (3 to 6 m”/h, from 5 to 25 m hend) ,

lipghting for part of o dispensary, stornpe of ‘druss etc,

156, EIER nlans to generate pewer from meckonicsl: solar pumps, with
capacities ronging from 2 to 5 KWi. This could provide power for smnll
rural' communities, EIER puts great emphesis con réelisbility, since
paintenance'and gpare-parts supply are Aifficult in Upper Volta,

157. Insolation and wind mezsurcments: Since 1967 insolation mensurenents
have been mrde by the Meteoroloriccl Serviees ot 13 stations equiprerd with

_heliograpbse Daily sunshine duration is recorded, Tt is found that annuzl
. sunshine duration rangés from 2 300 h to 3 200 h. These figures are

similar to those for the South of Francc.

153, Wind mecasurement was made for one year under the WMD projeet for tha
supply of 3 windmills to Upper Volta. Mecsurcment ought to be.earried
through over o five-yeor period in order to yield useful rzsults for wind
energy planning in the country. s -
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159, Education and training: The Inter—State Rural Development Engineering
(EIER) czlrendy has o thermodynamic solar pump for demonstrations A course

on solar technology is fensible. Ouagndovgou. Technical School plans to set
Jup 2 refrlger'tlnﬁ engineering streom. Solar energy applications to air-

‘condltlonlng snd refrigeration could probably be 1ntrodu0pd into the curri-

culume.

160, New research orponizations: Now that the new bodies have been set up,
the Ministry of Higher Education nnd Scientific Research and the Scientific
and Technological Research Apency (DRST) are the specialist bodies jointly
researching solar energy. The main functions of the DRST ore co-ordination,
leadership and synthesis, for the use of solar enerpgy and applications
affects different sectors which do not actually come under the -DRST, .

151, . In the preparatory stepe of data collection on ground insclation,

a network for measuring total radiation ond sunshine hours was set up in the
Upper Volta ‘in 1971. One team of university researchers are studying
therm=1 conversion ond another team bicenergy conversion; both teoms are
still in the enrly stopes of their pro;ect$,,“élso Jorganizations not -
diréctly under the nationnl authorities are éﬂrrylng out research woerk in

f-the Upper Voltﬂ. R .

132. The replon ~1 crganizations coneerned or likely to be conecerned with
solsr energy include the Inter-State Rurcl Development Enpineering School
(EIER) ot Ounpndoupou, = pool of 13 Stotes, 3 of them from the Sakel; the
Inter—St*te Hydraulic Study Centre (CIEH) ot Ourgadoupou; the Inter-Stote
Rehabilltﬂtlon Commission for Hroucht—ﬁffected arens in the Sahel (CILSS)

at Ouwpadougou and _the Liptake-Gourmn ‘Authoritye CILSS hos included a solor
enerpy project’ in the compendium of projeets approved by the S-hel menber
Stz tes (project No.301).

163.‘ CIEH deals with all aspects of waoter including dewaterings Research
on dewa terln” lecd to experiments with some forns’ of energy, in the event
wind power and biorrs, CIEH runs projects which include experiments on

.pumping, windmills ~nd principclly the production of biomethane rns.
. . Besearch on biomethane gas production.proceede? uwith FAC funding for meny
.. years and two trnks were instzlled ot the Committecé's hecdeouarters at

Ouagndougou and eipht nmore outside Ouagndougous This- uxperlment was in
line with the two aspects - energy and agronomy. — of the programme, which
ran for two years and resultéd inter alia in the construction of = smnll

. ecooker running on the gas produced znd in the use of biomethane gos to run

a, ;pumps  Another of the programme®s projects tackled the conversion of pumps

. to run on biomethane pgns instead’of petrol. Theitems in the second phasa

of the Committee’s progromme include o survey on biomethone gos demond and a
project on the usz and processing of human facees, o5 well as improvements
to esrlicer itemse 1t is also the intention of the CIEH to improve informn~
tion ond documentbtlon relating to the uses of new forms of cnergye
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164. CEAQ, having organized jointly with CILSS the 1976 Bamnko seminar

on "Solar Energy ond Development™, the first meeting of its kind in Sohellian
Africa, recently decidled to set up o "pegional" Solar Energy Centre on the
recoumendation of -its Ad Hoc Committces The Centre includes 21l the member
countrics of the Community and has its headounrters ot Bamekos As yvet it

is not operational, but it may have o very imprtant part ot play in the
harmonization of research programues in the Schel region and the co—ordinzstion
of workes

165, At the present time several research groups in West, Central ond
East Africa ore researching into the practical uses of solar energy, but
their means are limited. . ‘ :

166, A brief summary of activities carried out in other African countries
(as avnilable) may be summzrized as follows:

BENIN

167. Two pumps guinard photovoltaic were installed in 1978 one of which is
operating very well with outputs of ~bout 30 cubic meters per daye A
programme of experimentation with new forms of enerpy, especially solar, will
be defined by one ONUDL expert included in the second development plan,
scheduled to start in 1981,

BOTSWANA

168, Solar insolztion is relatively high, while the mean annual sunshine
duration is around 3300 hours. )

1@9. The development of solzr energy devices has been undertaken mainly

by non=govermment organizationse A rural-based centre which has taken

2 leadership role in solar cenergy experimentation in Botswana. is the Rurnl
Industries Innovations Centre. This centre hos developed solar cookers,
ovens, stills, biogns units and windmills, some of which ore now being tested
in the field. Most of the work has involved cdoptation of proven technelogy
to meet local needs which is then introduced into villeges through extension
workers. Some of the needs of the urban population hzve been met by one
commercial organization whick fabricates solor heaters of the conventionol
design types Another rurcl-based group is now in the process of cstablishing
a renewable energy technology unit which will concentrate -on the development
of solar pumpse

BURUNDE

170, No concrete work hos been undertaken in the country as yet in the
field of research and development of solor energye. However, the Burundi
povernment has made several formal recuests to ECA for the assistance of one
solar energy expert in order to:
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- have recommendations on the practlcal use of solar, wind and
biogas energ1e5° and

~ work out a realistic programme of priority steps to take,
specifying nzcesscry resources and implementation costs.

- esteblishment of o nationel solar energy centre,

171s The eco—climatology office within the Burundi Agronomic Sciance
Institute {ISABU) operates » network of 14 stations all over the country
recording climtic dotae Five of thess record sunshine duration ze weéll os
integrated radintions Recommendotions have been made whersby 1l 14 stations
ought to be ecuipped with Campbell Stockes heliographs ~nd anemometers
coupled with mechanical adding machines,

CAMEROON

172, In September 1977, the Cnmeroon Government made a recuest to ECA for
its sssistance in working out » concrete research and development programm
in the field of practical utilization of solx ar energy in Comeroon,

173,  There z2re, =t this stage, nationsl institutions which could. under—
toke research and development cctivities. Beside the Ministry of Energy,
ther is o Nntionnl Boord for Scientific and Tcehniezl Research, under—
which the Technology, Industry and Mining Resenrch Institute has an enernay-
research co-ordinators Besides, research is currently undertaken by staff
and students of the University and Polytechnic Institute of Ynounde, Wlth
spe01L1 emphagis on biofns conversion.

The National Railway Company (Regifercam) las ploced o sizeable
order for 20 roilwoy-sigmalling stations to be operated by .solar celrs.:
The cnt1c1peteﬂ power consumption will be cbout AOO wh/day. -
174. An investipgation report on posglblu ‘contributions of solar, wind and
biogns energies to the developrent of the United Republic of Caméroon has
been submitted to the Government's consideration by o professor in the
Physics Department, University of Yoounde, who is also » professor at the
Polytechnic Institutes Here is a brond ocutline: : '

(i) Assesspment of necrlss

To moke the necessory cssessment of solar and.wine resources:

28 a preliminory step, to pather 21l datn recorded in the past
te plant sunshing and wind Adnta-recording strotions throuphout

the country;

To evalunte shert/middle-ranpe needs in terms of low~temperature
energy! to zssess domestic power-consumption as well ns in.
industries using 10w—temper~ture thermal power; to. agsess. opri-
culture needs for the frying of n{ro—foo' produce:; to ngsess the
present level of enerpy consumption in woter pumping for
domestic use; to nssess present and future needs that could be
met by the use of biorns enerpy;
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— Ta studly transfer of technology: cimultansously with data
gathering and cssessment of needs, initiating possible transfer
of technology for loeal proruction of alternmative energy-based
equipment is aftvisabla. o

(ii) Evzaluation of rescurces to be enrared in the implementation of this

Project

PO .
- Evaluztion of solar, wind and biopns energy potential: to co-—
ordinate nctivities; to sclect measuring ecuipment; fo moke o cost
evaluation of the programe; '

_ Assessment of needs: to.determine sur¥eys to be carrizac out; to
co—ordinate octivities; to ossess required aids to evrluste costs

~ Transfer of technology planning: to purchase flat collectors
available cn the internaticnal market for field=testing; to
investipate local manufocture of ccllectors suited to local envi-
ronmentz1l conditions and 1o technolopical ond economic contraints;
to investigate construction of a bivgas ipestor;

- To provide adequate Jocumentation facilities: librorys specific
journalss; photostats or microfilms of scientific literaturce

175. In the first place a national poliey seeis to be essential in the
field of research and development of sclar, wind and hiogas cnergy sourcess
Secondly, co-ordination of netivities ot the national level is desirable.
Concrete recommendaticns have been made by ECA on structures tc be set up
as well as on short—/middle~tern projects to be carrieqd oute

176, Repnrding existing operational devices, it should be noted thet 2
SOFRETES type woter-—pump was planted at Mokary in 1976. . With 5 70 sp.m.
collector surface areo, this puap draws 3 cu.te/hr from a 20 m, head.
Operation duration is 6 brs/day, and dnily production is 18 m.n. Besides,
a low czpacity bioges dipestor is beins constructed ot the University cf
Ynoundes

CAPE VERDE ISLANDS

177 Severnl solaor and wind cnergy Aevices operate in various parts of the
countrye The Ministry of Rural Development is enpaped in experinenting nnd
testing the efficiency <f wincdmills of voricus capocities, of air-penerntors
and of o SOFRETES MS 3 type sclar punp at Praiz, on the experizentations
cites of Son Folirpe rnd Achade Bolerin, with UNDP financial supporte '
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178, A IMFRETES water ruﬁc was also assanbleo at Saint Donlngos in 1977.
CHD

179, Nﬁ’rese:rch-ané—devalopment activity has been undertaken to Adntes
however several solar devices have heen installed in the country since 19763

- one SOFRETES thermodynanmic purp ot Karale The collector surface
area is 70 m2, with a duty of 3 m3/hr asoinst o head of 20 n.
with a 5 hrs/dey operating tinme, this pumps supplies 15 m3 woter
per deye It was COﬂmls vicned in 1970,

- two sister pumps have been planted since then, cne at Ati, the
otber at N'Gouri,

- cne S)FRETES 5 kw pump has been "1cntec on the NdJﬂmenﬂ cottle—~
market for woter—supply tu tne cattle.

130, The Chad Government is basically interested in water—pumping; { through
mechaniczl, electrical or wind punps), water~processing (by soler heating
and dlstlllwtzon), food and medicine preservation (by solar drying and by
absorpt1on or compressor-types ccld=storapge room refrlperqtlony, power
peneration through low—capacity ploants (photocells), refrigeration and air-
conditioning. Such activities shall be carried out under a National
Research and Development Centre to be established.

CONGO

181. The Department of Physies of the Brazzaville College of Sciences
decided in October 1975 to study the possibilities offéred by the use of
solur enargy in the Pbpulﬂr Republic of the Congo.

132, The first task consists of mak1ng an investigotion in order to
examine closely the local needs in industrial and domestic energy, the
average finaoncial ond technical possibilities of the population, »nd the
insolation conditions in the whol: country.

133, In parallel to this tosk, the Brozzoville College of Sciences, since
October 1975, has organized post University lessons of the third cycle level
about solar energyes A scientific and technical library is being greateds

13& The resecrch work which could lead to doctorantes isibeing defined;
it will have to consider the cconomical situation of the ecountry and the
possibility of internctionzl co-operztion porticularly with the laboratory -
of Solar Engincering of Pervignan (France) and the ONERSOL of Niamey (Niger),
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185, More particularly, the study of the comportment of fiat captors is
undertaken simultaneously in Brazzoville., and:in the kinetic and electro—
chemical 1o borLtory of the Perpignan Universitys Reésults will be: exchanped
- and compared in order to adjust captors os: well as possible to loeal:
conditions of usce In this aim, comparative studies of solar distillers
will be made 51mu1taneously in Breozzoville and Pernipnan (distillers of

the "plasshouse" and "streaming” types) . :

186, Leotéer on, other ﬂppllcatlons of fl=t chptors will be stucied, as
well 25 the possibilities given by electrosclar direct converterse

DIIBOUTI _ - S o
i87. According to nvailable information, a SOFRETES TS 3i.solnr pump is
being instzlled in the Revubllc of D31bout1 fbr irripation- purPOSeu by
'Frencb bile terﬁl Aid,

188. The Republic does not seem to have undertaken research in solar.energy
to dates '

ETHIOFLA

" 189, The applications of solar enerpy in which Ethiopin is mostly interested,
ares ’ ‘ ) o .

Direct ‘use of Solar Energy

(a) For mechanical drive (1ncluc’l:1.nh flour mills and small 1ndustr1es)
(b} For water pumping (both for water supply ‘and for 1rr1gat10n);

{¢) For food and crop drying;

(d) For water heating;

(e) For cooking; .

(f)_Forfsolar distillz tlon,-

(g) For ambient air conditioning ﬁnd for refrlperﬂtlon (food
conservation)

{h) For decentralized eleetric power supply to rural areas either
on. isoblated basis or integrated. basis (smqll hydro, wind #nd
storage batteries) .

About 100 fto 120 prototype experlmﬁnt tion in cbout five years period could
be of interest.
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190,  The country hes just begun to collect the relevant radiation data

to encble. it to effect proper planning with respect to its development,

It is intended to test some solar pumps to see whot adaptive research needs
to be undertoken in the Ethiopian context,

191, A limited programme of development has already started in Ethiopia
in solor energy, and in the very near future the proposed acquisition of
two solar pumping sets on aid basis is envisaged. A very interesting solar
cooker. prototype was prduced by an individual concernec,

192, Solar Energy, has been recognized— a priori - to partly satisfy the
energy requirements of the country. But since Ethiopia, like many other
developing countries does not possess enough trained manpower, industrial
infrastructure and finoneisl capability, zid would be required in o1l
aspects of the development stage. Aid would be needed in the study of the
potential zpplications of solar energy in rural energy supplies in all its
aspactse This will have to be of course, preceded by the study of Wways .
and means of collecting and processing porameters for the applieation of
solar energy in 2ll its forms, '

193, Aid would also be required in the development of infrastructure
hardware and software) for carrying out research development experimentation
and testing under actual field conditions, evoluntion of results, and
finnlly, exponsion of solar energy systems to reach the vost majority of the
rural inhabitsntse, This will then be followed for the development of
infrastructure for the eventuszl design, manufacturifg and/or assembly of
the . whole or of parts of these solar energy systems together with the
necessary manpower troining ond institutional development, 1-/

GABON

194, There is no administrative body ns yet in Gabon in charge of research
ond develorment of solar cnergy. However, the Govermment hos developed the
ugse of solar cells for television. In 1975, four television séts were
installed in rural cornunities. Results seem to have been very encouraging
and the Government is planning lorge-scole extension of the system, especio-
1ly in rural rreocs.

195, ELF-GABON Company is using a radio~telephony system running on solar
cells for communication with the various cff~-shore oil-drilling ripse.

CAMBIA
196, In the Gambisz, solar energy utilizztion has hardly been siutdied,

However, scme measurments pPertinent to the soler enerpy potentizl have
been carried cut by the Department of Hydro-Meteorological Services,
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The country experiences cver 3000 hours of sunshine per vear, mostly via
direct radiation, except in Aupust when the radiation flux is less than

400 Langleys per day. A significant use is already mode of solar energy in
the production and processing of agricultural products.. For example, over
130,000 metric tons of groundnuts and over 70,000 tons of cereal, mainly
millets, sorghum, and rice are dried yearly by stacking or spreading them
in the sun before thrashing; and up to 20,000 tons of marine products ceught
locally, of which 50 per cent is cxported, are usually sun-dried, Plens
for economic and social development call for increased output of smoked or
dried fish, Given the fact that tons of groundnuts turn mouldy each year,
solar c~ssisted crop drying techniques could be useful in this regard,. '

197, There can be, therefore, indentified three major areas in which solar
energy development could prove to be of great benefit to the country:

1, As a soclution to the environmental and ecological‘prbblems
© of deforestntion, :

2, As an operzble alternative in the face of rising energy needs,
" especially of the rural population, and population growth,

3. As 2 middle level technology providing jobs and iﬁcome§
Solar energy systems could be utilized in variocus forms:

A, Direct heat energy systems - cookers, water-heating and crop and
© fish drying.

B. Electrical energy systems — photovoltaic mnd thermal systems
for villape lirhting ond water pumping.

Ce Convertad mechanical systems - irrigation pumps, space ccoling
for houses, offices and factories, and refriperction.

198, It is believed that increased ond improved inputs-of enerpgy in the
country's production machinery are almost a precondition to improved
economic ans socizl status of Gambians. While it is not arpued that solar
energy can immedintely replace conventional sources, it could on'a long
term basis be a vioble clternativ:, especially as a solution to the
desertification problemn,

GHANA

100, A solar energy committee wzs recently set up under the aepis of the
Ceunecil for Scientific and Industrinl Research (CSIR), to co—ordinate
direct solar applicationss A few modern sclar devices, such as solar
heaters ond dryers are now in varied stapges of R and D at the universities
and reaserch centres. Direct sunshine is also utilized for all kinds of
drying processess, especially for orricultural products, mect ond fish,
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200, ~ Solar refrigeration, water pumping and irrigation, by way of solar-
powered therml #nd photovoltaic systems, could assist on-going efforts

to moke clesn water available ond to improve agricultural productivity, .
especiall? in the northern snd upper regions. S : :

GUINEA

201, Little work on soloar energy was done in the past. However, a
Notional Centre for Heliophysics and Oceznography has now been cracted
to initiote solar cnerpy R ond Dy and the Polytechnic Institute of Conakrvy,
- whder the aegis of the National Institute of Research and Documentation,
has also lounched n research programme in solar energye The first phose
of the progromme, consisting of datz collection on insolation, wind and
waves, is alre~dy underway in Conzkry and Kinton, with plans for extension
to all the climctie regions of the country, The School of Sciences, at
the Polytechnic Institute, has also produced o solar water<heater and
dryer, whiclk were tested gver the post several montbs and were found %o
be satisfactorye The use of loeal materials and aluminium foil for the
heaters is also being investignted, Encouraging results were obtained when
the solar dryer was used for fish and other products like menioc, peanuts
~nd tobacco leavess Two other phases of the programme will be the
jnstzllation of two 1,3 K¥ photovoltaic pumps ~nd the introduction of
digesters on a large scolea ' o

IVORY COAST
202, The Ivory Cozst Nnfional Centre for Scientific Reseorch has not
undertoken concrete work in the field of solar cnergy resesrch and develo—

pment to datee However work is being carried out ot various levels;

(i) The Boiké television complex

.

Three television sets running on photocells have been experimented
since 1975« Now, nearly 900 schoole in rural arecs use this systems The
Covernment is plonning to extend it to a1l rural villages which are not
yet connected to the power notworke

(ii) The Ncotioncl University of Abidjan

The Science Faculty .of the Abidjan University has undertaken inveati-
gation and testing of solar ~jr-conditioning devicese Tarough its staoff
assistance, an experimental station is being opey:ted at Boundiali in
northern Ivory-Corst: the Minister of Tourism's house is entirsly air-
conditioned and hot woter supplied by an experimental solar wrter-hentere
Other experiments ore being corried oute )



(iiiy Tte Abidjon-Niger Railway'Companj (RAN)'

"

‘A sizesble brder.has been plzced with a-private menufacturer for
solar signolling stations to be planted all along the railwzy linking
Abidjan with Ouagedoupous Installation work 'should start very shortlya

" (iv) Lvory Coast Eléectrical Power (EECT) -

The National Electrical Power Authority of Ivory Coast hrs establi—
- shed a Department in charge of investigzating various utilizations of -

- alternative energy sources, ThiSrdepartment,@s destined tb‘co—operate with
all institutions in the .country dealing with practical utilizotion of )
rnewable enerpy sources, and to work out 3-practicélldevelopment Progranme,
203, The Nationol Centre for Scientific Research is planning to =zstoblish
through EECI a co—ordinating body that would cover all research nnd
“development activities in the ficld of rencwable SNargy Sourcec.

KENYA

ke The land moss of Kenya lics approximately 4.5 degrees north and
south of the Equator and, as » result, much of the lond reczives sol-r
radiation all year round. The Department of Physics and Meteorolopgy of

the University of Nairobi have been collecting radiation data in the past
15 to 20 years and have just released a solar map of the country. Thesec
data indicate insolation lavels of 0~42 wntts per square centimestre in
some. areas in the country. The Department of Physics and Engineering ot
the University of Nairobi have also been conducting basié_reéearch-on .
materials which are locally ovailable and would be suitable for fobricption
of dryers, heaters and other solar devices, Solar weter—heaters arz being
developed, manufactured and commercialized by five private firms in Kenya.
Total snles of the heaters for 1973 were around 10,000 units, »t prices
ranging from 2000 to 5000 Kenya shillings for = unit witk o collector
surface area of 0,95 squore metres. A proposal hus been made to the
government. to legislate that o provision be made for solar woter-heaters in
all new buildings which are fitted to supply hot water, More efficient
solar dryers are being developed by the Pyrethrum Board to Kenya. for drying
of pyrethrum flowers, These dryers could also be used for other crops
like coffee, sisal, maize, tobacco and tea. In 1978, the Mechanical '
Engineering Department of the University of Nairobi fabricated 2z prototype
of ‘a German solar oven, This oven can attain a temperature. of zbout 200
degrees Celsius. Work is also in progress on solar water—pumping, desa~
lination, refrigeration and electric power generation by photovoltaic
systens,
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205, The solar pump unit installed at Wajir is the first of its kind in
Kenyae In September 1975, the French Government offersd to donate = water
pump power by solar cnergy. In consultation with the (French) menufzcturers
of the pump and the French Embassy, the Ministry of Water Development

selected Wajir zs the gite for the pump.

206, Instzllation and commissioning of the pump was conpletad by January
1978, The pump is being opernted over Well No, 29, (more commonly known

ng "school well") near the Range Water compound in Wajire The pump has

o capacity of lifting 5 m3/hour apainst a head of 20 m. The solar collectors
cover sn aree of about 90 sq.m, The collectors -are macde of aluminium plates
covercd by glass shects. They provide the hot sourca by heating distilled
\water with anti-corrosive additive circulating through~thems The wall

water is the cold source. Thertodynamic fluid is Frcono

207, The cspital cost includes K,Shs, 340,000 (FF 200,000 CIF Mozbasn)
for the couipment donated by the French Government and K;8hs, 350,000 spent
to accomplish civil and ancilliary workss The projected operating costs
were anticipeted to be of the order of K.Shs, 15 to 25 per day and obtain
an average of 30 m3/day lifted from the well to the elevated service
reservoir' in the Range Water compound,

Mr, Paritosh Ca Tyagi, Head of Design, Ministry of Uster Development.
LESQTHO

20%, Climatic cbservation is undertsken with 1-or 2 heliographs (Maseru,
Roma University). Few pyranoneters (no long term records), two or three
anemometers (few long term records) » Reasonable deta are available on
precipitation and temperature over the whole countrys -
209, - Solar cooking fits into the Lesotho structurc in many ways (climate
is suitable, out—door cooking is common) » However the mnin menls are
taken morning and ewvenings Solar cooking combined with a "hay-box" could
provide for the evening meale Institutionsl solar cooking could be done
any times Many schools serve o midday soupe Again here.a very simple and
relinble back-up systen is necessary even if it is a .cowdung fire right -
undéer the solar cooker, (flat plate stean cooker, immobile) « : :

: . . 4 Lo
210, - Pumped water seldom needs treatment in Lesotho. Distillation of
any woter to HpO for hotteries ond medienl purposcs 'is necessary.cnd will
be done -in the near future through the Ministry of Rural Development
(Minkudev) solar workshops The capacities will be very smnll, one to ten
litres per daye. '
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211, Drying cof peaches is presently done on galvonised iron sheetS”(roofs).
Solar dryers will be built and demonstrated by the Minrudev workshop to
improve the cuclity of the products and reduce losses.

212,  Hater heating for domestic use is progressings Szversl housing
schemes have instnlled solar water heaters availcble on the local market.
There are arouad 100 to 150 family-units installed, mostly on houses+of
teaching staff and:civil servants. One group of approximately 30 units
experienced problems in winter which were overcome by improvement of the
pipings Nine units manufactured in Maseru in 1975 are in use. Their
production was stopped because of "lack of capital”,

2173, This above mentioned production may soon re~starts. If not it should
definitely be zssisted to this effects Within the Minrudev solar programme
a number of water heaters were testeds Two models proved suitables One

of them is being installed in five &trategic¢ places in the country. First
results are ewncouraging, The installation of water hesters in hogpitals is
of high priority., Capital is scarce for this particulezr purpose. One
hospitrl in the northern mountains has been equipped in 1959, This insta—
llation is still working.

21L. A psssive solar house scheme is in progress. Five demonstration
models arz to be built in the north of the country. On the basis of these
‘five houses designs should be chosen and financinlly assisted to be -
multiplied all over the country.

215«  Smallish experiments and small to medium commercinsl green houses
are in operation, mostly in Maseru and in central mountain village.
Commercinl viability has been provens Remote schools should be assisted
to build attnched greenhouscs. This would serve several purposes:

(a) Heot the school which can not afford fuel even in sub-zero
conditions, :

(b) Grow fruit for either school kitchen or familics,
(c) Assist horticulture and biology lessons,

(d) Condition the zir of the clags-rooms which  is often stale when
doors ond windows are closad cdue to the cold.

216, Simple attached greenhouses for family quorters should be promoted
with small copitcl nssistance and o large education:zl prograrme.,

217. While the winter in Lesotho is sunny the summer is frequently cloudy,
Even 1light clouds can upset solar cooking. For this reason solar cookers
must be integrated with ancther way of hesting. The some applies for
vegetable dryers. Threc consgcutive doys of rain spoil a drying batch,
Solar pumps should be complemented with wind-mills or designed in 2 woy

that on ordinary fire con toke over the hecting process.
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LIBYA

213, In the Libyen Jomohiriyz, the first solar-energy based device was
installed in the Sidi Rhoumn crea in Mey 197%, It is 2 water-pump for
irrigation purposeso

219, According to the Chairmen of the "Djebel Akhdar"rproject executive
committec, solar energy utilizotion is‘scheduled under this project as
well as other agricultural projects in- the country.

220, The Libyon Jamahiriya Government plans to set up o long-term progra-—
mme of practical utilization of golar enerpy, perticularly for irrigation
and village and pastoral hydraulics. There is to datz no research inmti-
tution in this field in the country.

" Activities are nlso being earried in the field of solar water
Aistillation. me =

MADAGASCAR

221, Research is being currently corried out ot the Antananarivo Poly-
technic Institute on the practical use of solar water—heatere.

222, However, it should be noted thot an experimentzl solar wood-dryer
has heen in operation for some years at_CTFT in Madagascare Except in such
countrizs o8 Columbia ond Turkey, this fechnique is not publicized ~decuctelyo

222. In 1973 -t the University of Antonanarivo, has been éstablished the
University Delegation for New Energies with ~ tosk to collect ~nd nssess
solar dote, some progrommes on flat nlate collectors and dryerss

22, The New Energies Sceiety, an affiliste of the Notionoal Electricity
& woter supply and the Naotional Oil Compnrny, has been estoblished in 1979.
Resenrch and sales programmes are carried out in solor enerpgy fields

225, The workshop of the Scientific and Technical Resenrch Ministry

constructed o solar water heater in 19%0 with local moterialse This
apparatus is now being testeds '

MALAWL

226, Preliminary annlysis of svallable dota on scler radiation shows that
the sclar enerpy potential in Melowi is enormousSs
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227. To fulfil the country's development programme the arer of enerpy
nzeds are many; the pricrity areas for solar energy are: boiling water,
cocking foosy, pumping water for irrigation, drying fish, Arying sgricultursl
products, food preservation by refrigeration; use of thermc and/or photo-
hatteries for educaficnal neerls and operating radio receivers.

228, With limited resources research by the Staff of the University of
Malawi hog been undertaken in the following areos:

(2) Mecsurcments of solar radiation using an Eppleyv precision
radiation pyronometer. This will include spectral distribution of energy
and alsc ezlculsote mean daily total sclar radiation.

(1) Design and construct radio receiver to be operatad by solar cells
and with auxilliary accumlators to be charped during the day and use at
ni; ’7}31: . : '

(c) Desipn and fabricote low cost solar covker ahd woter and study
the efficiency.

(d) D351qn, econstruct and operate a simple absorption refriperation
system. 1/

2~ An evoluntion of the contribution which sclor enerpy can make to the

1 development efforts of developin;; countries has been carried out, .
The work was motivated by the increasing awsreness of the need for rural
development schemes featuring an approprizte technology and where small- .
scale, rural hased industrialization complements other development effort,. -
such as improved acricultural cutput, ctce,.

230, The investigntion which has bzen carried out 1ncludes.

(1) the evcluation of some specific areas of rural developnent
- projects where solar energy could be applicable and where its
utilization would further its acceptonce as an zid to development;
. (2) the identification of low-cost solar . energy devices appllchble to
rursl areas snd suitable for local Jenufoctures

(3) the assessment of factors relevant to the‘implementatiqn of solar
energy in rural areas, such as socio—economie considerations,
technical approprinteness, development strategy and the national
international co-operation required,

1/ Prof, AeKe Som, Physics Department, University of Malowi, Zomba,
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231, The priorities of solar energy implement~tion geared to specific
applied technology objectives in rural development programmes includet

Focd production, preservation and processing;
rural industrizlization and small-scale pouwer system
improvement of health and other facilities,

2324 The:assessment of the above crens shows that solar cnergy by itself
or complemented by other smrll-~scole energy source(s) - wind, hydro, methane
gos can make » considerzble contribution to an integrated rurzl development
progromme «

233, The neccessity of national backing and the intermational co—operation
required to develop and encourage o strategy for the implementation of solar
energy in rural development programmes of developing countries. l/

MAUBITANIA

234, The lack of cconomic develcepment of the rural sector, which represent
95 percent of the population., and the ceological imbalance cuc to the
geographical position of the country are cousing migration to the urbon
centress Solar energy Jdevelopment ond application would mcke life more
baarable for the rurzl peoples The grentest needs which solar energy
technologies could help satisfy involve provision of adequate fresh water,
water heating, sanitary facilities ‘and the eff1c1ent drying of agrlcultural
products.

235. A one-kilowatt solar pump, 2 Rankine thermodynamic system with a
capacity of 50 cubic metres pér dry, hos been installed at Chinguetti with

a second bore-hole system to bec installed at Butileme, which will produce
400 cubic metres per daye A 12 KW pump, financed by a gront of $500,000
from the European Development Fund, hos 2lso been installed to provide
irrigation for a rice field of 22 hectares’ located along the Senegal River,
This pump will have o capacity of 200 cubic metres per daye It hos nlso
been installed = one penk-kilowatt photovoltaic—powered pump with o capacity
of 25-30 cubic metres per dey.  Finally, soler stills are being studied to
help to solve the water supply problem of the rural population living on the
sex cocsts This project is finenced by the United Notions Developnent
Progranmne with feasibility studics done by Tom L«wmnd ‘of the Brhcu Research
Institute of McGill Unlver51ty, Cenadne

i/ Dr. WeKs Kemnedy, University of Malawi, the Polytechnic, Chichiri,
Blantyre.
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236, . Mauritania is considering the creation of solar research institute-
to train personnzl, test zquiptient, monitor the performance of field

test units, investigate the use of local materials in the development of
prototypes and conduct studies on the impact of new technologiese

MAURLTIUS

237 An investigation programme into the practical application of
alternative sources of energy is under consideration, be it solar, wind or
shore; the main ones are firstly, Mauritius, by virtue of its favourable
geographical location is in a position to capitzlise on an abundant and
free source of energy; mean annual solar radiation averages zbout 1,700Kwh/
m2, and secondly implementa ion of a programme based on alternative source
of energy will lead to z significant recuction on dependence of imported
fuele '

233,  Concerning direct applications of solar energy, water—heaters are
in use in a, few houses ond hospitalse These henters ore licensed by
Australian monufocturerse It is also investigated the use of small solar
stills to produce distilled water for car batterieSs

MOROOCO

239, . Morocco is.enﬁaged'in implementing o number of research and
development prOjects,uparticularly on solar watef‘heating,‘aqtive and
passive hecting of buildings, solar witer distillation, solar drying,
greenhouses, and solar water pumping. ' ' '

- NIGERTA

2,0, At present, a number of groups of scientists'intﬂigeria\are,engaged
in research of the practical use of solar energy although the resources

At their disposal ore still limited. Tn this connexion, the Universities
of Lagos, Nsukkz, Ibadon and Zaria hove carricd out some research in
different fields involving, experiments, design ond cost evaluation of some
solar devices. ‘ o

241. In the Univercity of Nsukka work hos been coarried out on the-use of
solar energy for cooling. Experiments ore corricd out in which o flat
platz. collector cnd a prreboloidal cylindrical cencentrator are used for
the "Solar Energy Harvest"s Woter is the energy absorbing fluid and the
heated woter is cireulzted by regulated thermosyphon action to 2 lapgged: ¢ ©
collector enclosing the pencrator of "Type 27Al Production No, 9230271 -~
Domestic Electrolux Absorption Refriperation Unit". Thermal energy from the
sun then reploces the kerosenc burning process in such syttens. Acua-—-
~mmonin is the primary generator binary nixture and results obtzined show
thot with collector nreas of close to 2,0 m2, the maxinum gener-tor tempe-
rafure is =bout 30°C rnd the meximun cooling inothe evaporator only cbout
14°C below the ambient temperatura of ~round 337C.
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242, In the University of Lagos, research and development are undertaken
in the fields of solar water heating and solar distillations The University
of Zaria is testing a solar water pump of the Guinard 500 type using solar
cells, ' R '

243, A Federal Agency "The Nationzl Science and Technology Development
Agency" (NSTDA) has becn created with a responsibility to find and initiate
research and development of olternztive ensrgy technologies including solar,

SIERRA LEONE

2. Some research activities undertaoken at the former Fourah Bey College,
now the Sierra Leonz National University in Freetown, bore on soler energy
utilization for water heating and -efrigeration, This has been discontinued
since present activities ir the field of solar energy utilization are
practically insipnificant.

245, One loecally monufactured solar water heating was installed on the
roof of the Science Faculty several yenrs agos This devices supplies hot
water to the compus; however feztures and performance data are unknowhe

SCMALIA

245, The Somnli Government ws plonning to construct one large solar
distiller with 2,000 m2 surface oren ot Khudn, with a viéw to supplying a
fishing community with drinking watere The project ws scheduled for 1973~

79 with UNICEF assistances The Semali Governnment's committment was expressed
in a series of requests forwarded to UNECEF in 1976 for the finalization of
the Khuda distiller project, to UNESCO for the working out of z solar cnergy
utilization development project ond, in 1973, to Italy for integratczd projects
on solar, wind =nd biogas energy utilizotion. A request to the same offect
has been submitted to UNECA,

SWAZTLAND

247, The Swaziland Collegz of Technology in M'Bobane is carrving out tests
on solar woter heating with 2 view to supplying a2ll the required hot water -
to a hotel schedulad for construction for the Hotel troining Centre located
in the vicinity of the College. - .

243, Other oxperiments are undé:taken,With a view to extending the use of
soiar water heaters'and other usces of solar energy to the whole country,
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TANZANIA

249, The Notionol Scientific Resecrch Council of Tanzonia hos cerried

out a series of resenrch investigotions ~nd studies for utilizing solar,
wind and biopgas energy involwing location of prototypes, economic evaluotion
and population accepteobilitys ' .

250, The nctivities nre undertaken by some tenchers ond students of the
National University under the supervision of the Tonzrnin Nationzl
Scientific Research Councils Different investigations were made regarding
the performance and improvement of: ' ‘ o

.~ &olar cookers of the‘VitQ'type,
. - some windpowers generators, ond
— biogas smzll scale equipment,

'381,. . In the field of rescarch ond development of solar, wind and bigéas_
energy, the Tanzanian Government is working in collaboration with the ‘
Federnl Republic of Germany, the United States of Americz, some private
donors snd international organizations like UNIDO. ' ek

252, . Under -the sponsorship of the Tanzonia Nationnl Scientific Researeh
Council and the Boord on Scicnce and Technology for Internctional Development
of the United States NMationnl Academy:of Scisnces, o workshop on golar .
energy for the villages of Tanzania: was held in Dor es:Salenm in August - 1977,

253. In recognition of the serious situation facing thecountry in the
energy_sectof;'work is in progress:on the research, development and field=-
tegt of n number of solzr devices. Solar stills have been tested in the
Iaboratory in Dar eés Salaams The cost of distilled water by this process:
was found to be 20 per cent of the current commzrcicl prica. A solor cooker
“wak tested in 1977 and 197% and it .wns:found torbe, adeguate: to; eook certoin
'Tanzonian dishé%ﬁlfké“ﬂgﬁli‘(mnizefor‘cmSSava;stiff”povridge);niPhillips

‘ Flectronics of Hollshd has doncted o photovoltzic watern pumping system fo
Tanzonia which will soon be installed for testing. .

254, Ths installotion of a solar water purip .of the: SOFRETES MS~7 type is
expected soon for rurcl water supplye = In the late 1977 = Solor Energy .
Promotion Committce was establishede.:t - T - -

-0
L

TOGO e o

255 With over 700 watts per scuare metra average ingalation, direct soler
applications appear possible. York is currently.in progress. at. the
University of Benin, Lome, to gather data on solar insolation, wind-regimcs,
humidities and temperature variations. Development work is also being done
on flat—plate collectors. Laboratory studies on solar refripgerstion, and
the study of solar drying of apgricultural products cre beoing undertokene
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ZATRE

256, At tﬁe present solar energy experimentation stage Zaire wishes to-
be assisted so as to find solutions to the following problems:

(i) solar energy utilization for power generation to run low capacity
telecommunication equipment; -

(ii)Power supply to rural'areas, especially to public institutions;

(iii)Public water pumping installations in rural arceass

2570 Ten television sets run by photocells are already in operation in
Zaire and a televimion network was installed in 1975: the Mbanza-Ngugu
receives the Kinshasa telecasts and relays them to the N'Kcla station which
in turn reldys then to the Kongo station which covers a whole region.
Transmitters and:-relay stations are entirely run on photocellse

ZAMBTA

258 Reliable solar radiation data are not readily available. However,
__there are calculated data on the intensity of solar radiation and also
other meteorological data which were observed in Zambiz over the last 30
yearse

2504 Certain research and development work is being carried out on the
utilization of solar energy for such processess as water heating, air-

heating and solar drying, distillation of brackish and sea water, refri-
geration and air conditioning based on sclar energy conversion into mechanical
and electrical energy. Such applications as solar water drying of agricul-
tural produce and other materials, solar cooling and heating of buildings,
solar power systems based on heat engines, refr1gerat1on for food preservation,
etecs; are very much in experimental stages. : .

200, Solar devices for water heating, air heating, refrigeration and

energy conversion with a hot air engine, were developed in the school of
Enginecering of the University of Zambia. Further fields of research and
development of solar plants are under consideration,
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IV. MAJOR CONSTRAINTS LIMITING THE DEVELOPMENT AND USE OF SOLAR. ENERGY
IN AFRICA AND MEASURES" AND ACTIONS SUGCGESTFD TO OVERCOME THEM

CONSTRAINTS

261. Lack of adequate 1nformat10n for
decision makers

262} Laek of . ba81c data on'solar
energy characteristics iE

- 263 Laek of'information flow between
-.soientists, engineers and technicians
involved in solar energy act1v1t1es
in,Afrieaa : :

26k, Social constraints related to
tradition and habits of African rural
population in- satlsfylng 1ts energy
needs : -

265.‘F1nancia1 constraints related to
"high cost of equipment and its
installation: -

MEASURES AND ACTIONS
~Elaboration of consise and clear
documentation on solar energy
covering technical; economic and
social aspects of its development
and utilizatione

~Establishment of a2 network of modern
solar radiation measurcment stations
for assessment of solar energy poten-—
tial taking into-account possiple
utilization of existing meteorologi-
cal stations and iunternational spe-
cialized centres (iuventory of solar
energy potential}o

~Pericdical organization of study
tours, workshops, seminars, and
exhibitions of solar energy equi-
pment ;i establishnent of institutions
at all levels and encouragement of
those establishedo

~Carrying out studies on social and

. economic impacts ofisclar enepgy
utilization in rural areasj popu=
larization of solar equipment and
its utilization tarough demonsira -
tion centres, itinerant exhibitions,
lectures and initiation ofrural
population in using the equipment,

~Govermment ‘s participation in gran-—
ting preferential tarrifs for equi-
pment acquisition; revision of finan—
cial practices related to investment
in sclar energy equipment; govermnment's
support for R & D programmes.
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266, Prohibitive costs of imperted mas

terials

267« Lack or weakness of R & D pro-
grammes for solar energy utilization
1n Africa

_‘268‘ Lack of qualified manpower . -

269, Hazardous character of solar
energy =

270« Transportation of materials used
for solam energy equipment from one
country to another in Afr1ca

ey

271, Natural inhibition to invest in
solar energy

272+ Lack of national energy policies
related to the availability of

local resources,demand and its. likely
growth

~Increased use ofilocally,available
"materials.and expansiom;of: local

manufacturing of solar equlpment

-Concentratlon of efforts and ela—

boration of R & D programmes at
national level and co-operation
with subregional,regional and glo-
bal specialized institutions; co-
ordination of the existing R & D
programmes with a view to avoid
duplication and/or useless compe-
tition. o

~Increase of scholarships number
for training of personnel at all
levels; dntroduction of courses
on solar energy in high school and
Universities curricula; organiza-—
tion of on—the—job training;
initiation of short—-term apeciali-

xzed past—graduate trainlng sessions.

nIncreaﬁing efforts to flnd*out
reliable storage methods and uti-
lization, where it is possible of
1ntegrated energy system.

-

: —Improvement of packlng methods

and of transportation corditionsg
initiation of local production of
equipment elements in co—operation
with national industrial sectors

~-Testing by standardized procedures
of solar equipment before launching

" it on the market; undertaking of

demonstration programmes with a view
to convince the consumers on relia-
bility and effcciency of solar
equipmente

~Elaboration of national energy
integration of solar energy within
national energy programmcs; ini-
tiation of co-operation with world
wide specialized institutions for
an eventual international assistan~
CEa
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V. SUGGESTIONS FOR A PROGRAMME OF ACTION POLICLES AND PRIORITIES FOR
‘ DEVELOPMENT AND UTILIZATION OF SOLAR ENERGY IN AFRICA

273 " Effective and rational explo1tatlon of solar energy by Afrlcan
eountries neaessar11y presupposes the following actlon.' :

;w The formulatlon and 1mp*umentat10n of a concerted global energy
‘policy in its various aspects at the nationmal, subregional and
regional levels, with attentlon being paid to the specific
condltlons in th? 1nd1v-dua1 countrles,
. S SAUTE : : .
' ' < The rational organization and the conducting of Research and
" 'Development through programmes in whkich account is taken of:
‘national priorities’ baséd on findings pertaining to the -gsectoral
contribution of solar @nergy to the solution of problems relating
to energy 1n partlcular and tc economic development in general'

- The establlshment of agencies or nst1tut1ons at the: natlonal,
subregional and regional levels for the purpose of designing,

“ carrying dut’ and monitering the execution of Research and
Developient programmes in the field of solar mnergy (Regional
Subregional and National Energy Centres);

~ The establishment of a network of solar radiation observatories
and measuring stations adapted to the demands of the new techniques
for exploiting solar energy, including the centralization of
findings and the formulation of complete measuring programme, with
account being taken of the possibilities of using existin
meteorological stations for the collection of data on the radiation
regime of inclined surfaces, the measurement of direct and diffuse
radiation and the carrying out of spectral analyses, the measuring
of albedo and the like with appropriate apparatus;

~ The promotion of local industries in the building, metal-working,
glass—-making, mechanical and electrical engineering and other
sectors, with the aim of putting into practice and vulgarizing the
results obtained by suca industries all along with the development
of solar devices which might be produced industrially.

~ The promotion of co—operation on as broad a base as possible with
foreign agencies and institutions concerned with Research and
Development in the field o# sclar energy and in the mass production
of solar apparatus and facilities;

— The training of the necessary research workers and technical
personnel, p0551b1y including advanced tralnlng or retraining
courses
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-Making government authorities and people aware of the enormous possi-
bilities of solar energy potential and the value of practical
applications aiready aveilable through a large-scalc campaign to
demonstrate and popularizeé prototypes already produced in Africa ‘and
other parts of the world, by promoting their usc and mass industrial

. production jin_situ with a view to increcasing theéir economic viability
and:improving‘theirﬁperformtnce;‘etcc (Demonstration Centres, Seminars,
Conferences jo o o

27he ,Solar cuergy offers new pogsibilities which merit the making of
substantial .efforts aimed at gene alizing the use of its various application:
Programmes covering all aspeets of their rapid  promotion should be initiated
right away at the national, subregional and regional levels with the help

of BCA, UNESCO, UNEP, and other United Nations bodiess - S

275s:. The order of priorities for basic action as recommended by previous
ECA meetings is as follows: o -

(i) : Incfeésed knowledge of solar potential through improved and
more extensive measurement and monitoring (inventory).

, (ii) Problems related to water
~ (a) Pumping
.. (b} Distillation
_,c)ﬁ}rgigation
(iii) Solar heating .
h)} Solar cookers

ga} Heéting of air and watef

e ¢} Solar kilns

. . (d) Green houses
.(iv),;Preservatioh of products

2) Deying
b) Refrigeration

T

Cin. +, (v)  Production of electricity
ta) Rural electrification
:zb).Telecommuqications
{¢) Air—conditioning

(vi) Integrated use of solar, wind and biomethane energy for rural
areasa

L ]
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276. The basic action outlined above should be strengthened by parallel
action in the following order of priority:

(i) Training of research workers, enginecers, technicians and
support staff

(ii) Information

(2) Creation of structures for the promotion of co-operation
among resgearch workers and countries

(b) Measures to make government authorities and the general
public aware of advances in the field of solar energy and
related energies

(c) Exchange of ideas and expertise

(iii) Industrialization and extension

(a) Use of loeal materials

(b) Transfer of technology

(c) Regional co-operation in the establishment of indigenous
industry and in the standardisation of equipment

(iv) Integration of research~development in industrial and social
matters,
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