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RENEWABLE ENERGY SOURCES AND DEVELOPMENT

1. Technological advances in renewable energy sources

Renewable energy sources exist in a wide variety of forms. Solar energy,
for instance, can be utilized in numerous ways, as shown on the following
chart. The oldest and most common utilization of solar energy is, of course,
the burning of wood.

Other branches have been developed over the past few decades, and
each has reached a different stage of technological maturity.

- The most widespread appliction is the solar water heater for drinking water
and home heating (there are literally millions of this type of water heater
in the United States, Japan, and Europe).

- The other widely distributed technologies are:

. multiple-blade wind pumps (Australia, Europe, United States)

. micro-hydroelectric stations (China, Latin America),

. geothermal energy for home heating (Iceland, France, Italy, United
States),

. biogas (China, India),

. ethanol production from biomass (Brazil, Paraguay).

- Other branches exist in limited or single applications (aerogenerators, thermo-
dynamic applications of solar energy, improved stoves, solar dryers).

- Photovoltaic energy shows great promise, although its applications are still
very limited. The world market for photovoltaic energy is estimated at
4 MW, an insignificant figure, and for 1985, only 25 to 50 MW of power
is expected to be installed. :

- All other branches are in the experimental stage or undergoing preliminary
study.

The following charts summarize the development stage and probable date
of first commercial applications of the different types of renewable energy
equipment.
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Development stage of the various technologies

Technology/ Development Stage Date when large-scale mn{ke:ing
Application will probably begin'

Research { Pilot~- Commercially before 1985~ after
stage available 1985 1990 1990

A. Systems

=~ Solar water heaters 2) x x
= Industrial heating LT x x
~ Steam generator
- Seill x
- Desalination unit
- Solar dryer
- Refrigerator
= Air conditioner
- Solar pump 10 kW x x
- Solar pump (+ motor)
10 kW
- Power stations
- 100 kW
== 100 - 1,000 kW
el 1
~ Solar stove
- Solar oven HT?)
- Solar pond

x
®

) 4)

X % X X
®
® XK XX

®
®

x

xX X K X X X
x

B. Collectors .

- Normal flac-plate
- Selective flat-plate x x
- Cylindrical-parabolic

concentration x x
~ Parabolic concentration x (x) x

®
*®

®

[PHOTOVO\.‘I‘AIC SOLAR ENERGY ]

A. Systems

= Solar pumps
== Water pumps (village
supply) x x
-- Water pumps
(livestock supply) x x
~= Microirrigation x x
== Irrigation 10 kW x x
-- Irrigation 10 kW . ° x x
= Telecommunications (all x x
individual applications)
-~ Signals x x
- Refrigeration x (x) x
=~ Ventilation and small
motor’ systems x x
- Air conditioning by
water vaporization x x
= Individual lighting x x
~ Transportation (auto=
mobiles, etc.) x x
- Power stations 5)

10 kW x x x

100 kW x x
- Battery chargers X x
- Rechargeable battery
chargers x
- Power for television x

X %

w

Collectors

- Flat-plate modules x X
=~ Concentration modules x x

1) On condition, of course, that the technology proves competitive with respect to other, "competing" soluticns.
2) LT = Low temperature; HT = High temperature

3) Up to 5 m/day

4) Over 5 m?/day

S) Adaptations to extremes in climace



X

Technology/
Applicacion

Development Stage

Date when large-scale magke:ing
will probably begin'

Research

Pilot~
stage

Commercially
available

before 1985~ afcer
1985 1990 1990

WIND ENERGY

A. Systems
~ Wind pump (mechamical)
5 m*/hr
- Wind pump (electric)
5 m?/hr
-~ Aerogenerator
== 30 kW
== 30 - 100 kW
-= 100 - 2,000 kW
- 2M

B. "Collectors"

- Sail rotors

-~ Multiple-blade rotors

- Savonius rotors

- Darrieus rotors

- Rapid propellers 100 kW
- Rapid propellers 100 kW

x

x ®

»

x
(x) x

x

|svoroELECTRIC ENERCY |

- Micro-hydroelectric scation
10 kW
- Mini-hydroelectric station
-= 10 - 100 kW
- 100 - 1,000 kW

o

x

GEOTHERMIC ENERGY

IOCEAN THERMAL ENERGYI

- Thermal gradient
- Wave energy
~ Tidal energy

®

x XK

- Substrate: manure
~=- Small scale 20 m®
~-= Medium scale 1,000 o’
~ Substrate: agricultural
ewfuaw + manure
-- Small scale
-- Medium scale
Unconventional substrate:
== Slaughterhouse refuse
— Cannery refuse
-= Algae
-~ Water hyacinth
-- Coffee husks and
other substrates

® X

X X X X

®

- Small unit 50 kW

- Medium~sized unit 50-500 kW
~ Large unit 500 kW

x




Technology/
Applicacion

Development Stage

Date when large-scaie mafkecing

will probably begin'

Research | Pilot- | Commercially

scage available

before 1985- atfter
1985 1990 1990

(plant coal + oils + gas)

- Small unit
- Medium—-sized unit
- Large unit

(x)

x

x (x)

(x) x
(x) x
(x) x

BRIQUETTES FROM PLANT-
MATTER REFUSE'

- Scraw

= Rice husks

- Groundnut shells
- Sawdust

-~ Others

®

x

x

x

COMBUSTION

- Improved stoves
- Heating wood
== Charcoal

- lndustrial boilers,
plant-matter refuse

(x) x

x

eTHANOL®

- Discontinuous system

-- 1 m!/day

== 10 m’/day

== 750 m?/day

Continuous system

Using cane sugar juice

Using molasses

- Using cassava

- Using sweet sorghum
and other cereals

- Using wood refuse

o

(x)

KK X X XX

*
~
-

(x)

R KX X XX

~

x (x)
X

HETHANOLg)

- From wood
- From octher plant matter

- Energy-producing plants
-- Wood
== Other

- Vegetable oils

x (x)

AL .



2. The contribution of renewable energy sources to development

As can be seen, a certain number of applications are first becoming
operational. The continuous price increases for crude oil have rendered them
competitive, despite their ususally high investment costs, with respect to
conventional energy sources. Mostly, it is their decentralized nature that
makes it possible to plan a great number of renewable energy solutions, parti-
cularly in rural and isolated locations, in order to satisfy sparse needs. Ex-
tremely varied, renewable energy solutions are thus capable of making signifi-
cant contributions in all spheres of development.

2.1 - Rural development

By their very nature, renewable energy sources are well suited to rural
development. Numerous applications are thus possible:

Energy needs Possible renewable energy solutions

- Improved stoves

Cooking - Reforestation (biomass + solar collector)
- Anaerobic fermentation of plant waste
- Solar cooking

Village - Photovoltaic pumps

water supply - Wind turbine and aerogenerator

Livestock - Dual-fuel engines powered by low-BTU gas
water supply (gasification of waste, straw, etc.)

and irrigation - Photovoltaic and thermodynamic pumps

- Multiple-blade wind turbines and aerogenerators

Lighting - Photovoltaic lighting

- Anaerobic fermentation
Drying food products - Solar dryers
Refrigeration of - Solar cold rooms

food products

- Micro-hydroelectric stations

Rural - Aerogenerators

electrification - Dual-fuel diesel engines (gasification of plant waste)
- Thermodynamic and photovoltaic solar power stations

Solar water heaters

Cottage - Solar ovens
industries - Motors powered by solar arrays
Forests, - Radio relay sensors powered by photocells

fire monitoring
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2.2 Health:

The health sector stands to benefit greatly from the contribution made
by renewable energy sources:

Energy need Possible renewable energy solutions

Villages: supply Installing solar pumps on bore-holes requiring motor-
of drinking water ization

Wind turbine and aerogenerator

Infirmaries, hospi-

tals, maternity

wards:

. drinking water

. lighting

. ventilation

. medicine refrigera-
tor

. medical appliances

. sterilization

. hot water

. distilled water

. air conditioning

Photovoltaic or wind pump

Solar array or aerogenerator

Solar water heater

Solar still

Passive or active air conditioning (depending on
building)

2.3 Equipment and transportation:

This technical field includes a great number of divisions: construction,
public works, electricity, transportation, ports and navigable waterways, mete-
orology, etc. Among some of the numerous possibilities for renewable energy
applications:

Sector Energy need Possible renewable energy solutions

Construction Air conditioning - Passive air conditioning, mostly
- Active air conditioning in
other cases (see corresponding

chapter)
Hot water - Solar water heater
Electricity Rural electrifica- - Dual-fuel diesel power station
tion operating on plant waste
- Micro-hydroelectric stations
- Aerogenerators

- Solar power stations

Road transport Fuel for engines - Ethanol (or methanol) mixed
with petroleum products

Railroads Power for signals, - Solar arrays
switches, radio-
telephones, etc.
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2.3 Equipment and transportation (continued)

A5

Sector Energy needs Possible renewable energy solutions
Air transport Power for radio bea- - Solar arrays
cons, VOR, etc, ob- - Aerogenerators

struction lighting

Sea transport Power for signaling - Solar arrays

equipment; radio - Aerogenerators
communication with
offshore platforms

Meteorology Powering telemetry - Solar arrays
equipment
Radio data trans- - Aerogenerators
mission connections;
etc.

2.4 Telecommunications and information:

Renewable energy equipment (solar arrays and aerogenerators) offer
considerable advantages when powering equipment in isolated locations (auton-
omy, low recurring charges compared to competing energy sources, simplicity,
and reliability). These renewable energy sources, already competitive, are
likely to find very many applications, as can be seen in the following chart:

Sector Energy need Possible renewable energy solutions

Powering radio re- '
lays, VHF and UHF - Solar arrays
relay transmitters,
rural telephone - Aerogenerators (windy regions)
exchanges.

Telecommuni- Radiotelephones,
cations emergency tele-
phones, amplifying
relays over coaxial
cables, transmitter/
receivers,  VHF and
UHF radio, etc.

TV transmitters

and relay trans- - Solar arrays
mitters.
Information Radio relay trans- - Aerogenerators (windy regions)

mitters, community
radio, etc.
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2.5 Education and research:

National educational and research

certain renewable energy applications.

departments can also benefit from

A6

Ehergy needs

Possible renewable energy solutions

Transmitters, relay transmitters,
scholastic television.

Scholastic television sets.

Scholastic radio receivers.

| Solar érrays, moéﬂy.

Air conditibhing\for school buildings

Passive and active air conditioning

Hot water for dormitories, cafeterias

Solar water heaters

Water pumping for schools

»

Photovoltaic pumps, wind pumps,
aerogenerators

Data transmission for research in:

. meteorology

. hydrology

. pollution

. independent measurement stations

Solar a;rraysb

Aerogenerators (windy regions)

2.6 Industry

At last, renewable energy equipment is capable of providing economic -
solutions to part of industry's energy needs:

Sector Energy needs Possible renewable energy solutions
Agricultural . mechanical energy . Extraction of .energy from plant
industries: . electricity waste by:
. rice mills . high- and low-tem- - gasification (diesel engine
. oil mills perature heating dual fuel),
. sugar refin- - combustion (steam turbines)
eries _ . Solar collectors
. decortica-
tion mills
. canneries
etc.
Food in- . industrial heating . Use of focusing collectors for
dustries: the production of industrial
. dairies heat.
. breweries
. soda fac-
tories
. slaughter-
houses




2.6 Industry (continued)

11,

Sector Energy needs Possible renewable energy solutions
Other industrial heating . Use of flat plate or focusing
industries: collectors for the production
. tannery of industrial heat.

. textiles

Woodworking . electricity . Extraction of energy from
industries: . steam wood scraps by gasification
. sawing or combustion.

. unrolling

. cutting

. joinery

3. Renewable energy sources in Western Africa

Western Africa has now carried out its first experiment in integrating

renewable energy equipment,

completed projects:

as shown in the following list, summarizing
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This experience has . created a vital force in Africa, whose countries
are now defining their own renewable energy policies with technical and finan-
cial assistance from the international community, preparing wide-range distribu-
tion programs, and above all, implementing their own policies and programs.
Proof of this can be found in the research centers, training centers, renewable
energy equipment production units, and solar energy engineering firms they
have founded.

In this key period of transition, from the experimentation stage to that
of mass distribution, this experience is of immense value. It is thus essential
to evaluate the completed projects, or at least the most representative ones,
that are likely to be reproduced on a large scale:

- in order to comprehend the technical successes of and people's feelings
about the completed projects, to analyze the reasons for each success or
the causes of problems encountered, and to draw conclusions concerning
the appropriateness of certain techniques with respect to the needs they
are supposed to satisfy;

- to highlight the success factors for upcoming projects and programs.

4. Project evaluation

For reasons of maturity of the techniques used, as well as the interest
in and the prospects for their development, seven renewable energy branches
have been grouped together in one evaluation:

- solar drying

- thermodynamic solar pumping

- photovoltaic solar pumping

- photovoltaic electrical applications
- wind pumps

- anaerobic fermentation

- improved stoves.

Five assignments were conducted on location:

- Upper Volta (12 - 24 May 1980, 2 - 6 March 1981)

- Senegal (28 September - 11 October 1980)

- Mali © (16 - 25 October 1980, 14 - 23 June 1981)
- Niger (27 -30 October 1980)

- Cameroon (24 - 31 January 1981).

The first part of this report comprises a series of detailed evaluations
based on inspections made while on assignment. Various documents concerning
the promoters and manufacturers have been added for certain applications.
Keeping in mind the diversity of situations encountered and the interest of
first-hand information, it was deemed worthwhile to present much of what
was learned through interviews. Very often, these evaluations do not go
beyond relating the facts; their interpretation is thus very brief. More detailed
analysis of the appraisals of these evaluations is presented in the second
part of this report, which offers numerous suggestions for facilitating the
creation and proliferation of renewable energy projects in the future. The
first part may seem a bit long, nevertheless, it is advisable to read it in
order to gain a full understanding of the difficulty of each achievement,
to recognize the successes and shortcomings, and to approach the summary
in the second part with a background helpful in appreciating our conclusions.
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A. SOLAR DRYERS

Example 1:  Sesol solar dryer (CERER, Senegal) pg. 34

Example 2:  Solar dryers at Koumbidia (Senegal) pg. 40



. Drying karite nuts

. Solar tent
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Although little emphasis has been put on solar dryers until now, they
satisfy a real and important need for:

- Preserving food:

Preserving perishables by means of open air drying is a tradition in the
Sahel. However, this method has proven inadequate (long and irregular drying
time, need for pest control) and output is limited. Superior processes can
be used to preserve surplus food (fruits, vegetables, fish) and reduce the risk
of food shortages when supplies are low, a problem far from solved.

- Preserving the harvest:

A large percentage of the food that is damaged due to inadequate pre-
servation (spoilage, parasites) could be saved through the use of appropriate
drying techniques in order to:

- preserve the products before storage and sales,
- make year-round marketing possible.

- Preserving forage:

It also seems essential to create ample forage reserves during the rainy
season In order to meet the needs of sedentary animals during periods of
low supply and in order to avoid overgrazing. Available fodder resources
are wasted every year while appropriate drying techniques have been devel-
oped.

33.



Traditional fish drying
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EXAMPLE 1| SOLAR DRYER

SESOL 1.2C
CERE R/ SENEGAL

Documentation source:
CERER

L. Téchnologv selected

The traditional process of drving fish on grids by direct exposure to sun-
light entails considerable losses (40 - 60%) mainly due to infestation by insects.
CERER has developed several prototypes of solar dryers aimed at improving
product quality in order to increase its conservation and productivity, and
improve hygienic conditions compared to the traditional method.

Experiments on these prototypes made it possible to test:

i

different solar collector structures for hot air production

different designs for drying locations (tunnels, chambers)

different types of grids

various construction materials (wood, cement) and insulating materials (glass
wool, groundnut shells, polyurethane)

natural ventilation (simple, using a solar chimney) and forced ventilation

1

1

and to make certain technical choices. At present, two types of technology
have been selected:

a)- drying tents, easily hand crafted and low in price, designed for individual
fishermen and small fishing villages;

b)- semi-industrial dryers equipped with flat plate solar collectors for the
production of hot air, described below, designed for fishing cooperatives
with: %

- some financial means
- a management/maintenance organization
- a distribution network.

2. The Sesol 1.20 solar dryer

The CERER research team concentrated its efforts on:

perfecting a simple, inexpensive construction process,
modular design for eventual expansion or the development of a larger dryer,
using locally available materials or those exploited locally.

)

The result is a compromise between performance and the restrictions imposed
by local fabrication. The Sesol 1.20 dryer, whose structure and absorber
are shown in figures 1 to 3, has the following specifications:

. drying chamber capacity for fresh fish = 250 Kg

. working surface of the flat plate collectors = 20 m?, divided into four rows
of 0.76 x 6.5 m? each

. forced air ventilation -- air output = approximately 1,200 m?/hr.

. hot air circulation inside the drying chamber using a system of deflectors

. cost of the prototype = approximately 2,000,000 CFA Francs.

N
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3. Economic interest of the solar dryer for fish

In rural areas, the fish used in drying is often that which is left over
from the sales of fresh fish. [Its price varies throughout the year depending
on the quantities caught. Nevertheless, the average can be estimated at
50 CFA Francs/Kg of fresh fish.

In drying, the fish loses close to two-thirds of its original weight. When
fresh, it contains between 70 and 80% water. To prevent the spread of micro-
organisms in the dried fish, maximum advisable water content is 25% (source:
Institut de Technologie Alimentaire, Dakar). The official limit set by the
Office des Péches du Sénégal is 35% maximum water content for dried fish.

Consequently:
1 Kg of fresh fish produces 1/3 Kg of dried fish.

The use of a solar dryer, which can dry all the fresh fish it treats, affords
an increase in productivity, compared to the traditional method (entailing
40% loss), of:

(0.40 x 1/3 Kg) of dried fish / Kg of fresh fish.

The dried fish is sold for approximately 250 CFA Francs/Kg in Senegal
(and as much as 900 CFA Francs on certain export markets). The profit
made from the use of a solar dryer is:

33.33 CFA Francs / Kg of fresh fish.

The cost of a 100 m? solar dryer, of the same type as the one built
by CERER is evaluated at §,000,000 CFA Francs. Its minimal drying capacity
is estimated at 750 Kg of fresh fish in two days. The profit made equals:

33.33 x 750 = 25,000 CFA Francs / two days,

or, for a 300-day fishing season: 3,790,000 CFA Francs. This sort of equipment
can be paid off in two years.

4. The Sesol 1.100 solar dryer

Taking best advantage of its experience, CERER is currently producing
a solar dryer for fish designed for the Guet Ndar neighborhood of Saint-Louis.
The lebon inhabitants of Guet Ndar make their livelihood fishing, a consider-
able part of which (about 30%) is done locally.

The Sesol 1.100 dryer can dry 750 Kg of fresh fish in two days. Its
modular design comprises three parts:

- eight thermally insulated drying chambers where the fish is loaded (overall
capacity is close to one ton)

- a battery of flat plate solar collectors (approx. 100 m?) for hot air pro-
duction, arranged in eight rows

- an electric forced air ventilation unit (6,000 m?/hr.) designed to accelerate
the drying process.




;
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. Drying chamber
of the Sesol 1.1000 dryer
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A CERER-trained operator, employed by the Service Régional des Péches
Maritimes is in charge of operating the dryer. [Each woman brings a load
of prepared fish which the operator places in the different compartments
of the drying chamber and removes once dried. In addition, the operator
is responsible for cleaning the dryer as well as providing minor servicing.

CERER will carry out a two-year measurement program in order to moni-
tor the dryer's operation and determine its effectiveness under actual con-
ditions. A series of special instruments has been designed for this purpose,
to be used in conjunction with a microprocessor-based measurement station
created by the Ecole Nationale Supérieure Universitaire de Technologie de
Dakar (solar radiation, air flow, humidity levels).

39.
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EXAMPLE 2 SOLAR DRYERS

From GRET/ISPA/ AT KOUMBIDIA / SENEGAL

CERER report
March 1982

1. Location

Koumbidia, located in the region of Sine Saloum, is one of the truck
farming stations under the direction of the Institut Sénégalais de Recherche
Agronomique. Truck farming, introduced a decade ago, has significantly
altered the eating habits of villagers. It has also become a profitable opera-
tion for women, who sell their vegetables at the market at Koungheul, a
stopping-off point 10 km from Koumbidia.

2. Drying

Drying is an old tradition. Long before truck farming began, part of
every harvest was set aside for drying. Now the traditional herbs, leaves,
and berries are being supplanted by vegetables:

- onions (crushed, rolled, and dried, or left to dry in the ground)

tomatoes and bissap (ground to a salty paste)

'dia katous' (a sort of bitter eggplant, crushed and dried)

gumbo (reduced to a powder after drying; also sold at the Koungheul market).

Generally speaking, the quantity of food dried is very small, and the products
that are dried are used as condiments in making sauces. The number of
products dried is also limited compared to the diversity of varieties cultivated.

Vegetable drying seems to be doubly profitable:
- it reduces harvest losses and provides vegetables for out-of-season con-
sumption, such as eggplant, tomatoes, white onions (especially), that are

the necessary ingredients in local dishes;

- it brings women an appreciable income, as dried products sell for propor-
tionately more money than fresh produce.

3. Solar drying

Solar drying, an intermediate stage between natural drying (the traditional
process) and artificial drying (using fuel) seems well suited to local needs:

- it utilizes many of the same processes and customs that come from drying
things under the sun;

- it offers assurances of dessication and hygiene far superior to that of tra-
ditional methods.

Since 1981, various solar drying techniques have been brought to Koumbidia.
Each one requires an increasing amount of villager participation.
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4. Solar tents

In 1980, three solar tents, prefabricated by CERER in Dakar, were left
with groups of women in Koumbidia. These easy-to-build tents are made
up of a wooden frame and a polyethylene cover. They are transparent on
the sides facing south, east, and west, and blackened on the front and floor.
The vegetables are arranged on a support frame, which is attached to the
framework at a height a few centimeters off the ground.

The women had mixed feelings about these tents. Only one of the tents
seems to have been truly 'adopted' by the users. Nevertheless, this first
experimental phase provides an insight into the women's reactions and guide-
lines for setting up solar dryers at Koumbidia.

- Usage of the tents is disorderly, non-conducive to proper drying, and the
cause of disputes between the women. Individual dryers should be preferred
to collective dryers.

- The women dry many different types of products at the same time and
frequently manipulate the dryer. Inasmuch as possible, the dryer should
be indirect or semi-indirect, impervious to dust and drafts, and equipped
with a drying grid, divided into compartments, that is separate from the
dryer itself.

- Faced with the risks of depredation, both by rodents and livestock, the
dryer should be raised and portable.

For these reasons, solar tents were abandoned in favor of other techniques.

5. Box dryers

The promoters of this project suggested the villagers create a new dryer.
This model offers the two-fold advantage of:

- possibility of being built with locally available materials (wood frame, cover
of thatched bamboo, insulation using groundnut shells, absorber and trans-
parent cover made from used fertilizer and urea bags) at low cost;

- fabrication carried out entirely by the villagers who themselves suggested
construction techniques.

This box dryer has provided unusual results when tested -- a temperature
rise of over 30°C -- and has since been used satisfactorily. It proved that
villagers are capable of producing solar dryers locally and at low cost. Unfor-
tunately, the box dryer did not withstand the bad weather of the wintering
season, and was abandoned afterwards.

Following these experiments, and despite the unsatisfactory results, the
women of Koumbidia showed a real interest in pursuing drying operations.
This was the first year they were able to preserve their dried products for
so long a period of time as well as incorporate reconstituted vegetables in
their cooking until well into the wintering season. Over half of them offered
financial contributions toward a dryer built by themselves, providing it was
to be more sturdy and more easily transportable than the prototype box dryer.
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COMPONENTS ORIGIN QUANTITY COST
Wooden frames
Thatched fiber walls local fabrication 6 m? village fabrication
Absorber chest black polyethylene 5 bags salvaged in villagek
(fertilizer bags)
Insulation groundnut shells 2 50-Kg bags recycling
Transparent cover white polyethylene 3 bags salvaged in village

(urea bags)

Air circulation ducts

fabric rolls

2 m of tubing

salvaged from
Koungheul market

Paint, nails,
string, etc.

Koungheul
hardware store

1,200 CFA Francs

us.

Screens for grids

Koungheul market

| s

2,000 CFA Francs

Labor

tailor, for stitching
the polyethylene

PO TAL

3,200 CFA Francs

6. Hut dryers

A new model

dryer
with the craftsmen from the market at Koungheul.

was built within a week's time, in collaboration
Its shape resembles the

traditional hut, but it is actually more sophisticated than the previous one,
in that it uses more costly materials -- plywood (immersed in water, then
shaped around a template), plastic film (black and transparent), a bicycle
rim (for the frame and drying grid). Overall, it is more expensive (costing
about 7,000 CFA Francs), but also sturdier and easier to move around than
the box dryer. About twenty of these dryers are to be built and distributed
among the women of Koumbidia in exchange for a contribution of 1,500 francs.



Construction of hut

dryers

(Source

Yeé.

: GRET)



(Source: GRET)
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B. THERMODYNAMIC SOLAR PUMPING







B. THERMODYNAMIC SOLAR PUMPING

1. Village water supply:

Example 1: Thermodynamic solar pump at
Merina Dakhar (Senegal)

Example 2: Thermodynamic solar pump at
Makari (Cameroon)

Example 3: Thermodynamic solar pump at
Djibo (Upper Volta)
2. Livestock water supply:
Example 4: Thermodynamic solar pump at
Bondie Samb (Senegal)
3. Irrigation:

Example 5: Thermodynamic solar power plant at
Dire (Mali)

Example 6: Thermodynamic solar pump at
Karma (Niger)

pg-

Pg-

pg-

Pg-

Pg-

pg-
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THERMODYNAMIC SOLAR PUMPING

SOFRETES thermodynamic solar pumps were ther first to be installed
on-site. They were highly instrumental in bringing the possible contributions
of solar energy to rural development schemes to the attention of the inter-
national community.

On-site results from the first pumps were varied, depending on the local
environment, receiving organizations, etc. The following evaluations make
it possible to form an objective opinion (we believe) of the results of this
already outdated first generation of pumps. Prudence should be exercised
when extrapolating, because new projects, now starting up, are based on sig-
nificantly different technology. It would be advisable to evaluate them even-
tually in order to measure their progress.

An honest comparison between thermdynamic solar pumps and photovoltaic
pumps assumes that equipment of the same age and in comparable environ-
ments will be compared. In our opinion, the results would not be to the dis-
credit of SOFRETES. Thermodynamic solar pumps are used for:

- village water supply
- livestock water supply
- irrigation.
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1. Pumps for village water supply programs

In some villages, surface and well water can be tapped by means of
human energy (simple tapping), sometimes assisted by pumping systems (hand
pumps, foot pumps), or using animal energy. In many cases, however, access
to sufficient quantities of drinking water requires boring deeper holes, and
thus the use of mechanical pumping techniques.
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EXAMPLE 1 THERMODYNAMIC SOLAR PUMP

AT MERINA DAKHAR / SENEGAL
VIELAGE WATER"SUPFPLY

Inspection report:
5 October 1980

1. Location
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