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PREFACE
 

This study of energy use and opportunities for energy-related improve

ments in the food system of Senegal; is the product of a collaborat.ive ef

fort between Checchi and Company and Brookhaven National Laboratory/Asso

ciated Universities, Inc. (BNL). In July, 1978, Checchi was awarded BNL
 

Contract No. 453323-S to conduct a study of Senegal's energy and food sys

tem. A preliminary report, including the overview material and energy use
 

profiles (Chapters 1-4) and identifying potential areas for energy-related
 

improvements, was submitted in BNL in July, 1979. Following review of this
 

submission and some additional field work undertaken by BNL, a final report
 

was prepared incorporating an evaluation of the potential energy improve

ment areas (Chapter 5) and the study conclusions and recommendations (Chap

ter 6).
 

Participating in the study for Checchi and Company were Patricia
 

McPhelim, the project coordinator and principal author of Chapters 1-4, and
 

Ernest Murphy, who conducted the initial series of field interviews and 

developed the energy profiles for groundnuts, millet and sorghum, and rice. 

Gerhard Tschannerl, Gordon McGranahan, and Vinod Mubayi, all with Brookha

ven National Laboratory, contributed to the design of the analytical frame

work for the study and prepared the drafts of Chapters 5 and 6.
 

The authors of the study would like to thank Pamela M.J. Cox, a doc

toral candidate at the Fletcher School of Law and Diplomacy who provided 

valuable insights on the structure of Senegal's food system gained from her 

previous field research, and Charles Steedman of the University of Michigan 

Center for Research on Economic Development who reviewed the energy system 

overview in Chapter 3. Credit for report production goes to James Woldahl, 

Cae Johnston, and Jeanne Pham. 



EXECUTIVE SUMMARY
 

Scope of Study
 

The study examines the structure and energy consumption patterns of 
key components of the food system in Senegal. Its aim was to identify 

areas inthat system where (1)energy savings might be achieved through the 

introduction of more efficient technologies, (2) more desirable energy 

sources might be substituted for less desirable ones, and (3)increases in 

food product output might be attained through the efficient application of 

additional amounts of energy. To that end, energy profiles were construct

ed for the four main food products in Senegal -- millet/sorghum, rice, 

groundnuts, and fish caught by the artisanal maritime fishing fleet -- cov

ering the entire system from crop production (through processing, storage, 

and transport) to distribution. A fifth profile analysis was done for 

cooking. 

Prospective areas for energy-related improvement, identified from the 

energy profiles through the application of the above criteria, were evalu

ated for their potential energy impact, development impact, implementabil
ity, and uniqueness of U.S. role in providing assistance. The most promis

ing areas were then recommended as targets for energy-related project de

sign activities.
 

Agriculture Overview
 

Groundnuts and several varieties of millet and sorghum are the prin

cipal crops. Rice, maize, peas and beans, root crops, cotton, and vege

tables are also produced. About two-thirds of the rural population lives 

in the Groundnut Basin in the west-central part of the country. The Sahel-

Ian drought of 1968-73 has had a devastating effect on the already overused 

agricultural land, particularly in the Groundnut Basin. One of the conse

quences has been a heavy influx of migrants into the cities. 
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The Government has made considerable progress over the years with the 
introduction of improved farming technologies. Locally-made animal-drawn 
implements are now widely employed by 'mers in the Groundnut Basin, and 
the use of selected seed varieties and ommercial fertilizers -- the latter 
blended in Senegal from domestic and imported raw materials -- is also be
coming increasingly widespread. Rice, once grown only in the well-watered
 

southern regions, is now being produced on irrigated land in the extreme 
north. But in spite of All these efforts, Senegal is still far from its 
goal of achieving self-sufficiency in food grains, importing at least 
300,000 tons of rice, wheat, and other cereals even in the best of good 

years.
 

Energy System Overview
 

Wood is the principal source of fuel in Senegal, accounting for an 
estimated 60 percent of total fuel use, compared with about 40 percent at

tributable to imported oil and gas. The steadily increasing rate of wood 
consumption is an important factor, together with recurrent drought, brush
 

fires, and overgrazing, in the rapid reduction of Senegal's forest re
serves. The Government has sought to counter this trend with controls 
on
 
commercial firewood and charcoal production, promotion of alternative fuels
 
(primarily butane), and a variety of forest conservation and afforestation 

projects.
 

With no known, readily exploitable fossil fuel resources, apart from a 
small deposit of natural gas, Senegal relies almost entirely on imports for 

its commercial energy requirements. The principal consumers of domestic
ally-refined oil are transport, fishing, mining, and electric power genera

tion.
 

The Government attempts to regulate the use of fuel oil through a sys

tem of price controls, taxes, and selective subsidies. Over the past 20 
years, renewable technologies kave been given considerable attention in 
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Senegal, and several devices, particularly small-scale photovoltaic and 
solar-thermal pumps, have been developed and field tested to the point 
where they can now be distributed on a commercial scale.
 

Food-Energy Profiles
 

The five components of the food system examined by this study account
 
for the bulk of all commercial energy used in producing, storing, process
ing, distributing and cooking food inSenegal. More than half of this en
ergy is required for a single operation, namely motorized fishing by the 
artisanal fleet, which accounts for an estimated 5.4 percent of total do
mestic liquid fuel consumption. Relative to other areas of the economy, 
however, the food system (including groundnuts) consumes only a small por
tion of aggregate commercial energy supplies: an estimated 6.2 percent of 
all liquid fuels and less than one percent of all electricity used in the 
country.
 

Millet and sorghum make relatively few demands on the country's energy
 
system. Most of the output is cultivated and harvested by traditional
 
methods and stored and processed at the farm or village level. While some
 
chemical fertilizers and pesticides are employed, the amounts are small in
 
absolute terms as well as in comparison with those used for cash crops, 
such as groundnuts.
 

Rice has been the target of several Government-sponsored development 
programs and about two-thirds of the fossil fuel energy used in the rice 
system is consumed by capital-intensive irrigation projects in the Senegal 
River Valley. Existing plans to expand these projects call for the alloca
tior, of ever larger amounts of commercial energy to rice production. 

Production technologies for groundnuts are similar to those for millet
 
and sorghum, except that the use of animal traction and commercial inputs 
(treated seeds, fertilizers, and some pesticides) is somewhat more wide
spread. The bulk of the crop is transported to one of five industrial oil 
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mills for processing, Involving significant fossil fuel inputs, even though
 

some of the oil mills' energy needs are met by burning groundnut shells.
 

The artisanal fishing fleet consists of open wooden boats, the major

ity of which are now equipped with outboard motors. More than 80 percent
 

of the annual catch isconsumed in a fresh state. Traders usually pack the
 

fish in ice and truck it to Dakar and other cities. The remainder is
 

Lack of adequate cold storage and ice-making
cleaned, dried and stored. 


facilities, as well as insect infestation and decay due to improper drying
 

methods of processed fish, result in a high product loss.
 

Since Senegal has virtually no oil, gas, and coal reserves of its own,
 

and since food transformation technologies using solar power as yet do not
 

represent viable alternatives, fuelwood will continue to be the main energy
 

source for cooking. All efforts must therefore be made to conserve, regen

erate, and make efficient use of the country's forest resources.
 

Self-sufficiency ingrain will require higher yields, which can onily
 

be attained through the expenditure of additional energ), both commercial
 

and traditional, for such processes as irrigation, fertilizer application,
 

and pest control. This additional energy should be put where it results in
 

the greatest increase in agricultural product. The efficiency with which
 

energy is used in the food system can also be increased through the reduc

tion of product losses, particularly fish and grain losses during storage.
 

Recommended Areas for Energy Improvement
 

The following high potential areas for energy improvement have been
 

identified from the energy use profiles:
 

Fish Preservation. Fishing from small motorized craft consumes more
 

than half of all commercial energy used inSenegal's food system. Losses
 

of fish in transit and storage due to insect infestation and decomposition
 

amounts to an estimated 25 percent of the total catch. Examples of proj
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ects which could be developed to reduce these losses are: (1)improvement
 
and dissemination of existing models of solar drying equipment; (2) devel
opment and installation of appropriate ice-making and cold storage facili
ties; (3)research into the use of chemicals for fish preservation; and (4)
 
feasibility study of the use of biogas plants to absorb the wastes at the 
large fish processing centers.
 

Fuelwood Production. Senegal's forest reserves have been seriously 
depleted in recent years. Yet in the absence of viable alternatives the 
biomass from forests will remain a principal source of energy for the coun
try inthe forseeable future. Examples of possible projects are: (1) im
provement and dissemination of low-cost energyefficient methods of char
coal making; (2)reorganization of the charcoal industry; and (3) further 
expansion of existing afforestation and forest management programs. 

Fertilizer Production and Use. The increased use oF fertilizer plan
ned by the Governn.ent of Senegal is a key element in the country's drive 
towards self-sufficiency in food grains. To encourage farmers to apply 
chemical fertilizer to their fields, prices are heavily subsidized by the 
Government; yet other methods of maintaining soil fertility could be prac
ticed to a much greater extent than they are at present. Examples of pos-
Sib> pr)jects are (1)continuing research on nitrogen fixation through 
non-chrmical means; (2)research on improving the rate of direct absorption
 
of phosphate rock by soils; (3)promotion of green manuring and composting
 
practices; and (4)development of less energy-intensive fertilizer manufac

turing and distribution systems.
 

Water Pumping. Irrigation is the second key element of the Govern
ment's plans for increased cereal production, particularly with respect to 
rice and wheat. Because of the terrain, irrigation water must be supplied 
by pumping innearly every case. As the rising cost of oil precludes reli
ance solely on diesel fuel and gasoline to drive these pumps in the future, 
the Government has placed high priority on developing alternative technolo
gies for pumping water based on locally-available energy resources. Exam
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pies of possible future work include: (1)financial support to build and
 

distribute existing models of low-capacity photovoltaic and solar-thermal
 

a commercial scale; (2) retinement of large-capacity solar
systems on 


plants similar to the design at Bakel; and (3) windmill applications in 

coastal areas.
 

Cooking Methods and Equipment. The vast majority of Senegalese house

holds use either wood or charcoal for cooking. Firewood isburnt directly
 

under the cooking pot without the use of a stove, resulting in very low 

thermal energy efficiency. Examples of promising assistance projects are:
 

(1)improvements inthe design of charcoal stoves; (?) design and dissemi

nation of efficient wood-burning cooking stoves; and (3) further research 

into the feasibility of introducing biogas plants. 

Some other potential areas of concentration for energy improvement
 

have also been examined in this study, but were given lower priority rat

ing. These are:
 

* Household-level grain storage;
 

* Aflatoxin control;
 

* Groundnut shell utilization;
 

* Small mechanical millet processing; and
 

* Small mechanical rice milling.
 

General Conclusions 

Energy profiles provide a useful accounting framework for examining
 

the relationship between product outputs, on the one hand, and energy in

puts into product transformation processes, on the other. They allow plan

ners to make projections of energy demand under different assumptions of 

industrial growth, future product demand patterns, liquid fuel supply 

availability and price, etc. The ultimate aim of these studies is to make 

national plans for future energy supplies compatible with demand projec

tions for goods and services.
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Studies which deal with one sector of the economy, such as this one, 
must, in the final analysis, be integrated into a national energy assess
ment because of the close product as well as energy linkages between dif
ferent economic sectors. 
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Chapter One
 

BACKGROUND
 

Introduction to the Study
 

This study of energy use and opportunities for energy-related improve
ments in Senegal's food system isone of several country-specific studies
 

initiated by USAID and performed under contract to Brookhaven National Lab

oratory/Associated Universities, Inc. USAID's purpose in commissioning
 

this program of studies was to identify wdys and means to alleviate the 
most significant problems associated with the use of energy inthe produc

tion, processing, distribution, and preparation of food in developing 

countries. To this end, the study presented herein examines the structure 
and energy consumption patterns of key components of Senegal's food system. 
It also identifies areas within that system where (1)energy savings might 
be achieved through the introduction of superior energy conversion technol

ogies; (2)the use of more desirable energy sources might be promotEd; or 
(3)increases in product output might be attained through the efficient ap
plication of additional amounts of energy. Finally, itevaluates opportun

ities to provide assistance inthese areas in terms of potential energy im
pact, development impact, implementability, and uniqueness of a U.S. role.
 

The study is based on information available frow: published sources, 
unpublished research documents, fild research, and personal interviews 
conducted inSenegal inlate 1978 and again inthe fall of 1979. In some 

cases the quantitative data used are not current, are incomplete, or could 

not be verified at the source. For the most part, however, they are con
sidered adequate for identifying and estimating the magnitude of problems 
assuciated with the tise of energy in the food system, as well as for estab
lishing directions for further study and research. 
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The study contains six chapters and two annexes. The balance of Chap

ter One gives some basic information about Senegal and its economy. Chapter
 

Two and Chapter Three provide overviews of the food system and the energy
 

system, respectively. Chapter Four includes analytical profiles of energy
 

use in the production, processing, and distribution of millet and sorghum,
 

rice, groundnuts, and fish caught by artisanal methods, and fuel use in 

cooking. Chapter Five defines and evaluates potential focal points ("areas
 

of concentration") for future energy-related activities, while Chapter Six 

contains the conclusions and reconmendations of the study. A glossary of 

institutions and a bibliography of all references used in preparing the 

study are appended as Annex A and Annex B.
 

Senegal: Location, Topography, and Climate
 

The Republic of Senegal occupies an area of 196,722 km2 on the west

ernmost part of the African continent. It is bounded on the north by Mau'

itania, on the east by Mali, an on the south by Guinea and Guinea-Bissau. 

The small independent state of the Gambia extends into Senegal for about 

35D km along both sides of the Gambia River, forming a partial barrier
 

between Senegal's Casamance region and the central heartland of the country
 

(Exhibit 1.1).
 

Altitudes over 100 meters are found only in extreme southeastern Sene

gal, the rest of the terrain being made up of flat to gently rolling savan

na plains. There are four navigable rivers flowing west into the Atlantic: 

the Senegal, the Saloum, the Gambia, and the Casamance. Because of the 

relatively flat topography, these rivers are sluggish and their shallow 

estuaries penetrate inland for considerable distances. 

The natural vegetation varies from semi-arid Sahel savanna in the
 

north, to grassy Sudan savanna in the central region, to heavily forested
 

Guinea savanna south of the Casamance River. Forests cover 20 percent of
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Exhibit 1.1 

Map of The Republic of Senegal 
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Senegal's total land area, mainly in the Casamance and Senegal Oriental. 
The scattered trees and shrubs found in the northern half of the country 

include several varieties of acacia, jujube, date, myrrh, mimosa, and dry

zone mahogany.
 

The climate ischaracterized by two well-defined seasons and an aver

age temperature range of 180C to 310C. The rainy season lasts between 

three and six months, depending on latitude, prevailing winds, and other 

factors. Rainfall is subject not only to sharp annual fluctuations, but 

also to unpredictable timing throughout the growing season. Drought years 

occur in cycles: drought approximately one year in every four, and pro

longed drought periods every 15 to 25 years. The most recent major 

drought, which began in 1968 and ended in 1973, crippled the agriculture

based economies of Senegal and other countries of the Sahel, exacted wide

spread human suffering and losses of livestock herds, and set in motion an 

international relief and rehabilitation effort which continues to this 

day.
 

Demographic Characteristics
 

Senegal's population, estimated at 5.5 million inmid-1979, isgrowing
 

at an average rate of 2.8 percent per year. Population density ranges from
 

five persons per km2 in Senegal Oriental to 1,540 persons per km2 in the 

Cap Vert region; average population density is25 persons per km2 for the
 

country as a whole. Sixty-five percent of the rural population lives in 
the Groundnut Basin east of Dakar, encompassing the regions of Louga, Di

ourbel, Thies and Sine Saloum. Except for clusters of population along the 

Senegal River and around major towns, population density islow for most of
 

the rest of the country, and especially for the eastern portion.
 

About 28 percent of the population lives in urban areas, a proportion 

that isprojected to increase to 43 percent within the next 25 years. The
 

capital city of Dakar has over 800,000 people, approximately half the urban
 

population. The urban growth rate averages six percent for Dakar, four
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percent for secondary urban centers. Rural out-migration accounts for 40 
to 50 perc'ent of urban population growth, and the 1968-73 drought accele
rated the exodus from stricken rural areas. Seasonal rural-urban movements
 
are also commonplace inSenegal, especially during the dry months when many
 
young men and women leave their villages to seek work incities and towns.
 

Principal ethnic groups include the Wolof, the Serer, the Peul or Fu
lani, the Toucouleur, the Diola, and the Manding. The Wolof are concen
trated inthe Groundnut Basin, Cap Vert, and the Senegal River Delta, while 
the Serer predominate inthe southern Groundnut Basin and coastal areas 
south of Dakar. The Diola and Manding inhabit the Casamance and Senegal 
Oriental. The Peul, traditionally nomadic herders, are dispersed through
out Senegal's major livestock raising areas. The Toucouleur are found
 
mainly along the Senegal River inthe Fleuve region of northern Senegal.
 

French, the official language of Senegal, is spoken by the literate 
portion (about ten percent) of the population. The "unofficial" national
 
language is Wolof, which over 75 percent of the Senegalese speak, although 
other indigenous languages (Serer, Fulani, Diola) are used as well. Over
 
80 percent of the population is Muslim, four percent is Christian (largely 
the Serer), and the rest adhere to traditional animist religious beliefs.
 

Transportation
 

Senegal's transportation system include a 13,250 km road network, two
 
railway lines, 1,500 km of seasonally navigabie waterways, and a commercial
 
deepwater port and international airport at Dakar. There are also a number
 
of smaller ports (notably Saint Louis, Kaolack and Ziguinchor) which serve
 
mainly the interior riverways, and some 20 domestic airports and landing 
strips in secondary population centers. Two main flows of goods occur: 
agricultural goods from the rural areas to Cap Vert; and manufactures and 
agricultural inputs from Cap Vert to the rural areas.
 

The road network was developed principally for the evacuation of the 
groundnut crop, as the concentration of primary and secondary feeder roads
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inthe Groundnut Basin shows. Only 19 percent (2,536 km) of the network is
 

paved, another 30 percent is all-weather gravel, and the remaining 51 per
cent consists of ordinary earth or overland tracks which, depending on the
 

length and severity of the rainy season, may be impassable for up to six 
months a year. Dakar is the hub of the road system, with paved highways 
extending north to Saint Louis and along the Senegal River to Matam; east 
to Kaffrine; and south to Ziguinchor in the Casamance region. Most roads 

in Senegal have been poorly maintained in recent years and are now in de
teriorated condition.
 

Most agricultural products are handled by truck, which is the most 
competitive and flexible means of transport given the dispersed population 
and low freight levels that characterize Senegal's rural sector. The 

trucking industry ismade up of 19 large companies, owned for the most part 
by expatriates, and numerous independent operators and small firms. The 

groundnut campaign accounts for a sizable proportion of the industry's 
business. The seasonal nature of the campaign, however, means that while 
much of Senegal's truckiqg capacity isunderutilized between June and Octo

ber, it is insufficient to meet demand between November and May when the 
groundnuts must be moved to the oil mills and agricultural inputs brought 
to rural areas in preparation for the next crop season. Other problems in
clude inefficient scheduling of hauls, resulting in many empty backhauls, 
and neglect of routine maintenance due to the highly competitive rate 
structures which often barely cover costs.
 

The railways were constructed by the French primarily for transporting
 

groundnuts. Both railway lines originate in Dakar: one runs north to
 

Saint Louis, with a spur to the phosphate mines at Taiba; the other tran
sects Senegal and continues into Mali. Although the trucking industry has 
now captured most of the groundnut trade, phosphates, petroleum products, 
agricultural equipment, and other heavy goods are still shipped by rail. 
Traffic to and from Mali accounts for about half the gross revenues of the 
entire rail system, which is plagued by antiquated rolling stock, poorly 
maintained railbeds, inadequate management, and competition from trucks and 

(for passengers) intercity taxi transportation.
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River transport has fallen off considerably in the past 15 years, al
though it is still used to move agricultural produce. In the north, the 
Senegal River is navigable for almost 1,000 km. inland at the height of the 
rainy season (August and September), but for only 275 km inland in the dry 
months of December to June. Recent plans for developing the Fleuve region 
have stressed the rennaissance of river transport, although such will de
pend on the construction of dams to ensure adequate water levels on the 
Senegal River. The Saloum and Casamance Rivers can be navigated by small
 

ships for 118 km. and 178 km. respectively, and at one time a significant 
volume of import-export trade was handled through ports on these waterways.
 
In recent years, however, traders have tended to favor overland shipments 
via Dakar at the expense of river transport, largely for cost considera

tions.
 

Inthe rural sector, transport (apart from human porterage) iseffect
ed mainly by ox and horse-drawn carts. Much of the groundnut crop ismoved
 

a distance of five to ten km from field to the cooperative by animal carts, 
and there exists an active rental market for this service. Small amounts 

of grain, vegetables, and other produce are brought to rural and urban 111ar

kets intrucks operated by private traders (bana-bana men), and sometimes 

intraditional dug-out canoes (pirogues). Small busses (car rapides) and 
bush taxis (taxis brousses) provide the major passenger transportation 

links between the cities and towns, and may also be relied upon by small
scale traders for the transport of agrirultural goods.
 

Government and Economy
 

Senegal has a presidential system of government, with a strong execu

tive and a unicameral legislature. The president, elected every five years 
by universal suffrage, appoints the prime minister, cabinet, supreme court 
judges, and the governors of the country's eight administrative regions.1/
 
Most statistical reporting isdone on a regional basis.
 

1/ Cap Vert, Thies, Diourbel, Sine-Saloum, Casamance, Senegal Oriental, 
Fleuve, and Louga. Louga was part of the Diourbel region until 1976.
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Gross National Product (GNP) in 1977 was $2.24 billion, or about $430
 
per capita. World Bank economic data for 1970-77 show an average annual
 
growth in real Gross Domestic Product (GDP) of 2.8 percent, which is only
 
slightly higher than the population growth rate. The annual rate of infla

tion, which averaged only 1.6 percent throughout the 1960's, reached 12.1
 
on the average between 1970 and 1976.
 

The service sector accounts for about 48 percent of Senegal's GDP,
 
agriculture for 28 percent, and industry for 24 percent. Industrial activ
ity, concentrated inthe regions of Cap Vert and Thies, has expanded rapid
ly over the past ten years. Food processing and phosphate mining enterpri
ses contribute nearly 60 percent of value-added by the industrial sector.
 

The economy of Senegal is heavily import-export oriented. The average
 
annual value of merchandise exports, principally groundnut oil, phosphates,
 

fish, and refined petroleum products rose 7.2 percent per year between 1970
 
and 1977. This compares with an average annual growth rate for imports,
 
mainly foodstuffs, crude oil, and manufactured goods, of 5.1 percent. While
 
Senegal's terms of trade have been improving (the 1976 index was 110 on a
 
1970 base of 100), exports still cover only 78 percent of imports in an
 

average year. The trade deficit in 1977 was $150 million.
 

Exhibit 1.2 presents selected development indicators for Senegal,
 
based on World Bank and U.S. Government data. More detailed information on
 
the economic aspects of the country's food and energy systems are presented
 
in the next two chapters of this report.
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Exhibit 1.2
 

Senegal: Selected Development Indicators
 

Population
 

1979 ............................................... 5.5 million
 

Annual Average Growth Rate, 1970-9 ................ 2.8 percent
 

Gross National Product (GNP)
 

1977 .................... ...... ........ $2.24 billion
 

Per Capita, 1977 ......... . . . . . . . . . . . .$ 3
 

Gross Domestic Product (GDP)
 

Annual Average Growth Rate, 1970-77 ............. 2.8 percent
 

Percentage Distribution, 1976: Agriculture ...... 28 percent 

Industry ......... 24 percent 

Services ......... 48 percent 

Herchandise Trade 

1977 Exports, FOB .............................. $520 million 

1977 Imports, CIF **.... ... . ...... ........ $670 million 

Source: IBRD. World Development Report, August 1979.
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Chapter Two
 

FOOD SYSTEM OVERVIEW
 

Introduction
 

Agriculture is the mainstay of Senegal's economy, directly accounting 
for some 30 percent of gross domestic product and 70 percent of total em
ployment in recent years. It provides most of the raw materials for the 
domestic food processing industry, which is the largest component of the
 
industrial sector and generates about 40 percent of the total value of man
ufacturing output inSenegal. Of even greater significance is the contri
bution of food-based industries to export earnings; groundnut products typ
ically make up 40 to 45 percent of the total value of Senegalese exports, 
with fish and vegetable product exports supplying an additional eight to 
ten percent of the annual total (Exhibit 2.1).
 

Food is also the largest import category in Senegal's foreign trade 
accounts, amounting inmost years to between 20 and 30 percent of total im
ports. Sugar, rice, and wheat are the leading foods imported followed by 
dairy products, fruits and vegetables. Annual food grain imports seldom 
fall below 300,000 metric tons -- or between 30 and 40 percent of all grain 
consumed in Senegal -- due to high levels of urban demand for rice and 
wheat that cannot presently be satisfied by domestic production even in the
 
best of years. Inyears when domestic harvests are adversely affected by
 
the weather, imports of rice, wheat, and other cereal staples rise. Unfa
vorable weather conditions further strain the country's balance of trade by
 
reducing groundnut yields, thereby limiting the amount of groundnut oil
 

available for sale on export markets.
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Exhibit 2.1
 

Senegal: 	'Foreign Trade in Food Products, 1975
 

Value Share 
(mill ions) (percent) 

EXPORTS 

Groundnut Products $ 174.2 40.4 

Fishery Products 31.6 7.3 

Fresh Vegetables 3.4 0.8 

Subtotal Food Products 209.2 48.5 

Other Exports 221.8 91 

Total Exports $ 431.0 00.0 

IMPORTS 

6.1
$ 33.0Sugar 

4.9
26.3
Rice 

3.7
20.1
Wheat 

1.9
10.5
Dairy Products 


10.1
Fruits and Vegetables 	 1.8 

1.1
6.2
Oils atil Fats 
1.9
10.8
Other Food Products 


21.6
117.0
Subtotal Food Products 

78.4
424.8
Other Imports 

100.0
541.8
Total Imports 


Tropicaux et M rterrandens, 1684
Source: 	 "Senegalese Industry," Marches 
(February 17, 1978). ' 
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The agricultural sector has undergone a number of shocks over the past 
15 years. P%=- capita food production has been declining since indepen
dence. Loss of protection for Senegalese groundnuts inFrench markets ser

iously disrupted the economy in 1967/68. Foreseeing this, the Government 
had earlier sought to increase agricultural productivity, mainly through 
the use of improved inputs and technical assistance. However, the drought
 
which followed the loss of preferential pricing frustrated these sectoral 
development efforts. Crop and livestock production fell dramatically, in
dustrial unemployment rose, the balance of trade deteriorated, and rural 
per capita incomes declined, in turn accelerating the rate of rural migra
tion to the cities. In the aftermath of the extended drought of 1968
1973, the Government stepped tip the level of investments in the rural sec

tor, and re-evaluated its agricultural pricing policies as well.
 

The remainder of this chapter provides an overview of Senegal's food 
system, with emphasis on the production, processing, distribution, and con
sumption of basic food commodities. Macroeconomic data on production 

trends, the processing and distribution system, and domestic food consump

tion and nutrition are presented, followed by a discussion of climate and 
soil conditions, current land use and cropping patterns, and the institu
tional and social framework within which the agricultural production takes 

place. The section concludes with a brief analysis of the Government's 
plans and priorities for development of the sector. More detailed informa

tion on four of the most important conodities in the food system (rice, 
millet/ sorghum, groundnuts, and fish) are presented inChapter Four.
 

A. FOOD CROP CHARACTERISTICS: PRODUCTION TO CONSUMPTION
 

Crop Production
 

Crop production contributes 58 percent of value added by the pri:nary 
sector in Senegal, livestock 19 percent, fishing 16 percent and forestry 7 
percent (Exhibit 2.2). Groundnuts and several varieties of millet and 
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Exhibit 2.2
 

Senegal: Composition of Value-Added by Primary Sector, 1975
 

1975
 

Sector Subsector
 
Value Share Share
 

(millions) (percent) (percent)
 

crops:
 Cereals 
 100.9 
 20.2 34.7
 
Other Food Crops 30.9 6.2 10.6
 

Groundnuts 148.3 29.7 51.0
 
Other Industrial Crops 10.9 2.2 3.7
 

58.2 100.0
Subtotal 291.0 


Livestock:
 
Cattle 
 47.8 9.6 52.1
 

Sheep and Goats 14.3 2.9 15.7
 
Poultry 20.4 4.1 22.3
 
Pigs 4.3 0.9 4.7
 
Other 
 4.8 1.0 5.2
 

91.6 18._. 100.0
Subtotal 


FishInq:
 
Artisanal Maritime Fishing 57.8 11.6 71.9
 
Industrial Fishitig 19.1 3.8 23.8
 
Artisanal Inland Fishing 3.5 0.7 4.3
 

80.4 16.1 100.0
Subtotal 


Forestry: Subtotal 36.5 7.2
 

Total Primary Sector Value Added $ 499.5 $100.0
 

Source: World Bank. Values converted to U.S. dollars at exchange
 
rate of $1.00 - 230 francs CFA.
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sorghum are the principal crops, accounting for about four-fifths of the 
total area under cultivation (Exhibit 2.3). Rice is the staple food crop 
in the Casamance region, and is also being produced on irrigated projects 
in the north for urban consumption, while maize israised in the Casamance,
 
Senegal Oriental, and Fleuve. Recently, the Government has been encourag
ing the production of sugarcane, tomatoes, cotton, and fruit with a view
 
toward diversifying agriculture in the country and providing raw materials 
for domestic processing industries. The substitution of domestic products
 
for imported sugar, tomato paste, and cotton cloth, all of which figure 
prominently in Senegalese household budgets, forms part of an ongoing pro
gram to reduce Senegal's foreign trade deficit.
 

Exhibit 2.4 shows trends in tonnage production for each of the major
 
types of crops grown inSenegal. Five-year averages for 1961-65, 1966-70,
 

and 1971-75 have been used inorder to minimize the effect of drought years
 
on the production data. With the exception of cotton and confectionary 
groundnuts,1/ which were not introduced as comrrcial crops in Senegal un
til the mid-1960's, there has not been much change in land use patterns or 
average yields during the past 15 years. Groundnuts and millet continue to
 
dominate, followed by root and bean crops, rice paddy, and maize.
 

Fluctuations inyear-to-year production totals can be attributed pri
marily to weather conditions, and secondarily to some tendency on the part
 

of farmers to substitute among crops in response to government pricing and
 
marketing policies.2/ These policies control the sale of groundnuts, cot

_/ Confectionery groundnuts (arachides de bouche) are hand-picked, select
ed nuts which may be roasted or used in the manufacture of peanut butter 
and bakery products. 

?/ For example, ithas been claimed that substitution of "roundnuts for un
irri(lated rice paddy in the Casamance and for cotton it 3enegal Oriental 
has. been encowraqed by the Senegalese Government's uniform pricing policy
for (Irounn(nuts, which ignores variations in transport costs to the oil 
mills from different regions of the country. 
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Exhibit 2.3
 

Senegal: 	 Average Area Harvested by Crop - 1970-1974 

Share of Total
 
Harvested Area Harvested Area
 

Crop (thousand ha) (percent)
 

Groundnuts 1,048 43.4
 
Millet/Sorghum 969 40.2
 
Rice 72 3.0
 
Peas/Beans 66 2.7
 
Roots/Tubers 42 1.7
 
Maize 40 1.7
 
Seed Cotton 23 1.0
 
Other Crops 152 6.3
 

Total 	 2,412 100.0
 

Source: 	 International Fertilizer Development Center, West Africa Fertil
izer Study, Volume Two: Senegal, Florence, Alabama, 1977
 

Exhibit 2.4
 

Senegal: 	 Trends inTonnage Production, by Crop
 

Average Annual Production (thousand tons) 
Crop Category 1961-1965 1966-1970 17T-1-73 , 

Cereals (574) (712) (654) 
Millet and Sorghum 446 543 524 
Rice Paddy 94 117 87 
Maize 30 43 35 
Fonio 4 9 

Roots and Beans 186 244 202 
Vegatdbies and Fruits 
Groundnuts 

138 
(945) 

163 
(926) 

155 
(772) 

Oil 945 921 762 
Confectionery - 5 10 

Seed Cotton - 6 27 
Palm Kernel 18 20 22 

Source: 	 World Bank.
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ton, millet, and rice paddy through legal channels, although some produc
tion is sold illegally through the traditional distribution network. Prices 
are set by the government, and the producer is paid once the yield has been 
marketed -- a lag time of up to three months after he delivers his crop to 
official weighing stations. Exhibit 2.5 shows the official prices paid to
 
producers for the 1976-77 crop year.
 

Government profits from the sale of groundnuts, cotton, sugarcane, and
 
imported rice are inpart rechannelled into price subsidies on fertilizers,
 
agricultural equipment, and certain consumer foodstuffs, such as groundnut
 
oil and wheat flour. Consumer subsidies on imported rice were eliminated
 
in late 1974, although the Government still stabilizes imported rice prices
 
to adjust for short-run fluctuations. The Government also subsidizes do
mestic rice production, processing and distribution.
 

Exhibit 2.5
 

Senegal: Official Producer Prices Paid by Crop,
 
1976-1977
 

Crop Producer Price/ton
 

Oil Groundnuts $180
 
Confectionary Groundnuts $180-261
 
Millet $152
 
Cotton $ 96-204
 
Rice Paddy $180
 

Source: Senegal, Ministry of Planning and Cooperation, Fifth Four-Year
 
Development Plan, June, 1977. Prices converted to U.S.
 

olars at exc ange rate of $1.00 = 230 francs CFA.
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Livestock
 

Two percent of the population of Senegal depends on nomadic or semi

nomadic herding for its livelihood, another eight percent engages in some
 

combination of stockraising and cultivation, and fully 50 percent keeps 

some animals. Livestock provides draft power on farms, supplies hides for 

tanning and export, and produces limited amounts of meat and milk for do

mestic consumption. However, Senegal continues to be a net importer of 

meat and dairy products, and there are also significant movements of cattle 

which come over the border from Mauritania without passing through official 

trade channel s. 

Within the livestock industry, the greatest proportion of value added
 

derives from cattle production. In1970, there were an estimated 2.6 mil

lion head of cattle in Senegal, but the Sahelian drought subsequently cut 

the herd size by an estimated 12 percent and it is only now regaining its 
pre-drought strength. Cattle productivity is low by international stan

dards; the percentage of females calving is under 60 percent, and 30 to 40 

percent of the calves die during their first year. Carcass weights at 

slaughter average under 150 kgs., compared with weights of up to 350 kgs. 

for animals fed on feedlots.
 

Fishing
 

Since Senegal became independent in 1960, fishing has been one of the 

most rapidly growing subsectors of its economy. According to official
 

government statistics, annual production rose nearly fourfold between 1960 

and 1976, and its value (at constant 1971 prices) increased by over 200 

percent. By the mid-1970's, the fishing industry was contributing 16 per

cent of all value added by the primary sector, up from 5.8 percent in 1960 

and 7.5 percent in 1965. The artisanal maritime segment of the industry 

generates about 72 percent of the total value of the fishing catch, and in

dustrial fishing accounts for 24 percent. The balance of 4 percent is at

tributed to inland river fishing. 
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The Processing and Distribution System
 

For purposes of this discussion, the processing and distribution sys
tem encompasses the range of functions that lie between actual food prodtic
tion and final preparation of food for human consumption. These include 
transportation, processing of various kinds, storage, packaging, and whole
sale and retail distribution. There are two parallel processing and dis
tribution systems in Senegal. One isthe traditional system, where pro
cessing is performed at the farm or village level, usually by hand, and the
 
product is either stored for on-farm consumption or sold in nearby market 
towns. 
 The other can be termed the industrial system, in which raw pro
ducts are transported to major urban areas for processing and distribution
 
by modern commercial enterprises, many of which are foreign-owned.
 

The traditional system handles most of the staple foods produced in 
Senegal, including millet, sorghum, roots and tubers, peas and beans, fish 
caught by artisanal methods, and a significant portion of the rice and 
livestock. Millet production not retained for on-farm use is supposed to 
be marketed through official Government channels, but less than five per
cent of the total crop is actually handled in this manner. Surplus paddy 
produced on Government projects is taken to one of four industrial rice
 
mills for processing prior to distribution through commercial networks, 
largely inurban areas.
 

In addition to the rice mills, the industrial system consists of the 
groundnut oil factories, some 20 firms engaged in processing and distribut
ing the industrial fishing catch, two large grain mills (mainly for wheat 
flour, but also some millet), a sugar refinery, several vegetable canning 
plants, and various enterprises involved in manufacturing sweets, bever
ages, biscuits, and assorted condiments. There are also firms that process
 
imported dairy products, although there are no dairies and only one major 
slaughterhouse for cattle.
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Exhibit 2.6 presents data on output and value-added for selected types
 

of food processing firms in Senegal, drawn from a census of business enter

prises conducted in 1975. Not reflected in these data are the activities 

of private and Government-owned corporations that provide food transpu, a

tion, storage, and marketing services independent of the processing indus

try. Aside from ONCAD, the Government groundnut, millet, and rice trading 

monopoly, the most important of these are SONACOS (Societe Nationale des 

Olagineux du Senegal), a mixed enterprise owned by the Government and the 

oil factories and charged with the sale and export of manufactured ground

nut products, and the CSS (Compagnie Sucriere Senegalaise), which has a 

monopoly on distributing domestic and imported sugar and is also involved 

in producing and processing sugarcane.
 

Domestic Food Consumption and Nutrition
 

Available data on food consumption patterns in Senegal show the impor

tance of cereals as a source of energy and protein in the national diet. 

According to Government estimates (Exhibit 2.7), cereals accounted for 67 

percent of average daily per capita calorie intake in 1974, rising to 75 

percent in rural areas. Comparable figures for protein were 57 and 67 per

cent.
 

Except in the Casamance where domestically-grown rice is preferred, 

millet and sorghum are the staple food grains in rural areas and represent 

nearly half of all cereals consumed in Senegal. In urban areas, imported 

rice is the staple food. Imported wheat (in the form of bread) and maize 

are other important cereals in the Senegalese diet. Preference for import

ed grains in cities is linked to the relative ease of preparation of these 

cereals compared with traditional millet and sorghum (which is handpound

ed), as well as to policies which subsidize or control the prices of rice 

and bread, which make these commodities attractive to consumers.
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Exhibit 2,6
 

Senegal: 
 Output and Value Added for Selected Food
 
Processing Industries, 1975
 

Number of Production Value Added

Type of 	Firm 
 Firms (millions) (millions)
 

Fish Processing Plants 
 15 $ 46.5 $ 7.9
 
(canning, curing, freezing,
 
fishmeal production)
 

Oil Processing Plants 	 5 
 201.0 36.8
 
(oil, 	cake, soap, vinegar, and
 
perfume manufacture)
 

Flour Mills and Bakeries 	 44 
 50.0 10.1
 

Sugar Refineries and Confec-
 7 57.1 23.5
 
tioneries
 

Miscellaneous Food Industries 
 14 	 35.2 13.6
 
(milk and cheese processing,
 
brewing, ice manufacture, com
mercial vegetable and live
stock processinq)
 

Source: 	SONED, Les ActiviteO du Secteur Economique Moderne au Senegal
 
en 1974 et 1975 d'apr~s les Resultats du Recensement Gendral
 
des Entreprises, Dakar, June 1977.
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Exhibit 2.7
 

Senegal's Food Balance Sheet, 1974
 

Population (millitons) 


Per Capita Consumption in kg/year:
 

Cereals 


Rice 


Millet and Sorghum 


Daily per Capita Calorie Intake
 
from Cereals 


Daily per Capita Total Calorie
 
Intake 


Daily per Capia Calorie Intake
 
of Animal Origin 


Daily per Capita Consumption
 
of Proteins (grams) 


Daily per Capita Consumption
 
of Proteins of Animal Origin
 
(grams) 


Daily per Capita Consumption of
 
Proteins of Cereal Origin
 
(grams) 


Source: World Bank.
 

Total for 

Senegal 


4.8 


149 


54 


73 


1,491 


2,210 


170 


68 


22 


39 


Rural Urban 
Sector Sector 

3.3 1.5 

153 153 

37 91 

97 21 

1,549 1,363 

2,068 2,495 

68 367 

58 87 

10 45 

39 37 
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FAD forecasts of food requirements to 1990 (Exhibit 2.8) assume a con
tinuation of growth indemand for rice and wheat. 
Whereas per capita con
sumption of millet and sorghum are expected to remain relatively constant,
 
rice and wheat consumption per capita are expected to grow by eight and 34
 
percent respectively over 1970 levels. Growth is also anticipated in per 
capita intake of sugar (35 percent), fruits and vegetables (12 percent), 
meat products (18 percent), and fish (10 percent). Consumption of root and
 
tuber crops (potatoes, sweet potatoes, cassava), on the other hand, is ex
pected to decline by slightly more than three percent per capita.
 

Comparison of rural and urban food intake data for 1974 (Exhibit 2.7)
 
indicates that urban dwellers consume, on the average, nearly 20 percent 
more calories and 17 percent more protein per day than their rural 
counter
parts. Moreover, the animal 
protein content of urban diets is about four 
times greater than the average for the rural sector. Dried or fresh fish, 
which isoften used in sauces to accompany millet, sorghum, or rice, isfar 
more important than meat as an animal protein source. 

The 1974 data on overall rural food balances show average energy in
takes very close to the recommended minimum per capita requirement of 2,100 
calories per day. However, these averages conceal considerable disparities 
in levels of nutrition by season, income, sex, and age group. Surveys of 
rural and semi-rural districts inthe Groundnut Basin have revealed serious 
calorie shortfalls during the crop production season (mid-summer through 
October), when stores from the previous year's harvest have been depleted 
and before the current year's crop is ready to reap. Of even greater sig
nificance is that this period of hunger (known in Senegal 
ds the soudure) 
falls during a time of year when large amounts of human energy must be ex
pended on strenuous agricultural production and harvesting 3ctivities. In 
another survey, the daily caloric intakes of young children, pregnant wo
men, and nursing mothers were found to be well below the minimum levels 
needed for normal growth and development (Exhibit 2.9). Nutritional defi
ciencies have also been noted among Senegalese children and adults who, 
while enjoying diets which meet or exceed per capita energy requirements, 
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Exhibit 2.8
 

Projected Changes in Per Capita Consumption
 
of Basic Foods In Senegal: 1970-1990
 

Estimated Per Capita Consumption (kg)hi Percentage
 

Millet/Sorghum 

Rice 

Wheat 

Maize 

Roots and Tubers 

Beans/Peas 

Vegetables 

Sugar 

Groundnuts 

Fruit 

Meat 

Fish 


1970 	 10 Change
 

94.3 	 98.0 + 3.9 
55.8 	 60.2 + 7.9 
22.4 	 30.2 + 34.8 
15.8 	 16.4 + 3.8
 
40.3 	 39.0 - 3.2 
5.4 	 5.8 + 7.4 

13.2 	 14.8 + 12.1
 
18.1 	 23.4 + 29.3
 
8.9 	 9.4 + 5.6 
9.4 	 10.5 + 11.7 
16.6 	 19.6 + 18.1
 
39.2 	 43.1 + 9.9 

/ 	 Data for 1970 are based on estimates of actual consumption per
 
capita. 1990 projections assume a one percent annual increase
 
in per capita food expenditures and consequent changes in elas
ticity of demand.
 

Source: 	 FAO, Etude prospective pour le developpement agricole des pays
 
de ia zone sahelienne: 1975-i990, Rome, 1976.
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suffer from endemic diseases that reduce the efficiency with which their
 

bodies are able to absorb and utilize this food. 

Exhibit 2.9
 

Percent of Per Capita Energy Intake Requirements Satisfied,
 
by Selected Seasons and Vulnerable Groups
 

Percent of
 
Category National Requirements
 

Rural Villagers (Thies, 1966)
 
January-March 97
 
May-June 90
 
August-October 75
 

Rural Villagers (Sine-Saloum, 1968)
 
January-March 104
 
May-June 92
 
Augus t-October 88
 

Vulnerable Groups (1970)
 
Children (1-3 years) 74
 
Children (4-6 years) 70
 
Adult Women 99
 
Pregnant Women 88
 
Nursing Mothers 82
 

Source: FAO, op. cit., based on government survey data.
 

B. PHYSICAL AND INSTITUTIONAL FACTORS IN AGRICULTURE
 

Physical and Land Use Characteristics
 

The various agricultural zones of Senegal may be distinguished by dif

ferences in climate, soil conditions, population density, cropping pat

terns, and most importantly, the availability of water resources. This
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section presents a brief description of the physical factors affecting ag

ricultural land use and the cropping patterns prevailing within each zone.
 

Rainfall and Soil Conditions
 

A key determinant of agricultural land use in Senegal is rainfall, the
 

total amount, seasonal distribution, and variability of which are critical
 

to crop production. Mean annual rainfall varies from under 400 mm in the
 

far northern part of the country to 1500 mm in the Lower Casamance (Exhibit
 

2.10). The Groundnut Basin receives between 600 and 1000 mm of rdinfall on
 

the average, but in some years gets less than half this amount. There is a
 

well-defined rainy season, running from late June to October in most parts
 

of the country, and the rest of the year is dry. This limits the produc

tivity of the land to a single growing season, except in areas where irri

gated or flood recession agriculture is practiced. Rainfall can also be 

unevenly distributed throughout the growing season, as when the bulk of 

annual rainfall falls within just a few short weeks, which will further 

limit crop production.
 

Soil conditions in Senegal are influenced by rainfall, geology, and 

the intrusion of salt into the country's major river systems. The soils in 

the Groundnut Basin are predominantly sandy, with low fertility and water

holding capacity, and are best suited to rainfed millet and groundnut cul

tivation. Sandy soils also prevail in most of the Casamance region, but 

they are deeper and finer than those found further north and are suitable 

for a variety of crops. Rich bottomland soils are located in alluvial 

areas along the Senegal River and in coastal Casamance. These have good 

potential for rice production subject to salinity control.3/ The rest of 

3/ It is generally assumed that problems ef salinity intrusion can be re
solved by constructing salt-water barrier structures at the mouths of riv
ers or inlets. However, care must be taken to ensure that enough moisture 
is supplied to sulphide soils to prevent acidification during periods of 
drought. The Netherland's development assistance agency, ILACO, concluded
 
from its experiments with barrier dikes in the Casamance that it was better
 
to permit the intrusion of saline water than to let the pH value of the 
soils drop below 2 from lack of moisture.
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Senegal: Mean 'nnual Rainfall (in rrn.)
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the country ismade up of soils which, while potentially productive, have a
 
high clay content and are difficult to work by hand, or of soils that are
 
too thin for agricultural use but may, in some cases, be appropriate for 
grazing. 

Soil (and wind) erosion, reflecting the destruction of the natural 
groundcover due to drought, over-grazing, poor farming practices, and ex
cessive felling of trees for firewood, is a serious problem in Senegal. 
Especially in the Sahelian part of the country where precipitation is low, 
erosion has been an important contributing factor to the process of desert
ification, inwhich potentially productive areas are transformed into im
poverished wastelands unsuitable for cultivation or grazing. While only a 
small percentage of Senegal's total land area now falls within this cate
gory, this percf;ntage can be expected to grow unless remedial measures are
 
taken to protect the fragile ecosystem of the Sahel from further encroach

ment by the desert.
 

Water Resourc,s
 

Underground aquifers inSenegal range indepth from less than 20 me
ters to 500 meters or more. Throughout most of the Casamance water is
 
available less than 30 meters from the surface, while inthe Groundnut Ba
sin and Senegal Oriental it can usually be found at depths of 30 to 50 me
ters.
 

The Sahellan drought lowered the water table in Senegal, drying up 
wells and watering holes inmuch of the northern half of the country. The
 
Government is now working to improve water supply for village, agricul
tural, and livestock use by drilling new wells and equipping existing ones 
with manual or motor-driven pumps.
 

The Senegal River provides water for agriculture in the northern 
Fleuve region where rainfall is extremely low (400 mm per year) and where 
traditional flood-recession agriculture is practiced between October and 
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February. The mean rate of flow of the Senegal River over the past 70
 
years has been 764 m3 per second. However, this flow is extremely uneven,
 
ranging from 3,500 m3/second at the peak flood in September to as low as 6
 

m3/second in May and early June.
 

Projects are underway to regulate the flow of the Senegal River
 

through construction of two dams, the first at Manantali in Mali and the
 
second at Diama in the river Delta.4/ Depending upon decisions yet to be
 
made on the use of the dam for irrigation as distinct from power generation
 

purposes, Manantali may make irrigated production possible on some 225,000
 
hectares along the Senegal River. The Diama dam will irrigate between
 
30,000 and 60,000 hectares in the Delta region of the river and also con
trol the upstream flow of saline waters which limit rice production there
 
now. However, once these dams are built, all agriculture in the region
 
must rely on irrigation, as flood recession cultivation techniques will no
 

longer be possible.
 

Other water management projects eare planned or under study for the
 
Casamance, Saloum, and Gambia River basins. In all, it is expected that a
 
total of 500,000 hectares will be available for irrigated agriculture with

in the next 30 years.
 

Land Use and Cropping Patterns
 

Approximately 2.4 million hectares, or 13 percent of Senegal's total
 
land area, are planted each year in cash and subsistence crops. The major
ity of the existing cropland (75 percent) is located in the Groundnut Ba
sin, which lies within the administrative regions of Diourbel, Louga,
 

4/ The Manantali project is the first phase of a long-term regional devel
opment program to exploit the waters of the Senegal River under the auspi
ces of OMVS (Organisation Pour la Mise en Valeur du Fleuve Senegal), a tri
state regional commission representing the Governments of Mali, Mauritania,
 
and Senegal.
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Thies, and Sine Saloum. The Casamance accounts for an additional 13 per

cent of the area under cultivation, and the sparsely-populated Fleuve and
 

Senegal Oriental regions make up most of the balance (Exhibit 2.11). These
 

three outlying regions have considerable unexploited potential for rainfed
 

farming, estimated to exceed three million hectares. There is also good
 

potential for increasing the area under irrigation inthe Senegal River ba

sin and parts of the Casamance.
 

Exhibit 2.11
 

Senegal: Distribution of Cultivated Area, by Region
 

Administrative Cultivated Area Percent of 
Region (thousand ha.) Total 

Diourbel/Louga 
Thies 

641.8 
361.6 

26.6 
14.2 

Sine-Saloum 836.0 34.6 
Casamance 320.1 13.3 
Senegal Oriental 
Fleuve 

167.3 
100.1 

6.9 
4.2 

Cap Vert 5.7 0.2 

Total 2,412.6 100.0 

Source: 	 Evolution et Perspectives du Secteur Rural dans le Cadre
 
de -aPreparation du Ve Plan Quadriennal, Dakar, 1976.
 

The Groundnut Basin itself consists of three distinct sub-regions.
 

The Northern Groundnut Basin (Louga and the northern half of Diourbel) is
 

the most thinly populated and least productive of the three for reasons
 

which include inadequate rainfall and poor soils exhausted from several
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centuries of overuse. Short-cycle millet, cowpeas, cassava, and groundnuts
 
are grown under conditions of high risk and, because of low levels of rain
fall, fertilizer use is seldom profitable.5/ Further development in this 
sub-region is linked to the introduction of short-cycle groundnuts and
 
livestock raising.
 

Land is the limiting factor of production in the Central Groundnut
 
Basin (Thies, southern Diourbel, and northern Sine-Saloum), which is the 
most densely populated and densely cropped area in all of Senegal. Cropping
 
patterns are similar to those prevailing inthe Northern Basin, except that
 
stockraising is often integrated with crop production and, because rainfall
 
is somewhat more abundant, crops are more responsive to fertilizer use. 
Nevertheless, soils inthis sub-region are becoming overworked as well, due
 
partly to land limitations, which have reduced traditional fallow periods,
 
and partly to poor farming practices on the part of the Wolof farmers who 
predominate inthe Central Groundnut Basin.
 

The Southern Groundnut Basin (most of Sine-Saloum) is the best watered 
of the three sub-regions. Yields per hectare average 15 to 20 percent 

higher than in the drier parts of the Basin, and conditions are suitable 
for producing cotton, tobacco, and maize as well as groundnuts and millet.
 
In addition, the major ethnic group in this part of the Groundnut Basin
 
(the Serer) traditionally has employed techniques such as crop rotation, 
tree planting and animal manure applications to preserve the fertility of 
the soils.
 

South of the Gambia, the upper, middle, and lower parts of the Casa
mance region have good potential for agricultural development due to ade

5/ See Wesley G. Smith, "Etude Engrais au Senegal" (SODEVA, May 1975). In
 
his study for the World Bank, Smith found that the efficacy of fertilizer 
use depended mainly on rainfall, but also that the drought had had less ef
fect on the decline in use of fertilizer than had increases inthe price of
 
fertilizer relative to groundnuts.
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quate rainfall, relatively fertile soils, and low population density. 

Crops include sorghum and late-season millet, groundnuts, upland and swamp

land rice, and smaller quantities of cotton and maize. There is also some
 

production of trypano-tolerant cattle in the easternmost portion of the re

gion.
 

Most of Senegal Oriental receives adequate amounts of rainfall over a 

comparatively lengthy rainy season. Groundnuts, millet, and maize are the 

principal crops. Some cotton has been successfully introduced in the 

southern part of the region, and cattle are raised beyond the northern 

reaches of the tsetse fly zone (see Exhibit 2.12). Only about ten percent 

of the potentially arable land is actually under cultivation due to the
 

region's lack of infrastructure and insufficient population base. The
 

Government is encouraging new settlements in Senegal Oriental through its 

"New Lands" (Terres Neuves) program, which provides technical and material
 

assistance to migrants from the overcrowded Groundnut Basin.
 

The Fleuve region encompasses the entire Senegal River Valley and Del

ta from Bakel downstream to St. Louis. It also includes part of the adja

cent Ferlo or sylvo-pastoral zone, a semi-arid region, best suited to ex

tensive livestock grazing and acacia gum cultivation, which stretches be

yond the river valley to the northeastern edge of the Groundnut Basin. 

Within the valley itself, traditional agriculture is highly dependent on 

the annual flooding by the Senegal River of the alluvial lowlands, which 

are farmed under a system of dry season flood recession cropping called 

oualo. Rainfed cropping (called dieri) is also practiced in the Fleuve 

region on lands adjacent to the river, but not subject to flooding. Millet, 

sorghum and maize are the traditional crops. On the large irrigated perim

eters, rice is cultivated in the rainy season, and maize and vegetables 

(mainly tomatoes and some peppers) in the dry season. Sugarcane is pro

duced at Richard-Toll. River fishing supplies animal protein for local 

consumption and sale.
 

Exhibit 2.13 provides estimates developed by the World Bank in 1974 of
 

the number of farming units in each of Senegal's main agricultural regions
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and the net value of crop production per unit. Farms in the Southern 

Groundnut Basin, Senegal Oriental, and the Casamance are shown to be rela
tively more prosperous than those inother regions of the country, reflect

ing the effects of climate, farming practices, and soil conditions on pro

ductivity.
 

Not included in Exhibit 2.13 are data for stockraising, fishing, and 
commercial vegetable production. These activities account for a signifi

cant proportion of the income generated by agriculture to residents of the 

two remaining regions of the country: the Ferlo (sylvo-pastoral) zone and 

the Cap Vert coastal district.
 

Exhibit 2.13
 

Senegal: Estimated Number of Farm Units, Average Size/Unit,
 
and Net Value of Crop Production by Region
 

Average

Cultivated Net Value
 

Number of Area/Unit of Crop
 
Agricultural Region Units (ha.) Production/Ha.
 

Northern Groundnut Basin 80,000 6.0 $ 49 

Central Groundnut Basin 57,000 6.0 67 

Southern Groundnut Basin 77,000 10.4 86 

Casamance 77,000 4.2 120 

Senegal Oriental 37,000 4.0 89 

Fl euve 31,000 4.8 66 

Source: 	 World Bank. Data are rough estimates only and exclude
 
production on large farms operated by Moslem Brotherhoods
 
and comm~ercial farming vanture5. Values are based on
 
producer prices for 1974/75 crop season.
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Institutional and Socio-Economic Framework
 

This section describes the organization of services6/ to the agricul
tural sector in Senegal and the socio-economic structure of the typical 
production unit. Constraints and issues affecting prospects for interven
tion in the food production system are also noted.
 

Agricultural Policy and Service Organizations
 

Government intervention inthe agricultural sector is on three levels:
 
national, regional, and local. At the national level, the Ministry of Ru
ral Development (Ministlre du De'veloppement Rurale et de 1 'Hydralique, or 
MDRH) formulates agricultural policy, plans overall development strategy 
for the sector, and supervises the activities of the other agencies charged 
with strategy execution. The Directorates of Agriculture (Direction Ge
n6rale Je la Production Agricole, or DGPA), Livestock and Animal Indus
tries, Water and Forestry, Oceanography and Maritime Fishing, and Agricul

tural Engineering all come under this Ministry.
 

MDRH works inconjunction with the Ministry of Planning (Ministere du
 
Plan et de la Cooperation, or MPC) to prepare that portion of the national
 
development plan which deals with the rural sector. The Secretariat for 
Scientific and Technical Research (Secr6tariat d'Etat a la Recherche Scien
tifique et Technique, formerly D61gation Generale b la Recherche Scienti
fique et Technique, or DGRST) also contributes to the sector plans by out
lining research priorities for agriculture. Agricultural research is di
rected by the Senegalese Agricultural Research Institute (L'institut Sdn6
galais de Recherches Agricoles, or ISRA) and carried out at its research 
stations inseveral regions of the country, and especially at the National
 
Agricultural Research Center (Centre Nationale de Recherche Agricole, or 
CNRA) in Bambey.
 

MDRH oversees the operations of ONCAD (Office Nationale de Cooperation
 
et d'Assistance pour le D6veloppment), which serves as the state marketing
 

6/ A partial listing of Senegalese institutions related to agriculture or 
energy is given inAnnex A. 
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board and as a major link between the Government and the farmers. ONCAD's 

most important function is the purchase, collection and marketing of 

groundnuts, which it sells to SONACOS (Societe Nationale des Oleagineux du 

Senegal) for resale to the local oil mills. ONCAD also has the monopoly 

for importing rice and distributing it to licensed traders. On a much 

smaller scale, ONCAD markets local grains, including millet, sorghum, maize 

and domestically-produced rice. Improved agricultural inputs (selected 

seeds, fertilizers, pesticides, and animal-drawn equipment) are purchased 

by ONCAD with funds advanced from the Senegalese Development Bank (Banque 

Nationale de Developpement du Senegal , or BNDS) and distributed through 

either the farmer cooperatives or the regional land development agencies. 

ONCAD's other major function is the organization and administration of the
 

cooperatives themselves.
 

All agricultural credit comes from the BNDS, which is funded in part 

by foreign assistance (inthe past, largely by France's Caisse Centrale de 

Coope/ration Economique, or CCCE, and the World Bank's IDA). Debt limits 

are set according to the combined outstanding debt of each cooperative's 

members, and not on an individual basis. ONCAD is reimbursed for its pur

chases of agricultural inputs out of the Price Stabilization Fund (Caisse 

de Perequation et de Stdbilisation des Prix or CPSP), which issupported by
 

the profits from ONCAD's groundnut marketing and rice import activities and
 

SODEFITEX's cotton sales. CPSP revenues are also used to finance subsidies
 

on agricultural inputs and basic consumer commodities (groundnut oil, sug

ar, wheat flour and, until 1974, imported rice).
 

The parastatal land development agencies are public corporations which 

were created to implement crop and livestock development programs in Sene

gal's principal agricultural regions. Legal status of these agencies dif

fers; some are mixed corporations, with state and private financing (e.g., 

SODEVA and SODEFITEX), while others ,-e wholly state-owned (e.g., SAED and 

STN). Those which are state-ownec are subject to Government controls on 

personnel, administration and financing. The mixed corporations, which en

joy greater financial arid administrative autonomy, contract their services 

to the Government. The agencies include: 
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* 	 SODEVA (Societe de Developpement et de Vulgarisation AVricole):
the oldest of the development agencies; created to provide tech
nical services and deliver new technologies (largely animal trac
tion and improved production inputs) to farmers in the Groundnut 
Basin as part of the Government's program to raise agricultural 
productivity there. 

* 	 SAED (Societed'Amenagement et d'Exploitation des Terres du Del
ta): created in 1965 to develop rice and other irrigated crops
in the Senegal River valley; responsible for the development and 
management of the irrigated "perimeters" in the Fleuve; also col
lects and mills rice produced on its projects.
 

* 	 SODEFITEX (Societe'de Developpment des Fibres Textiles): partial
ly owned and directed by CFDT, a French textile company; charged
with 	the development of cotton cultivation inthe Senegal Orien
tal region and eastern Casamance, as well as some rainfed rice 
and maize production inthese areas.
 

* 	 STN (Socie'te des Terres Neuves): created to manage the Govern
ment's resettlement programs in the "new lands" of eastern Sine 
Saloum and Senegal Oriental; provides assistance for crop

production inthese areas.
 

* 	 SODESP (Societe pour le Developpement de l'Elevage dans la Zone
 
Sylvo-Pastorale): responsible for the developmeit of livestock 
production and marketing programs in the sylvo-pastoral zone of 
north and central Senegal. 

* 	 SOMIVAC (Societe/de la Mise en Valeur de la Casamance): the re
cently created development agency for the Casamance; provides
technical assistance for the development of rice and other food 
crops.
 

Coordination of the land development agencies' activities is achieved
 
by the DGPA under the MDRH. Foreign financial and technical assistance to 
agricultural development projects in Senegal is usually channelled through 
one of these corporations.
 

At the local level, two main forms of organization for agricultural 
development exist. The first are the Rural Expansion Centers (Centres
 
d'Expansion Rurale, or CER) which were established in the 1950's to provide
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technical assistance to farmers and to demonstrate new farming techniques.
 

There is one CER in each district (arrondissement), and the technical as

sistance is provided by a team of experts from the various departments of 

the MDRH, ONCAD, and the land development agencies. The second and most
 

basic form of organization is the cooperative through which, with a few 

exceptions, all agricultural credit and improved agricultural inputs in 

Senegal are purchased and distributed. Inaddition, the cooperative isthe
 

major channel for marketing groundnuts, and also handles other grains and 

products according to members' needs. Exceptions to distribution of inputs
 

through the coops include the Fleuve irrigdted perimeters, for which SAED 

takes the responsibility for providing inputs and commercializing output, 

and cotton inSenegal Oriental, which iscontrolled and marketed by SODE-


FITEX.
 

There are currently some 2,600 coops in Senegal , mostly for ground

nuts, but also for other crops and sectors (rice, vegetables, trucking and 

fishing). Average membership is 120 farmers, drawn from a radius of 2 to 5 

km in the Groundnut Basin, and 5 to 15 km elsewhere. 

Exhibit 2.14 depicts the principal relationships among the various 

agricultural support organizations, and between these organizations and the
 

individual producer. The structure shown is characteristic of most agri

cultural regions inSenegal, except as noted above.
 

The diversity of levels of intervention, and the range of intervening
 

organizations, has led to a number of problems with respect to the delivery
 

of agricultural services inSenegal. ONCAD has been widely criticized for
 

its inefficiency: inputs often arrive at the cooperatives after the open

ing of the planting season, payments to producers are frequently delayed, 

and the groundnut transport network historically has been poorly organized.
 

Like other agencies in this system, ONCAD suffers from a lack of skilled 

staff at all levels, due in part to the noncompetitive salaries and unsat

isfactory hiring and staffing policies governed by the Senegalese Civil 



Exhibit 2.14
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Service. ONCAD is also plagued by a lack of financial autonomy, unsuitable
 

administrative procedures, and poor financial controls.
 

The cooperative movement has been justifiably criticized as a struc

ture imposed by the Government on the farmers. The movement was not indige

nous, but was rather a means introduced by the Government to organize the 

rural sector around the production and marketing of certain crops. Coopera

tives therefore have difficulty defending their own interests, especially 

since they are administered by the same agency (i.e., ONCAD) with which 
they must deal for services. They have also experienced problems of domi

nation by the local elite, generally poor administration, and cheating of 
members inweighing groundnut crops. Some analysts believe that many of 

the cooperatives are too small to operate efficiently, although recent 
Government efforts to consolidate them into larger units may widen the gap 

between the administration and the members of the coops. 

The concept of delivering technical assistance services through re

gionally-based agencies has provided a certain degree of flexibility for 

the administration of agricultural development in Senegal. The goal

oriented nature of their intervention also tends to produce tangible re

sults. In spite of the constraint of lack of skilled staff, most of the 

regional agencies, and SODEVA in particular, have developed a reputation 

for fairly effective delivery of services. To some extent, however, these
 

agencies duplicate services provided by other organizations, resulting in 
conflicts over spheres of influence and competition for scarce financial 

and human resources. Generally speaking, they are oriented toward the
 

development of one or two crops and tend to lack interest in more compre

hensive and integrated regional development activities. Moreover, since 

the regional land development agencies receive their instructions from the 

Government, there islittle discussion or feedback concerning the wisdom or 

applicability of Government goals inthe field. 
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The Production Unit
 

The ways in which traditional land tenure isdefined and farming deci
sions are made in rural Senegal vary among regions and ethnic groups. The
 
typical arrangement isfor the extended family unit, or carrer, to cultivate
 
in common a collection of plots (usually half the cultivated area or more) 
under the family head. Because the family head is responsible for feeding 
all members of his household, these plots are usually planted in subsis
tence cereals. Part of the remaining land is used by the head of the carre
 

to produce cash crops and the balance is allocated to nuclear family heads,
 

wives, relatives, and non-related seasonal workers. Cash crops are often
 
cultivated on these secondary units, and sales revenues are controlled by 
the person who works the land. If commercial inputs, equipment or draft 
animals are utilized, they must either be borrowed from the household head 
or purchased through him from the coop. 

Traditional land rights are vested in the extended family, and land is 
not subiect to alienation. However, families who own more land than they 
can cultivate will rent plots to other families. The rent system varies 
according to ethnic group, and rents, which are usually paid in kind, may 
be nominal or may involve a share-cropping arrangement. The 1964 Land Ten
ure Law (Loi sur le Domaine Nationale), giving the state title to all agri
cultural lands inSenegal and permanent usufruct rights to those who till
 
the land, has rarely been enforced. Nevertheless, it has made some fami
lies reluctant to rent land for fear of losing their traditional rights to
 

it.
 

The majority of family holdings are small, ranging from three to twen
ty hectares. To some extent, even in areas where land isnot an important 

production constraint, the amount of land which any one family cultivates 
is limited by the amount of labor available.7/ Family units, which at one
 

7/ One man can farm from 1 to 1.5 hectares per year manually, and between
 
"Iand 4 hectares when animal traction isused.
 



time consisted of 30 to 40 people, now average 10 to 14 people in most re

gions of the country. Exceptions include the large farms (50 to 100 hec

tares) operated by the Mourides (aMusli,,, religious brotherhood) in certain 

frontier areas, and commiercial farming ventures such as the CSS sugar plan

tation at Richard-Toll and BUD-Senegal's commercial vegetable enterprise on 

the outskirts of Dakar, both of which employ wage laborers. On the Govern

ment-sponsored rice projects inthe Fleuve, farmers do not own their land
 

nor are they paid wages; instead, they are allowed to farm the irrigated 

plots in return for an agreement to market their surplus through the
 

Government.
 

The social and management structure of the typical farm production 

unit inSenegal can affect the success or failure of agricultural develop

ment schemes in several ways. First, because the land is redistributed 

among family members and other workers at the beginning of each crop sea

son, individual farmers may be reluctant to invest in capital improvements 

on plots of land which they do not permanently control. Second, the divi

sion of a family's holdings into many small parcels under separate manage

ment may rule out the use of mechanized equipment and other technologies 

which are cost-effective only on larger farms. Finally, since the family 

head is usually the only member of the household who belongs to a coopera

tive, access to some factors of production may be unequally distributed 

among the various farmers who make up the production unit. There is evi

dence, for instance, that fertilizers and other commercial yield variables 

are used principally on plots controlled by the family head, while women 

and seasondl workers employ more traditional production technologies.8/ In
 

those areas of the country where women are largely responsible for the pro

duction of subsistence food crops (Diola rice growers in the Casamance, for 

8/ As part of the University's West Africa Project, researchers at Purdue 
'Rave been collecting field data on the social organization of farming units 
in Senegal which will provide development planners with a better under
standing of the factors that influence decision-making and the allocation 
of resources on traditional farms. This section reflects in part the re
sults of preliminary analysis of the Purdue field data.
 



example), lack of access to credit, technical assistance, and market out
lets may impede development of food grain surpluses.
 

Agricultural Inputs
 

The extent to which commercial fertilizers, animal-drawn equipment, 
pesticides, and selected seeds are used to improve crop yields is a good 
indicator of the level of agricultural modernization in developing coun
tries. In Senegal, the utilization of agricultural inputs depends on a 
number of factors, including farmer incomes, government distribution and 
pricing policies, soil conditions, and the crop in question. Available 
data on trends in input utilization are summarized below.
 

Commercial Fertilizers
 

Consumption of commercial fertilizer materials during the 1976/77 crop
 
year amounted to about 115,000 tons. This represents a more than sevenfold
 
increase over the 13,700 tons applied in1961/62, immediately after Senegal
 
gained its independence. The rate of increase has been somewhat uneven,
 
especially during the late 1960's when demand dropped sharply in response
 
to a decline in groundnut prices, transportation difficulties, and unfavor
able weather conditions. Inmore recent years, however, the trend has been
 
steadily upward, and an annual growth rate of 20 percent has been main
tained since 1973. During the period of the Fifth Plan, the Government
 
hopes to achieve a 12 percent annual rate of increase, which would raise 
total consumption to the 285,000-ton level by 1981.
 

Exhibit 2.15 gives a breakdown of fertilizer utilization by crop for 
the past five years. Groundnuts and millet typically account for between 
75 and 80 percent of the total volume. The remaining 20 to ?5 percent is 
used primarily on cotton and rice, with cotton yields being particularly 
dependent on fertilizer inputs. 
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Exhibit 2.15
 

Eqtimated Use of Fertilizer Materials by Crop
 
1972/73 through 1976/77
 
(inthousands of tons)
 

C r op
 

Year Groundnuts Millet Rice Cotton Other Total
 

1972/73 23.1 18.5 0.8 3.0 3.7 49.1
 
1973/74 19.9 13.2 5.3 4.9 0.9 44.2
 
1974/75 29.5 20.5 7.9 7.0 1.6 66.5
 
1975/76 46.7 28.3 8.6 6.8 2.5 92.9
 
1976/77 57.3 35.1 11.3 7.9 3.5 115.1
 

Source: International Fertilizer Development Center, op. cit.
 

It is estimated that nearly 26 percent of all cultivated area in Sene

gal received applications of commercial fertilizer in 1975. According to
 

a 1977 study by the International Fertilizer Development Center,9/ there is
 

a good potential inSenegal for increased fertilizer use on marketed crops,
 

provided fertilizer:crop price relationships remain favorable to the farm

er.
 

Fertilizer prices are heavily subsidized. In 1976/77, farmers paid
 

about $87/ton (20 fr. CFA/kg) for fertilizer priced ex-factory at $239/ton.
 

All compound fertilizers are sold at the same price throughout the country,
 

regardless of nutrient content and distribution costs. This works to the
 

disadvantage of farmers inthe central and northern parts of the Groundnut
 

Basin, where chemically less concentrated applications are recommended and
 

where yield returns are consequently smaller per dose. The Government also
 

covers the cost of rock phosphate applications inthe Groundnut Basin in an
 

effort to maintain soil fertility.
 

9/ op. cit.
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Blended fertilizers are produced domestically by the Industrial Fer
tilizer Society (Societe Industrielle d'Engrais au Se'ngal, or SIES). Local
 
phosphates from Taiba and Thies are used, but other raw materials, includ
ing potassium chloride, sulfur, and ammonia, must be imported. All urea is 
imported, as are small 
amounts of other prepared fertilizers for which do
mestic demand is low.
 

Current capacity of the SIES plant is120,000 tons per year of blended
 
fertilizers. As Senegal currently consumes 
less than this amount, SIES ex
ports the surplus to neighboring countries, primarily Mali and the Ivory 
Coast. This is a 
temporary measure, however, inthat SIES iscommitted to
 
concentrating on the domestic market in return for prices guaranteed by the
 
Government.
 

Animal-Drawn Equipment
 

Senegal has achieved notable success in introducing animal-drawn 
equipment inthe rural sector. Prior to independence, such equipment was 
used only rarely to cultivate the land. Beginning in 1964, the Government 
mounted a campaign to promote the use of light animal-drawn implements in 
order to expand the number of hectares that could be handled by one man 
during peak periods of labor demand, and thereby increase groundnut and 
millet production. In the ensuing 15 years, the use of these implements 
has become relatively widespread, especially in the Groundnut Basin where 
an estimated 70 to 80 percent of producers now own seeders and weeders
 
(hoes). Horse and oxen carts, groundnut harvesters, plows, harrows, com
bines, and polycultivators are also employed in the production of cash and 
subsistence crops, albeit insmaller numbers.
 

Most of the animal-drawn equipment used in Senegal was developed or 
adapted locally by researchers at CNRA-Bambey and is manufactured in Cap
 
Vert by SISCOMA. It is distributed to the farmers by ONCAD on terms which
 
generally involve some Government subsidy and the extension of credits by 
the BNDS. Exhibit 2.16 shows quantities of seeders, weeders, and plows
 
distributpd between 1973/74 and 1976/77.
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Exhibit 2.16
 

Sales of Selected Agricultural Equipment: 1973/4-1976/7
 

_Type 1973/74 1974/75 1975/76 1976/77
 

Seeders 11,461 8,967 18,600 26,350
 
Weeders 22,902 16,658 28,600 29,913
 
Plows 3,271 4,138 3,800 6,195
 

Source! Senegal, Ministry of Planning and Cooperation, op.clt.
 

Government objectives during the period of the Fifth Plan (1977/78 

through 1980/81) include distribution of an additional 152,000 seeders, 

155,000 weeders, 166,000 animal-drawn carts, and 142,000 other units of 

equipment. Whether or not this objective can be achieved will depend on 

the ability and willingness of farmers to contract and repay the sizable 

debts required to purchase new animals and equipment.
 

Pesticides
 

Insecticides and fungicides are applied primarily to vegetables, cot

ton, and tobacco although they are also used on an as needed basib on the 

Government's rice project lands. Consumption has increased from about 

24,000 tons in 1960 to 108,000 tons in 1975. The rate of growth has been 

irregular, however, due to declines in utilization during periods of poor 

harvests.
 

Selected Seeds
 

Unlike fertilizer and pesticide consumption, the use of selected seeds
 

does not appear to decline in response to unfavorable growing conditions.
 

Selected groundnut seed, in particular, has experienced a steady growth in
 

demand, rising from under 30,000 tons in 1960 to 102,000 tons in 1975, when
 

it represented about 80 percent of the total seed employed. Compared with
 

groundnuts, quantities of selected seed used for rice, millet, and other 
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food crops are relatively small. Consumption of selected rice seed, which 
is employed primarily on the Government-managed rice projects inthe Fleuve
 
and Casamance, amounted to approximately 2,260 tons during the 1975/76 cam
paign, while the use of selected millet, maize, and niebe seeds totalled 
only a little more than 90 tons. The regional development agencies dis
tribute selected rice seed to the farmers, and distributions of selected 
seeds for groundnuts and food crops other than rice are handled by ONCAD.
 

Sector Development Programs and Priorities
 

Senegal's Fifth Four-Year Development Plan gives top priority to the
 
agricultural sector of the economy. The Plan aims at strengthening the
 
country's balance of trade position by expanding food exports and substi
tuting domestic products for food imports. Key sector objectives are: (1)
 
to stabilize oil groundnuts production at 1.2 million metric tons per year;
 
(2)to increase production of confectionery groundnuts, vegetables, cotton,
 
and meat and fish products for export markets; (3)to increase production
 

of vegetables, fruits, cotton, and dairy products for import substitution 
purposes; and (4) to reduce and ultimately eliminate the national food 
grain deficit. The last objective isto be achieved through expanded do
mestic production of rice and wheat, as well as through a program designed
 
to alter local consumer preferences in favor of millet, maize, and other 
dryl and cereal s. 

Production Targets
 

Exhibit 2.17 compares 1981 production targets for cereals and ground
nuts with annual average production volumes attained between 1971 and 1975.
 
The figures reflect an 80 percent increase in domestic food grain output 
(from 654,000 to 1,177,000 tons), including 226,000 more tons of millet and
 
sorghum, 213,000 more tons of rice paddy, and 84,000 more tons of wheat and
 
other cereals. The target for millet and sorghum is to be achieved primar
ily through promotion of improved production practices, with only a small
 
increase inthe amount of land under cultivation. In the case of rice pad
dy, much of the expected growth isties to existing and proposed water man
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Exhibit 2.17
 

Senegal: 1981 Production Targets by Crop
 

Annual Production ('000 tons) Total
 

Crop 1971-75 av. 1981 increase()
 

Millet and Sorghum 524 750 43.1
 

87 300 244.8
Rice Paddy 


Maize and Fonio 43' 98 127.9
 

29
Wheat 

1,177 80.0
Total Cereals 654 


Oil Groundnuts 762 1,200 57.5
 

Confectionery Groundnuts 10 63 530.0
 

1,263 63.6
Total Groundnuts 772 


Source: Senegal, Ministry of Planning and Cooperation, 2. cit.
 

agement projects on the Senegal River and in Lower Casamance. However, 

subsequent delays in attaining desired yields and infrastructure develop

ment objectives now make it unlikely that the rice target will be realized 

on schedule.10/ The target for wheat is also considered to be overly ambi

tious inthat, while trials have been conducted for wheat on the Fleuve 

perimeters,ll/ they have so far not met with much success.
 

10/ In a study conducted by the West African Rice Development Association
 
TgARDA) and the Stanford University Food Research Institute for USAID, en
titled "The Political Economy of Rice in West Africa," it was estimated
 
that domestic paddy production would amount to 173.6 million tons annually
 
by 1980. This represents only 58 percent of the Fifth Plan target for rice
 
paddy for 1981.
 

11/ For an explanation of this term see the footnote in Section 4.C.
 

http:schedule.10
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With respect to export crops, the Plan foresees an annual output of
 

1,200,000 tons of oil groundnuts and 63,000 tons of confectionery ground

nuts by 1981. The figure for oil groundnuts, while below the 1976 output
 

and about the same as was achieved in 1977, is substantially above the
 

average production during the drought years of 1968-1973. Since groundnut
 

yields are sensitive to rainfall levels, and since drought tends to occur
 

in Senegal approximately one year out of every four, it is doubtful that
 

this target is attainable on a consistent basis. The projection for con

fectionery groundnuts, which represents a 530 percent increase over 1971-75
 

production levels and assumes some extension of the growing area as well as
 

development of new, higher yielding product varieties, may also be diffi

cult to 	attain in years of drought.
 

The Plan also anticipates growth in production of vegetables, live

stock, and fish. For vegetables, the 1981 target of 139,000 tons compares
 

with 85,000 tons produced in 1975 and is to be brought about through an ex

pansion in cultivated area along with quality and yield improvements. Plan

ning projections for meat, milk, and fish production provide for increases
 

of 30 percent, 28 percent, and 59 percent respectively between 1975 and
 

1981 (Exhibit 2.18).
 

Exhibit 2.18
 

Senegal: 1981 Production Targets for Livestock
 
Products and Fish
 

Annual Production Total
 
Product (thousand tons or hecto-litres) Projected
 

1975 (actual) 1981 (roiected) Increase N)
 

Meat and 	Offals 50 65 30.0
 

Milk 	 1,185 1,519 28.2
 

Fish 	 374 596 59.0
 

Source: 	 Senegal, Ministry of Planning and Cooperation, opq.cit.
 

and World Bank.
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Planned Development Projects
 

The Fifth Plan calls for an overall investment of $1.8 billion, of 

which about 27 percent ($482.9 million) is allocated to projects in the 

primary sector. The crop subsector accounts for 43.4 percent of projected
 

primary sector investment, the fisheries subsector for 25.5 percent, and 

the livestock subsector for 14.4 percent.12/ The remaining 16.9 percent of
 

the $482.9 million is set aside for forestry and rural water projects (Ex

hibit 2.19).
 

Within the crop subsector, the emphasis is on development and manage

ment of water resources for irrigation purposes: $75.5 million is devoted
 

to SAED's irrigated production projects in the Senegal River basin, and 

another $42.3 million to water control and irrigation ,rojects in the Casa

mance, Senegal Oriental and Sine-Saloum. Other investment targets include 

SODEVA's intensified production program for rainfed crops in the Groundnut 

Basin ($26.6 million) and various projects to expand cotton and cereals 

production in Casamance, eastern Sine-Saloum, and Senegal Oriental. Storage 

facilities for millet and maize and .,easures to promote fruit and vegetable 

production are also proposed for funding under the Fifth Plan.
 

$99.7 million, or approximately 80 percent of the proposed investment
 

in the fisheries subsector, would be expended on improvement inport facil

ities and modernization of the industrial fishing fleet. Investment prior

ities for the livestock subsector include construction of wells, fire

breaks, and other range management infrastructure in the sylvo-pastoral
 

zone and Senegal Oriental, integration of stockraising with crop production
 

activities in the Casamance and other sedentary agricultural zones, and 

development of new c.ttle fattening, processing, and marketing faci'ities.
 

12/ Proposed Fifth Plan investments in the crop, livestock, and fisheries
 
subsectors total $401 million. This compares with a planned investment of
 
$289 million in these subsectors during the period of the Fourth Plan 
(1973-77), of which less than half ($138 million) was actually committed. 

http:percent.12
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Exhibit 2.19
 

Senegal: 	 Planned Investments In Primary Sector,
 
by Project Category: 1977-8)
 

Planned Investment Subsector Share Sector Share 
(ml l tpercent) (percent)lions) 


CROP SUBSECTOR
 

Rainfed Cereals and Cash Crops
 
Gioundnut Basin $ 26.6 12.7 5.5
 
Eastern Senegal and Casamance 37.7 18.0 7.8
 
tulti-reqional 10.6 5.0 2.2
 

Subtotal 	 7 5.9 15.5
35.7 


Irriidtcd 	Cereals and Cash Crops
 
Senegal River Basin 75.5 36.0 15.6 
Other Reqions 42.3 20.2 8.8 

Subtotal 117.8 56.2 N7. 

Fruits and Vegetables .7 7.0 30 

Miscellaneous 2.3 1.1 0.5 

Crop Subsector Total 209.7 100.0 43.4 

LIVISTOCK SUBSECTOR 

Livestock Production 61.5 90.3 12.7 
Livestock Processing and Marketing 6.6 9.7 1.A4 

liv-tock Subscctor Total 60.1 100.0 114.1 

FISIIIRILS 	 SUBS[CTOR 

Irhi,,trial Fishe, ics 99.7 80.8 20.6 
Art i,.nal Maritime Fisheries 21.3 17.3 4.1 
Artis,,nal Inland Fisheries A 1.9 0.5 

fishries Subsector Total 	 123.3 100.0 25.5 

OTlIIR SUSECTORS
 

Fotestry 51.7 63.2 10.7 
Rural Jater Supply 30.1 27.8 6.2 

Other Suhsectors Total 81.8 100.0 16.9 

GRAIO TOTAL PRIMARY SECTOR $ 482.9 100.0 

',u,tc' Senegal, M1inistry of Planning and Cooperation, op. cit. An exchange rate of 
$1,00 = 230 francs CFA Is used to convnrt local currency to U.S. dollars. 
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Over 75 percent of the proposed Fifth Plan investment in crop, fish

eries, and livetock projects is expected to come from foreign sources; the
 

majority of these funds had already been acquired when the Plan was issued
 

in mid-1977. Principal donors include the World Bank, the European Devel

opment Fund (FED), and the bilateral development assistance agencies of 

France (FAC), Canada (CIDA), and the United States (USAID). The Governments 

of Denmark, the Netherlands, and the Peoples Republic of China have also 

made financial and technical support commitments to agricultural develop

ment projects in Senegal. 

Generally speaking, the production targets and investment objectives
 

established for Senegal's agricultural sector during the Fifth Plan period 

are over-optimistic. There are many serious constraints on agricultural
 

development in Senegal, among them insufficient infrastructure, scarce 

technical manpower, reliance upon external sources for financing (which is
 

not always fully committed when the Plan is drawn up), and the dependence 

of the sector on the vagaries of rainfall which can result in serious sec

toral disruptions when droughts occur.
 

The dependence of the rural sector -- and indeed much of Senegal's 

economy -- on the cultivation of one major cash crop is in many respects 

also detrimental to sectoral development. Yet efforts to diversify are 

limited by the poor soils and low levels of precipitation that characterize 

many areas of the country. In the North and Central parts of the Groundnut 

Basin in particular, few crops other than groundnuts and short-cycle millet 

can be grown. Diversification may also contribute to a less than optimum 

utilization of domestic resources by encouraging the production of crops 

for which Senegal does not have a comparative advantage. 

After the devastating experience of the last drought, Senegal's
 

Government has identified water management and food self-sufficiency as
 

major policy goals. While such policies can bring important benefits to 

the people who live in rural areas of the country in the form of reduced 

farmer risk, increased production, accelerated regional development, and
 

the like, they also involve high cost.
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Efforts to modernize Senegal's agricultural sector are not only finan
cially costly but also costly in terms of energy use. The promotion of ag
riculture incertain parts of the country, such as the Fleuve region, means
 

making investments in massive land development and irrigation schemes
 

largely dependent on mechanized equipment. The traditional rainfed crop
 

system is being replaced by more intensive cultivation practices using com
mercial inputs. The introduction of new crops, such as cotton and market
 

vegetables, isbeing accompanied by an increase in demand for fertilizer
 

and pesticides. The sails and paddles traditionally used by artisanal
 

fishermen to power their boats are being abandoned in favor of outboard
 
motors. Implicit in these and other patterns of change in the agricultural
 

system of Senegal is a growing dependence on commercial, non-renewable
 

forms of energy. Spnegal's energy support system and its relationship to
 
agriculture are examined inChapter Three.
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Chapter Three
 

ENERGY SYSTEM OVERVIEW
 

Introduction
 

This chapter provides a general description of Senegal's energy sys
tem, including sources and costs of energy fuels, the principal energy sup
ply and conversion technologies employed, and energy consumption by product
 

and end use. Also discussed are the Government's national energy policy
 

and efforts to develop Senegal's renewable energy resource base. The sup
ply and demand structure for each major energy source (gas and oil, elec
tricity, hydropower, wood, and solar) is examined in Section B. Section C
 
deals with energy policy considerations and ongoing and proposed R&D proj

ects to promote the adoption of alternative energy technologies in Sene

gal.
 

Energy Supply and Demand Structure
 

Petroleum Products
 

It is estimatedl/ that 40 percent of the fuel energy used in Senegal
 
at the present time is supplied by petroleum products, consumed either di
rectly in the form of oil and gas or indirectly in the form of electricity
 

produced in oil-fired plants. There are no known domestic coal or uranium
 

ooosits and the development of the country's hydropower resources on the
 

agal and Gambia Rivers is at least a decade away.
 

I/ See CILSS/Club du Sahel, Energy in the Development Strategy of the Sa
lel, October 1978.
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Oil and Gas
 

Although substantial investment have been made over the past 25 years 

to finance oil and natural gas explorations in Senegal, only two fields 

large enough for commercial exploitation have been found. One deposit, 

containing an estimated 100 million tons of oil, was discovered off the 

coast of the Casamance in 1968; however, experiments are still underway to 

develop a process for removing this oil, which was found to be too heavy to 

bring to the surface using conventional extraction techniques. The second 

deposit, also discovered some years ago, is a natural gas reserve at Diam 

Niade Kador near Rufisque. While this is now being connected by pipeline 

with one of Senegal's two main electric power plants on the outskirts of 

Dakar, it is not large enough to have a significant long-term effect on 

commercial energy supplies. Thus, barring any future oil and gas discov

eries or successful exploitation of the Casamance deposit, Senegal must 

continue to depend on imports for the bulk of its petroleum requirements. 

Most of Senegal's petroleum imports are in the form of crude oil, 

which is processed domestically into refined products for local consumption
 

and export. Some refined products are also imported to supplement domestic
 

production. In most years, however, these represent less than ten percent
 

of total fuel imports and are confined in the main to gas-oil, jet fuels, 

and gasoline.
 

Exhibit 3.1 shows the volume of crude and refined petroleum products 

purchased by Senegal from foreign suppliers between 1973 and 1978. While
 

imports were about 200,000 tons higher in 1978 than five years previously,
 

the 1978 total includes above average quantities of jet fuel (80,000 tons) 

that were needed to accommodate a sharp rise in the number of foreign air

craft refueling in Dakar. Between 1973 and 1977, a more representative
 

120,000-ton increase obtained.
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Exhibit 3.1
 

Senegal: Imports of Crude and Refined Petroleum Products, 1973-78
 

- Petroleum Imorts tons) Gross Import Value 
Ref ined Change Total Change

Year Crude Oil PI'n'JrtS Total (percent) (millions) (percent) 

1973 	 668,000 30,000 698,000 - $22.8 
1974 	 673,000 46,000 719,000 + 3.0 69.2 +303.5
 
1975 	 653,000 67,000 720,000 + 0.1 70.7 + 2.2
 
1976 	 696,000 69,000 765,000 + 6.3 79.5 + 12.4
 
1977 	 765,000 52,00o 817,000 + 6.3
 
1978 	 758,000 143,000 901,000 +10.3 110.0
 

Source: 	 United Nations, World Energy Supplies, 1950-1976, and
 
SAR Refinery.
 

Senegal's oil import bill tripled between 1973 and 1974 and, except in
 

1975 when the country benefited from a decline in the value of the U.S. 
dollar, has been rising steadily ever since (see Exhibit 3.1). Iraqi crude
 

that was priced at $2.20 per barrel in 1973 cost $12.66 in 1976 and $15.70 
in early 1979. Comparable figures for crude oil from Nigeria which, along 
with Iraq and Algeria, is one of Senegal's principal oil suppliers, were 
$3.20 (1973), $14.50 (1976), and $18.50 (1979) on a per-barrel basis.
 

Until the dramatic increase in oil prices in 1974, the annual cost of 

importing petroleum products typically accounted for between five and six 
percent of Senegal's total expenditure on imports. By 1976, however, this 

share had risen to 12 percent, and the equivalent of half the country's 
proceeds from its groundnut exports were being used to purchase oil. As 
oil costs continue to rise and groundnut production stabilizes at about 
1,200 million tons annually compared with the 1,424 million tons produced 
in 1976, it is likely that an even greater proportion of Senegal's ground

nut export earnings will be needed to pay for imported fuel. 

Approximately one-third of the foreign exchange Senegal spends on oil
 

imports is recovered through the sale of jet fuel to foreign aircraft and 
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the export of refined petroleum products, mainly to Mali and Mauritania.
 
All refining takes place at the SAR (Societe Africaine de Raffinage) facil
ity at M'bao on Cap Vert.2/ The refinery currently operates at about 90
 
percent of its 850,000 ton annual capacity, producing 768,000 tons of
 
petroleum products in 1978. Residual fuel oils typically account for about
 
43 percent of its total production, and distillates (diesel and gas-oil)
 
for about 21 percent. The balance ismade of jet fuels and kerosene (18
 
percent), gasoline (16 percent), and small amounts of liquid petroleum gas
 
(less than one percent). Exhibit 3.2 gives total production, exports, im
ports, and apparent domestic consumption of these products for 1976, based
 
on SAR data.
 

Exhibit 3.2
 

Senegal: Estimated Domestic Production and Consumption of
 
Petroleum Products, 1976
 

Domestic Domestic 

Product Production + Imports - (Exports) = Consumption 

Butane, Propane (intons) 5,762 675 1,096 5,341 
Gasoline (inm3) 158,113 31,476 20,809 168,780 
Jet Fuel (Inm3) 146,623 33,390 12,094 167,919-/ 

Gas-Oil (inm3) 111,958 19,047 26,413 104,592 
Diesel Oil (intons) 53,649 - 12,655 40,994 

Residual Fuels (Intons) 260,567 - 12,306 248,261 

I/ Includes sales to foreign aircraft.
 
Source: "Senegalese Industry," . cit., based on SAR documents.
 

2/ Construction work on a second refinery at Cayar appears to have been

delayed indefinitely. The refinery, with an annual processing capacity of
 
1.5 million tons of crude oil, was to have been part of a large petrochemi
cal complex financed jointly by Senegalese and Iranian interests. If, as
is likely in light of recent political changes in Iran, the Cayar project 
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Exhibit 3.3 is an estimated percentage breakdown of domestic gasoline,
 

distillate, and residual fuel consumption by product and end use. Motorized
 

vehicles and boats account for the bulk of gasoline and gas-oil utili

zation, while the electric power plants are the principal consumers of 

heavy residual fuels. Diesel isconsumed intransport, inmining, and, to

gether with gas-oil, in other sectors of the economy including agriculture.
 

No data are available, however, which would permit any distinction to be
 

made between agricultural and miscellaneous uses of these fuels.
 

Butane, which accounts for most liquid petroleum gas consumption in 

Senegal, is sold in small (3 kg.) bottles for use in conjunction with gas 

cooking burners, as well as in larger bottles and bulk quantities for resi

dential and industrial purposes. Sales in 3 kg. bottles rose from 92 tons 

in 1974 to 1,842 tons in 1977 in response to a Government campaign to en

courage substitution of butane for wood-based cooking fuels. The objective 

of this campaign was to raise the annual level of butane consumption by 

10,000 tons through a five-year program of tax exonerations, price subsi

dies, and duty-free importation of L~oking equipment. It was hoped that
 

such incentives would reduce urban demand for charcoal and 3t the same time
 

provide a market for excess butane production at the SAR refinery. Since
 

the program began in 1974, however, other domestic and export markets for
 

butane have expanded, and Senegal now imports small quantities of this gas
 

(1,500 tons in1978). For this reason, and also because of an unarticipat

ed reluctance on the part of many urban households to convert to gas from 

charcoal,3/ the Government's incentive program was to have been allowed to 

lapse at the end of 1979.
 

is permanently abandoned, the capacity of the SAR refinery will probably be
 
upgraded to 1.2 million tons in accordance with the original design for 
this facility. Such expansion would postpone the need to make any major 
investment in new refinery infrastructure before 1985. 

3/ See Chapter Four (Section F)tor a discussion of some of the reasons
 
behind consumer preferences for wood-based cooking fuels.
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Exhibit 3.3
 

Senegal: Estimated Percentage Consumption of Selected Refined
 
Petroleum Products by Sector and End Use
 

Petroleum Product (percent)
 
Ostillate Fuel Oils Residual
 

Sector and End Use Gasoline Gas-Oil' Diesel-Oil Fuel Oils
 

Transportation
 

Highway and Public
 
Works Equipment 88.0 44.8 22.2 4.8
 

Fishing and River
 
Craft 5.0 31.7 0.6 0.1
 

Railways - 0.2 14.2 -


Industry
 

Mining - 5.9 29.1 13.8 
Construction 

and Cement - - 4.2 0.6 
Industrial Heating - 0.3 2.3 5.3 

Electric Power " - 4.7 75.1 

Other Sectors 7.0 17.1 22.7 0.3
 

Total 100.0 100.0 100.0 100.0
 

Source: "Senegalese Industry," M . cit. based on 1975 data.
 

Exhibit 3.4 shows recent trends in domestic consumption (sales) of 

selected refined petroleum products. Gas-oil consumption has exhibited the 

highest rate of growth, reflecting a significant increase indemand on the 

part of the industrial and artisanal fishing fleets as well as public works 

operations. Consumption of jet fuel and residual fuel oil has also grown 

at a steady pace, attributable inthe first instance to a rise in interna

tional air traffic at the airport inDakar, and inthe second instance to a 

growth in electric power production by Senegal's central grid. Gasoline 
sales, after falling off in 1974 and 1975, reached new highs in both 1976 
and 1977. Domestic sales of kerosene (which is consumed in relatively 

small amounts in Senegal) also rose in 1976 following three years of rela
tive stability. The level of diesel-oil consumption, by contrast, was 

about the same in 1977 as in1973. 
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Exhibit 3.4 

Senegal: Trends InConsumption of Selected Refined
 
Petroleum Products: 1973-1977
 

Gas lI e Jet Fuel - erose e G -as-O[ .....esel 7R Fuel ' 
0Year M') (103 m3) _( 1 m _10 in3) (10 tons) (10 tons) 

1973 128.2 136.3 13.5 
 51.4 38.6 210.1
 
1974 123.3 150.0 
 13.5 49.4 36.1 341.5 
1975 117.8 
 175.1 13.0 90.2 44.2 240.6
 
1976 159.9 167.0 16.7 101.0 1.4 255.3
 
1977 168.1 198.2 16.5 115.3 39.2 281.8
 
1973/77
 
Change

(percent) +31.1 +45.4 +22.2 +124.3 +1.6 +34.1
 

Source: 	 Senegal, Bureau of Mines. Figures for 1976 differ by relatively

small amounts from those shown inExhibit 3.3, which were pro
vided by the SAR refinery.
 

In the absence of price elasticity studies, it is not possible to de
termine the effect that rising raw materials costs have had on consumer 
demand for refined petroleum products inSenegal. While one response to
 
the 1974 increase inoil prices may have been a temporary decline in gaso
line consumption, this trend has since been sharply reversed (see Exhibit
 
3.4). The recent growth in gasoline sales, moreover, has been accomplished
 
in spite of heavy Government taxes and contributions levied on this pro
duct, amounting in the case of hi-test gasoline to approximately 233 per
cent of the ex-factory price.4/
 

4/ In early 1979, hi-test gasoline was selling in Senegal for $0.558 a 
Titer, and regular gasoline for $0.465. The ex-factory prices of hi-test 
and regular gas were $0.138 and $0.129 respectively, and distribution mar
gins amounted to $0.10 and $0.087. The balance ($40.32 and $0.249) repre
sented taxes and contributions to the Government's Price Stabilization 
Fund. The use of this Fund to regulate fuel prices inSenegal isdiscussed
 
in Section C of this chapter.
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Electricity
 

Electric power installations in Senegal are typically owned by the 
State (through Electricite' du S6n6gal) and operated under lease by SENELEC,
 

a joint stock company in which the Government holds 50 percent of the
 

shares. Exceptions include one plant run by the SEIC groundnut oil mill, 
and some 15 facilities owned and operated by public organizations (SAED, 
SODEFITEX) or private industry (SIES, CSS, etc.) which produce only enough
 

power to supply their own internal needs. The SEIC concession, which sells
 

electricity to residents of Ziguinchor, is scheduled for transfer to SEN-
ELEC within the next two or three years.
 

The existing SENELEC system consists of a 138.8 MW central grid con

necting Dakar with St. Louis and the major cities of the Groundnut Basin 
(Diourbel, Kaolack, and Thies), and some 20 isolated stations called "sec
ondary centers" (Exhibit 3.5). Power for the central grid, which is made 
up of one 90 KV high-tension line and several low-tension (30 KV) lines and 
spurs, is generated at two plants in the Dakar area. Both plants employ 

residual fuel oils to fire their steam turbine engines, while among the 
secondary centers all but the SEIC facility (which burns both oil and 
groundnut shells) depend on diesel fuel. 

According to SENELEC's most recent annual report, 526,600 MWH of elec

tricity were produced by the system in 1977, of which 99 percent (521,000 
MWH) was accounted for by the central grid. Production by facilities out
side the SENELEC system is estimated to be on the order of 100,000 MWH per 

year.5/
 

About 90 percent of the power generated by SENELEC's facilities is 

actually billed to subscribers. The regions of Cap Vert and Thies (where 
the Taiba phosphate mines are located) account for the bulk of total con

5/ "Senegalese Industry." op. cit. 
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sumption, which grew at an average rate of 7.3 percent per year between 

1965 and 1975. Exhibit 3.6 provides percentage estimates of electricity 

consumption by region and end use for 1975, showing the heavy concentration 

of demand inthe more industrialized urban areas of the country.
 

Exhibit 3.6
 

Senegal: Estimated Share of 1975 Electricity Consumption
 
by Region and End Use
 

(SENELEC Customers Only)
 

Region iShare (percent) 

Cap Vert 63.5 
Thies 30.4 
Fl euve 1.7 
Sine Saloum 1.6 
Casamance 1.2 
Diourbel 1.0 
Seneqal Oriental 0.6 

Total All Regions 100.0 

End Use Share (percent) 

Low Tension: Lighting 8.8 
Household Appliances 12.6 
Motive Power 5.1 

High Tension: Taiba Mines 24.7 
Other Industrial Uses 48.8 

Total: All Uses 100.0 

Source: "Senegalese Industry," op. cit.
 

Prices for electric power supplied from the central grid are now stan

dard throughout the country, in spite of widely varying production and dis

tribution costs. In 1977, low-tension service was priced at about $0.13 
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per kwh, and the high-tension per kwh rate averaged about $0.06. SENELEC's
 
costs, by contrast, ranged from a low of $0.045 per kwh for high-tension 
power supplied to the Taiba mines, to a high of $0.32 for delivery of low
tension power to the City of Louga in northwestern Senegal. Low-tension
 
costs for Dakar were $0.10 per kwh, which in effect constituted a subsidy 
by subscribers in the capital of their counterparts in other cities and 
towns served by the grid.
 

Electricity consumers in the secondary centers pay about three times
 
more than central grid subscribers on a per kwh basis. Production and dis
tribution costs, however, usually far exceed the rates that SENELEC is per
mitted to charge.6/ This discrepancy can be attributed to a combination of
 
factors, including the high production and distribution costs and low lev
els of demand prevailing in those outlying areas where few large industrial
 
users are based. A related problem is the high percentage of losses in 
distribution reportedly experienced by SENELEC's operations in some 
of the
 
secondary centers.
 

By 1990, Senegal plans to expand the installed power of the central 
grid to 365 MW, which would permit an increase of about 265 percent over 
the current generating capacity of this network. Investments during the
 
more immediate Fifth Plan period are proposed -o cover new building con
struction, training programs, urban electrifical 'on projects, and the ex
tension of several transmission lines, including one financed by CIDA that
 
will provide service to rural coastal villages inthe M'bour area south of
 
Dakar. With respect to the secondary centers, FAC financing has already 
been committed to convert the diesel-fired Diakhao facility to an experi
mental so%,-Lhermal generation center in an effort to reduce production 
costs. If this experiment is successful, plans exist for equipping six 
other sites in a comparable fashion, each capable of generating 50 KW of 

6/ In1976 inBakel, for example, subscribers paid about $0.25 per kwh for
 
electricity for lighting that cost SENELEC nearly $1.65 to produce and dis
tribute.
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electric power for village use. Also under study by the Government of Den

mark is a rural electrification system for the Casamance region whereby 

power would be supplied from a central plant in Ziguinchor to a number of 

villages now served by diesel generators. While similar potential may 

exist for parts of Sine Saloum and the Senegal River Valley, the long-range 

outlook for rural electrification in less densely populated, more isolated 

regions of the country is considered to be bleak. 

Domestic Energy Resources
 

Wood isthe principal source of fuel energy inSenegal, accounting for
 

an estimated 60 percent of total fuel use compared with about 40 percent 
attributable to imported oil and gas.7/ Other domestic energy resources, 

including water and solar power, are still in the development stage and 

thus far have made only a negligible contribution to available energy sup

plies, even though Senegal is far ahead of many countries in terms of its
 

commitment to renewable energy technologies.
 

Wood
 

Approximately 39,000 square kilometers, or 20 percent of Senegal's 

land area, are classified as forest reserves. Another 105,000 square kilo

meters are made up of undeveloped open woodland and savanna. These wood re

sources are shrinking at an alarming rate. The combined effect of drought, 

brush fires, overgrazing, and uncontrolled cutting has resulted indefores

tation in many parts of the country and in a loss of natural forest regen

erative capacity. In 1976 in the Foundiougne (Sine-Saloum) area alone, 
15,000 hectares of classified forests were destroyed by fire. Overcutting 

and neglect also exact their toll in losses on the order of 10,000 to 
15,000 hectares in a typical year, and more in periods of drought.
 

7/ CILSS/Club du Sahel, op. cit. This estimate takes no account of the 
"use of agricultural residues-Flivestock dung and plant wastes) as fuel 
sources which, as far as is known, has never been quantified for Senegal.
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The commercial production and marketing of industrial and fuel wood is
 
regulated 	by Senegal's Forest Service, which annually sets production quo
tas and fixes prices for the output. Most of the wood that is cut is sold
 
directly as firewood or processed into charcoal. The cutting of wood for
 
industrial uses represents a relatively minor proportion of the total pro
duction, as the majority of Senegal's industrial wood requirements are sat
isfied by 	imports from the Ivory Coast.
 

Exhibit 3.7 shows official charcoal and firewood production statistics 
for selected years since 1960. Following a period of rapid growth between 
1960 and 1974, charcoal output appears to have stabilized at 84,000 to 
94,000 tons per year. Commercial firewood production fell off dramatically 
in 1978, reportedly in response to a Government regulation prohibiting the 
use of firewood by bakeries located in large cities and towns. 1979 quotas 
were set at 81,000 tons for charcoal and 145,000 steres for firewood, the 
former representing a 3.7 percent decline vis-a-vis the previous year's 
charcoal production, the latter, well above the volume of firewood entering 
official marketing channels in any recent year.
 

Exhibit 3.7
 

Senegal: Authorized Commercial Charcoal and
 
Firewood Production, Selected Years
 

Charcoal Firewood 
Year (tons) (stacked m ) 

1960 
1968 
1971 
1973 

30,600 
50,500 
58,000 
70,000 

41,700 
50,600 
58,100 
60,000 

1974 
1975 

92,500 
93,100 

75,000 
n.a. 

1976 85,100 n.a. 
1977 
1978 

93,500 
84,100 

107,400 
86,200 

n.a. not available.
 

Sources: 	 Edmond Uhart, Projet de Rapport sur les Problemes du 
Charbon du Bois au Seneqal, Addis Ababa: United 
Nations Economic Cornmiss ion for Africa, 1976, and 
Senegal Ministry of Rural Development.
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These production statistics do not include charcoal and firewood mar

keted through illegal channels which, in some cities, are thought to ac

count for as much as 50 percent of total fuelwood sales. Nor, more impor

tantly in the case of firewood, do they cover the large quantities of wood
 

that are gathered each year from the countryside to supply the fuel re

quirements of the rural population. While no data are available on the 

proportion of this wood that is obtained through illicit cutting of live 

trees as distinct from deadwood collection, total consumption of fuelwood 

in Senegal has been estimated by the Club du Sahel at three million cubic 

meters annually, of which less than five percent is subject to Government 

control.
 

The Fifth Four-Year Development Plan recognizes the need to protect 

and enhance Senegal's dwindling forest resources. The Plan foresees the 

expansion of national forest reserves by an average of 7,500 hectares per 

year. It also outlines a series of measures designed to protect existing 

wood resources, including improved forest maintenance procedures, construc

tion of firebreaks, and tighter controls on resource exploitation. AID is 

expected to fund a greenbelt-fuelwood production project which calls for 

establishing some 3,000 hectares of new intensively-managed forest planta

tions on the outskirts of Thies. CIDA is participating in a five-year dune
 

fixation program in the Atlantic coastal zone north of Dakar which involves
 

the planting of trees for use as windbreaks. The FAO and the FAC are also 

engaged in forestry projects, the former inthe Casamance and the latter in
 

the Fleuve region where experiments inirrigated tree production are under

way.
 

Whether these various programs will succeed in reversing the tide of
 

progressive deforestation is open to question, however, as most fuelwood 

supply and demand projections suggest that far more massive efforts will be 

required. According to Club du Sahel estimates, for example, as many as 

one million new hectares of forest area may be needed in Senegal between 

now and the end of the century just to satisfy the anticipated demand for 

fuelwood products over and above current levels of use. This means that 
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50,000 hectares would have to be planted annually for the next 20 years, 
compared with the 30,000 hectares targeted for planting during the entire 
Fifth Plan period and the far smaller number of hectares reached by Sene

gal's Forest Service inthe recent past (1,235 hectares in1974, 1,400 hec

tares in 1977).8/
 

Hydropower
 

The Senegal River and the Gambia River are both important potential 
sources of hydroelectric power. Due to the exigencies of geography, deci

sions regarding the management of these waters are in the hands of two mul

tinational organizations, the OMVS (Organization pour la Mise en Valeur du
 

Fleuve Skn'gal) and the OMVG (Office de Mise en Valeur du Fleuve Gambie), 
which are composed of representatives of Senegal as well as neighboring 

riverain states. 

OMVS plans for the Senegal River include construction of dams equipped
 

with hydroelectric turbines first at Manantali in Mali and then at Gourbas

si on the Faleme, a tributary of the Senegal River on the Senegal-Mali bor
der. Electricity generated at the Manantali facility, which is not ex

pected to be in operation before 1990, is to go mainly to Malian subscrib

ers, whereas that produced at the 113 MW Gourbassi station may be fed to 
the iron ore mines that are under study for the Faleme area in extreme
 

southeastern Senegal. In both cases, the need to regulate the river's flow
 

for irrigation purposes may limit the amount of power than can be made
 

available.
 

The OMVS is also considering proposals to construct additional hydro
electric stations at Felou falls on the Petit-Gouina (Mali), another Sene
gal River tributary. Other long-range options include dams at Boureya and 

8/ See Chapter Four (Section F) of this report for further discussion of 
projected fuelwood supply and demand. Information on fuelwood consumption 
patterns, pricing, and production control mechanisms is also provided in 
that Chapter.
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Koukoutamba, and water control projects in the Guinean Basin of the Upper 
Bafing. However, like Manantali and Gourbassi, these potential hydroelec

tric sites are located inisolated, sparsely-populated regions far from the
 

urban industrialized areas where electricity demand in Senegal is concen
trated.
 

With respect to the Gambia River, three hydroelectric sites, all lo
cated inSenegal Oriental, have been studied by the OMVG. The ,most promis

ing option involves construction of a large dam at Sambangalou and a small 

one at Ketriti which, toguther, would permit the storage of irrigation via

ter as well as the production of approximately 100 MW of power. The power 

would probably be used by mining operations in the vicinity, although the 
OMVG claims that it may be able to deliver electricity to Dakar at costs 
competitive with those that are now being paid to supply low-tension sub
scribers inthat city (about $0.10/kwh).
 

Solar and Wind Energy
 

Senegal, by virtue of its location in Africa's "sun belt," is blessed 
with an abundance of solar resources. The potential for exploitation of 
these resources as an energy source isgreatest inthe northern and central 

parts of the country, where the terrain is relatively open and the rainy 
season relatively short. Opportunities for the use of wind-powered tech

nologies exist in the Atlantic coastal zone between Dakar and St. Louis. 
Inmost other regions of Senegal, however, the winds are either too weak or
 

too seasonal innature to serve as a reliable source of power.
 

Long before the advent of the "energy crisis," research on solar tech

nology was being carried out by IPM (Institut de Physique M6teorologique), 
University of Dakar. Between 1966 and 1975, a series of experimental so

lar-thermal pumping systems were designed and constructed by IPM with as

sistance from SOFRETES (Societe Fran~aise d'[tudes Thermiques et d'Energie 
Solaire), a French firm engaged inthe development and manufacture of solar 

energy devices. Other University research programs, including those asso
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ciated with the Semi-Conductor Lab at the Faculty of Sciences and IUT (In
stitut Universitaire de Technologie) have also been involved in developing 
and testing solar and wind-powered equipment for water pumping, drying, and
 
refri gerat ion.
 

In 1976, SINAES (Soci6te Industrielle des Applications de 1 'Energie 
Solaire) was created by government and private interests in Senegal and 
France for the purpose of building and installing solar equipment. One of
 
SINAES' first projects was to equip four Senegalese villages with IPM 1 KW 
prototype systems for pumping household water supplies. Subsequent under
takings include installation of five windmills at the village lev- , and a 
solar water heater on the roof of a hotel inSt. Louis. Inadditi 
' , SINAES
 
is one of three firms participating in an AID/FAC-financed solar irrigation
 
pumping project at Bakel 
in the Senegal River Valley. The Bakel experiment
 
will represent AID's first venture into a field which up to now has been 
dominated by the French.
 

CARITAS and the Government of Senegai's Department of Human Resources
 
(Promotion Humaine) also have a history of involvement in renewable energy
 
development activities. 
 CARITAS, which isthe local counterpart agency of
 
Catholic Relief Services, has helped to install 
hand pumps, Pompes Guinard
 
photovoltaic water pumping systems, and experimental biogas operations ina
 
number of villages inSenegal. Promotion Humaine has had responsibility 
for administering a program to introduce a variety of experimental technol
ogies at the village level, inc1udIing solar cookers and distillers, hand 
pumps, windmills constructed from local materials, and rainwater catchment
 
basins.
 

A partial listing of th:,se and other renewable energy research and 
development activities is presented inExhibit 3.8, including available in
formation on technoloqy characteristics, costs, and financing sources. Not
 
covered in the listing arv projects which are still in the preliminary 
planning stages or which are 
scheduled for implementation after 1979. Such
 
projects dre discussed in the final section of this chapter.
 



Exhibit 3.8 

SENEGAL: Partial Listing of Experimental Ar--vities in the Development of Renewable Energy 

Energy Technology 
Responsible 

Organization(s) 
Location and Date 
of Installation 

Technical 
Characteristics Cost1 

Source(s) of 
Financing 

1. Solar-Thermal Pumps IPM IPM (1957-75) Four I KW prototypes; 5-6 m 3 

hourly pumping capacity at 
Has been reduced 
to $40,000/unit 

GOS, UNIDO,
Others 

25 meter depth- most recent 

model has 70 m2 flat plate 

collector 

IUT IUT (1976) 1 KW prototype n.a. n.a. 

SOFRETES, SINAES Four rural villages 
in Thies and Fleuve 

I KW IPM prototype; 8-10 m 3 

hourly pumping capacity at 
S230,000 FAC 

(1976) depth of 20 meters 

SOFRETES, SINAES, 
Thermo-Electron 

Bakel 
(US) 

(1979) 30 KW system $1.4 million AID/FAC 

2. Photovoltaic Pumps Semi-Conductor Lab (1975-6) 20 m3/day output at n.a. n.a. 
Lab 12 meters 

IUT IUT Solarex panels n.a. FAC 

CARITAS, CNRA-Bambey (1978); 900-1,300 watt systems $35,000-50,000/ FAC (Bambey), 
Pompes Guinard Babek and Toki utilizing RTC solar cells unit Pompes Guinard, 

(Diourbel-1978); and/or Solarex panels; Private donors 

and Aere-Lao (Fleuve 65-100 3n/day capacity at 

1979) 10-20 meters; used for 
irrigation and domestic 

* water supply 

3. Windmills IUT IUT Savonius prototype n.a. n.a. 

SINAES Diagl4 (Fleuve) Savonius .- el n.a. n.a. 

SINAES, CARITAS L'Ouli (1978-79) Aerowati model; 
15-20 m /hour output n.a. FED 

Ecole Polytechnique 
de Thies 

Thles (1976) Australian and German equip
ment; village-level tests n.a. CIDA 

4. Biogas CARITAS Ndjioukh Fissel Indian Gobar-Gasplant; n.a. n.a. 
plant and animal wastes 

used to produce methane 
gas for cooking and light
ing; liquid fertilizer 



Responsible Location and Date Technical Source(s) of -

Energy Technology Organization(s) of Installation Characteristics Costs- / Financing 

5. Solar Dryers IPM, ITA 	 IPM 01974) 

6. 	Solar Water Heaters IPM IPM-
and Distillers --

SINAES 	 St. Louis (1978) 


IPH 	 IPM (1975-76) 


7. 	Solar Cookers IPM University of 

Dakar (1978) 


8. 	Other Activities Promotion Langomak (1974) 

Humaine 


1/ At late 1978 exchange rate of US $1 - 215 francs CFA. n.a. = 

8 m2 collectors; 250 kg.-

(fresh fish equivalent)
 
capacity/4 8 hours 


340-l:aer capacity; 

experimental construction
 
with inexpensive, light
weight materials; original
 
model imported from Solar
 
Energy Lab in Niger
 

4 ,000-liter capacity; 36 m 

collectors; heats water to
 
45-500
 

Experimental distiller, 

subsequently abandoned
 
due to low output
 
(3 liters/m 2/day)
 

Parobolic prototype; IPM 

plans to experiment with
 
heat storage technologies
 
for use in conjunction
 
with cooker
 

Experinental village center 

for lo,,-cost aporopriate
 
technologies, including
 
windmills, solar distiller,
 
solar cooker, diesel graip

grinder, etc.; later aban
doned due to lack of water
 
and outside support
 

not available.
 

-

i 

n.a. 

n.a. 

n.a. 

n.a. 

$28,000 

n.a. 

n.a. 

n.a. 

n.a. n.a. 

n.a. .. n.a. 

Source: Adapted from Carol A. Ulinski, Trip Report. Seneqal Renewable Energy Project, November 1978, and miscellaneous sources.
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National Eni,'gy Policy
 

The Fifth Four-Year Development Plan describes Senegal's national en
ergy policy as consisting of two basic objectives: (1)to avoid waste and
 
make the most productive use of imported fuel energy consistent with the
 
country's economic and social development programs; and (2)to inventory
 
and develop domestic energy resources. The first objective is being ad
dressed primarily through fiscal measures. The second objective is to be
 
accomplished through development not only of existing oil, gas, and hydro
power resources, but also of renewable energy technologies.
 

Fuel Prices. Taxes, and Subsidies
 

The Government of Senegal promotes what it considers to be the more
 
productive uses of imported fuel energy at the expense of less productive
 
ones through a system of price controls and taxation. Retail prices are
 
fixed by the Government and maintained by the Price Stabilization Fund.
 
Payments to the Fund by consumers of certain refined petroleum products are
 
used to subsidize the price of others. Fuel products are also subject to
 
varying rates of taxation at both the refinery and distribution level, with
 
some being totally tax-exempt. The net result is that products with nearly
 
identical production costs, such as hi-test gasoline and gas-oil, retail 
at
 
vastly different prices (about $0.56/liter and $0.35/liter respectively in
 

early 1979).
 

Gasoline consumers pay the highest taxes and make the largest contri
butions to the Price Stabilization Fund (see Exhibit 3.9). The retail
 
prices of gas-oil, diesel, kerosene, and liquid petroleum gas also include
 
taxes and contributions, but the amounts are lower than those assessed on
 
gasoline. Certain categories of consumers, moreover, are entitled to tax
 
exonerations on these products. Among those so favored are 
the domestic
 
fishing industry, whose purchases of gas-oil are exempt from tax to enable
 
them to compete with foreign fleets; bakeries utilizing diesel fuel in
 
place of firewood; participants in the Government's butanization campaign
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(see page 3.5); and SENELEC's two main electric generating plants. SENELEC
 
also benefits from a Government subsidy on its purchases of heavy fuel
 

oil.
 

Exhibit 3.9
 

Senegal: Price Structure of Selected
 
Refined Petroleum Products, 1979
 

(inpercent)
 

Ex-Refinery Distribution Taxes and
 
Price Costs Contributions Total
 

Hi-test Gasoline 24.7 17.8 58.5 100.0
 
Regular Gasoline 27.7 18.8 53.5 100.0
 
Gas-Oil 39.6 19.6 40.8 100.0
 
Kerosene 44.6 25.9 29.5 100.0
 
Light Fuel Oil 75.6 22.0 2.4 100.0
 
Heavy Fuel Oil 80.2 24.7 - 4.9-. 100.0
 

1/ Purchases of heavy (3500) fuel oil are subsidized by the Price
 
Stabilization Fund. SENELEC purchases receive an even higher
 
(12.74 percent) subsidy.
 

Source: Senegal, Bureau of Mines.
 

The other major beneficiaries of the Government's energy pricing pol

icy are the Dakar Free Trade Zone (where industries can purchase power from
 

SENELEC at preferential rates) and those subscribers to electric service
 

from the central grid who, as previously discussed, receive de facto subsi

dies due to SENELEC's uniform pricing structure. The sale of electricity
 

at uniform rates to all cities and towns on the grid is one element of an
 

industrial decentralization program designed to attract new industry to
 
,
Seneg -''- smaller cities and towns by making their production costs more
 

competitive with Dakar. The Fifth Plan suggests that costs might also be
 

lowered through preferential treatment of gas-oil purchases by firms pro
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viding transportation to and from such areas. No action has yet been taken
 
inthis regard, however. Nor, as far as is known, has any measure been
 
adopted that would serve to reduce the cost of fuel used inSenegal's agri
cultural sector. In fact, it is understood that one proposal which would 
have benefited farmers using irrigation pumps in the Senegal River Valley 
by removing the tax on diesel oil was rejected by the Government. 

Renewable Energy Resources Development
 

One reason why the Government may be reluctant to make imported fuels
 
available to the agricultural sector at favorable prices is that it is 
looking to domestic resource applications to satisfy many of the future en
ergy needs of rural communities inSenegal. While a renewable energy re
search plan is still in the process of preparation, a number of priority 
areas for action have alaready been identified by the DGRST (Delegation 
Generale a la Recherche Scientifigue et Technique), which isthe organiza
tion responsible for all Government-sponsored research activity in Sene
gal.9/ These include energy for (1) pumping water, (2) cooking, and (3) 
food processing and preservation. A fourth priority area involves the use
 
of solar technology to produce electricity at isolated secondary generating
 

plants.
 

A number of renewable energy installations and research projects have
 
been proposed by the DGRST for funding during the period of the Fifth Plan.
 
Some of these proposals have already been financed by development assis
tance agencies, including a FAC pilot project to test the performance of a 
10 KW thermodynamic pump for water supply and irrigation in Bondie Samba 
(Sine-Saloum) and a FED/CARITAS project to install 2,600 peak watt photo
voltaic pumps at three village sites inthe M'bour area (Thies) at a cost 
of about $70,000 per unit. Other proposals are still under study, among 

9/ This agency was recently elevated to ministerial status and now bears 
The title of Secretariat d'Etat a la Recherche Scientifique et Technique.
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them the construction of powerful solar deep well pumps for use in the New 
Lands area of Senegal Oriental, where most water isfound at depths of 60 

meters, and the establishment of two experimental rural village energy cen

ters for the testing and evaluation of low-cost renewable energy applica
tions. In the area of applied research, a variety of projects are sug
gested, ranging from design and construction of a multi-purpose solar dis

tiller, to research on solar energy storage systems, to a study of solar 
energy materials suitable for use as insulation. The DGRST has also pro

posed that a Center for Research on Renewable Energy be created to direct 
and fund these research efforts. 

It is expected that the DGRST's renewable energy research plan will 

establish priorities among these and other activities concerned with solar 

energy resource development inSenegal. The balance of this report is in
tended to contribute Lo that plan through analysis of how energy is used in 

selected areas of the food system and identification of opportunities for 
energy-rel ated intervention. 
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Chapter Four
 

ENERGY USE PROFILES
 

A. SCOPE AND METHODOLOGY
 

This chapter examines the structure and energy consumption patterns of 

five key areas of the food system inSenegal. Four of the five areas rep
resent distinct product systems: rice; groundnuts; millet and sorghum; and 

fish caught by artisanal methods. In each case, the various processes in

volved in the production and distribution of a single food product, up to 
but not including its preparation for eating, are subjected to analysis. 
The fifth area of concern isthe final stage of the food system: the cook

ing of foods consumed inrural and urban homes. 

Selection Rationale 

The following criteria were taken into account in selecting areas of 
the food system for analysis:
 

(1) The instructiveness of the analysis for identifying energy-relat
ed problem areas and assessing opportunities for energy-related 
improvements;
 

(2) The significance of the food in terms of levels of land use and
 
agricultural production;
 

(3) The priority given to the food inthe national development plan;
 

(4) The importance of the food in the Senegalese diet, and especially
 
in the diets of low-income people;
 

(5) The importance of the food in generating incomes for low-income 
families; and 

(6) The susceptibility of the analysis t" ,'ternational comparison. 

Each choice fulfills the first, and at ; three of the remaining 
five, criteria. Rice is regarded as a particularly important food for 
study because of the priority given to this crop by the Government, because 
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of the variety of production techniques employed, and because of the poten

tial for using resulting data for purposes of international comparison. 

Groundnuts are considered important because they are produced on more than 

40 percent of Senegal's cultivated area, because they are the principal
 

source of cash income for the nation's rural population, and because
 

groundnut producers are the object of major Government development programs 

aimed at raising levels of technology and production yields. Moreover, the 

processing system for groundnuts relies on both imported fossil fuels and 

domestic crop by-products, offering opportunities for comparative analysis 

not afforded by other aspects of Senegal's food system.
 

The choice of millet and sorghum (as one combined food crop) rests on 

their importance as Senegal's principal subsistence food grains and the vi

tal nutritional role they serve among low-income rural families. In addi

tion, the low productivity, substantial losses, and time-consuming proces

sing methods characteristic of this component of the food system may signal 

a need for higher levels of energy use than has been the case to date. Sim

ilar arguments hold true with respect to the processing and distribution of 

artisanally-produced fish, which is also important as a major source of an

imal protein in the Senegalese diet and as an income producer for rural 

villagers living on the coast. 

Time and budgetary limitations preclude detailed analysis of other im

portant components of the food system, most notably those pertaining to the
 

production and distribution of vegetables and livestock products. Although
 

the current Plan puts some emphasis on market gardening and stockraising,
 

these activities affect a smaller percentage of Senegal's rural population,
 

in terms of both nutrition and income, than those associated with rice,
 

groundnuts, millet and fish.
 

The final area of the food system chosen for study is food prepara

tion, specifically cooking. Cooking is regarded as an important subject 

for analysis because of the Government of Senegal's expressed concern with 

depletion of forest resources and dwindling fuelwood supplies. In urban 
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areas, where charcoal is the principal cooking fuel, supply constraints 
have driven prices to a point where they now represent a significant drain 
on the incomes of low-income families. In rural areas, where most meals
 
are prepared over firewood, excessive cutting of trees for ful has led to
 
soil erosion, desertification, and other forms of pressure on the natural
 
envir onment. The time spent searching for firewood -- up to five hours 
daily in some areas -- also represents a significant loss of productivity 
on the part of women and children who perform this task.
 

Cooking isdealt with as a separate process, rather than 
as the final
 
step in each discrete food product system, for two principal reasons.
 
First, opportunities for energy-related improvements inthis area are like
ly to involve the fuels and energy conversion technologies utilized to cook
 
a meal, rather than the contents of the meal itself. Second, the existing 
data do not permit food-specific assessments of energy requirements, nor 
would such assessments be very meaniogful inthe case of Senegal where sev
eral foods are usually prepared together ina single pot. 

Analytical Framework
 

The objective of the energy use profile analyses inSections B through 
F of this chapter is to describe the principal components of each food pro
duct system ina manner which shows: (1)alternative methods employed to 
accomplish a given product transformation activity or task; (2) the types 
and amounts of energy required for transformation; (3) the volume of pro
duct losses incurred during transformation; and (4) any other pertinent 
data that would help to identify and assess important areas for improve
ment. The term transformation is defined for these purposes as any change 
in product nature (through production, processing, or cooking), place
 
(through transport and/or distribution) or time (through storage).
 

Key energy input-product output relationships are summarized on a pro
duct flow chart and accompanying reference tables near the conclusion of 
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each analysis.1/ The flow chart is divided vertically into columns repre

senting major transformation activities, and horizontally by solid lines 

representing alternative transformation methods. Dotted lines are used in 

cases where no transformation takes place. The numbers entered above each 

solid line show volume of product handled (on the left) and net product 

output (on the right), the difference being losses incurred in transforma

tion. Each solid line is also assigned a number (1.1, 1.2, etc.) which re

fers to information contained in the reference tables.
 

Every product flow chart is supported by two reference tables, the 

first showing the requisite energy input-product output data in aggregate 

terms, the second showing these same data on a per-ton-of-net-product

output basis. The data are derived for the most part from secondary source 

materials and are intended to roughly approximate energy input-product out

put relationships in Senegal in a recent typical year. Due to lack of 

data, no accounting has been made of pre-harvest losses, although such 

losses could easily be reflected in the chart and tables if their magnitude
 

were known.
 

Only readily quantifiable, recurrent energy inputs like fuels, fertil

izers, and pesticides are listed in the reference tables. ,hile a more 

complete documentation of energy use in the food system would need to take 

human and animal labor, energy expended ininto account such inputs as 

transporting fuels and chemicals to point of use, and energy embodied in 

capital equipment, such information was not felt to be necessary for pur

poses of this study. Human and animal labor inputs are, however, con

sidered in the text, as overall scarcity of agricultural labor can be a 

significant production constraint. 

1/ See Exhibits 4.7, 4.16, 4.21, and 4.27. No product flow chart is pro
vided for the profile analysis of cooking methods because this analysis is 

primarily concerned wtih fuel use and fuel conversion processes rather than 

with energy input-product output relationships.
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Each profile analysis concludes with a brief discussion of energy
related problems and opportunities. These problems and opportunities are
 
treated inmore detail inChapter Five of the report.
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B. MILLET AND SORGHUM
 

Background
 

Millet2/ is the most important cereal crop grown in Senegal in terms 

of both production and consumption. Its short cycle, minimal water re

quirement, and adaptability to a variety of soils, even those with low fer

tility, make this crop particularly well suited to local growing condi

tions. Three varieties are cultivated: early pearl millet (known as 

souna), accounting for 45 percent of national production; a longer cycle 

pearl millet (sanio) accounting for 25 percent of production; and sorghum 

(sorgho) accounting for 30 percent of production. Especially when grain 

stocks have been depleted, early millet is prized for its rapid maturation. 

The varying cycles of the millets and sorghum allow farmers to spread out 

the labor requirements for harvesting of both the grain and groundnut
 

crops. Some groups prefer certain varieties to others, with the Serer, for
 

example, preferring sorghum.
 

Although millet is raised throughout the country, almost 70 percent of
 

the total production comes from the Groundnut Basin, where it is grown in
 

association with groundnuts. A farmer will spend about 30 to 35 percent of
 

his time in the fields cultivating millet, and the rest working on his 

groundnut crop. Typically, the groundnuts are sold for cash, while the 

millet is retained for consumption by the farmer and his family. Neverthe

less, an estimated 20 percent of millet production is traded, as repayment 

to local lenders for loans, in rural markets, or in villages where it is 

used in small quantities (1or 2 kilos) as a means of barter.
 

2/ For purposes of this analysis, millet and sorghum are considered as a
 
single crop, henceforth referred to as millet. In Senegal, the two are not
 
differentiated either in statistics or methods of production, except in the
 
case of the sorghum produced inthe Senegal River Valley under flood reces
sion cultivation.
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As a general rule, only as much millet as is necessary to meet the 
family's subsistence needs is planted in order to maximize the production
 
of the valuable groundnuts. In practice, the optimal ratio for the sepa
rately allocated lands approaches unity and, taken together, millet and
 
groundnuts represent nearly 85 percent of the total crop area in Senegal. 
An estimate of the size of millet farming units and area cultivated by 
agricultural zone is provided inExhibit 4.1.
 

The area devoted to millet cultivation does not change very much from 
year to year (see Exhibit 4.2); however, farmers do make some adjustments 

to variations in crop prices and the weather. For example, millet output 
generally increases when groundnut prices are low or when groundnut produc
tion has been constrained by inadequate rainfail. More millet is also pro
duced when consumers shift to millet in the face of mounting prices for 
rice, since millet is not only a staple in the diet of the rural Senegal
ese, but isconsumed in significant quantities by their urban countrymen as
 

well.
 

Exhibit 4.2 shows that the amount of land sown in millet each year in 
the period from 1965 to 1975 remained fairly constant, averaging about 
1,040,000 hectares annually. Average production was about 533,000 tons per
 

annum, with a maximum of 708,000 tons in 1975 when especially favorable
 

growing conditions obtained.
 

Annual variations indomestic production are reflected inthe quanti

ties of millet that Senegal must import. Thus in a good year such as 1975,
 
only 7,000 tons were imported, whereas indrought years, imports have risen
 

to as high as 41,000 tons.
 

An important objective of the Government of Senegal is to narrow and 

eventually eliminate this food grain deficit. The current Plan sets a 

gross production goal of 750,000 tons by 1981, which represents an increase 
of 40 percent over the average level of production prevailing between 1965 
and 1975. The strategy for achieving this growth calls for a small (less 
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Exhibit 4.1,
 

Estimated Number and Size of Millet Farms by Agricultural Region
 

Number of Millet Area Total Millet Share
 
Region Farm Units per Unit (ha) Area (ha) (percent)
 

Fleuve 	 31,000 3.0 93,500 9.6
 
Senegal Oriental 37,500 2.1 78,000 8.0
 
Casamance 77,000 1.3 96,800 9.9
 
Northern Groundnut
 

Basin 81,000 2.8 230,000 23.5
 
Central Groundnut
 

Basin 57,000 2.8 159,000 16.2
 
Southern Groundnut
 

Basin 77,000 4.2 321,000 32.8
 

Total Senegal 360,500 2.7 978,300 100.0
 

Source: 	 World Bank. Data discrepancies due to rounding and weighting
 
of base estimates.
 

Exhibit 4.2
 

Millet and Sorghum: Production and Cultivated Area, 1965-1975
 

Production Area 	 Yield
 
_ (thousand tons) (thousand ha) T.g/ha)
 

1965 532 1,010 527
 
1966 554 1,070 518
 
1967 423 967 437
 
1968 654 1,156 566
 
1969 450 1,064 427
 
1970 633 1,055 600
 
1971 402 960 419
 
1972 583 975 598
 
1973 323 936 345
 
1974 609 1,094 557
 
1975 708 1,154 614
 

Source: "Senegalese Industry," Marches Tropicaux et Mediter
raneens, op. cit., with modifications in 1974 and 1975
 
productoFdata-based on World Bank reports.
 

ei
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than 10 percent) expansion incultivated area and a significant (nearly 40
 
percent) increase in per hectare yields.
 

A major barrier to growth inmillet production has been the absence of
 
effective marketing and price policies. Until now, farmers have had little
 
incentive to produce surplus millet as opportunities for marketing have 
been limited, and official 
prices have been lower than prices prevailing on 
the parallel market. Thus, with allowance for losses and seeds, 1981 out
put may still fall short of domestic demand. However, the World Bank pre
dicts that, ifGovernment efforts to raise millet productivity succeed,
 
Senegal will actually be exporting millet by 1990 (Exhibit 4.3).
 

Exhibit 4.3
 

Trends in Foreign Trade inMillet and Sorghum
 
(thousand tons)
 

Net Imports Apparent
 
output (Exports) Demand
 

1969-71 (av.) 542 34 
 576
 
1974 609 
 7 616

1981 660 64 
 724

1990 920 
 (47) 873
 

Source: World Bank.
 

System Methods, Costs and Energy Requirements
 

Production
 

Although millet in SenEgal has been traditionally produced by the hand
 
labor of the extended family, in recent years modifications involving chem
ical additives and animal traction have been introduced. Exhibit 4.4 sum



Exhibit 4.4 

Millet Technologies Practiced in Senegal 

Comprehensive Improved
 

Ploving and
 . . tittonal 
 mintimum Paceage PertLlzation Fertilization 
 I te-nsive
 

1. Land Develo1ment 

Stump removal Stump reova

0-150 man-daya/hb 0-150 san-days/ba 

Part so Yes Yes 
 Yes
Fair of oxen Yesso 
 Wo IJo Yes YesPlow 
 go NO No Yea Yes
Earrow 
 Vo NO No Yes Yes
Planter 
 No 
 Yes 
 Yes 
 Yes 
 Yes
 
SliYeos 
 YesCart Tea Yes
No N;o Yes Yes 
 Yes
3.sv-Pl~ef(par ta)
 

Seed g 5 kg
5; 5 
 5 kg 5 kg D
F ,r.;iC1e 
 0 200 200 g 
 200 g 200 g oe-tilizer 
 0 0 150 kg 14-7-7 
 150 kg 14-7-7 (100 kg 10-21-21 
Insecttcidt 0 0 0.5 kg C 50 leg urea.5kg 0.5 kg
 

4. L--_r (anr"y*/ba)
P:1...-8 
 0 0 0 5 (oxe") 5 (oxen)
F2ir 1=& 1S (hand) 4 (hand)SedL-r 4 (hoe) 2 (hoe) 2 (hoe)5 (hand) 5 
.- ti-I-g and 

(hand) 2 (seeder) 2 (seeder) 2 (seeder)and veedkng 20-45 !0 10 10 10Wed.'-g (1:o ) 0 8 8
Fertilitatlon 80 0 i (hand) 
8 
1 (head) 2 (hand)X-rweatli%3 
 6-1! (hand) 12-19 (hand) 15-22 (hand) 18-25 (hand)
ahreshing 20-30 (hand)
12-18 (m.nd) 15-2.1 ';and) 18-25 (hand) 22-28 (hand) 25-35 (hanQ)
Trans-portation 
 1-4 (hand) .-4 (land) I (cart) I (carL) 5 (cart) 1' 

Total 59-102 56-69 59-72 69-82 79-99 

o__ r (kg ha) I 
Cral Stover Crain Stover 
 C.amn Stover Crai Stover Crai Stover
Se-e;%l liver 
 2 0 boo  - a eX. Crc djau astn 300 1,000 400 1,500 

- 
600 2.000 -..
C. Croundrut Saul. 400 1.500 550 2.000 
 650 3.000 1,000 3.500S. Crc-.a.ut .aist, and . Senegal Soo 1.00 650 2,S)O 1.000 3,500 1.300 4.000Cas, mnce 1.600 5.000IO 2.500 1.000 3.000 1,300 4,000 1.600 5.0co 1.600 5.000 

It Transpartation of b-th irae aid stover.
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marizes the components of the traditional (basic) production method and
 
four of its modernized variants. 
 As is evident from Exhibit 4.5, the ap
plication of modern technology has been uneven both within and between re
gions. This isattributable to several factors, including lack of attrac
tive prices, market outlets, and other incentives for farmers; the inabili
ty of poorer farmers to finance improved inputs when the bulk of the crop 
in autoconsumed (although this is less true for equipment and draft animals 
which can be used on both cash and food crops); and limited research and 
scientific knowledge of local strains and how to improve upon thom.3/ As a 
result, 58 percent of all millet was still being produced by traditional 
methods in the early 1970's, even though modern inputs are used far more 
extensively inSenegal than inother countries of the Sahel.
 

Under the traditional millet production system (except for flood
recession producr on in the Fleuve), fields are cleared before the onset of 
the rainy , If the land has been lyinq fallow, bushes and small 
trees are cut down and burned. Insome areas of the country, especially in 
the Southern Groundnut Basin, soil fertility is maintained through applica
tions of animal nidnure, usually by penning the animals in the unplanted 
fields at niqht. 

After the first major rains arrive sometime In late June or early 
July, holes are dug in rows about 80 cm apart and a few millet seeds, re
tained from the previous year's harve .t, are dropped in each hole and 
covered with farth. Iwo week, lat er, Ofr yams ',nay b planted hecowpeas 
tween the millet ;tal s.* i'mult antous y, the hi qhly lah r i ntvnsive pro
cedure of hand weedino heimos. A,% shown in Ihihit 4.4, the hi h invest
ment of man-dmy,, ier hect are (ranqloi, fromi ? -45)) that must hi illocated to 
weedinq under the traditional syst m places severe constraints on produc

i (in. 

3/ In the past, and Pspecially under the colonial government, agricultural
research activities were focussed on the groundnut crop. Although the
Government Is now devoting considerable research attention to millet and 
%orohum, itwill take time to produce effects in the field;
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Exhibit 4.5
 

Senegal: Millet System
 

Percentaqe Distribution of Millet Technoloqies by Aqricultural 7nne
 

Region Groundnu', Casamance and 
Fleuve Basin Senegal Oriental 

Hectares Share Hectares Share Hectares Share 
Technology thousand) (percent) percent) thousand (percent) 

Traditional 93.5 100.0 355.3 50.0 122.4 70.0 

Treated Seeds 
(Minimum Package) - - 248.7 35.0 43.7 25.0 

Comprehensive 
Improved - - 106.6 15.0 8.7 5.0 

Total 93.5 100.0 710.6 100.0 174.8 100.0 

Source: World Bank.
 

In September and October, at the conclusion of the rainy season, the
 

millet is harvested with a machete. The millet tops are gathered into
 

sheaves, carried by the farm women and children back to the farm compound,
 

and then placed on pallets to dry for about 12 weeks.4/ 

Yields under the traditional system of millet cultivation range from a
 

low of 200 kg/ha in the Feuve Region to as high as 800 kg/ha in the Casa

mance where rainfall and soil conditions are most favorable. Between 800 

4/ A qrain dryer developed by the International Development Research Cen
ter can dry bundles of millet in one-third to one-half this amount of time. 
It is currently being tested in a village in west central Senegal as part 
of a Post-Harvest Technology System which also includes cement storage 
units and mechanical grain processing facilities. 
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and 2,500 kg/ha of stover are also produced for animal feed, fencing, and 
other uses (granary construction, thatching, baskets, etc.)
 

Modernized variations of this traditional method range from a "minimum 
package," which differs from the traditional method only in its use of 
fungicide-treated seeds and horse or donkey traction, up to an "intensive" 
meth J h,,,h involves use treated fertilizers, and oxen forch the of seeds, 
plowing and other cultivation tasks.5/ Occasionally, insecticides are used
 
and basic irrigation may be practiced when near-surface ground water is 
available. Farmers may also barricade their fields with brush or wooden 
fencing to protect them from foraging livestoc.
 

All oF these improvements have a favorable effect on yields, which 
vary from 400 kg/ha when the "minimum package" is used inthe northern part
 
of the Groundnut Basin to 1,800 kg/ha in the Casamance under the most in
tensive cultvation system. 
Stover yields are usually three and one-half 
times the yield in grain.
 

Annual production costs (exclusive of family labor, draft animals, and
 
equipment amortization costs) vary from under $1.00 per hectare when no 
commercial inputs are used, to about $20.00 per hectare when treated seeds 
and fertilizers are purchased and ipplied. At farmqate prices of $152/tnn 
prevailing durinq the 1976/1 crop year, output valie per hectare would 
average around $15 for the country as a whole, with a range of $30 to $275 
per hectare for farms with yields at the bottom and the top end of the pro
ductivity scale. 

5/ ONCV9 encouraqes farmers to use the products of modern agricultural
tchnoloqy. It supplies them with improved seed varieties, fertilizers,
furoicid' ind aricultural equipment but does not require payment until the 
crops haw. heen harvevted ind marteted; however, since only a Small propor
t ion of the millet crop is placed on the mnr et. It is oft en difficult for
farm rs to finance t o, v inpts . In additi on, fatirier,, ,trow n0 t mlliet in
the Grotin(nitt Has in r iv , extensiv' -,ervices from 1,0(I VA, the regllnl
promotional intitut ion which as'.1st s r)N('A!)and thi' Incfl cooperatle inIvt

estirmatIng Input riever(i,provinl In their proper appl1caand niristruct ion 
tion. 
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Fungicides, insecticides and fertilizer, when used, are the major com

mercial energy inputs involved in millet cultivation. In the Central 

Groundnut Basin, 0.7 kg of insecticides and fungicides and 150 kg of ferti

lizer (14-7-7) are recommended per hectare. Fertilizer application rates 

are somewhat lower in the Northern Basin, where the use of comrercial in

puts is less profitable. Under more intensive production systems such as 

are found in the higher rdinfall areas of Sine Saloum and Senegal Oriental, 

150 kg of 10-21-21 and 50 kg of urea/hectare are recommended, along with 

applications of rock phosphate which are plowed into the soil at the rate 

of 400 kg/hectare every four years. Exhibit 4.6 shows the estimated quan

tities of fertilizer and pesticides used annually by region between 1968 

and 1972. It should be noted that the amount of fertilizer distributed to 

millet producers in the 1976/77 crop year was about twice that shown in 

Exhibit 4.6, suggesting that the use of improved methods of millet cultiva

tion may now be more widespread than the data inExhibit 4.5 indicate.
 

Exhibit 4.6
 

Senegal: Millet System
 

Energy Requirements Per Hectare of Millet/Sorghum
 
Production in Senegal (1968-72 Averages)
 

Iripti, Insecticide and Funlicide Fertilizer 

Usage Hectares Total Usage Hectares Total 
Rrqir __ !hU) (tons) (kg/ha) (thousand) (tons)fk9 (thousandj) 

----Fleuve -

Groundnut Basin 0.7 355.3 248.7 150 106.6 15,990 
Casamance and 
Se,.qal O, i. Q.] .... 52..4 36.7 150 8.7 1,305 

Total Scriegal 0.7 407.7 285.4 150 115.3 17,295
 

S-urcit: Calcula(ed rm World Bank data. Fertilizer usage on millet 

f ield was ,pproximately double the amounts shown in this 
lxhibit during the 19/6/77 crop year. 
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Storage
 

Although millet may be stored in the war - uses of ONCAD-approved 

wholesalers and cooperatives and at ONCAD's own .- gional storage facili

ties, the great bulk of stored millet, some 95 percent, is placed in gran

aries at the household or village level. These usually are made of poles 

interwoven with millet straw and sometimes daubed with clay. The granaries 

are raised on stilts to prevent rodent depredations, and are covered with 

straw and millet stalks for protection from the rain.
 

Commercial pesticides are rarely used in household or village grana

ries. However, many millet farmers do r.ot thresh, or only partially
 

thresh, their grain prior to storage, practices which are believed to offer 

some protection from insect infestation. A smaller number of farmers pack 

their grain in sand or ashes to control insect movements. 

Such preventive methods no doubt reduce storage losses, but just how 

effective they are remains an issue. For example, one study by the Kansas 

State Senegalese Grain Storage Mission estimated that storage losses during 

the first year were as low as 3 percent, whereas another study carried out 

by SONED estimated the figure for storage losses to be between 20-25 per

cent.6/ For purposes of this analysis, a 15 percent loss is assumed, at

tributable to a combination of factors the most important of which are 

rodents, insects, mildew, fire, and theft.7/ In an effort to reduce the 

6/ See W.P. Spencer, et. al., Recommendations for Grain Storage and Pre
servation inSenegal, Kansas State University, Food and Feed Grain Insti
tute, Report No. 54, Nov. 1975; and SONED, Etude sur la Commercialisation 
et le Stockage des Cereales au Senegal, Dakar, 1-77.
 

7/ In a recent survey covering a sample of rural villages throughout the 
country, more than 75 perceit of the respondents cited rodents as their 
most significant grain storage problem. Other problems and their frequency 
of mention were insects (about 50 percent), mildew (30 percent), and fire 
and theft (nearly 30 percent). See Yaciuk and Yaciuk, Discussions des Re
sultats de l'enquete sur la technoloqie post-recolte en milieu paysan au 
Senegal, ISRA, November 1977. 
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rate of loss, SODEVA and CNRA-Bambey are experimenting with new techniques
 

of village and household level storage, including the use of tin-covered 
cement units and periodic applications of chemical pesticides.
 

As mentioned above, small quantities of millet are stored by a number 

of wholesalers who have satisifed ONCAD that they have adequate facilities 

to accommodate their monthly quota of grain. The remaining small amount of 

stored millet is handled by ONCAD's own regional warehouses and mobile 

units, which have a combined grain storage capacity of 39,000 tons. ONCAD 

stores grain in these regional facilities largely to provide grain loans 
during the soudure period. 

ONCAD has also launched a program of warehouse construction, with a 

planned capacity of 35,000 tons. This will increase its ability to main

tain security stocks of grain and by so doing, to intervene in the market

place during periods of surplus and deficit production.
 

Apart from the electricity used to provide lighting, ventilation, and
 

motive power insome warehouse facilities, the chemicals applied to control
 

rodents and other pests are the principal commercial inputs involved in 
millet storage. It is estimated that about five percent of the total vol

ume of millet stored inSenegal is protected by commercial pesticides; how

ever, no information is available on the amount of such chemicals currently
 

in use.
 

Processing
 

In Senegal, most millet is manually processed by the women of the 

household. Three principal tasks, and several sub-tasks, are involved. 

First, the millet is threshed to separate the grain from the head. Next, 

the grain is dehulled and winnowed to remove the hull or bran. Finally, 

the grain is crushed or ground into flour or meal, and if necessary, sieved 

to separate the flour from the coarser pieces of broken grain. Threshing, 

dehulling, and grinding are all performed by pounding the millet heads or 
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grains in a large wooden mortar with a pestle, which is usually about 1.5
 
meters long and weighs between two and three kg. For winnowing, a flat 
straw tray called a vanneur is used to toss the mixture of grain and chaff 
into the air and collect the grain as it falls. 

Hand threshing and grinding are especially time-consuming tasks, tak
ing an average of 4 hours and 24 hours respectively for every 100 kg of 
product handled. As a rule, relatively large amounts of grain are threshed
 
at one time. Dehulling and grinding, on the other hand, are generally 
daily tasks because rillet, unlike maize and other grains, does not keep
 
well once the hull hat been removed.
 

In some rural villages mechanized equipment is available for thresh
ing, dehulling, and grinding millet and other grains. 
 Among the equipment
 
used is the Bambey thresher, which was designed at CNRA and ismade inSen
egal by SISCOMA. This machine, powered by tractor or auxilliary 35 h.p. 
motor, is capable of threshing from 1.0 to 1.3 tons of millet per hour. 
SISCOMA also sells other machines designed to clean, grade, grind and re
move stones from grain, including a multi-purpose crusher, powered by a 10
 
h.p. diesel motor, which Irinds and crushes dry grain into meal or flour. 
That the Senegalese are apireciative of the benefits attendant to mechani
cal processes can be seen from a study conducted by a researcher from Pur
due University, who found tiat threshing and grinding machines are used 
regularly by villagers ifthey have the cash, and especially during harvest
 
periods, when labor is shorl and 
women must work inthe fields.8/
 

It is estimated (subject to field verification) that only five percent
 
of the millet produced each year in Senegal is processed by machine meth
ods. Most of the equipment in use is designed for grinding, and 
is owned
 

8/ See Edna F. Loose, "Women inRural Senegal: Some Economic and Social

6bservations," a paper prepared for the Workshop on Sahel ian Agriculture,
Purdue University, February 1-2, 19/9. 
Ms. Loose also observed that men
 
were will ing to take over responsibilIty for threshing grain when threshingmachines were available. Dehulling and grinding, however, were still 
con
sidered to be women's tasks.
 



96
 

and operated by local entrepreneurs who charge about $0.03 to grind a kilo
 

of grain. No data are available on the amount of fuel required to operate
 

these grinding machines. However, SODEVA estimates that a mechanical
 

thresher with an effective yield of 575 kg/hour over one season (allowing
 

time and fuel for deplacement), uses 3.2 liters of fuel per hour.9/
 

With respect to future fuel requirements for processing, one potential
 

source of demand should be noted. In the hope of reducing domestic con

sumption of imported rice and wheat, the ITA has developed a dry, stabil

ized millet flour which can be used to make instant couscous or blended
 

with wheat flour to make bread. At present neither the flour nor the bread
 

ismarketed on a large-scale basis.1O/ However, the Institute plans to pro

mote consumer acceptance of these products through advertising and, if suc

cessful, to have them produced by commercial mills and bakeries for sale in
 

urban areas. Considerably more fuel energy would be needed to handle mil

let in these industrial facilities than is currently used in the entire
 

millet transformation process.
 

Distribution
 

Between 85 and 90 percent of all millet produced inSenegal in a typi

cal year isconsumed within the producing household or used to repay debts
 

or social obligations. Most farmers are reluctant to part with their mil

let unless inurqent need of cash. Still, except inyears of exceptionally
 

some millet sales are made. Women may sell small quantities
poor harvests, 


9/ See SODEVA, Progranmne d'Evaluation Agricole et de Production Cereales
 
Uu Senegal. Rapport d'Evaluation - Campagne 1976-77. (Dakar, April 1977). 

10/ Only imported millet ismilled by the large grain mills, as the domes
tc market cannot guarantee adequate supplies of grain for industrial-level
 
processin:. lhus, one obstacle to the substitution of millet for wheat
 
flour relates to the inadequacy of the domestic millet marketing system.
 

http:basis.1O
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to pay for condiments and spices, and household heads may take millet out
 
of storage as needed to finance family and religious celebrations. In th s
 
sense, surplus millet is a liquid asset which can serve as a hedge against 
the future.
 

While some surplus millet issold directly to consumers, and some is
 
marketed by relatives who reside inurban areas,11/ the great majority goes
 
through one of two millet distribution networks: the traditional or para
lle network, which is now illegal; and the official network, which is or
ganized and run by ONCAD. 

Although the traditional system was outlawed in 1977, as much as two
thirds of the surplus production is still sold in this manner. The first 
stage inthe network is for the farmer to bring his threshed millet to his 
own or a nearby village, travelling either on foot or with an animal-drawn 
cart. There at buying posts (boutiquiers) set up expressly for the pur
pose, he sells it to an agent operating on behalf of a regional grain mer
chant. (These buying posts may also serve as informal lending institu
tions, extending farmers credit to purchase various commodities such as 
coffee, tea, sugar and salt. Debts are then repaid in millet following 
harvest.) In due course, the merchant collects the millet from his buyers 
ani has ittransported by truck or cart to a collection center. Then, af
ter having identified millet deficit areas, he sells the millet at these 
locations through itinerant traders (called bana-bana), resident relatives, 
or his own buying agents. Millet distributed in the traditional manner is 
usually traded in small amounts, seldom exceeding 25 kg per sale.
 

11/ Although it is Illegal to transport millet from one region to -,other
?or marketing purposes, urban members of a family may obtain authorization 
from the Ministry of Conmerce to receive and transport for personal con
sumption only up to 10 kg of millet from rural relatives. Not too surpris
ingly, snmir of this millet reaches an urban market before it reaches an ur
ban household. The Ministry authorized transfers of about 2,000 tons in 
1976. 
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For several reasons, and despite its monopoly position, ONCAD handles
 

no more than six percent of the millet produced inSenegal. Inyears when
 

production is low, most of the output is retained by farmers for family 

consumption. When there are surpluses, some of the surplus -is used to re

pay debts to traders, who work almost exclusively through the parallel mar

keting system. Nor has ONCAD provided produicers with much incentive to 

sell their millet through official channels, largely because its millet 
conmarketing activities have not been profitable, and ithas preferred to 


centrate its limited resources on the distribution of groundnuts and im

ported rice. Whereas cooperative chairmen are paid commissions for the 

no commissions are paid
groundnuts which are marketed through their coops, 


is little reason for the coops to encourage milletfor millet; thus, there 

sales. Also, ONCAD insists upon a minimum sale of 100 kg, whereas most 

farmers prefer to make smaller sales inaccordance with their need for cash 

and the level of their qrain reserves. Finally, except for the two or 

three months following harvest, the official millet price is often less 

than prices prevailinq on the parallel market. Thus, unless the oroducing 

it must turn itshousehold can thresh its millet in the brief period before 


attention to the groundnut crop, itis better off selling illegally.
 

Infulfillment of its legal responsibility for marketing millet, ONCAD
 

authorizes the cooperatives to buy surplus output on its behalf, in addi
areas
tion to runninq its own distribution centers (called seccos). In 

where there are no cooperatives or seccos, ONCAD sends trucks equipped with 

purchased by ONCAD isscales to viila(les to purchase illet. The millet 

stored in regional distribution centers, and later sold to other coopera

tives, to approved grain wholesalers, and occasionally to retail stores. 

lend it to members whoseCooperatives which buy millet in this manner will 


millet stores have been exhusted prematureiy, with the understanding that
 

the loan will b repaid in kind (with a ?1 percent surcharge) after the 

next harvest. This system was ,stablished during the last drouqht period 

so &s to ensure that adequate stores of grain were available in those areas 

most severely affected by the drought.
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It is difficult to estimate energy consumption in the parallel market
ing system. Rural police patrols periodically check cars and trucks for 
evidence of illegal qrain movements, but the cost of these controls limits 
their extent, and vehicles carrying illegal loads of millet often manage to
 
avoid them. While the use of poorly maintained back roads and roundabout 
routes to avoid the police may entail higher energy costs, no data are 
available to document the extent of this practice.
 

It is estimated that 60,000 tons of domestically-produced millet are
 
marketed in Senegal in a typical year, of which about 40,000 tons are tran
sported by open-bed trucks over an average distance of 100 km. This in
cludes virtually all of the millet handled by ONCAD (about 10,000 tons in 
1976), plus about half of that distributed through illegal channels. Using
 
an average fuel consumption rate of .08 liters per ton/kin, total gasoline 
consumpti On would amount to 320,000 liters, plus approximately 16,000 li
ters of oil drid other lubricants. it is assumed that the balance of illeg
ally marketed millet. is transported by hand and animal-drawn carts. 

Energy Input-Product Output Summary
 

The product flow chart in Exhibit 4.7 summarizes the alternative me
thods by which millet is produced, stored, distributed, and processed in 
Seneqgjl and the tonnage handled by each method in a typical year. Losses 
add waste products (stover) are also shown in this exhibit. The accompany
ing reference tables, Fxhibits 4.1A and 4./B, provide estimate of thean 
corilnercidl fuel and chemical inputs attributable to each nethod on an ag
gregate and per ton product output baisis, respectively. 

The product flow chart shows the type of process in the vertical col
umns, numbered 1.0 for agricultural production, 2.0 for storage, 3.0 for 
transport, and 4.0 for processinqg. Within each c)lunin one or mnore altern
atiwy method,. of perforinirig that pirticular proces; art, shown. For exam
ple, storagqe may be accompilished either in the household granary (2.1) or 
In the warehouse (2.2). The product, in this case millet and sorghum,
 



PRODUCTION STORAGE 

Exhibit 4.7 

SENEGAL'S MILLET AND SORGHUM SYSTEM: PRODUCT FLOW 
(in '000 tons raw product equivalent) 

TRANSPORT PROCESSING, SYSTEM OUTPUT 

II 
|a 

Sttover 

1.500,000 tons 

I 

dSeed 
* 5.600 tons. 

•I--,t 
303.5 

Treated Seeds 

llGranary 

Warehouse 
10. 

Non-otorizi 

3.24. 40.0 
Motorized 

,19.3 

and 

Machine 

19.1 

-I 
Mllet 

(raw product
*equivalent)equiv40.0 

Comprehensive 
Improved 

324.2 
3 

Household Consumption 



Table 4.7A 

Senegal's Millet and Sorghum System
 

Total Energy Inputs, Product Losses, and Net Product Output,
 

By System Activity and Method 

Ref. Activity (Method) 

Edible Product-

Net Output Losses 
(tons) (tons) 

Liquid Fuel 
(kl) 

Energy Inputs 

Fertilizers 
(tons) 

Other Chemicals-/ 

(tons) 

1.0 PRODUCTION 

l.i Traditional 

1.2 Improved (treated seeds) 

1.3 Improved (comprehensive) 

303,500 

118,100 

34,200 

-

-

-

-

-

-

17,295 

204.7 

80.7 
20 

3.0 

STORAGE 

2.1 Granary 

2.2 Warehouse 

TRANSPORT 

363,400 

22,500 

64,100 

1,700 

-

-

-

-

n.a. 

n.a. 

3.1 

3.2 

Non-Motorized (human or 
animal-drawn cart) 

Motorized (gasoline pick-up) 

20,000 

40,000 

-

-

-

336 
4.0 PROCESSING 

4.1 Hand (mortar and pestle) 

4.2 Machine (diesel thresher, 
dehuller, and grinder) 

357,600 

19,100 

7,300 

200 

-

n.a. -

TOTAL 376,700 73,300 n.a. 17,295 n.a. 

n.a. 

I/ 
/ 

- not available. 

In raw product equivalents. 
Insecticides and fungicides. 



Table 4.7B
 

Senegal's Millet and Sorghum System
 

Energy Inputs and Product Losses per Ton of Net Product Output,
 

Ref. Activity (Method) 


1.0 PRODUCTION
 

1.1 Traditional 


1.2 Improved (treated seeds) 


1.3 Improved (comprehensive) 

2.0 STORAGE
 

2.1 Granary 


2.2 Warehouse 

3.0 TRANSPORT
 

3. 1 Non-Motorized (human or 

animal-drawn cart) 

3.2 Motorized (gasoline pick-up) 


4.0 PROCESSING
 

4.1 Hand (mortar and pestle) 

4.2 	 Machine (diesel thresher.
 
dehuller, and grinder) 


By System Activity and Method 

Edible Prcduct-/ 

Net Output Losses 
(tons) (tons) 

Liquid Fuel 
(liters) 

Eneroy Inputs 

Fertilizers 
(kg) 

Other Chemicqsl 1 

(kg) 

1 

I 

.... 

-

-

-

-

-

505.7 

1.7 

1.7 

1 

1 

0.176 

0.075 

-n.a. 

n.a. 

1 

1 

-

- 8.4 

-

-

-

1 0.020 -

1 0.010 n.a. 

n.a. - not available. 

1/ In raw product equivalents.
 
2/ Insecticides and fungicides.
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flows from left to right through the various processes and alternative 
transformation methods. The quantities handled by each method are entered
 

above the solid line, with the left entry showing the inflow and the right 

entry the outflow. Thus, incoming millet and sorghum stored in household 

granaries (Number 2.1) amount to 42/,500 tons of raw product equivalent, 

while output from storage is 363,400 tons, indicating a storage loss of 
64,100 tons or 15 percent. A dotted line denotes a bypass without product
 

transformation.
 

As the data in the tables indicate, millet makes relatively few demands
 

on Senegal's energy system. Most of the output is produced by traditional 

methods and storated dnd processed withi the area of production. While 

some coITnercial fertilizers and pesticides are used, quantities are small 

in absolute terms and by comparison with what would be required if these 

chemicals were to be applied at the recommended rate on every millet field
 

in Senegal. If, for example, the total area cultivated in millet in an 

averdge year (about one million hectares) were to receive a single dosage 

of compound fertilizer at a 150 kg/ha application rate, 150,000 tons of 

fertilizer would be employed, or more than eight times the amount in use in
 

the early 1970's.
 

Also significant from an energy perspective is the reduction in raw 

product equivalent output that occurs as millet flows from field to final 

consumer. Thus, the assumed output of the system described in Exhibit 4.7 
(376,700 tons of millet and 5,800 tons of seed) is only 83 percent of the 

combined net production of 455,800 tons, indicating a loss of 73,300 tons
 

of' edible product. Most of this loss occurs during storage, particularly 

where household and village granaries are used. 

Energy-Related Problems and Opportunities
 

An even greater reliance on animal traction and commercially-produced 

fuels, fertilizers, and pesticides is implicit in the Government of Sene

gal's millet production objectives for the end of the Fifth Plan period. 
As output expands, there will need to be a comparable expansion in commer
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cial storage and distribution infrastructure, to which end USAID and others
 

have been assisting ONCAD for several years. USAID is also involved with 

the European Development Fund and SODEVA in introducing improved cultiva

tion practices, seed varieties, and credit facilities to millet farmers in
 

the Groundnut Basin.
 

There may be some potential for encouraging energy-efficient produc

tion practices or for substituting more desirable energy sources in con

junction with these projects, particularly with respect to fertilizer us

age. Other energy-related opportunities would appear to exist in areas of
 

the millet system which are not the targets of large-scale development ef

forts, including household and village-level processing and storage.
 

Fertilizer Use
 

Inducing farmers to purchase and apply chemical fertilizers is one of
 

the main elements of the Government's strategy for increasing millet yields
 

in Senegal. According to Government statistics, there already has been a
 

significant increase inthe volume of fertilizers used on millet in recent 

years (from 4,700 tons in 1965/66 to 35,100 tons in 1975/76), despite lags 

in growth of demand during the drought period. Annual consumption is pro

jected to exceed 50,000 tons by 1981, subject to the provision of adequate 

credit and marketing inceniives needed for farmers to finance fertilizer 

use.
 

The principal fertilizer compound used in millet production (14-7-7) 

contains proportionately greater amounts of nitrogen than of other nutri

ents. Nitrogen fertilizer, which ismade from imported ammonia, is highly
 

energy-intensive and will undoubtedly become more costly to produce as 

petroleum prices rise. This prospect of rising fertilizer costs may impede
 

Government efforts to stimulate fertilizer demand unless ways can be found
 

to reduce the quantities of imported chemicals required to maintain desired
 

levels of soil fertility on millet fields.
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Storage
 

Ithas been variously estimated that 
as much as 25 percent of the mil
let stored in traditional granaries is lost to rodents, insects, mildew,
 
fire, theft, 
and other factors. That there are problems with millet stor
age in Senegal is evident from the results of a recent rural village ,
vey, in which 40 percent of the respondents said they felt that their stor
age methods for millet were unacceptable. Even respondents reporting over
all satisfaction with their storage facilities said they had problems with
 
rodents and insects.12/
 

A loss of just 15 percent of annual millet output due to poor granary 
storage conditions would amount to 69,100 tons in a 
typical year (Exhibit
 
4.7). If this loss could be reduced by one-half (about 35,000 tons), 
Sene
gal would be relieved of the need to import millet in all but the very 
worst of years. Households would also have additional millet available as 
insurance against starvation or as a ready source of cash to finance 
other
 
purchases.
 

Processing
 

Because millet processing is pertormed inSenegal 
for the most part by

hand, the requisite investment inwomen-hours is high. The work of thresh
ing, dehulling, and grinding isextremely laborious and may prevent the wo
men who perform these tasks from engaging inmore economically and socially
 
productive activities. In addition, if the producing household wishes to
 
sell its millet at favorable prices through legal channels, itmust com
plete the threshing immediately following harvest. 
 This is often difficult.
 
to accomplish in that the groundnut harvest, which succeeds the early mil
let harvest by only a 
few weeks, competes for the family's labor. As mil
let yields increase dnd more product becomes for sale,available threshing 
requirements will increase conensurately. Continued reliance of manual 
processing methods could thus effectively limit the amount of millet that 
legally enters the marketplace in Senegal.
 

12/ Yaciuk and Yaciuk, op. cit. 

http:insects.12
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C, RICE 

Background
 

Rice is the second most important food crop inSenegal, whether con

sidered from the standpoint of area under cultivation, total production, or
 

total consumption. While rice is a traditional crop irn the southern part
 
of the country, growth in demand has come in large part from urban dwell

ers, who consume mainly imported rice.
 

Exhibit 4.8 presents data on rice production, domestic consumption,
 

and imports for the years 1973/74 to 1976/77. Average annual rice consump
tion for this period was about 304 thousand tons in paddy equivalent, 66
 

percent of which was imported. Rice imports during these years fluctuated
 

between approximately 190,000 and 217,000 tons annually, reflecting the
 

absence of any consistent increase in levels of domestic production.
 

Exhibit 4.8
 

Rice Production, Consumption and Imports:
 
1973/74 through 1976/77
 

(in tons of pa6dy equivalent)
 

1973/74 1974/75 1975/76 1976/77 Average
 

Imports 217,300 190,700 200,000 200,000 202,000
 
Domestic Production 64,300 117,OO0 115,200 112,000 102,250
 

Apparent Consumption 281,600 307,700 315,200 312,000 304,250
 

Source: USAID, Casamance Regional Development Project Paper, July 1978.
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Imported rice was first introduced into Senegal by the French colonial
 
government, to provide a staple grain for the urban population and 
to sus
tain farmers during soudure. Preference for rice has been well-established
 

in urban areas, and, as previously mentioned, the need to import large
 
quantities of rice to satisfy this preference puts a severe strain on Sene
gal's balance of payments position. Although a considerable amount of rice
 
is grown by traditional methods in the Casamance and parts of Senegal Ori
ental, this production has been mainly for autoconsumption and, as will be
 
discussed below, Government agencies have had difficulty in capturing much 
of the surplus output. While seeking to increase this surplus by improve
ments in production techniques, the Government has also been investing in 
irrigated rice projects along the Senegal River in the north, where rice 
has only recently been introduced. 

System Methods, Costs, and Energy Requirements
 

Production
 

About 70 percent of the rice produced in Senegal is grown on small 
farms in the Casamance and parts of Senegal Oriental without the benefit of 
mechanized equipment or irrigation pumps. The Government has been intro
ducing improved production techniques for rice in these regions, including 
the use of fertilizer, pesticides and selected seeds; limited land improve
ments (such as polder construction); and more effective farming practices. 
Approximately 25 percent (13,000 ha) of Casamance ricelood is under project 

supervision, -ncluding 5,700 ha at the large Sedhiou project. SOMIVAC is 
responsible for most agricultural development in the Casamance region, 
while SODEFITEX provides technical assistance to upland rice farmers in the 

Upper Casamance and Senegal Oriental.
 

The remaining 30 percent of domestic rice production takes place on
 

the irrigated perimeters developed and managed by SAED, the regional agency
 
responsible for agricultural development projects in the Senegal River Val
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ley. SAED currently controls six "perimeters"13/ in the Valley between 

Bakel and St. Louis. The three closest to St. Louis (Delta, Dagana, and 

Nianga) comprise a total of nearly 9,000 hectares and employ capital-inten

sive equipment and production techniques, whereas those further up the Val

ley (Guede, Matam, and Bakel) are relatively small (768 hectares in all)14/
 

and more dependent on hand labor. In addition to rice, maize and vegeta

bles (such as tomatoes and peppers) are grown as off-season crops on those 

perimeters having full water control. Some wheat trials have also been 

conducted, but with unsatisfactory results. In the analysis which follows, 

the methods, costs, and energy requirements for rice produced on the large 

and small irrigated perimeters will be compared with those characteristic 

of traditional and improved systems of swamp and upland rice production in
 

Senegal.
 

(1) Methods
 

SAED is responsible for the development of the irrigated perime

ters, which are classified according to the degree of water control which 

they afford: primary control is achieved by simply diking the river banks 

to retain river flood waters; secondary control involves constructing dikes 

and irrigation channels within the flooded basin as well, sometimes with 

the addition of pumping to maintain water levels; tertiary control denotes 

full irrigation by pumpage, and requires diking, drainage and leveling the 

land. Except in the DelLa perimeter (the largest of the six perimeters) 

where only 43 percent of the irrigated land is under full water control, 

all SAED perimeters employ tertiary control systems of irrigation.
 

13/ "Perimeter" is an anglicization of the French word perimetre, which in 
"enegal denotes the area encompassed by a project -- in this cas, the ir
rigated area developed and administered by SAED. 

14/ As the Bakel perimeter is still in the planning phase only 561 ha of 
te total area of the small perimeters are actually under cultivation.
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Once the irrigation and drainage infrastructure is in place, contracts 
are made with groups of individual farmers (groupements de producteurs) to 
farm the land as a single unit. Each farmer is required to help maintain 
the irrigation system, to market all surplus produce (about 20 percent of 
total production) through SAED, and, immediately following the harvest, 
to
 
pay for agricultural inputs provided to him by SAED out of the money he 
re
ceives from the sale of his crop. Any remaining debt of the farmer is 
car
ried forward to the next growing season.
 

The infrastructure development and production techniques employed in 
the large perimeters are highly capital-intensive. Imported heavy machin
ery, such as bulldozers, combines, tractors, and sprayers, are used to pre
pare and cultivate the land, and water is pumped from 
a large central pump
ing station. Some of the problems that have been associated with this sys
tem of rice production include high production ccsts to the farmers result
ing from SAFD's use of expensive machines, the ahbreviated working life of 
equipment due to inadnquate maintenance, dii ficulties with training pro
ducers to use sophisticated farm machinery and production practices, and 
inadequate project management on the part of SAMl itself. Because of these 
problems, the of services on someuse machinery perimeters ha(s been limited 
to the most essential tasks: land preparation, seeding, and harvesting. 

Although the high costs of developi(nq and pumpinq water to the land 
and the need to employ mechanical equi pmnrit for at least some production 
tasks mean that the Government must effectively ',ijh ilize rice production 
in this region, %eneqal i- sill coiiitted to introduc ini irri(Jated produc
tion in the Fleuve. Irriqated production sat isi io,, thr,, of the (nvtrn
ment's sectoral g;oals: water eoin(iqitwntre(ion,jl andim ; (jevel opment ; food 
security. (icau-s, of the extremely low leve,. of ranfal I in th, oregal 
River Valley, it i, iipo,,ihlo to s,ignificantly tIf)rove or divrsify trali
tional flood-rec e.sIon and rainfed crtipp in. fh ,%, incres,(d water control 
is the only wveans, hy which far-wer risk and unceirtaini j iray b, rendcod. Ihe 
Government also wishes to raise incomes in this req(ion, spvc 1 Ily si ticP 
there has ford l on( time been a large outflow of migrant workers from the 
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Fleuve to Dakar and France. It is further hoped that output from the large
 
perimeters will decrease food insecurity by assuring domestic supplies of
 
rice, although at present domestically produced rice accounts for only a 
third of the rice consumed in the country. The use of mechanized services
 
is justified on several counts: the reluctance of the formerly nomadic
 

people living in the Valley to employ their livestock as draft animals; the
 
difficulties of tilling the Valley's hard clay alluvial soils by hand or by
 

animal traction; and the need to replant as soon as possible after harvest 
ifmultiple crops are to be grown on the irrigated lands. There is also a 
limited supply of labor, which would eventually restrict the amount of land 

which could be intensively cultivated without these mechanized inputs. 

The Government's original target was to develop 50,000 hectares of 
large irrigated perimeters by 1985. Subsequently, it was decided to post
pone construction of more large-scale perimeters until the Manantali and 
Diama dams had been completed and to concentrate instead on creating tempo
rary small perimeters near existing villages in order to avoid having to 
resettle the villagers more than once. 

On the small perimeters, all land clearing and preparation tasks are 

performed by hand. Diesel pumps are used to provide irrigation water over 
an area averag inl about 10 hectares per pump.1_5/ SAFI) supplies the irriga
tion pump, qasoline and lubrication oils, makes commercial inputs avail
able, and offers technical acssltance. larmlers collectively diq the irri
gation and dralnalgle canal,, level the land, buil( low dikes as necessary, 

remove tree stumps, and otherwise prepare their fields with the fld of slm
ple tools. Commercial inputs must be paid for when purchased with cash 

15/ An experimental solar pumping station is being installed at Rakel in 
conjunction with USAID's Iael Crop Production Project. This 30 kw system,
built by SO!IRI I S (a french f irm) and Thermo-Hictron (a I.). company) with 
support from SINAI S (a enegalee or(anization pec IaIizInig in renewable 
energy appl ications) , is (h, Itint.d to supply water to an area of 200 hec
tares. The costs of the project are being shared by FAC and JSAID. 
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which has been set aside from the previous year's crop receipts. For this
 
reason, farmers growing rice on small irrigated perimeters are seldom
 
plunged into debt, unlike the farmers on the large perimeters who can delay
 

payment on input purchases until after they have sold their crops.
 

Outside the Fleuve region, most rice is Senegal is grown by tradi
tional swamp methods with few commercial inputs. 61,700 ha were under tra
ditional swamp cultivation in 1976, representing about 55 percent of the 
total area in Senegal devoted to rice production. The rice is cultivated 

in fields or brackish mangrove swamps surrounded by handmade earthen dikes 
to retain the water. The plants are transplanted from nursery seedbeds, 
and soil fertility is maintained with the application of crc'p and household 

wastes. The soil is prepared with hand tools and harvestinq is done with a 
machete. The harvested paddy is tied into sheaves and transported from the 
fields by hand, by horse cart or sometimes hy small boat (pirogue). Yields 
of rice cultivated in the salt-water mangrove swamps tend to be lower than 
those for rice cultivdted in fresh water, in spite of the fact that farmers 

uistully plant a long-cycl, salt-tolerant vriety. 

In the upland reg(ions of the Casamance and Senegal Oriental, approxi
mately 13,)0 ha are planted in rainfed rice. Animal traction has been 
introduced, and is used for land preparation, seeding, weeding and trans
port of the paddy. Chemical fertilizers, pesticides and improved seeds are 

also used. 

Improved inputs have been introduced in the Casamance by Government 
extension prcr(rams, and at present selected seeds, chemical fertilizers, 
pesticide, ,ir'd improved farminq practices are being tried on 4.?OO ha of 
swamp ricel ard in this' reqion. An addit ional ()() ha of Ca,,am,ince swamp 
riceland have been altered to provhid pirti,,l watr control, mviinly through 
the Const'urtion of draInaie, dltche', and contour fiv,1d hind'). Although 
partial water control, when used in conjuncti on with improved inputs, pro
duces a significant increase inthe average yield (from 2.25 tons of paddy 
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per ha under improved swamp cultivation with no water control to 3.6 tons
 
with partial control), it is highly labor-intensive and also requires a 
certain amount of coordination on the part of the individual farmers.
 
Thus, its use has been limited mainly to areas where the land development 
agencies have been involved.
 

A major obstacle to the increased use of improved inputs and cultiva
tion methods for swamp land ricg iscost. In the Middle Casawance, women 
are responsible for growing rice, and their access to credit is limited. 
In those areas where most rice is autoconsumed, farmers may be unable to 
finance comercial inputs even when credit is available.
 

SOMIVAC in the C:samance and SODEFIT[X inSenegal Oriental are respon
sible for promoting the use of improved seed varieties, fertilizers and in
secticides, dnd animal traction among rice farmers. 
 Due to time, person
nel, and resource constraints, these agencies hdd been able to introduce 
improved techniotues on only about 13,000 hd of rice land by 1976. A semi
public corporation, SODAGRI, is currently studying the feasibility of 
developing a large mechanized Irrigated rice scheme inthe Upper Casamance; 
however, a number of problems still remain to be worked out before produc
tion can commence. 

Although the bulk of Senegal's rice is produced in the Casarnance, the 
Government has chosen to focus most of its efforts to obtain and market 
domestic rice as a substitute for imports on the Fleuve irrigated perime
ters, where ithas the authority to capture producer surpluses. There are 
several reasons for this failure to look to the Casimance to feed the na
tion's urban areas -- a role to which it is well-suited by virtue of its 
high rainfall levels and fertile soils. One major problem relates to the 
isolation of the Casamance from the rest of the country and its poor trdns
portation infrastructure. Truc-s travellinq north to Dakar must sometimes 
wait up to three days to use the Gambia RIver ferry at Bainjul , or else take 
a more circuitous route to cross up-ri vvr at Mns, Konko. During the rainy 
season (which In the Casamance may last as long as siK months), many 



113 

of the region's earthen roads are impassable. Also, feeder roads for the 
evacuation of produce are limited in number, and oriented largely toward 
the groundnut-producing areas. A second major problem is tied to the re
luctance of members of the Diola tribe (one of the major rice-producing 
groups in the Casamance) to market their rice, as they prefer instead to 
store any surplus and meet their cash needs by marketing groundnuts. 
Moreover, the preponderance of traditional production techniques in the 
Casamance means that yields are generally low and that most rice is needed
 
for autoconsumption. Thus, present rice surpluses are not nearly sizable 
enough to have much effect on import levels, even if marketing constraints
 

could be reduced. 

Exhibit 4.9 shows representative farm budgets for rice production ac
cording to the seven basic methods of cultivation used inSenegal. Not in
cluded (except partially and indirectly as part of the charge for water) 
are SAFD's initial costs of developing the perimeters in the Fleuve. For 
the large perimeters, land development costs run between $5,000 and $9,000 
per hectare, whereas for the small perimeters these costs are considerably 
lower (running about $1,300 on the average), as villagers contribute their 
labor. Land preparation strategies, devised each year by personnel at 
SAEO's central office inSt. Louis, are basically standardized for applica
tion on all of the large perimeters. For the crop year 1975/76, the cost 
of deep plowing, off-setting, seeding, and fertilizing the land averaged 
about $90 per hectare. In addition, SAED provided farmers with from 50 to 
200 kg/ha of diarnoniium phosphate (16-48-0) and from 100 to 200 kg/ha of 
urea (46-0-0) fert ilizrs (depending on the perimeter) , along with seeds, 
irrigation water, and threshing services. Input costs ranged between $300 
and $400 per ha exclusive of labor. SAFD also makes insecticides and mech
anical spraying services available as needed, hut prefers to minimize their 
use In order to keep production costs down.
 

Yields on the large perimeters vary with the perimeter's location and 
the degree of water control itaffords. On the Delta perimeter, the aver
age yield is2,500 kq of paddy per ha; however, yields are 500-1,000 kg per 
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13,500 
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I 

300 300 

30.43 
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23.48 
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. -. 
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4.36 

346.96 

17.9 

448.94 

3.83 

.14 
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Exhibit 4.9
 

Senegal Rice System:
 
Representative Farm Budgets (continued)
 

Technique! 	 wm _____ 

Perir--o: s 	 Partial
 
Large I I Water Improved 

BudIet - 1 crop 2 cropf. f S-all Traditional Imoroved Control Rainfed 

ill. Output (in US S/ha, except as noted) 

Yield (kciha) 2,500 3,800 4,750 1,080 2,250 3,600 2,070 

Gross Income 12./ 451.09 635.65 857.07 194.40 405-98 649.57 373.50 

Net Revenue 7.56 175.09 321.97 -117.52 30.64 200.63 154.69 

Net Revenue, 
Labor Costs Excluded i 107.56 

I 
321.83 615.45 153.78 

3 3 
32934 547.59 299.47 

I/ Delta perireter.
 
T/ Niang2 and Dagana perimeters.
 
3/ matam and Guede perimeters.
 
T/ Casa-ance region.
 

use of selected seeds, fertilizers and Insecticides.
T/ Casamance regioN. Improved indicates 

T/ Casa-lance region, in government project areas.
 
7/ Casa-,r'ce --d Senegal Orient3l regions.
 
T/ At a rate ol excnhange of I USS to 230 CFA francs, the wage rates would be $1.09 and $I.30 per day.
 

/ - USS at an exchange rate of US$ to 230 CFA francs. Amounts are per ha.
 

1I/ 	 irri-ation costs for the srrall perimeters are reflected ;n costs for mechanized services (in this case, the pump).
 

on the ia-ge perimeters, SAED rakes a flat charge for irrigation water, which only partially reflects the costs
 

of the irrigation works, the balance of which are subsidized.
 
11/ 	 Calculated on the basis of 6 months for inputs needed at the beginning of the cropping season (seeds, fertilizer)
 

at an annual rate of interest of 8 percent.
 
12/ At tl-e cFficial paddy price of $0.13043 per kilo (41.5 CFA francs).
 

a1d 3 -nths for innuts used throuchout the season, 


Source: Calculations are from the Stanford University Food Research Institute and WARDA, "The Political Economy of
 
Rice 	in West Africa." Farm budgets are based on farmers' actual costs in 1975/76, and include taxes and
 
subsidies.
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ha on those areas with only primary water control, while tertiary water 
control areas on the Delta achieve yields of 2,000 to 3,000 kg of paddy per
 

ha. On the Nianga perimeter, which is further up-river than the Delta and
 

therefore less subject to the effect of salt water incursion,16/ yields can
 

reach 3,800 kg per ha. These differences inproductivity affect net earn

ings for the farmers: for example, in one recent year, Delta farmers real

ized an average net revenue (labor costs excluded) of $108, while Nianga 
farmers realized one of $322, despite the fact that input costs (exclusive 
of labor) for farmers on both perimeters were roughly equal and producer 
prices were fixed at $130/ton. Evidently, complete water control is needed
 

on the large perimeters in order to produce sufficiently high yields to 
compensate for the costs of irrigation water and mechanized services.
 

Expenses associated with rice production inthe small perimeters typi

cally include the cost of seeds, fertilizers, fuel and lubricants, and de

preciation on hand tools and the irrigation pump. SAED provides the ini

tial pump (which is assumed to enjoy only a five-year working life) and 
pays a mechanic to service it, but farmers must set aside funds to replace 

it when itwears out, and to pay for spare parts.
 

Exclusive of labor and SAED's pump maintenance costs, costs per hec

tare on the small perimeters average about $242, output averages 4.5 to 5 

tons, and net revenue averages $615. However, since each farmer cultivates
 

only one-fifth to one-quarter of a hectare, net returns per farmer would 
run between $125 and $150 in a typical year.
 

Traditional swamp rice production techniques give lower yields (about
 

1,080 kg paddy per ha). Costs are also lower, the major input being labor,
 

16/ Inyears of low rainfall, salt water is drawn up the Senegal River,
 
ncreasing the salinity of soils. Construction of the Diama dam will con

trol this problem and its detrimental effect on the productivity of ricr 
lands, especially on the Delta perimeter which is situated close to the 
river mouth. The damage due to salt water incursion can be especially se
vere (reducing yields to zero in some cases) on those parts of the Delta 
perimeter that lack full water control.
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and net revenue exclusive of labor is about $154 on a per hectare basis. 
Yield and net revenue rise substantially when improved techniques are in
troduced, averaging 2,250 kg and $329 respectively per hectare. Partial 
water control further increases yields (3,600 kg paddy per ha) and 
revenue
 
($548 net of labor costs). For rainfed rice production, yields average
 
2,070 kg/ha, and net revenue (exclusive of labor costs) $299.
 

When the opportunity costs of labor are included in the revenue calcu
lations,17/ the cultivation of swamp rice by the traditional method pro
duces a negative income, irdicating that the farmer is not being adequately
 
compensated for his 
or her labor in relation to the prevailing wage rate.
 
Thus, while net revenue exclusive of labor costs for traditional swamp cul
tivation is greater than that for single cropping on the large irrigated 
perimeters, the substantially higher inputs of labor required by the tradi
tional method negate the apparent profitability.
 

(3) Energy Requirements
 

The amounts and types of energy utilized in rice production are a 
function of the degree to which mechanized equipment and chemical inputs 
are employed. On the large perimeters, it is estimated that the tractors 
used for plowing, offsetting, seeding, and fertilization of the rice fields
 
consume between 66.2 and 70.5 liters of fuel and lubricants for every hec
tare of land prepared (Exhibit 4.10). Estimated quantities of other com
mercial energy inputs used under the various systems of cultivation pre
vailing in Senegal, on a per hectare basis, are shown in Exhibit 4.11.
 

17/ Labor is valued at the prevailing wage rate according to region, which
 
reflects the opportunity cost of using labor in rice production activities

in Senegal, where supplies of this input are limited. Labor constraints 
may also mean that at some point the Government will have to introduce ani
mal traction or mechanization on 
a larger scale in order to achieve desired

yields, and that the future of such labor-intensive methods as those em
ployed on the small perimeters and in areas where swamp rice is grown under
 
partial water control may be limited.
 



118
 

Exhibit 4.10
 

Senegal: Rice System
 
Fuel Requirements for Land Preparation Services
 
Provided by SAED on Large Irrigated Perimeters
 

Fuel Use
 

Cultural 	Task HP Hours/Ha (Liters/ha)

I/
 

Deep Plowing 105 1 12.6
 
____ __ 	 (16.9)_(_1.33 


Offsetting 65 1.5 11.7
 

Seeding 65 2 15.6
 

Fertilizing 65 3 23.4
 

Subtotal - 7.5 63.3 
(67.6)
 

011 	 2.9 

TOTAL 	 66.2
 
(70.5)
 

I/ Deep 	plowing takes four hours per ha, but is
 
only performed every four years on the Nianga
 
and Dagana perimeters, and once every three
 
years on the Delta. Total fuel requirements

for the Delta perimeter would thus be slightly
 
higher, as indicated by the figures in
 
parentheses.
 

Source: 	 Based on assumed rate of consumption of
 
12 liters fuel per HP per hour (from
 
Memento de L'Agronome [Republique Frang
alse, Minist re de la Coopgration,
 
Paris, 1974], which is the estimate
 
usually used by SAED), and 4.5 liters
 
oil for every 100 liters fuel. These
 
are liberal estimates based on poor
 
operating conditions inAfrica. HP and
 
task hours figures are from SAED.
 



Exhibt 4.11
 

Senegal: Rice System
 
Commercial Energy -Inputs and Average Yields Per Hectare, by Production Method
 

Fuel Oil (liters) Fertilizers (kgs.) 

I 11 PesticIdes Average Yield 
Technique I Land Preparation=/ Irrigation Total I Comnound _Urea Total (k_)___ !tons) 

/I crop_	 70.5 244.6 315.1 150 100 250 8.2 2.5 

Large Perimeters.
 

2 crops 	 66.2 221 287.2 250 100 350 9.8 3.8
 

Small Perimeters 	 - 204.6 204.6 200 200 400 1.0 4.75 

Traditional Swamp 	 - - - - 1.08 

Improved Swamp - 200 100 300 1.0 2.25
 

Improved Swamp, I
 
Partial Water i
 
Contr- - - 250 150 400 1.0 3.6
 

Improved Rainfed - - - 150 100 250 1.0 2.07
 
_____, 

I/ 	Only 43 percent of the Delta perimeter is under full water control; the remNining lands are currently under pri
mary (dikes and bunds) and secondary (dikes, bunds, and limited pumping) forms of control.
 

12/ From Exhibit 4.10.
 

13/ Both licuid and solid )esticides are used on SAED's large perimeters. However, for purposrs of this analysis, 
- 1 quia pesticide data are exoressed in kg equivalents, based on an assumed average conversion factor of I liter 

0.9612 kc (1,040.4 liters -1 metric ton). 

Source: Stanford University Food Research Institute/WARDA, op. cit., and SAED.
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The estimates in Exhibit 4.11 have been used to calculate annual fuel 

and chemical usage on an aggrepgate basis for each production system. The 

results are presented inExhibit 4.12, where they are compared with data on 

average production. Traditional methods of rice production, which employ 

no fuel or chemicals, are by far the least productive, accounting for only 

53 percent of the total production but 71 percent of the area cultivated in 

rice. But high yields and returns can be obtained where intermediate lev

els of technology art combined with large inputs of labor, as with the 

small perimeters and improved swamp/partial water control techniques. As 

mentioned previously, however, labor-intensive production methods cannot be 

depended upon to provide the basis for most rice development inSenegal due 

to constraints on the availability of labor. IfGovernment objectives are
 

to be realized, investment inother forms of production (some of which in

volve significantly higher inputs of energy) will also have to be made.
 

Threshing
 

In Senegal, rice is traditionally threshed by hand. However, small 

portable mechanized threshers have been introduced into some communities, 

and stationary or fixed threshing machinery is available to handle the pro

duction of the large perimeters inthe Senegal River Valley.
 

The traditional method of threshing involves the use of a mortar and
 

pestle or, where production is substantial, of specially-constructed thesh

ing floors (gergals) where the rice heads are beaten against flattened gas 

cans or other suitable objects and the grain collected incloth or plastic
 

sacks. Inthe absence of threshing floors, the heads may be taken to the
 

edge of the field and pounded by foot. In rare cases, pedal-operated
 

been found to
threshers may be used to separate the paddy, but these have 


be no faster than hand threshing. Some sources estimate that from two to
 

five percent of the paddy is lost when hand threshing methods are used,
 

whether from pounding it into the ground, discarding it with the rice
 

straw, or other reasons.
 



Exhibit 4.12 

Commercial 
Senegal: Rice System 

Energy Inputs, by Production Method 

Production Method 

I 
Area Cultivated 0976) 

(na) 
Fuel/Oui 

((0)kl) () 

Commercial Energy Inputs 
Fertilizers I 

(tons) i ( ) 
Pesticides 

(tons) 
Production 

I() (tons) iT! 

Large Perimeters, . 7,L83 3.7 1,838.9 30.0 1,870.7 29.1 61.4 69.4 18,700 15.0 

I Crop, of which: I ,80
Full Water Control I (3,240) (3.8) (1,020.8) (44.4) ( 809.9) (12.6) (26.6) (30.0) I 
Partial Water Control (21'3)13 (4.9) ( 818.1) (35.6) ( 1,060 8) (16.5) (341.6) (39.4)
 

Large Perimeters, 
 I 
2 crops I 1,156 1.3 331.7 15.0 404.2 6.3 I1.3 12.8 4,400 3.5 

Small Perimeters 224.6 
114.9 I 224.6 3.5 o.6 0.7 1 2,700 2.1 

Trad~tional Swamp 61,700 ' - - I ....-	 I 6671.7 53.166,600 


I 	 360.0 1.2 1.4 2,700 

Improved Swamo,. I I I 	 ,
Partial Water Control 500 0.6 " - 200.0 3.1 0 5 05 100 0.7 

5 3 0 0.5 1,00 
I-proved Rainfed 13,500 15.7 - -. 0 52.5 13.5 15.2 27,900 22. 

TOTAL 	 86,C99 100.0 2,285.0 100.0 6,434.5 100.0 88.5 100.0 124,800 100.0
 

I/ 	includes lands under primary (no pumping) and secondary (some pum'ping) control. It is assumed for purposes of analysis that
 

50 percent of the total area under partial water control falls int, each category.
 

Source: Exhibit 4.11 and Stanford/W'ARDA project data. Production figures h,,ve been rounded to nearest 100 tons.
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Where portable threshers exist, they are usually owned and operated by
 

small-scale entrepreneurs who charge about $.04 per kg of threshed paddy.
 

Most of these machines, which are made in Senegal by SISCOMA, have 20 h.p. 

diesel engines and can handle from 200 to 250 kg of paddy an hour. Their
 

hourly rate of fuel consumption is approximately five liters.
 

The fixed threshers operated by SAED on the large perimeters can
 

thresh a ton of paddy in about 1.25 hours with a fuel expenditure of about
 

five liters. These machines, which cost around $1,500 per unit, are equip

ped with a small Bernard motor and operate for up to eight hours a day de

pending on the amount of paddy to be threshed.
 

Exhibit 4.13 shows estimates of the total amount of fuel required to 

thresh the paddy produced in Senegal in a typical year. It is assumed that 

the entire production of SAED's larqe perimeters is threshed by fixed ma

chines which consume five liters of fuel for every ton of paddy handled, 

and that ten percent of the output of each of the other systems is threshed
 

by small portable machines that consume 25 liters of fuel per ton. The 

balance of 91,500 tons of paddy, or 73 percent of the total production, is 

threshed by hand and requires no commercial energy inputs. As the data in

dicate, the fixed machines are far more energy-efficient than the portable 

ones in spite of their higher investment costs. 

Storage
 

There are two major storage systems for rice in Senegal: one at the 

national level, operated by ONCAD and its approved wholesalers, for im

ported and domestic rice which passes through the official marketing sys

tem, and the other at the village level. Both systems suffer substantial 

losses due to grain predation, estimated to be on the order of 10 and 15 

percent respectively. ONCAD fumigates its storage facilities (using five 

liters of insecticide per 1,000 m2 initially plus 100 grams per ton of pro

duct every three weeks); otherwise, little or no commercial energy inputs 

are used in either system of storage. 
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Exhibit 4.13 

Senegal: Rice System 

Estimated Fuel Requirements for Threshing 
By Threshing Method 

Threshing Method 
Quantity 
Threshed 

(toni-
Fuel/Ton 
(liters) 

Total 
Fuel 
Olf-ters) 

Fixed Thresher 23,l nn 5 115,500 

Portable Thresher 10,200 25 255,000 

Hand c'1,500 -

Total 1214,800 370,500
 

Checchi and Company estimates.
 Source: 


In traditional storage systems, rice is usually stored in sheaves or
 

trusses in granaries which are vulnerable to insects, rodents, mildew and 

theft. In the Middle Casamance, the Diola store threshed rice in a granary 

above the kitchen hut using the smoke from the cooking fires to help pre

vent insect infestation -- a practice which can result in the loss of en

tire grain reserves due to their ignition by wayward cooking fires.
 

Milling
 

At presant there are four large industrial rice mills in Senegal. 

SAED operates two mills in the Fleuve, at Ross-Bethio and Richard Toll. 

The Ross-Bethio mill has an annual capacity of 25,000 tons paddy and the 
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Richard Toll mill has a capacity of 40,000 tons per year. The other two 

mills are located in the Casamance at Sefa, where a private company runs a 

mill for ONCAD, and inSenegal Oriental at Kedougou. Each has a theoreti

cal capacity of 10,000 tons paddy per year. There is also one private mill 

inSaint Louis which is not permitted to operate because of ONCAD's and 

SAED's monopoly on rice processing. 

The Ross-Bethio and Kedougou mills are the most modern, having been 

built in1971 and 1975, respectively. The other two mills were built in
 

the 1950's, although the Richard Toll mill has recently been overhauled.
 

Some of the equipnent At the mills is obsolete,18/ and the proportion 

of brokens is high, ranging from 45 percent at the southern mills to 80 

percent in the Fleuve. In the past, te Senegalese consumer has shown a 

preference for broken rice, which may reflect a lack of f(imiliarity with 

the whole-grain product as both hand-pounded and imported rice usually con
tain a hiqh proportion of broken (Irains (80 percent in the case of im

ports). It may also e due to the fact that the small percentage of whole

grain rice that is imported into Senegal (about ten percent of total im
ports) cormands a higher price and has not been subject to subsidy by the 
Government.
 

As a rule, about 40 percent of the rice that is grown on SAED's large 

perimeters is reserved for the use of the farmers and their families; 

another 40 percent isused as payment by the farmers to SAMD for conmercial 

inputs, water, and nechanlcdl s,,rvices; and the rest is sold for cash. In 

1975/76, SAID milled 6,000 tons of paddy and retained some stocks for seed, 

and the Industrial mills in Casamance and Seneqal Oriental handled 4,000 
tons of paddy. Thus, while the mills have a combined annual processing 

capacity of 85.0O00 tons, they typically process only a fraction of that 

amount (12 percent in 1975/76). 

18/ Studies aimed at eventually replacing the old turbo-alternator motors 
Used by the mills with simpler and more efficient dual alternator gasoline 
motors are currently underway.
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The mills at Kedougou and Ross-Bethio consume fuel oil and lubricants
 
at the rates of 32 liters and 35 liters, respectively, per ton of paddy
 
milled. On the basis of these consumption figures, and assuming that the
 
rate of fuel consumption at Sefa is comparable to that at Kedougou,19/ to
tal fuel requirements would amount to 338,000 liters in a typical year in 
which 10,000 tons of paddy are processed at Senegal's large industrial 
mills (Exhibit 4.14). Losses in industrial milling (exclusive of husks and
 
bran) are believed to run around one 
percent of paddy handled, compared
 
with losses of up to five percent whea hand methods are used.
 

Exhibit 4.14
 

Senegal: Rice System
 

Estimated Fuel Requirements for Milling
 
By Milling Method
 

Milling Method 
Quantity 
Milled Fuel/Ton 

Total 
Fuel 

Industrial: Ross-Bethio 
(tons) 
6,000 

(Iiters) 
35 

(liters) 
210,000 

Other Mills 4,000 32 128,000 

Hullers 8,000 10 80,000 

Hand 83,300 -

TOTAL TOTAL 101,300 	 418,0O0 

I/ 	No data are available for th( Richard-Toll mill, 
which only reLent ly re-ipend after havir( been 
closed for -,vveral year,,. 

Source: Checchl and Company e-stimates. 

19/ No data are available for the Richard Toll mill, which only recently

reopened after having been closed for several years.
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There are also between 30 and 40 small diesel-powered hulling machines 

in Senegal,20/ with an average capacity in paddy of about 250 kg per hour 

or 500 tons per year. Milling outturn ranges from 50 to 70 percent (com
pared with 64-66 percent for the industrial mills), with 40 percent brok
ens. Operators charge $0.04 per kg of paddy handled, which approaches tile 

charge for hand pounding in some areas. Average fuel consumption is ten 

liters per ton. Assuming that these machines operate at about half their 
annual capacity and handle 8,000 tons of paddy per year, they would require 

about 80,000 liters of fuel and oil. lhe remainder of the rice produced in 

Senegal in a representative year (some 83,300 tons after allowance for 
losses in threshing and storage) is hand-pounded by methods which involve 
no commercial energy inputs.
 

Transportation
 

Less than 30 percent of the rice produced in,Senegal in a typical year 

is transported by truck or other motorized means of transportation. For 

purposes of this analysis, it is asssumed that trucks are used to carry 

rice to and from the large commercial mills, and that rice that is not 
handled by the mills is transported in animal-drawn carts, on the backs of 

men and women, or by sail or paddle boat.
 

Exhibit 4.15 isan estimate of the amount of fuel utilized in trans

porting paddy frr farm to mill, and milled rice (about 65 percent the 

weight of paddy) from mill to point of sale. The fuel per ton/km factors 
are derived from a transportation study prepared for the Government of Sen

20/ Those privately-owned hullers are illegal in the Fleuve ind are dis
couraqed elsewhere by ONCAD dnd SAI'D, which want to retain their monopoly 
on rice processing and distribution. Nevertheless, it is estimated that 
there are 13 such machines inoperation in the Fleuve, 15 in the Casamance,
 
and another five or ten inSine Saloum.
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Exhibit 4.15
 

Senegal: Rice System
 

Estimated Fuel Requirements for Transportation
 
By Transport Method 

Method Quantity Average Total 
Tranorted Distance Fuel Per Ton/km Fuel
 

(tons) km) ' liters) ~te rs).Lt
 

Truck To/From Ross Bethlo
 

Farm to Mill 6,000 75 .096 43,200
 

Mill to Point of Sale , 900 280 .072 78,600
 

Subtotal 
 - - 121,800 

Truck To/From Other hills
 

Farm to Mill 4,0OO 50 .096 19,200
 

Mill to Point of Sale 2,600 75 .072 14.00
 

Subtotal - - 33,200
 

Non-Motorized -


Total 155,000
 

I! Rounded to nearest 100 liters.
 

Source: Checchi and Company estimates.
 

egal in1974.21/ It is assumed that the roads leading from the mills to 
urban areas where most of the rice is sold are in better condition than 

those leading from the farms to the mills, and therefore a lower fuel per 
ton/km factor applies. No allowance ismade for the fuel used in transport
 
of imported rice, although a large proportion of this is consumed at the 
port of entry of Dakar and thus places little burden on the domestic trans

portation system.
 

Most transportation services are provided by ONCAD and SAED. Although
 
ONCAD has the monopoly on rice distribution in Senegal, SAED transports 

21/ Louis Berger/Orgatec, Senegal Highway Maintenance Study, Volume IV-B,
 
January 1972,
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rice from the Fleuve perimeters to the Ross-Bethio mill in its own fleet of
 

trucks. Once the rice has been milled, it is taken to ONCAD's warehouses 

in St. Louis and then distributed. ONCAD transports rice to the mills in
 

Casamance and Senegal Oriental. In spite of the ONCAD monopoly, some rice
 

is marketed illegally, which tends to increase fuel requirements and costs 

since trucks carrying rice to illegal markets must take circuitous routes, 

involving travel over back roads and tracks, in order to evade government 
inspectors. Little information is available on how much rice is moved in 

this manner or on the distances involved. Hence, it has been assumed that
 

all rice not transported by ONCAD or SAED is moved by non-motorized means 

of transportation (animal-drawn carts, pirogues. etc.).
 

Energy Input-Product Output Summary 

The product flow chart in Exhibit 4.16 depicts the various methods by 

which rice isproduced, threshed, stored, milled, and transported in Sene

gal, along with estimates of tonnage handled and losses incurred in a rep

resentative year. Cormercial fuel and chemical input requirements are sum

marized inthe worksheets which follow the exhibit. The aggregated data in 

Table 4.16A illustrates several important points about the use of energy in 

the rice system. First, out of a total of 3.2 million liters of gasoline, 
diesel, and other petroleum-based fuels consumed annually within the sys

tem, nearly 2.2 million tons, or 67 percent, are used to power the tractors 

and run the irrigation pumps on SAED's large perimeters in the Senegal Riv

er Valley. Second, out of an estimated net production of 124,800 tons of 

rice (inpaddy equivalent) harvested -n Senegal in a typical year, only 

100,200 tons, or 80 percent, uiltimately becomes available For consumption 

in the form of food or seed. The other 20 percont is presumed lost during 

threshing, storage, or processing, with the heaviest losses occurring when 

traditional hand methods of performing these tasks are used. 

The amount of fuel required to produce and process a ton of rice (pad

dy) in Senegal can range from virtually nothing when hand labor is the 

principal input to close to 150 liters when mechanized equipment is used to
 



Exhibit 4.16 

RICE SYSTEM: PRODUCT FLOW 

(in '000 tons paddy equivalent) 

PRODUCTION THRESHING STORAGE MI LTIJ TRANSPORT SYSTEM OUTPUT 

66.6 

I 
* 

SStraw 

* Ii 

- -.------.--------------------------------

Straw 

Seed 

-- 0 
3.6 I 
3.6 

Straw 

(quantity unknown) 

3,600 tons Seed 

Traditional 
2 1 

Im roved 

Rainfed 

Swaro/ 

2.7 

,Hand 

3.10. 

#IO.2I .IGranary 

10.2 10.1 

Portable Machine 
1. 

Han 

1086.7 

8. 

.09999including 

86.7 
t rzedNnMt 

96,600 tons Rice 
(paddy 

equivalent, 
husks 

. 

Sina. erimeters Warehouse Motorized 

23.1 
Fixed Machine Industrial Mill 

Large eriineters 
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Table 4.16A
 

Senegal: Rice System
 

Energy Inputs, Product Losses, and Net Product Output
 
By System Activity and Method
 

Edible Product LEnergyInputs 
Activity INet Outputi Losse, I Liquid Fuels Fertilizer I Other Chemicalb-

Ref. (method) (tons) i (tons) (kl) (tons) (tons) 

1.0 PRODUCTION
 

1.1 Traditional Swamp 	 66,600
 

1.2 	Improved Swamp and Rainfed
 
(purchased seeds, fertilizers) 32,400 3,935.0 15.2
 

1.3 	Small Perimeters (full water
 
control, labor intensive
 
production) 2,700 114.9 224,6 0.6
 

1.4 Large Perimeters (partial or full
 
water control, mechanized
 
production) 23,100 2,120.6 2,274,9 72.7
 

2.0 THRESHING
 

2.1 	Hand (mortar and pestle,
 
gas cans, etc.) 88,800 2,700 " "
 

2.2 Portable Machine (diesel thresher) 10,100 10 255.0 "
 

2.3 Fixed Machine (diesel thresher) 22,900 200 115,5 "
 

3.0 STORAGE
 

3.1 Granary 	 91,000 16,100 - " 

3.2 Warehouse 	 10,000 1,100 * - 

4.o MILLING
 

4.1 Hand (mortar and pestle) 78,800 4,200 	 

4.2 Deisel Huller 	 7,900 100 80.0 

4.3 Industrial Mill 	 9,900 100 338.0
 

5.0 TRANSPORT
 

5.1 Non-Motorized (hand, cart or boat) 36,700 	 

5.2 Motorized (gasoline pick-up) 9,900 - 155.0 "
 

TOTAL 	 96,600 124,6001 3,229.0 6,434.5 88.5
 

F negllgible
 
I/in paddy equivalents
= 

Insecticides and fungicides.
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Table M.16B
 

Senegal: Rice System
 

Energy Inputs and Product Losses Per Ton of Net Product Output
 
By System Activity and Method
 

Ref. 
Activity 
(method) 

Edible Product' 
Net Output TLosses 
-(tons). (toils) 

I Energy Inputs 
Liquid Fuels I Fertilizer Other ChemicalsR/ 

I (liters) I (kgq) 

1.0 PRODUCTION 1 

1.1 Traditional Swamp I 

1.2 Improved Swamp and Rainfed 
(purchased seeds, fertilizers) I - 121.5 0.5 

1.3 Small Perimeters (full water 
control, labor intensive 
production) 42.6 83.2 0.2 

1.4 Large Perimeters (partial or full 
water control, mechanized 
production) 94.0 98.5 3.1 

2.0 THRESHING 

2.1 Hand (mortar and pestle, 
rjas cans, etc.) I 0.030 -

2.2 Portable Machine (diesel thresher) I 0,010 250 -

2.3 Fixed Machine (diesel thresher) 00,010 5.0 

3.0 STORAGE 

3.1 Granary I 0.176 " " 

3.2 Warehouse I 0.111 - " " 

4.0 MILLING 

4.1 Hand (mortar and pestle) 1 0,053 " 

4.2 Diesel Huller 1 0,010 10. 1 

4.3 Industrial Mill 1 0.010 34.1 " 

5.0 TRANSPORT 

5.1 Non-Motorized (hand, cart or boat) I " " 

5.2 Motori~ed (gasoline pick-up) I 15.6 -

I/ 
2/ 

In paddy equivalents. 
Insecticides and fungicides. 
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provide irrigation water and perform other non-farm tasks and then to
 

thresh, mill, and transport the harvested grain (see Table 4.16B). This 

does not necessarily argue in favor of a return to traditional production 

and processing techniques, as these often make inefficient use of available 

land and labor resources. It does, on the other hand, suggest that the 

Government of Senegal's long-range plans to increase rice production by 

developing additional large-scale irrigated perimeters may be costly from 

an energy perspective.
 

Energy-Related Problems and Opportunities
 

Senegal's current Development Plan calls for an investment of $117.8 

million in irrigated food and cash crop production projects over the period
 

1977 through 1981. Much of the investment is intended to make reliable
 

sources of fresh water available for rice cultivation in the Senegal River 

Valley and the Casamance. In all, the Government expects to have 125,000 

hectares planted in rice by 1981, producing 300,000 tons of product an

nually for domestic consumption; however, some analysts who have studied
 

the situation believe this timetable to be overly ambitious.22/
 

Little information is available concerning the levels of mechanization
 

envisioned for these projects, although it is understood that some interna

tional lending agencies have expressed a reluctance to support further 

as those prevaildevelopment of highly mechanized production systems such 


ing on the large Nianga, Delta, and Dagana perimeters. It is also note

worthy that SAED has apparently abandoned the use of mechanized equipment
 

for some farm tasks in order to reduce production costs on these perime

ters.
 

22/ See, for example, Center for Research on Economic Development, Market
ing, Price Policy and Storage of Food Grains in the Sahel , University of 
Michigan, Ann Arbor, August 1977, and the Stanford/WARDA report on "The
 

Political Economy of Rice in West Africa," op. cit. 

http:ambitious.22
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Even if there should be a shift in favor of more labor-intensive soil 
preparation and cultivation practices on newly-developed rice lands, in
creasing amounts of energy will still be needed for pumping irrigation wa
ter. There may also be a need for additional energy expenditures to reduce
 
post-harvest losses incurred during processing and storage.
 

Pumping
 

Between 200 and 250 liters of fuel are required to irrigate one hec
tare of rice land in Senegal throughout the growing season, depending on 
the type of irrigation system employed (see Exhibit 4.11). Except for an
 
experimental solar pump being installed at Bakel, all irrigation pumps in 
use in the Senegal River Valley are powered by diesel fuel. With close to 
10,000 hectares now under irrigated rice production, fuel requirements for 
pumping amount to more than two million liters per year.
 

This level of fuel consumption, already high by comparison with total 
system fuel requirements, is projected to increase by as much as 500 per
cent as additional lands are brought under irrigated production inthe Riv
er Valley. Perhaps more significant, however, is the effect that rising
 
fuel prices are likely to have on production costs and thus on the ability
 
of domestically-grown rice to compete with imports.23/ Since a large part
 
of its plan for achieving self-sufficiency infood grains rests on the suc
cess of these irrigation projects, the Government of Senegal has given high
 

23/ Even at fuel prices prevailing in the mid-1970s, the cost of irriga
tion water supplied to rice farmers on the large and small perimeters rep
resented a sizable proportion of these farmers' total annual input costs 
(see Exhibit 4.9). Moreover, in order to induce farmers to participate in 
intensification programs for rice production, the Government has fixed the 
farm-gate price for domestic rice at a level where, after allowance ismade 
for milling and distribution costs, it exceeds the wholesale price for im
ported rice. This, in effect, constitutes a form of subsidy of domestic 
rice production which islikely to continue unless significant increases in 
productivity succeed inlowering unit production costs or unless there is a
 
substantial rise inworld market prices for rice.
 

http:imports.23
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research priority to developing alternative technologies for pumping water 
that are not dependent on imported fuels,
 

Storage
 

Problems with rice storage inSenegal are similar to those for millet, 

sorghum, and other grains. Pesticides and fungicides are rarely used at 
the farm or village level, and infestations by rodents and insects, along 
with mildew, premature germination, fire, and theft account for losses of 
up to 15 percent of the harvested crop. Even ONCAD, which reportedly 

sprays its storage warehouses with chemicals once every three weeks, exper
iences losses of grain on the order of one ton for every ten tons stored in
 

its facilities.
 

A 50 percent reduction in storage losses would make some 8,600 more 
tons of rice available for domestic consumption in a typical year. Any 
expenditure of energy required to achieve this objective would have to be 
weighed against the expense of energy terms of producing the equivalent 
amount of additional rice which, in the case of the large perimeters, may 
run as high as 94 liters of fuel and about 100 kgs of chemical inputs per 
ton.
 

Processing
 

Most rice in Senegal is hand-pounded. Manual processing methods are 
both time consuming (it takes an average of two and one half days for a 
woman to pound a 35 kg sack of rice), and result in a higher percentage of 
losses than when mechanized equipment is used. Although small diesel

powered hullers exist insome rice-producing areas, their use is not wide

spread. 

One factor that may discourage thc dissemination of mechanized pro

cessing equipment at the village level is that rice not retained for seed 
or household consumption issupposed to be handled through SAED and ONCAD
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which, in turn, arrange for commercial milling services. Producers often
 
circumvent this official marketing network to sell their surplus output 
locally, and ONCAD does not actively discourage this activity because it 
incurs a loss on every ton of rice it handles. While the Government is 
reluctant to promote small scale industrial processing in the rural areas, 
as the surplus rice then tends to enter the parallel marketing circuit, 
adequate price policies, an improved marketing system, and other incentives
 
could invite farmers to sell their surplus to the Government. The use of 
small hullers might then be encouraged, as they require only one third the 
commercial energy of the large industrial mills.
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D. GROUNDNUTS
 

Background
 

With more than 40 percent of Senegal's cultivated land, representing 

some 1,100,000 hectares, set aside for the production of oil groundnuts in 

a typical year, it is evident that the agricultural economy of Senegal 

hinges largely on the success of the groundnut crop. Besides providing the 

main source of income for the nation's rural population, groundnuts gene

rate about 40 percent of Senegal's export earnings and contribute some 50 

percent of the total value added by agriculture. In addition, groundnuts 

supply the major raw material used in the oil processing industry which 

accounts for about 25 percent of total industrial output and provides ten 

percent of industrial employment. They also serve as the principal source 

of oil in Senegalese diets. 

Groundnuts are cultivated principally inthe Groundnut Basin where the
 

light and sandy soils are suited to this crop, inthat excessive soil fer

tility tends to promote leaf growth at the expense of the nuts. Within the
 

Basin, the Sine-Saloum region alone accounts for almost 45 percent of total
 

domestic production, and Diourbel and Thies for an additional 26 percent 

and 13 percent respectively. Some groundnuts are also cultivated in the 

Casamance and Senegal Oriental. 

In an average year, Senegal produces one million tons of groundnuts in 

the shell, of which approximately 700,000 tons are processed by the domes

tic oil mills. There may, however, be considerable variation in year to 

year production, as the output is linked to climatic conditions (the amount 

and timing of rainfall) and, to a lesser extent, the farm-gate price. After
 

1967, Senegal lost the protection of guaranteed groundnut prices in French
 

markets. The consequent fall inthe farmgate price, and the drought which
 

affected the country between 1968 and 1973, caused sharp annual fluctua

tions in both area planted in groundnuts and total groundnut yields (Exhi

bit 4.17). Thus in 1973, a drought year, production amounted only to
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Exhibit 4.17
 

Production and Farmgate Price of Oil Groundnuts
 
1961-1977
 

Year Area 

(thousand ha) 


1961 977 


1962 1,026 


1963 1,015 


1964 1,084 


1965 1,055 


1966 1,114 


1967 1,114 


1968 1,164 


1969 1,191 


1970 953 


1971 1,049 


1972 1,060 


1973 1,071 


1974 1,026 


1975 1,152 


1976 1,176 


1977 1,330 


Yield 

kkg/ha) 


913 


969 


900 


878 


966 


1,048 


824 


864 


697 


828 


556 


932 


532 


658 


862 


981 


889 


Production 

(thousand tons) 


892 


995 


914 


952 


1,019 


1,168 


923 


1,005 


830 


789 


583 


988 


570 


675 


994 


1,424 


1,182 


Farmgate Price
 
(S/ton)
 

96
 

96
 

96
 

96
 

96
 

96
 

96
 

78
 

78
 

78
 

85
 

100
 

100
 

111
 

180
 

180
 

180
 

Source: Marches Tropicaux et Hediterraneens, February 17, 1978. p. cit. 
Prices converted to U.S. dollars at exchange rate of $1.00 

230 francs CFA. 
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570,000 tons, while three years later in 1976, production exceeded
 
1,400,000 tons in response to favorable weather and an 80 percent rise in 
the price being offered to Senegalese groundnut producers. There is also
 
some tendency on the part of Senegal's groundnut producers to devote more
 
land to this crop the year following a good harvest, as in 1977 when the 
area cultivated in groundnuts increased by 13 percent from 1,176,000 to 
1,330,000 hectares.
 

Not included inthe data shown inExhibit 4.17 is Senegal's production
 
of confectionary groundnuts (arachides de bouche), crop which was introa 

duced in1967 as part of the Government's program to diversify the agricul
tural base. These hand-picked, selected nuts are ingreat demand inexport
 
markets where they are sold as 
salted peanuts or used inthe manufacture of
 
peanut butter and bakery products. Senegal's volume of production isstill
 
modest with 18,000 tons of confectionary groundnuts produced in 1976 com
pared with 1.4 million tons of oil groundnuts produced in the same year. 
However, the outlook for the future isencouraging with the industry having
 
shown positive growth trends in both cultivated area and export earnings 
since 1967.
 

Farmgate prices for both oil and confectionary groundnuts are set by 
the Government. After France removed price supports for groundnuts, the 
Government was forced to adjust to fluctuating world market prices. Thus,
 
price changes have been more frequent since 1967 even though, once fixed, 
they remain stable for the duration of the growing season.24/
 

The qroundnut distribution system in Senegal is also government-con
trolled, with ONCAD having a monopoly on the purchase of all harvested 

24/ Groundnut prices in Senegal are usually aligned with those obtaining
on the world market. The Government has come under some criticism, how
ever, for not setting prices until well into the rainy season, when farm
ers' decisions as to how much land they will plant to qroundnuts have al
ready been ma(Ie. For this reason, decisions to increase production are
usually made in response to prices and weather conditions prevailing during
the previous crop season.
 

http:season.24
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groundnut production that is not retained for seed or on-farm consumption. 
Inevitably, a small percentage of the production, perhaps 50,000 tons per 
annum, ismarketed illegally, mostly in neighboring countries. rhe actual
 
volume of groundnuts entering illegal channels is apt to be highest in 
areas bordering the Gambia and depends upon the price being offered by
 
ONCAD -- a price which applies Zo all parts of the country regardless of 
differences in production and transportation costs. Itmay also depend on
 
how expeditious ONCAD is in making cash payments to the farmers.25/
 

In a typical year, only about five percent of the groundnut crop Is 
withheld by farmers for home use or seed. An additional ten percent of the 
production represents payment in kind of seed advanced by ONCAD to the 
farmer at the beginning of the season.
 

Consistent with the Government's resolve to modernize the groundnut 
industry, SODEVA, the regional development agency for the Groundnut Basin, 
actively encourages the adoption of improved production practices and agri
cultural inputs through its extension programs. It is also involved inthe
 
development of new areas for the cultivation of confectionary groundnuts. 
Fertilizers, seeds and other agricultural inputs are distributed by ONCAD 
to the farmer via a network of producer cooperatives. With the exception 
of seeds, which a farmer is required to reimburse in kind on a 5:4 ratio 
basis, purchases are made on credit (also obtained through ONCAD) and paid 
for out of the money received from sale of the harvested crop.
 

The Fifth Plan has as an objective the stabilization of oil groundnut 
production at 1.2 million tons annually, a level that, although well above 
the average of the last 15 yers, isrevertheless somewhat below the 1975/76
 

25/ Slowness inpayment to producers is a significant system constraint.
 
*ITCAD frequently pays farmers with vouchers instead of cash pending sale of 
the groundnuts to the oil mills, and tho e farmers who are hard pressed for

cash often sell the vouchers to intermediaries at one-third to one-half 
their real value.
 

http:farmers.25
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output and about equal to that for 1976/77. A major project within the 
Plan isoriented specifically toward increasing the confprtionary groundnut 

harvest to 63,000 tons by 1981. This very significant increase over cur
rent production levels is to be attained by expansion of the growing area 

and development of improved crop varieties at a projected cost of some $5.2 
million over the four-year period. 

System Methods, Costs, and Energy Requirements
 

Production
 

The average household in Senegal plants about three hectares in 
groundnuts and obtains yields on the order of 900 kg/ha. There is, how
ever, considerable fluctuation inoutput reflecting the vagaries of wea

ther, the region of productio: and the production techniques that are em
ployed.
 

In the Groundnut Basin, the crop production cycle begins in April and 

May, prior to the rainy season, when the lands are cleared and prepared for 

both cereals and groundnuts. Planting takes place after the first rains, 
but if there should be too long an interval between the first and second 
rains, the fields must he replanted. Ifertilizer, where used, is dpplied at 
seeding. Several cultivdtions with a hoe may alsso occur. The plants mature 

in three to four months, aain depending upon the, length of the rainy sea

son and the seed vdriety used. Harvesting begins inmid-October, following
 

the harvesting of early millet.
 

During the groundnut cycle, peak periods of labor demand occur at 
plantinq, early weeding, and harvest. It is at these times that farmers 
who lack animnal traction nay suffer from temporarv labor shortages, forcing 
them to neqlect or even abandon potentially I)roductlve fiel,(, unles s they 

can hire temporary wot4#-r,,. Iowver, th. i ;i tuation occurs Iess frequently 

in the Groundnut Bln .in, since it has been est',mated that three out of every 
four of the Basin's farmers has either an animal-drawn seeder, a weeder
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digger, or both. While donkeys and horses are still used by the majority
 

of these farmers, oxen are becoming increasingly commonplace insome areas,
 
particularly in Sine-Saloum where about 20 percent of the groundnut pro
ducers now rely on these animals for traction. One reason for the success 
of animal traction inSine Saloum isthat this region is largely populated
 
by the Serer, who have long combined livestock raising with farming. Their
 

experience with livestock, and the fact that they already owned animals, 
eased the introduction of animal-drawn equipment by SODEVA. Fu'ther growth 
in the use of oxen power in groundnut production is to some extent hindered 
by the high initial investment costs of both animals and equipment. For 

example, the average farmer takes four years to pay for a plow, which is 
sold on credit dt a 25 percent rate of interest. However, there does exist 
a fairly good market for renting out animals, animal implements, and ani
mal-drawn transport services in the Basin, and this helps to defray the 
high costs for many farmers.
 

Seeders, weeders, groundnut diggers, plows, and other types of animal
drawn equipment are distributed by ONCAD through the local producers' coop
eratives. ONCAD also makes credit available to groundnut producers, in 
cooperation with SODLVA which provides agricultural extension services, 
includinq training in the use of equipment and other improved production 
practices, throughout the Groundnut Basin. Since groundnuts are the main 
source of vn(qal 's foreign exchdnqe earnings, it is not surprising that 
this crop has consistently received a greater share of government support 
than any other crop in Senegal. The results of government involvement are 
reflected in the hiqher level of sophistication of production methods 

compared with those used in cultivating cereals and other subsistence 
crops.
 

There are four principal methods by which groundnuts are produced in 
Senegal. For purposes of this analysis, these are termed traditi(,al, pre
pared, comprehensive and intensive. The first three are used in the pro
duction of oil groundnuts while the last is used by confectionary ground
nut producers as well. 
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Under traditional cultivation, seeding, weeding and harvesting are
 
done by hand or with hand tools, such as the long-handled hoes called 
"ilers." Before the onset of the rainy season, the farmer clears his land 

for planting by burning away the underbrush. The groundnuts are usually
 

grown in rotation with millet and fallow. Output varies from 500 to 900
 

kg/ha depending on rainfall, soil quality and other factors with yields in
creasing the further south the production takes place.
 

The second technique, prepared cultivation, uses fungicide-treated
 

improved seed varieties and some degree of animal traction, typically a 
seeder and hoe drawn by a horse or donkey. The use of these animals re

duces the heavy demand on the farmet's time during the peak labor periods. 
Yield ranges from 750 to 1,200 kg/ha.
 

The compreilensive cultivation method involves treated seeds and animal
 

traction inaddition to the use of fertilizers (primarily 8-18-27 or 6-20
10) at a recommended dosage of 100 to 150 kg/ha. Stump removal and plowing 

prior to planting are also recommended. When this method of cultivation is 

used, groundnut yields range from 850 to 1,500 kg/ha. A more intensive 

package, calling for treatment of the soil with rock phosphate and heavy 
dosages of pesticides and fungicides, has been developed for use mainly in 
conjunction with confectionary groundnut production. This production was
 

initially concentrated inthe Sine-Saloum region but has recently been ex

tended to the Northern Groundnut Basin (Louga) , where a new short-cycle 
seed variety tailored to conditions inthat area has been introduced.
 

Exhibit 4.18 provides an estimate of the proportion of groundnut area
 

that is cultivated by each of these production methods in a typical year 
and the share of total production they contribute. Among the assumptions 

used to develop this estimate are that treated seeds are sown on 85 percent 
of all area cultivated in groundnuts, and that commerical fertilizers are 
applied to 28 percent of the cultivated area.
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Exhibit 4.18
 

Senegal: Groundnut System

Estimated Share of Area Cultivated and Total Production,
 

By Production Method
 

Production Method Area 
 Sha.re Production Share 
thousa--a ha -t r (thousand () 

tons) 

Traditional 
 165.0 15.0 100.0 10.0
 

Prepared (treated seeds) 627.0 57.0 550.0 55.0
 

Comprehensive 294.4 26.8 335.0 33.5
 

Intensive 13.6 1.2 15.0 1.5
 

Total 1,100.0 100.0 1,000.0 100.0
 

Source: Checchi and Company estimates
 

Apart from animal traction, the major energy-related inputs used in 
groundnut cultivation are treated seeds, fertilizer, and insecticides. 
Selected seed varieties are treated with a fungicide to prevent attack by a 
fungus during germination. It has been estimated that this practice alone 
increases the yield by 20 percent. ONCAD reports that 85 percent of
 
groundnut producers in Senegal now use selected seeds, compared with only 
40 percent in 1962. Growth has been relatively steady, and even during the
 
poor growing years of 1971, 1973, and 1974 when fertilizer consumption 
showed a m(irked decline, selected seed usage remained high at 72 percent, 
85 percent, and 14 percent, respectively. This provides good evidence of 
farmer confidence in the efficacy of the selected seed varieties, and also 
of the success of SODEVA's extension efforts in this area. 
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Farmers are encouraged to use fertilizer and, when possible, animal 

manure, in groundnut cultivation. With animal manure in short supply, how

ever, ONCAD distributes significant quantities of 8-18-27, 6-20-10, and 

other compound fertilizers. An average of 44,000 tons per year of these 

chemicals were supplied to groundnut farmers between 1974 and 1977, in 

addition to about 180 tons of insecticides and fungicides.
 

The actual amount of these fertilizers and pesticides that a farmer 

can buy on credit is determined by the quantity of groundnuts which he has
 

sold to ONCAD over the preceding three years. Since there may be signifi

cant variations in sales from year to year, this enables ONCAD to assess 

more accurately a farmer's real productivity. Moreover, there are indica

tions that groundnut farmers tailor their .ultivation practices for each 

year to their crop yield expectations. The overall increase in fertilizer
 

consumption from 11,000 tons in 1960 to almost 50,000 tons in 1976, how

ever, does not veveal the fine-tuning adjustments made by the farmers. The
 

combined effects of the drought and low groundnut prices after 1968 con

tributed to a decline in the amount of fertilizer used; average consumption
 

fell from 41.5 kg/ha in 1968 to only 6.2 kg/ha in 1971,, for example. This
 

suggests that farmers invest in fertilizer only when they expect a return
 

on their investment; as sufficient rainfall is necessary for fertilizers 

to significantly increase yields, fertilizer use is unprofitable in drought
 

years.
 

Drying and Threshing
 

After the harvest, the groundnuts are placed in the sun to dry, then 

threshed by hand and taken to household storage facilities or to the coop

used to dry and thresh groundnuts
eratives. No fuel or chemical inputs are 

in Senegal. However, some additional costs are imposed by losses due to 

inadequite drying and threshing methods, which are roughly estimated at 

five percent of the harvested crop.
 

Inadequate drying procedures may also be responsible for contamination
 

of the groundnut tissues by the mushroom-like aspergillus flavus fungus, 
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which produces a poison called aflatoxin. The aflatoxin mold, which
 

thrives in dampness, has been identified as a cancer-causing substance in 
animals fed on the oilcake residue of the groundnut oil extraction process. 

It has also been implicated as at least a contributing agent in fires of 
spontaneous combustion which yearly destroy significant quantities of the 
groundnut crop. The problem persists, however, because farmers are reluc

tant to incur too much weight loss to water evaporation indrying, as this
 

reduces the value of their crop. It has been suggested that farmers might
 

be persuaded to dry their groundnuts for the proper length of time if ONCAD 

were to offer a higher price for an adequately dried product.
 

Storage 

The groundnuts retained by the farmer for use by his family are stored 

in the shell in sacks in traditional facilities. There is some loss of 

this stored crop to rats and insects. 

Groundnuts destined for ONCAD's oil mills are first brought by the 

farmer to his local cooperative where they are piled in pyramids in the 
open air to await further transfer by ONCAD. Whether covered by a tarpau

lin or not, these groundnut stores are attacked by insects and rodents 

which consume an estimated five percent of the output. This figure would 
be considerably higher if it were riot for the fact that ONCAD removes the 

groundnuts from the cooperatives at frequent intervals and transports them 
to its own collection centers (called seccos) where there are usually some

what better storage facilities.
 

ONCAD possesses storage space for 240,000 tons of groundnuts, primari

ly in the principal groundnut-producing regions of Sine-Saloum, Diourbel, 
arid Thies. These storage fdcilities, while very considerable, are still 

not sufficient to handle the entire supply of groundnuts marketed during 
the peak harvest period. Consequently, ONCAD must store a varying quantity
 

,of unshelled nut outside, where they are prey to insects and rodents. 
Moreover, if groundnuts should be left outside until the beginning of the 



146
 

to
rainy season, they may be damaged by moisture which may cause the nuts 


thereby reducing both the quantity and the quality ofgerminate and mildew, 
conany oil produced. Damp storage conditions also provide ideal growing 

ditions for the aflatoxin mold discussed above. 

Except for the occasional pest extermination procedures carried out by
 

ONCAD at its storage facilities every six to eight months, there are no
 

energy-related inputs used in the groundnut storage system in Senegal.
 

Transport
 

Farmers generally transport their own groundnuts by hand or in animal

drawn carts26/ to the cooperative. ONCAD is responsible for providing
 

transportation from the cooperative to its collection centers and ultimate

is now exly to the groundnut processing plants. However, the Government 


a sizeperimenting with the idea of allowing those cooperatives which have 


able groundnut turnover to make their own transportation arrangements.
 

Because of the poor condition of the roads servicing the cooperatives,
 

First, the unshelled
groundnut collection must take place in three phases. 


are
nuts are moved from the cooperatives to ONCAD collection centers which 


be transof access.
located near main roads for ease Then, the crop must 


ported to ONCAD's central storage seccos and, finally, from these facili

ties to the processing plants. Small (3-8 tons) and medium-size (ten tons)
 

first two stages of crop transport, whereas largetrucks are used for the 

(20 tons) ones are used in the final stage. ONCAD has its own fleet of 

on the privateapproximately 340 trucks (1974), but also relies heavily 

sector for groundnut transportation. Private truckers transport the nuts 

at official rates set by ONCAD.
 

26/ As with other types of animal-drawn equipment, these carts are dis

T'ributed to farmers through ONCAD and the producers cooperatives. By the
 

end of 1975, a total of 61,255 carts had been distributed by ONCAD, approx

imately double the number in use in 1971.
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Most of the transport activity takes place in the six months between 
December and May. Theoretically, the trucks are supposed to carry fertil

izer, improved seeds, and agricultural equipment on their trips to the co
operatives to pick up the nuts so as to reduce the number of empty back
hauls although, in actuality, some of these inputs may not reach the farm

ers until June or July. The trucks are in great demand during this six
month period, as generally speaking they provide the most economical means 
of groundnut transport. An estimated nine percent of the crop, however, is
 
moved by rail, and another one percent by river boat.
 

The primary (from field to silo) and secondary (from silo to factory) 
groundnut transportation network has historically been poorly organized
 
and, as a consequence, additional, unnecessary costs are often incurred. 
For example, lack of adequate means of transportation to move the ground
nuts out of the open storage silos on schedule can result in losses from 
rain damage. Also, delayed deliveries to the oil mills can prevent the 
mills from taking advantage of the high external market prices that obtain
 
during certain times of the year.
 

Exhibit 4.19 presents an estimate of the amount of fuel required to 
run the ONCAD truck fleet during the six-month groundnut collection season. 
The estimate was developed from data contained in a 1972 study of Senegal's 
highway system and needs to be updated with more current information. It 
does, hcwever, given an idea of the magnitude of fuel consumed in moving 
groundnuts from the co-ops to the mills, which is on the order of three 
million liters per year.
 

Processi ng 

Since 1975, SONACOS (Soci6t6 Nationale des Ol6agineux du Se'ne'al), a 
mixed enterprise owned 65 percent and 35 percent respectively by the 
Government and the oil plants, has been charged with coordinating delivery 
of the raw materials to the groundnut processing plants and marketing the 
manufactured oil products. Two of these products, crude oil and oil cake, 



Exhibit 4.19 

Senegal: G-oundnut System 

Estimated Fuel Consumed in Groundnut Transport, Per Season 

Vehicle Class 
(and fuel tye) 

Vehicles 
(nu-ber) 

I 
I 

Distance Travelled 
(kn/season) 

Dirt Pavec 

Fuel Consumption Rate 
(Ilters!kr) I/ 

Dirt I Paved 

Total Fuel Consumotion 
k1l/seann) 

Dirt Paved Total 
I 

Light (gasolire) 161 15,CC0 3,000 .4004 .3503 967 169 1.136 

Mediu,' (diesel) 78 15,00 5,0O .4505 .3503 527 137 66' 

Heavy (ciesel) 99 - 25,000 - .4506 - 1,115 1,115 

.TOTAL 333 30,000 33,000 	 " 1,494 1,421 2,915
 

i 	I/ Includes oil and lubricants.
 

Source: Loui% Bcrger/Ornatec, op. cit.
 
!.
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the latter used as animal feed, are processed primarily for export markets.
 

A third product, refined oil, is manufactured for domestic sale as well as
 

export. The domestic consumption averages around 40,000 tons per annum, or
 

more than one-half of the total refined oil production. The price differ

ential per ton between crude and refined oil varies between 7 and 15 per

cent.
 

There are five oil mills in Senegal with a combined capacity of
 

990,000 tons (Exhibit 4.20). In addition to their groundnut oil extraction
 

activities, some of these mills also produce small amounts of cottonseed
 

oil, margarine, vinegar, and toiletries.
 

Exhibit 4.20
 

Senegal: Groundnut System
 
Location and Capacity of Oil Mills
 

Annual
 
Processing
 

Mill Location Capacity
 

( tons" / ) 

Lesieur-Afrique Dakar 

Sodec Lyndiane (Kaola

Petersen Dakar 

SEIC Ziguinchor 

350,000 

ck) 280,000 

150,000 

65,000 

SEIB Diourbel 55,000 

Total 990,000 

I/ Raw product
 

Oil is extracted either with a double press or an American screwpress. 

Yield per ton of unshelled nuts is approximately 330 kg of oil, plus 430 kg 
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of oil cake and 240 kg of shells. The mills burn fuel to produce steam, 

which is then used to power turbines that generate electricity for running
 

the processing equipment. Many mills burn groundnut shells for fuel, al

though the use of shells appears to fluctuate and the mills seldom rely ex

clusively on this energy source, the availability of which depends on the 

success of the groundnut harvest.
 

Whether or not there is a surplus of groundnut shells not required for
 

the subject ofoil production and thus available for other uses has been 

in 1977 by a French consulting firmsome controversy. One study conducted 

of 42,000 tons of shells at the oil mills and anotherfound an excess 

28,000 tons at four private shelling plants (de/cortiqueries). However, the 

size of the surplus, if ary, is likely to vary from year to year with vari

ations in the level of groundnut production. Also, the estimated avail

ability of shells at the decortiqueries appears high in the light of the 

total annual confectionary groundnut production of only 12,000 to 18,000 

tons unless, as is possible, these plants also shell groundnuts for distri

bution by ONCAD as seeds. 

are met by burnlnq theAlthough part of the oil mills' energy needs 

groundnut shells, some commercial energy is also consumed in groundnut pro

cessing, amounting in 1975 to about 1.156 million liters of liquid fuel and 

1.526 million kwh of (purchased) electricity.27/ No data are available on 

the requirements of the shelling plants which Landle the confectionary 

groundnut crop, hut it is likely that these are comparatively low. 

Groundnuts which are retained by the farmer are generally pounded with 

a pestle into a paste which is placed in a cloth and then squeezed to press 

out the oil. The oil is purified by hoilinq and the groundnut cake that 

27/ From SONED, les Activites du Secteur Economique Moderne au Se'negal, 
op. cit. 1975 prices of $0.10 per kwh of electricity and S0,50 perl lter 
f liquid fuel (gasoline, oil, and lubricants) were assumed in converting 

It was further assumed that groundnut processingvalues to quantities. 
by theaccounted for 90 percent of total fuel and electricity consumption 

mills.
 

http:electricity.27
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remains is used as animal feed or fertilizer. Groundnut paste may also be 
used in sauces with millet or rice, or the nuts may be roasted and eaten 
whole. Regardless of the manner of preparation, traditional processing of 
groundnuts requires no inputs of commercial energy.
 

Energy Input-Product Output Summary
 

Exhibit 4.21 illustrates the flow of Senegal's groundnut crop through 
the product system, showing the various methods used in production, stor
age, transport, and processing and the estimated tonnage handled by each 
method in a typical year. Estimated consumption of fuel, fertilizers, and 
other chemicals is shown by activity and method on the accompanying refer
ence tables. Although lack of data concerning the energy consumption pat
terns of several system components (including rail and boat transport and 
confectionary groundnut processinq) precludes analysis of total energy sys
tem expenditures, the accountinq is sufficient to indicate the overall mag
nitude of these expenditures and at which stages of the system they occur. 

About 4,000 kiloliters of liquid fuels are needed annually to run ON-
CAD's truck fleet and the oil mills, plus whatever is used by the railroad 
and the shelling pladnts. The mills dlso consumP an estimated 1,5?6,000 kwh 
of electricity over and above that generated on site by combustion of the 
groundnut shel Is. Other commerciitl ener(ly input,, in the groundnut system 
include the chemicals used by firmers pricticing improved and intensive 
methods of production, which amount to ,ome 44,000 tons of fertilizers and 
Vi0 tons of pestirides .ind ftungicides on in annuall averaqe basis. This is 
equivalent to between 124 and 1(10 k(s of materials for every ton of (net) 
crop output, depending on the level of intensity of the production tech
niques employed. 

The data in the flow chart and tables also point to areas of the sys
tem where significant losses are incurred. It is roughly estimated that, 
for every ton of product made available for end use consumption, 1.1 tons 
must be produced to make up for losses resulting from inadequate drying and 
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storage procedures. While there may be additional losses in other stages 
of the groundnut system, these cannot be estimated on the basis of the 
existing data and thus no accounting of them has been made.
 

The final column of Pxhibit 4.21 breaks down the output of the ground
nut system by end product. In addition to oil, cake, and shelled nuts,
 
these products include approximately 205,000 tons of groundnut shells and 
960,000 tons of groundnut tops. No data are available on the uses to which
 

these tops are put in Senegal; however, it may be assumed that at least 
some portion of them are consumed by grazing livestock.
 

Energy-Related Problems and Opportunities
 

Because qroundnuts are typically grown in conjunction with millet on 
the same small family landholdings, the production systems for both crops 
share some of the same problems in common. Key among these problems, in 
addition to inadequate rainfall and exhausted soils, are labor shortages 
during critical stages of the production cycle and low levels of fertilizer 
usage.
 

Although in many respects millet cultivation complements groundnuts 
production, in other respects it competes with groundnuts for the same re
sources. This isespecially true in the case of farmers who rely solely on 
human labor to plant and tend their land. Seeding, weeding, arid harvest 

activities for each crop must he carefully scheduled so as not to overlap, 

and the sliqhtest delay can overburden the aVdi ahi, lahor sup ply to the 

extent that the famil ly is forced to abandon pot ent ally product i ve fields. 
The Government of Seneqal, with assistaTc, from MJSAIID, the World flank, and 
others, has sowrifht to a(drpss this problem hy encoirailinrj farimers to 4nplny 

animal traction in connection with major pro(duct i on tasks. This effort, 
already several decades o(ld, ha- tbon quite successful in the Groundrtit 

Basin, where (in estimated three out of every four farmers now own at least 
one piece of animal-drawn equipment. 



156
 

is also involved in promoting the application of chemi-The Government 
groundnut and millet lands throughout the country.2 8/

cal fertilizers on 

This effort will be especially important inraising yields in the Groundnut
 

Basin, where limits on land availability have meant the reduction, and in 

fertility de
some cases the elimination, of fallow periods upon which soil 


the fuanimal traction program, however,
pended inthe past. Unlike the 


ture of this effort may be seriously threatened by rising energy costs,
 

likely candidate for the type of intervention with which this
 
making it a 


study is concerned.
 

Actions that would help reduce the dependence of the Government's soil
 

not

fertility improvement program on imported energy sources would benefit 


rice, and other
only groundnut producers, but also producers of millet, 

crops. There are other energy-related problems and opportunities within 

the groundnut system, however, which are more strictly crop-specific. These 

include the need for afldtoxin control and the potential for using energy 
cook

contained in surplus (qroundnut shells as a substitute for wood-based 

ing fuels. 

Aflatoxin Control 

crop is affected by aflatox-A high proportion of Senegal's groundnut 

cause contamination by the aspergillusin. Drought and Insect damage can 
ire still in tv fields; improper drying

flavus fuinqus while the groundnuts 
fungus (Irowth after harvest. Among the

and damp stord(le conditions promote 
are the development

measures which have been proposed to combat the 	 problem 

widespread appl ication of 
of dflatoxin-r(,si stent, sed varieties, the more 

of crop drying after har
insecticides and fungicides, and improved methods 

on an applied research project involving
vest. ITA and IPM are cooperating 

the fungus before the qroundnuts are
the use of solar dryers to destroy 

usage are discussed
28/ Problems and opportunities related to fertilizer 
eTsewhL,'e In this chapter (see Section B).
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stored. It is understood that ISRA and the oil mills are also engaged in
 
aflatoxin-related research, although no information isavailable concerning
 

either the nature or the extent of these activities.
 

Groundnut Shell Utilization
 

An important byproduct of Senegal's groundnut system isthe estimated
 

205,000 tons of shells or husks that are available for other uses ina typ

ical year. The largest concentration of these shells (nearly 165,000 tons)
 

occurs at the five oil mills where they are removed from the groundnuts
 

prior to processing. Some sources contend that the entire volume of these
 

shells are burned on-site, whereas others claim that a sizable surplus
 

exists which is now being put to no useful purpose. Ifthe latter of these
 
two views were in fact correct, this would represent a considerable waste
 

of domestic energy resources, especially since processes exist whereby
 
groundnut shells can be converted to briquettes for use as cooking fuel or,
 
alternatively, ground and mixed with other substances to produce plywood or
 

animal feed. Even if the oil mills did consume all the shells to which
 
they had access, additional quantities of t1is byproduct might be available
 

at plants which handle the confectionary crop and prepare seed for distri
bution by ONCAD. These plants may be pdrticularly promising future sources
 

of shells in light of the fourfold increase inconfectionary groundnut pro

duction projected for the Fifth Plan period.
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E. ARTISANAL FISHING
 

For both statistical and planning purposes, the fisheries subsector in
 

(1) indus
isgenerally broken down into three distinct segments:
Senegal 


trial fishing, (2)artisanal off-shore or maritime fishing, and (3) artis

commercial 
anal inland fishing. The industrial fishery consists of modern 

vessels whose catch is usually destined for some kind of factory processing 

fishing isthe domain of numeroils
 
prior to final sale or export. Artisanal 


small-scale fishermen using traditional methods and equipment and producing
 

Artisanal mari
almost entirely for auto-consumption and domestic markets. 


river waters,time fishing is practiced in coastal and certain brackish 

whereas artisana! inland fishing takes place along the Senegal River and in
 

nearby freshwater lakes.
 

In the first part of this section, some background data on all three 

segments of Senegal's fishing industry are presented. The remainder of the
 

section focuses on the production and utilization of the artisanal maritime
 

fishing catch. There are three principal reasons why artisanal maritime 

fishing has been selected for analysis. First, it accounts for nearly 60 

of domestic 
percent of total fish production, and between 75 and 80 percent 

in Senegal. Second, unlike the industrial system which
fish consumption, 

of foreign ownership and is heavily concentrated in 
has a high percentage 


Dakar, the artisanal system is strictly indigenous and generates income,
 

directly or indirectly, for many coastal villages. Third, further growth
 

in the productivity of artisanal fishing is likely to require more energy
date.

intensive equipmen, dnd infrastructure than has been the case to 

these inputs in
There should ,De opportunities to influence the selection of 

favor of those that are most efficient and least costly from an energy per

spective.
 

Inland fishing is not subjected to separate analysis because it repre

of the artisanal system and its futire 
sents a relatively minor component 

uncertain. By and large, however, small-scale inland and off
is somewhat 

and process their catch,shore fishermen use similar methods to produce 
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suggesting that interventions directed at one type of fishing may be appli
cable to the other type as well.
 

Background
 

Exhibit 4.22 shows trends intonnage production for each of the three 
major types of fishing practiced inSenegal. Artisanal maritime fishing is 
clearly the predominant segment of the industry, accounting for nearly 70 
percent of the total catch (by weight) in 1970 and close to 60 percent in 
1976. In terms of growth, however, it has been losing ground to industrial
 
fishing, the output of which almost doubled between 1970 and 1976. Artis
anal inland fishing, which has been adversely affected by the Sahelian 
drought as well as by a lack of adequate infrastructure, remains a distant 
third, representing under nine percent of the total in 19/0 and less than 
eight percent in 1976.
 

Exhibit 	4.22
 

Change InVolume and Share of Fish Production, 
By Type: 1970 - 1976 

1970 1976 1970 - 1976 
Vo ume Share Volume Share Total Growth 

Type of Fishing (tons) (N) (tons) (%) (%) 

Artisanal Maritime 117,000 68.1 130,000 58.5 11.1 

Industrial Maritime 39,800 23.2 75,000 33.8 88.4 

Artisanal Inland 15,000 8.7 17,000 7.7 13.3 

Total 	 171,800 100.0 222,000 100.0 29.2
 

Source: 	Aubray, Roger, The Fisheries of Senegal: A Comprehensive
Study. FAO (Rome -), 1977. The Firqure, for artisaial produc
tion are based on e,timates developed bv the FAO after Lhe 
result,, of field ,i rvey , ,howed officia ',tat ,,tics to be 
inflated hy as much v, 100 percent. The oft ici 1l figure for 
the 1976 artis,ral maritime catch is 279,000 ton,, 
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In 1976, the industrial fleet was made up of about 160 boats, fewer
 

than half of which were under the Senegalese flag. 
About two-thirds of
 

and
 
these boats were trawlers or handliners; the balance consisted of tuna 


The handliners are
 
sardine seiners and French-owned pole and line vessels. 


part of the artisanal fleet, but are considered by

usually classified as 


link between the two
 
the FAO and others to represent a "semi-industrial" 


While there were on
principal types of maritime fishing craft in Senegal. 


a program was underway to con
ly five handliners in operation in 1976, 


struct an additional 36 such vessels during the period of the Fifth Plan
 

(1977- 81).
 

Industrial fishing provides a living for an estimated 3,000 Senegalese
 

or near Dakar where this segment

fishermen, the majority of whom reside in 


Most of their catch, which includes tuna,
of the industry is concentrated. 

fish, is destined for
 

sardines, shrimp, and assorted other fin and shell 


are some 20 business enterprises in Seneihere
processing and/or export. 

a combined annual
 

gal involved in processing the industrial catch, with 


Among these are four or five canning companies,
capacity of 400,000 tons. 

freezing and ice production, and
 

at least ten firms specializing in fresh 

(salting, dryinq, freezing) plants.several diversified fish treatment 

There are also factories which produce flour, eil, and cattle feed from 

In addition, the industrial segpment of the fish
fish residues and wastes. 


some six or seven enterprises engaged in operating

ing industry encompasses 


as well as those involved in the transportation and ex
the fishing fleet, 

Most of the larger firms are located either in Da
port of fish products. 

in Ziguinchor (Casamnance). Some are partially owned by the Senegal
kar or 


are in private Seneqalese or foreign hands.
 ese Government, while others 


Approximately 70 percent of the industrial catch is exported to mar

in 
in Europe and West Africa; the remaining 30 percent (23,000 tons


kets 

is sold and consumed in Senegal. However, by far the largest part of
 
1976) 


fish
domestic demand, especially in rural areas, is satisfied by artisanal 


ing.
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Exhibit 4.23 provides an estimate of the disposition of the 1976 ar

tisanal maritime and inland fishing catch, derived from FAO data. About 25
 

percent of the maritime production was auto-consumed or processed by
 

traditional methods into preserved products. The other 75 percent was sold
 

fresh on landing, much of it to small-scale traders (called bana-bana) for
 

resale either within the region of production or in major urban markets.
 

Processing accounted for a comparatively higher proportion of the inland
 

fishing catch (55 percent), which originates inparts of Senegal that are
 

poorly equipped for transporting fresh fish to distant population centers.
 

Exhibit 4.23
 

Estimated Disposition of the Artisanal
 
Fisheries Catch: 1976
 

InI and__ Maritime Total 
Volume Share Volume Share Volume -Share 
(tons) (2) (tons) (-) (tons) () 

Autoconsumption 3,000 17.6 9,100 7.0 12,100 8.2 

Processing 9,350 55.0 23,400 18.0 32,750 77.2 

Fresh Sale ,4650 27.4_ 97,500 75.0 102,150. 69.0 

Total 17,000 100.0 130,000 100.0 147,000 100.0 

Source: Aubray, op. cit.
 

The maritime production data include brackish water species caught in 

the Casamance and Saloum Rivers, whose fisheries are the responsibility of 

Senegal's Marine fishery Department. The inland catch statistics, which 

reflect the resi lts of fishinq (ilonq the Seneqal River, in the Delta, the 

Valley, and inthe ,idjacent Lac de Guioers, are compiled by the Waters and 
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The FAO has estimated that out of approximately
Forests Department. 


500,000 people who live on the Mauritanian and Senegalese sides of the Sen

about 10,000 are involved full-time in fishing, and anotheregal River, 

10,000 are part-time fishermen. Fishing isbelieved by some to account for
 

15 to 20 percent of the gross income of the population in the river basin, 

three-quarters of which isSenegalese.
 

Basin has beenThe maximum annual yield of the entire Senegal River 
representing Senecalculated by experts at 35,000 tons, with 25,000 tons 

gal's share.29/ However, it is anticipated that dams planned for construc

the next ten years will reduce this potential by more than 40
tion within 

percent. Thus, the output of Senegal's inland fisheries will eventually 

areas. The cur
decline unless measures are taken to develop other fishing 

increase inland fish prorent Plan contains several projects designed to 

including one concerned with exploitation of Lac de Guiers andduction, 
another concerned with the development of swamplands for intensive aquacul

ture.
 

The potential yield of Senegal's artisanal marine fisheries, by con

official
 
trast, far exceeds current levels of production.30/ Accordinq to 


30,000 to 40,000government sources, this segment of the industry employs 
of whom liveindividuals on either a full or part-time basis, the majority 

and Cap Vert. In 197, their fleet consisted of some 6,100 piroin Thies 
trunks on whichgues, traditional wooden canoes, fashioned from dug-out tree 

a planked structure has been superimposed. More than 50 percent of the 

by padfleet is equipped with outboard motors, and the balance is driven 

29/ See C. Reizer and G.L. Chevalier, "Effects on the Fishery of the 
cit.
Hlydro-Mandgement of the Seneqal River," 1972, cited inAuhray, op. 


The FAO estimates the carrying capacity of Senegal's offshore marine30/ 

than three times current artisanalwaters )t 400,000 tons per year, more 

production.
 

http:production.30
http:share.29
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dles or sails. However, as many as half of the non-motorized pirogues are 

very small craft operating off beaches on the Casamance River and contrib

uting an insignificant share of the total artisanal catch. Thus, it seems
 

reasonable to concur with FAO findings that only 4,500 to 5,000 pirogues 

were actively fishing along the Senegalese coast if the mid-1970's, of 

which approximately 3,500 had been motorized. The Government intends to
 

equip an additional 1,600 pirogues with motors by the end of the Fifth Plan
 

period.
 

Social and Institutional Setting
 

The artisanal maritime catch is landed on beaches all along Senegal's 

700 km coastline and adjoining river basins, from Saint Louis to the Lower 

Casamance. However, landing sites inThies and Cap Vert account for nearly 

90 percent of the total production (Exhibit 4.24). Most fishing villages 

inthese two regions were settled by members of the Lehou and Wolof ethnic 

groups. The typical Lebou or Wolof small-scale fisherman ilo engages in 

farming, cultivating fields of millet and groundnuts during the rainy sea

son. In recent years, many coastal families have bequn to derive income 

from dry season comiercial vegetable production as well.
 

Traditionally, artisanal fishing was a family enterprise with boats 

owned by heads of household and crews composed almost entirely of family 

members. But with the advent of other income-generating opportunities such 

as vegetable (Jardeninq, and improvements in transportation facilitating the 

migration of seasonal workers to coastal communities, many operators have 

begun to depend on outsiders to complete their crews. Because fishin(j is a 

seasonal activity, and the season varii- "om north to south, some of these 

workers are able to find close to year-rmund empl oyment as they fo 1Iow the 

fish migrations up and down the coast. 

A 1965 socioeconomic study of Kayar, a village about 60 km north of 

Dakar and an important center for artisanal fishing, describes patterns 

which are thought to he typical of most fishing villages in Thies and Cap 
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Exhibit 4.24
 

Estimated Composition of 1976 Artisanal Maritime Catch
 
By Region of Landing and Species 1/
 

Region of Landing
 

Fleuve 

Thies 

Cap Vert 

Sine-Saloum 

Casamance 


Total 


Species
 

Sardinella 

Ethmalosa 

Other Pelagic 

Epinephelus 

Pagrus 

Mullet 

Otolithus 

Shrimp and Oyster 

Other Demersal 


Total 


Volume Share
 
(tons) (percent)
 

5,000 4.0
 
90,000 69.0
 
24,000 18.5
 
3,000 2.5
 
8,000 6.0
 

130,000 	 100.0
 

35,100 27.0
 
14,300 11.0
 
32,500 25.0
 
6,500 5.0
 
6,500 5.0
 
6,500 5.0
 
9,100 7.0
 
2,100 1.6
 
17,400 13.4
 

130,000 	 100.0
 

I/ 	Data are derived from FAO estimates based on results
 
of surveys conducted by ORSTOM and FAO. They differ
 
considerably, buth in terms of total volume and
 
regional share, from statistics reported inofficial
 
government publications.
 

Source: Aubray, op. cit.
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Vert.31/ There the fishing season runs from January through June, peaking
 

in late March, April, and May. During these months, Kayar's year-round
 

population of 2,000 swells to 10,000 with migrants attracted from many
 

parts of Senegal by the economic activity associated with the fishing in

dustry. Although this influx, coupled with improvements in road transpor

tation between Kayar and Dakar, has exposed the villagers to many outside
 

influences, the researcher found that these influences had surprisingly
 

little impact on production practices or the traditional way of life.
 

At the time of the study, Kayar was made up of over 100 family conces

sions, each of which was a separate unit of production dependent both on
 

fishing and on agriculture. The average concession had three to four of
 

its members involved in fishing, and 12 or more inother occupations. Women
 

were responsible for raising vegetables and processing the fish. Most of
 

the men stopped fishing before the age of 45 to devote their time to
 

farming.
 

Starting in the early 1970's, the Government began to promote the or

ganization of artisandl fishermen into village-level cooperatives. By 

1976, about 15 percent of the small-scale fishing population were members 

of cooperative associations, through which they could obtain equipment and 

commercial inputs such as gasoline ind oil for their hoats. In the lonq 

run, it is intended that these cooperatives will also perform a marketing 

function on their members' behalf. Responsibility for assistinq the coop

erative movement rests with SODEPA 6 our le Developp)ment(Socikt de la 

P6che Artisanale), whlich was established by the Directorate of Fisheries in 

1975. 

31/ Van Chi, Regine Nguyen, L'Economle Maritime et Rurale de Kayar,
 
VTllage S6ne"galaise--Probldmes de D6veloppement, IFAN, Dakar (1967).
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System Methods, Costs, and Energy Peuirements
 

Production
 

typically includes sardinellas,The 	 artisanal maritime fishing catch 
species such as
ethmalosa, and other pelagic fish, along with demersal 	 mul

let, pagrus, and small amounts of shellfish and mullusks (Exhibit 4.24). 

nets and hand and bottom
The 	most commonly used fishing gear are nylon gill 


seining is practiced in some coastal villages, particularlylines. Reach 

during the summer months, and there is also special equipment for lobster 
producingand shell fishing. In the early 1970's, purse seines capable of 

four times the average catch of ordinary nets were introduced by an FAO 

fisheries expert with some success.32/ 

with most in theThe pirogues vary in size from three to 14 meters, 

They are usually built 'y local skilled carpenterssix to ten meter range. 


out of tree trunks brought inby truck from the Casamance, and are good for
 

six 	to 12 years before they must be replaced. Many artisanal fishermen who
 

own 	 motorized pirogues also have smaller, sail-driven craft available for 

when their motors are not in operating order. The 6 HP to 25 HP Japause 
nese and U. -miade engines (the majority are in the 6 HP to S HP range) 

consume i rr, .,ure of 50 parts gasoline to one part oil at a rate of about 

They are sold through the fishing cooperativesone 	 liter per 11P per hour. 

on attractive credit terms and have a working life of about three years.
 

in an average fishingThe boats make between 150 and 200 daily trips 

season, seldom venturing more than seven or eight km offshore. Crews can 

vary in number from three to eight men or more, depending on the size of 

the of compensated on athe pirogue and power its engine. The crew is 

share basis, receiving about 50 percent of the gross revenues minus joint 
paysoperating costs (fuel, oil, bait, and food). The owner of the boat 

32/ A purse seine is a large net made to be set by two boats around a 
school of fish and so arranged that the bottom can be closed when the ends 
of the net are brouqht together. 

http:success.32
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for its maintenance, repair, and amortization out of his share of the
 

catch. 

Exhbit 4.25 presents an annual budget for a representative motorized 
operation utilizing a 10-meter pirogue, an 8 HP engine, and standard nylon 
fishing gear. The data were developed from IBRD and FAO sources and the 
Kayar study previously cited. They show that direct fuel costs (gas-oil 
and lubricants), which average $1,825 for a 175-day season, make tp 46 per

cent of the total cost of operating the boat including food expenses. 

These fuel costs have been arrived iton the basis that the average motor 

consumes 50 liters of qas-oil per day, and that the gas-oil is sold at 
Government-controlled pumps at a tax-free price of $0.19/liter.33/
 

Assuming that this fuel consumption pattern is typical of the 3,500 

motor-equipped pirogues in Senegal'!; artisanal fleet, dnnual direct fuel 

equirements for this segment of the industry can be estimated at 3U.6 mil

lion liters of gas-oil (30 million liters of gasoline and 600,000 liters of
 

oil), with an additional 400,000 liters being consumed in the form of 

grease and other lubricants. The commercial value of these fossil energy 

inputs at 1976 market prices amounts to nearly $6.4 million, only half of 

which is paid for by artisanal producers.
 

While the 1,000 to 1,500 sail and paddle-driven pirogues operating In 

Senegal's maritime waters require no direct fossil energy inputs, their 
average productivity isestimated at only 10 to 15 tons of fish pe" season,
 

compared with an average of abouit 30 tons for motorized craft. This isbe

casue the sail and paddle boats used in Senegal are generally smaller than 

33/ The tax rebate, which was instituted by the Government more than 15 
years ago in support of its pirogue motorization program, represents about 
50 percent of the (19/6) retail price of qas-oil in Senegal. If artisanal 
fishermen were compelled to purchase fuel for their outboard moet ors on the 
open market, their operatinq costs would run about 40) percent hi qher than 
those shown in I xhihit 4.?' and, without a correspondlng ris, in the sell
inq price of the catch, net income woul d decline to the point where there 
would he no financial incentive to fish on a motorized hasis. 

http:0.19/liter.33
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Exhibit 4.25
 

Senegal's Artisanal Maritime Fishing System
 

Representative Budget: Motorized Fishing Operation
 

Key Assumptions: 	 10-meter wooden pirogue; 8 HP outboard motor;
 
standard nylon nets-and lines; 175-day season;
 
6 crew members including owner/operator; 1976
 
prices
 

$8,100
Annual Revenues 


Annual Costs
 
Investment Amortization Costs
 

$ 200
Boat 

200
Motor 


Fishing Gear 200
 

600
Subtotal 


Operating Costs
 
Fuel 1,660
 
Lubricants 165
 
Food 1,050
 
Bait 
 875
 
Maintenance & Repairs 250
 

Subtotal 	 4,000
 

Total Annual Costs
 

$3,500
Net Income 


Less Crew Share
 

Net Return to Owner-Operator 	 $1,325
 

Notes:
 

Annual Revenues: 	 Gross Sales of 30 tons P $220/ton.
 
($1,200
Investment Amortization Costs: Annual amortization of boat 


($600 initial cost,
initial cost, 6-year working life); motor 


3-year working life); and qear ($600 initial cost, 3-year work

inq life).
 
Fuel: 175 trips/season, 50 liters qa!,-oil/trip P $0.19/liter tax

free
 
Lubricant',: Grea-,e (- 10 percent of fuel costs. 

,Food: Food for 6 	ciew meinber (inc. ludinq owner/operator) , $1.00/ 
day x 175 day',.
 

Bait: 115 trip,,/,.etson, 50 kj',. hait/trip .1 $0.10 kq.
 

Maintenarc, i. Repair',: 10 percent of initial co',t of hoat, motor,
 

and (eajr. 

Crew Yh,,r,: 1) crew viembr , (ux ..Iudinq ownf'r/opi ' $,435/inernber/,ator) 3' 
S C'd S, C' 

Source: Checchi and Company e,tlimates ifter Aubray ind Van Chl, 
O_p. -ci
t.
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their motor-equipped counterparts, can accommodate fewer crew members, and
 

are unable to travel far enough offshore to take full advantage of coastal 
movements of pelagic fish resources.
 

Both the fuel energy requirements and the gross output of the artis
anal maritime fleet can be expected to increase during the period of the 
Fifth Plan as the pirogue motorization program proceeds. The UNDP and FAO
 

have also been experimenting with new types of artisanal craft which could 
have energy-related consequences. If these experiments prove successful, 
the traditional wooden dugout could eventually be replaced by canoes made 
of plywood, fiberglass, or ferro-cement equipped with insulated ice holds 
and inboard diesel engines in the 35 to 130 HP range.
 

Processing
 

A variety of traditional processes are used in Senegal to dry and pre
serve any fish for which there is no fresh market, all of them involving 
dehydration of the fish in order to prolong its shelf life without refrig
eration. Althou(1h processing accounts for nder ?) percent of the totdl 

artisanal maritime catch, it is an important source of income for women 
living in coastal villages where the fish are brouqht to shore. It also 
provides a means by which residents of inland cities and villaqes that are 
not served by the exi sting fresh fish distribution network can include fish 
protein in their diets. However, fish that have been dried for pre
servdtion are often lower in nutritional quality than fresh fish, for rea
sons which include unsanitary processing techniques and pardsitic infesta

tion. 

Guedj, Ketiakh, Metorah, and salt-dried (sale-seche) fish are among 
the principal procossed products (Fxhlhit 4.?6) . Ket lakh is a hraised
dried specialty of the fhi es Pe(lion which is prepared hy roastinq the fish 
hetween layers of ,t riw aind (Ir lindntt hirm,,m, then dry i nI thvin in the sun. 
Metorah is prodtuc(1 in the icw.ma an( n ine al()um by smnok inq the fish in 
speciail1y-made hut.!, ovpr ianqrove wood, fol lowed also by sun-dryinq. In 
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the area around Saint Louis, salt-dried products are prepared by placing
 

sharks inbarrels of brine for eight days before they are laid out to dry.
 

Exhibit 4.26
 

Processes Used InPreservation of Artisanal
 
Maritime Catch
 

1976 Production
 
Principal Volume Share 

Processes Product (tons) () 

Braised/Dried Ketiakh 8,900 38.0 

Smoked/Dried Metorah 1,900 8.0 

Fermented/Dried Guedj 10,100 43.0 

Salted/Dried 
and Others Sale-Seche 2,500 11.0 

Total 23,400 100.0 

Source: Aubray, o. cit. Production volume isexpressed
 
in freshweight equivalents.
 

Along with any local or regional specialties, nearly all coastal fish

ing villages in Senegal prepare a dried-fermented product called Guedj, 

utilizing one of two alternative techniques. Ry one technique, the fish 

are first cleaned, eviscerated, and washed in salt water, then sliced in 

half long]itudinally, salted, and stacked in the shade for two lays. On the 

third ddy, they are plaiced in the ;un and, while dryinq, are sprayed with 

red oil, re-,alted, ,lndturned once very four hour';. On the fourth day, 

they are ready for packaq inrq in 40) kp ';acks. The other technique involves 

first puttinq the f ish in cement vats fIled wit lh sea Wdter for two or 

three days, after which they aire cleaned , eviscerated, salted, oiled, and 

dried on mats or racks in the sun. Ten kqs of fresh fish produce about 
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three kgs of Guedj under favorable conditions. No information is available
 
concerning the disposition of processing wastes, although it is understood
 
that Senegal's Institut de Technologie Alimentaire (ITA) is conducting re
search on the use of fish wastes as a protein supplement in cattle feeds.
 

Regardless of the processing technique employed, the extensive hand
ling and rather lengthy drying period expose the fish insects and bacto 

teria. The natural sun-drying methods produce insufficient heat to kill
 
these organisms, which are left alive to consume the flesh of the fish 
even
 
after it has been preserved. Resulting weight losses are reported to ex
ceed 20 percent (exclusive of cleaning and water losses), with consequent
 
nutritional 
energy and income losses of a similar magnitude. Continuing
 
deterioration of processed fish products also limits their storage life in
 
most cases to a maximum of six months.
 

Except for the groundnut husks, straw, and firewood34/ used to braise
 
or smoke certain regional products, the drying and preservation of the ar
tisanal fishing catch require no fuel energy inputs. In general , the only 
indirect energy costs are those associated with the purchase of salt, oil,
 
and packaging materials. However, the Fifth Plan includes 
a project for
 
the introductii,o of improved drying equipment, such as racks and ovens, 
which could add to processing costs. Drying racks are already in use in 
some villages on the coast, and the IPM (Institut Physique et Met6orolog
ique) and ITA are experimenting with a prototype of a solar fish dryer
 
which can handle up to 250 kg of fish in48 hours at temperatures suffi
cient to kill invading insects and bacteria.
 

Distribution
 

The distribution system for both fresh and processed fish Is the pro
vince of numerous small-scale entrepreneurs and, between village producer
 

33/ A 1972 survey of fuelwood consumption in Niger found that approxi
mately 3.25 tons of firewood were required to smoke one ton of fish (T.C.

DelWaulle et Y. Roederer, "Le bois de fers a Niamey" in Bois et Forts des
 
Troplques, 152:15-60).
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and urban consumer, there may be as many as four Senegalese middlemen in

in major urban markets likevolved. As a result, retail fish prices paid 

four times higher than those received by the fisher-Dakar are often two to 

man at the landing site, depending on such factors as the size and species 

of the fish, 	 and the season, day, and hour of sale. 

According to 	FAO estimates, about 30 percent of the artisanal fishing 

consumed fresh within ihe region of production, and ancatch is sold and 

other 45 percent is transported inter-regionally, particularly to Dakar. 

Most processed fish products are also taken to Dakar, Kaolack, Rufisque, 

he resold to traders s;erving interand other urban cfrnters, where they may 

ior village'; and towns. In all, it is estimated that ahout 65 percent of 

the total catch (85,000 tons freshweiqht in 1976 35/) requires some form of 

cotrmiercial transportation as it moves through the distribution network. 

are sold 	 villageFish destined for urban markets first to a local 

tradertrader, or bana-bana. Once he has purchased his daily quota, the 

with of share the cost of renting a may arrange others his calling to 

may lease the truck and subleasethree-ton truck or, dlternatively, he 

are packed in layers in the truck, with blocksspace to others. The fish 

spoilage during transport. Each tr fder 4s responsible forof ice to retard 

to his load. the Kayar studyobtaining enough ice protect share of the In 

on the part of thereferenced above, the researchr reported a preference 

villaqe from Dakar because, while itbana-banas for ice brought into the 

was considerably more expensive than the locally-made product, it had been 

frozen at lower temperatures and consequently did not melt down as quickly. 

Some of the larger traders have their own delivery trucks, and there 

are also small part-time traders (usually women) who handle only two or 

three baskets of fresh or processed fish at a time and travel by car rapide 

35/ This figure declines to 70,000 tons when allowance is made for a 75 

percent reduction in weight of tie 20,000 tons of dehydrated fish that are 

processed for sale outside the fishing villages.
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or taxi rather than by truck. There are no established delivery circuits. 
At the peak of the fishing season, traders may take their fish to cities 
200 km away in order to sell them at a higher price, whereas during the 
off-season, when competition is less severe, they tend to travel shorter
 
distances so as to reduce transport costs and maximize their profits.
 

When the cargo arrives at its destination, it is resold to a second 
group of bana-banas, who may in turn sell it to local retailers. Between 
the time when the fish is brought to shore in the early evening and put on 
sale to the consumer the morning of the following day, a minimum of ten 
hours have passed, the fish has changed hands three or four times, and the 
ice used to maintain freshness has deteriorated. The result is consider
able spoilage, particularly of fish that are stored overnight at the bottom
 
of the trucks.
 

Efforts to improve the fresh fish distribution system, while at the 
same time reducing the power of the bana-bana middlemen, have been underway
 
inSenegal for several years. The Canadians, through CIDA, are helping to
 
finance an improvement program which will eventually include eight market
ing centers, three ice plants with a capacity of nine tons/day, 30 semi
refrigerated truck,, and 20 cold storage facilities. The local producers 
cooperatives are to be given responsibility for transporting the fish to
 
these centers, from where they will be distributed directly to both inland
 
and coastal retail markets.
 

Once these facilities are in place, there will undoubtedly be an in
crease in the amount of fossil fuel energy required to bring the artisanal 
fishing catch to market. Some energy savinqs may result, on the' other 
hand, from the expected rationalization of the fish transport system to 
eliminate half-loads and one-way hauls. At the present time, the amount of 
fuel needed to move one ton o. fresh fish an average distance of 100 km is 
estimated at 18 liters, based on the assumption that each truck carries 
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of fish in addition to passengers.36/ Oil consumpabout 1.5 tons ice and 

tion would run about 0.18 liters under these same conditions. Further as

suming that these estimates apply to 70,000 tons of fish in a typical year 

(65,000 tons of fresi, fish plus 5,000 tons of processed product), total de

mand would come to 1.26 million liters of gasoline and 12,600 liters of 

oil, valued at about $500,000 in 1976 market prices. Ihe other major re

quirement for energy is for the production of an estimaled 50,000 tons of 

ice per year. A 1916 IBRD feasibility study of ,t proposed ice plant in 

Djifer, Senegal, estimates this consumption at 55 kwh of electricity per 

ton, at an average cost of $0.10 per kwh. On this basis, 2./5 million kwh,
 

costing $215,000, would be needed to produce 50,000 tons of ice.
 

Energy Input-Product Output Summary
 

Exhibit 4.27 and supporting Reference Tables 4.27A and 4.27B show the 

flow of Senegal's drtisanal maritime fishing Latch through the production, 

processing, arid distribution system, and the types and amounts of energy 

The data have been drawn from information preinputs utilized therein. 


sented in previous sections of this chapter, including FAO estimates of the
 

volume and disposition of production in 1976.
 

The input columns of Tables 4.27A and 4.27B give the annual utilization
 

of fuel energy by system activity, on an aggregate and per ton of product 

output basis. Total system requirements amount to an estimated 32,272,600 

liters of liquid fuels (gasoline, oils, and lubricants), 2,750,000 kwh of 

tons of firewood, and an unknown quantity of groundnutelectricity, 6,175 

husks and straw used in the processing of brdised/dried fish (Ketiakh).
 

Most of the gasoline and oil (96 percent) isneeded to operate the motor

36/ Transport energy data were developed from tables in Berger-Orgatec, 
oP. cit., Volume IV-B. Per-km gasoline and oil requirements for a Renault 
car rapide and a 5-ton Citroen T-46 travelling on improved earth roads were 
averaged to obtain consumptinn figures for the type of vehicles currently 
being used for transportation of the artisanal maritime catch in Senegal.
 

http:passengers.36
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Exh;bit 4.27
 

SENEGAL'S ARTISANAL MARITIME FISHING SYSTEM: PRODUCT FLOW
 
(in '000 tons freshweight equivalent)
 

DISTRIBUTION SYSTEM OUTPUT
PRODUCTIOX PROCESSING 


41.6
 

~Direct Consumrption/Fresh Fish
 
'S 100,100 tons Fresh Fish
 

ie65.0 58.5
 

2. 
0-3. 

.2
S Fresh w/Ice 1 0ish 

a9 
I 8 -o118 3.1 1. S 

- ' Dried Fish w/o Ice
Bra4sed/OrFed 


Moicori zead' 

2.2 3.2 


1.9 1.5
 
Smoked/ried
 

a 17,000 tons Dried Fish and 
0 ,Waste Products 

8. -------- (freshweight equivalent)
1.s2. --. 2.3 •%
0 1 

Direct Consumption/ • a
 

Hon-kiotorized emtdDid Dried Fish

Femented/Dried 


2.5 2.4 2.0 -----------------------

Fish Wastes 

Salted/Dried
 

NOTE: Local sales rot involving motorized transportation are included in direct consumption figures.
 



Table 4.27A
 

Senegal: Artisanal Maritime Fishing System
 

Energy Inputs, Product Losses, and Net Product Output
Total 

By System Activity and Methoa
 

ae. 

I 
Activity

| 
(oethod) 

I rrI'c 

Net Cu:-p.ts 

tos _______ 
I j 

LiicFe 

.: 

Ene r y_ 

Elect-icity 

(Sj,I 
I n Ut S 

Firewood 

(tonc) 

-.rResidues 
(tons) 

1.0 PRODJCTION 

1.1 -MtorizedF;shing(,'.,t oa ,d -0 tO") 105,000 - 31,000.0 

1.2 %.c--otorized cishing 
(sail and paddle) 

25t000 -

2.0 PROCESSi

2.1 6ra;sed/Dried Processi g 

1.2 S-od-Dric-i orccessing 

7,10 

1,500 

1.800 

400 - -

-

6,175 

n.a. 

-

2.3 

2.4 

cer-ented/-'ed Processing 

Salted'Dried Prccessilg 

8,100 

2,000 

2,000 

500 -

3.0 -ISTRI-2T;CJI 

3.1 F-r-s F;sn Tra-spo-t & Sterage 
f;gaOli-c pic-up. -anufac-

turcd ice) 
58,500 6,500 1,181.7 2,750,000 

3.2 

TVAt. 

Sried Fis! Transport & Storage 

(casolire Pick-u;; ro ice;T0AL te -C) ; r
six--oa s.aelf-life at room 

15,100 

117,100 

1,700
1 

12,900 

90.9 

32,272.6 2,750.000 6,175 n.a. 

r.a. - M t avlabeI 
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Table 4.27B
 

Senegal: Artisanal Maritime Fishing System
 

Energy Inputs and Product Losses per Ton of Output, by System Activity and Method
 
(in freshweight equivalent)
 

1 Pre:t tres",,ent) I__E 	 n e r c y I n p u t s 
Net CJt:ts Losses Lcud Fuel Electricity Firewood Residues 

Sef. Activ;ty (Methiod) (:c (s___s) (liters) (kwh) (tons) (tons) 

1.0 	 PPDUj:TI N 
 I
 
1.1 	 14: torized Fishing
 

(--:ttcard rtor) 295.2
 

1.2 	 n-o-Mtor ized Fishing
 

(sail and zaddle) I 
 -

2.0 	 FPRCCESSI'

2.1 	 B-aised/l-ied Prccessing 1 0.250 -  n.a. 

2.2 S-o~cI-e 'rocessin; 1 0.250 - - 4.1 

213 Fe.e-0e /Zriec Processing 0.250 

1.4 	 Sa1 ted/,r ied Processing |0.250 - --

3.1 	 F-Cs- F;sh Trarsport c Storage
(casol 	 ne p;ct-up; rianufac- 1 0.111 20.2 47.0
 
tured 	ice)
 

3.2 	 Cr.ed Fish, Transport & Storage
 
(casoline pic4-uc; no ice; 0.111 6.9
 
s;A---onth shelf-life at room
 

te-pe rature)
 

TOTAL
 

n.a. - not available
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ized portion of the artisanal fishing fleet. Processing, transport, and
 

storage consume relatively small amounts of fuel energy in the aggregate, 

mainly in the form of electricity for ice production, gasoline for trans

portation, and firewood for smoking fish to make Metorah37/
 

The amount of energy consumed per ton of output is a function of the 

fishing technology employed and the disposition of the fish after landing. 

shore in a sail or paddle boat and
At one extreme, a ton of fish brought to 


retained by the fisherman for his own consumption would require virtually 

no fuel energy inputs; at the other extreme, a ton of fish brought in by a 

motorized fishing craft and subsequently transported on ice to urban mar

kets would have accounted for the expenditure of some 315 liters of gaso

line and oil and 47 kwh of electricity by the time it reached the ultimate 

consumer. 

The output data in Exhibit 4.27 and the accompanyinq tables show how 

the artisanal maritime catch is allocated and the magnitude of losses in

curred as it flows through the various stages of the artiisanal system. 

While the losess at ributed to processing and distrl ii ion are based on 

very rough estimates which need to he verified in the tiold, they have been 

included to underscore the nutritional impact of inadequat e process inq and 

distribution mthods which may in turn suggest opportunities for interven

tion. These losses indy also have a fuel energy cost as, for example, when 

a portion of the motorized fishing catch, which itself represents an expen

37/ The burning of firewood for smoking fish, while not an important user 
F energy in the aggregate sense, raises the larger issue of declining 
fuelwood supplies that threatens Senegal and is a source of concern to the 
Senegalese Government. Like cooking and other activities requiring heat 
production, the smokinq process is energy intensive, consuming an estimated 
4.1 tons of firewood for every ton of (net) product out put handled. How
ever, not enough is known about the artis an,l 1 oinq technologies actually 
employed in Senegal to assess pos,,ihilit i es for fuel substituntes or other 
improvements in the process. For this reason, the reader is referred to 
the more (general treatment of fuelwood conservation opportunities in the 
final section (Section F) of this chapter. 
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diture of direct fuel energy, it wasted due to lack of cold storage facili
ties, or when fish which has been smoked with firewood subsequently deter
iorates as a result of insufficient drying after processing.
 

The data indicate that, out of a total production of 130,000 tons of 
fish landed by motor, sail, and paddle boats in Senegal in a typical year, 
only 117,100 tons are actually available for domestic consumption or alter
native end uses.38/ The balance of 12,900 tons is lost as the product is 
transformed within the system through processing, transportation, and stor
age.
 

Energy-Related Problems and Opportunities
 

The preceding analysis points to at least one area within the artis
anal fish production, processing, and distribution system where new uses of
 
energy may help to reduce losses in food volume and nutritional value. 
This concerns the preservation of fish by artisanal methods and possible 
small-scale applicatiens of energy for fish drying and for refrigeration 
and cooling.
 

Fish Preservation
 

Fish processing in Senegal involves not only curing (through smoking, 
braising, salting, or fermentation), but also sun-drying in the open air. 
While traditional drying methods require minimal investment in equipment 
and materials, they do not expose the fish to high enough temperatures to 
forestall deterioration. They also pose certain health hazards resulting
 

38/ In some years, Senegal exports small amounts of artisanally-processed
products to neighboring West African countries. However, since these 
ex
ports account for a negligible percentage of the total production, and
since Senegal also imports a limited volume of dried, smoked, and salted
fish (500 tons in 1975 vs. 600 tons of exports), it is assumed for purposes
of analysis that the entire net output of the artisanal system is consumed 
domestically.
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from contamination of the fish by flies and other insects which may reduce 

the export potential of artisanally-processed products. An estimated 4,700
 

tons of fish are lost each year due to insufficient drying of processed 

products and an additional 1,700-ton loss can be attributed to the abbrevi

ated shelf life of products which continue to deteriorate even after they 

have entered the distribution system.
 

Lack of facilities for cooling and refrigeration of fresh fish during 

storage and transport accounts for further product losses, roughly esti

mated at 6,500 tons per year. It also puts the fisherman at the mercy of 

the bana-bana middleman, who knows the former has no means to retard spoil

age and consequently must dispose of his catch as soon as possible at what

ever price he can get. Ice-making equipment, while it exists in some of 

the larger fishing villa(les, is reportedly unable to produce deep-frozen 

blocks of ice. Ice brought in from Dakar and other cities is expensive and 

thus used sparingly by traders and producers. 

Senegal's (overnment has hegun to address these problems in the artis

anal distribution system through investments in cold storage facilities and
 

semi-refri gerated trucks. However, it is likely to be many years before 

these amenities reach any but the largest artisanal fishing centers, and 

some villages may never have sufficient production to justify the required 

investments.
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F, COOK I NG
 

Background
 

The Senegalese diet isbased on grains, with fish, meat, and vegetable 

sauces adding variety and nutrients. Except during periods of fastinq 
(such as Ramadan) and extrerie hunger, most households consume two cooked 

meals a day, and then reheat any leftovers for use the next morning. Basic 

cereals vary according to region and ethnic group, with some groups prefer

ring certain cereals to others (the Diola in the Casamance [)refer rice, for 

example; the urban Wolof, imported rice; and the Serer, sorghum). The 

grain is usually pounded into brokens (rice) or a semolina, a-d then
 

steamed or boiled.
 

Most dishes are "one pot" dishes, and require fairly lengthy prepara

tion and cooking times, especially if time for pounding is included. The 

major dishes include thieboudienne (or riz aw poisson) (the national dish 

of rice cooked with fish, tomato paste and vegetablos), bassi (a millet 

couscous served with qaico of veletables, meat or fish) and 1akh (boiled 

millet porri(i'e eaten with curdled mill). O)ther dlishec. are variations on 

steamed grains (millet, sorghum, rice, maize or fonio) with sauces made of 

fresh or dried fish, groundnut oil, tomato paste and local vegetables. 

Cassava, niobe beans, and wild leaves and berries may also be used in cook

ing. Fresh or dried fish is the main source of protein as, in all but the 

wealthiest households, meat is se-ved as a main dish only on special occa

sions, such as religious festivals or family celebrations. 

Meals are eaten from a cormon pot within the family compound and are 

generally made to accommodate from 10 to 15 people. They are prepared in 

turn by the mar-ted women of the household. A recent survey of women's 

activities in two villages in the Groundnut Basin found that an average of 

4.49 hours a day were spent cooking and cleaningtup after meals, not in
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cluding time used for grinding and pounding millet (4.8 hours) and gather

ing firewood (1.75 hours).39_/
 

Because rice can be prepared more quickly than millet, it is often 

preferred by women even if they find it difficult to buy it; in another 

rural village survey, 33 percent of the women who served millet to their 

families said that their first choice would have been rice.40/ Preference 

for rice seems to he linked to how long people have lived in urban areas 

(the newly- arrived families often preferring the more traditional mil let 

and sorghum), ethnic group, and the price of rice in comparison to other 

grains. In the cities, rice is almost universally consumed at noon, while 

millet is often eaten in the evening. 

Wood is the principal sources of energy for cooking in Senegal. In 

the countryside, it is usually gathered and burned directly for fuel. In 

areas where trees are now scarce, women and children can spend up to five 

hours daily collecting firewood. Wood is also taken from living trees; the 

lower branches are flrst hent down for (Iraz inq sheep and (oats, then cut 

from the Irees once the branches have (ied. 

consumed in the form of charcoal.In urban areas, wood is most often 

The Government controls the price and supply of charcoal, although it is 

also available on the open market for those who are willing to pay a higher
 

price.
 

Less frequently used cooking fuels are butane gas, kerosene, and plant 

and animal wastes. Butane has been exempted from taxation by the Govern

mrnt in an effort to encourage its us- as I substitmte for wood-based 

fuels. In terms of enerqy delivered, however, it is still more expensive 

than charcoal and firewood (see Fxhihit 4.28), and it requirens an invest

ment in a qas; burner stove that is beyond the means of the dveraqe Senegal

39/ See Idna I . Loose, op. cIt. Thp survey was taken during the rainy 
season, when women are busy n the fleldi and have less time available for 
household tasks. 

40/ Yacluk and Yacluk, .2. cit. 

http:hours).39
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ese household.41/ It is also difficult to simmer rice and other foods on a 
gas burner in the open air, wherp most cookinq in Senegal takes place, he
cause the flahe May be extin.qui ,h(ed by the sliqhust breeze. Fnr these and 
other reasons (Wirlidiny oc rtain h1ru'fi (.1dl 'lCall properties associated 
with charcoa1 use), ,e so.ures to promote butare Hs a cooklng fuel have met 
with only limited SucOCss. Hos;ehold consuoption of kerosene, which is 
used mainly for l iqhtinl and ignitinq charcoal, is also very low, averaging 
only three liters per year on a per capita asig. 

Exhibit 4.28
 

Fuel Requirements and 1976 Costs per 100,000 Kilocalories,
 
by Fuel Type
 

Fuel 
Quant ity 
Q....k_ 

-1,97 Cost
($) 

Butane Ga, 8.5 3.27 
Kerosene 8./ 2.00-2.68 
Charcoal 14.3 I.24-1.86 
Firewood 33.3 2.17 2.89 

Source: United Nations, Fconomic Commission for Africa 
"Projet de rapport sur les prubleieh du charbon 
au Seneal," Addis Ababa, 1976. 

41/ Even middle-class households which can afford the costs associated 
wTth butane use show a preference for charcoal. For example, a survey of
Senegalese school teachers found that 95 percent of the rsponndents pre
ferred charcoal for makinrj tea, and /13 percent preferred it for (general
cookinq purpos, to all other types of fuels. (Se Flnor, 1he Fnergy Sec
tor of the Sahel ian Contries, Net.herl ands Ministry of Forefq fairs,
April 7). 

http:household.41
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Crop residues and livestock dung are occasionally used for cooking in 

rural areas where firewood is in short supply. CARITAS-Senegal recently
 

a biogas plant in the villagle of Ndioukh-Fissel which producesinstalled 

methane gas for cooking from agricultural wastes, and several other pro

posed or onqoing R & D projects involve applications of alternative energy 

All of these projtechnologies for cooking purposes (see Chapter Three). 

ects are stiIl inithe experimental stage, however, and no discernable ef

fect on the behavior of the general population can be expected for some 

time to come. 

use of fuelwood (char-The balance of this section will focus on the 

These fuels will be considered to the excoal and firewood) in cooking. 
they are helieved to account forclusion of other energy sources because 

of total cooking fuel demand in Senegal at the presentover 90 percent 

time, and because reducing the current rate of depletion of Senegal's for

est resources is an important Government priority. 

Cooking Methods, Costs, and Fuel Requirements 

When firewood is used for preparing food in Senegal, it is usually 

placed directly under a cooking pot which rests on three stones above the 

ground. No devices are used to concentrate the heat generated by the fire 

much of this heat is wasted. Fstimates of the thermaland, as a result, 
in an open fire range from three to eightefficiency of wood when hurned 

percent, compared with efficiency ratings of 15 to 25 percent that can he 

obtained when simple woodhurninq stoves made of clay, baked earth, or iron 

sheeting are used.42/
 

Virtually no monetary costs are assuciated with the use of firewood in
 

areas: brush and deadwood are gathered daily by women and childrenrural 

and trees are cut as required to supply fuel for household needs, which 

42/ See Floor and CILSS/Club du Sahel, op.cit 
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amount to an estimated ten kilos daily. There are, on the other hand, con
siderable opportunity costs inthe form of human labor that might otherwise
 
be put to more economically or socially productive uses, such as vegetable
 
gardening or participation in maternal and child health care proqrams. 
There are also very significant environmental costs inthe form of progres
sive deforestation of the landscape and erosion of the soil which results 
from overexploitation of fuelwood resources.
 

In the cities, firewood is sold by dealers who collect it from the 
surrounding countryside or bring it in by truck from forested areas of the 
country where trees are cut for commercial sale.43/ In1976 in Plakar, re
tail firewood prices ranged between $0.06 to $0.09 per kg, compared with 
prices for charcoal in the $0.09 to $0.13 per kg range. However, the ther
mal efficiency per kg of charcoal ismore than twice that of firewool, mak
ing it the cheaper of the two Fuels for urban consumers who do not have 

access to the "free" brush and tirTber that is available for the takinq in) 
rural areas. Charcoal also burns cleaner than wood and is less expcnsive 
to ship. 

Households that rely on charcoal for preparing food must also invest 
ina simple charcoal stove (fourneau malagache) which sells for about $?.50
 
and is crafted from tin by local blacksmiths. The malagache hasstove a 
tapering funnel shdpe and rests on a rectangular airbox; coals are placed 
in the bottom of the funnel, and the cooking pot sits on a grill abovo thp 
stove. Approximately four kilos of charcoal are needed per household per 
day. 

Most of the charcoal used by households in Dakar is produced 200-410fl 
km away inthe Casamance, Senegal Oriental, Sine Saloum, and Fleuve. Thp 

43/ These operations are controlled by the Forest Service which licenses 
professional woodcutters, sets an annual quota on production, and levies a 
tax on sales. Authorized sales of firewood amounted to about 86,000 stack
ed cubic meters (steres) in 1978, less than three percent of estim(ited
domestic firewood consumption.
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production and marketing of charcoal, like firewood, is regulated by the 

Forest Service through a system of licensing, quotas, and taxation. In 

recent years, production quotas have been set at progressively lower levels 

in an effort to discourae fuelwood use and some enterprises, such as urban 

bakeries, have beea prohibited from burn nq either firewood or charcoal in 

their ovens. Precise data on charcoal consumpt iou in Senegal are not 

available. Nevertheless, according to the Forest Service, product ion sub

stantially exceeds the annual quota which, fur 1979), was set at 81,000 

tons. Some of the unauthorized output is smug(qled across the Seneal River 

into Mauretania and some remains within the reuion of production. There 

are also illegal markets for charcoal operating inDakar and other cities. 

Charcoal processing in Senegal is usually done by traditional methods,
 

in which the wood is slowly burned for about ten days in ;n earthen kiln 

covered with straw and clay.44/ Fight to ten kilos of wood are required to
 

produce one kilo of charcoal with on estimated 1? to 18 percent combhustion 

yield. After cool inq, the charcoal is packed in jute hqs in distrihuted 

to wholesalers. For vorinuts reasons (ircludin(ig iipa% a.hle roads and the 

involvement of charcoal wnriers in agriclltural pursuits) , charcoal sup

plies usually decl ine durinq the rainy season, with the result that urban 

consumers may have to pay higher prices on the illegal market or resort to 

alternative cooking fuels. 

FuelRequirments Suniary and Projections
 

Per capita fuelwood consumption in Senegal and other Sahelian coun

tries has been vriously estimated at from 0.5 to 1.5 cih1c meters per 

year. In its 1978 study of the Sahel ian energy situation, the CII SS/Cl uh 

du Sahel adopted an estimate of 0.6 cubic meters pr capita which, in the 

case of Senegal with a population of ahout 5. million, would amount to a 

44/ Metal kilns were reportedly used by one group of charcoal producers 
Tor a brief period in the early 1970's, but were subsequently abandoned due 
to their high investment costs. 
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total consumption on the order of 3 million cubic meters, or about 2.25 

million tons, of wood per year. While some of this wood is utilized in 

smoking fish, brewing beer, firing bricks, and other artisanal processes, 

by far the largest aniount (perhaps 90 percent) is consumed in cooking food. 

Dally per capita cooking fuel requirements in wood equivalents range from 

under one kilo in rural aedS where firewood is used, to dS much as four 

kilos in Dakar where charcoal is the principal fuel. 

The CILSS/Club du Sahel study goes on to predict a doubling of fuel

wood consumption in Senegal by the year ?000, with two-thirds of the ex

pected growth attributed to urban areas (Fxhibit 4.,9). According to the 

authors of the study, this projected rate of consumption will far exceed 

the regenerative capacity of the country's forest resources with the result 

that serious depletion will take place unless remedial steps are taken. 

Exhibit 4.29
 

Senegal: Projected Growth in Fuelwood Consumption, 1975-2000
 

19 7.5 2000 
Increase 

Sector (Mi3 ) (m3 ) (pe'rcernt) 

Rural 1,900,000 3,000,000 51.9 

Urban 1,000,000 2 ,900 '00) 290.0 

Total 2,900,000 ',900,000 103.4 

Source: CILSS/Club (Ju Sahel, op. cit. 
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Energy-Related Problems and Opportunities
 

There iswidespread agreement on the part of the Government of Senegal
 

and others who have studied the problem that the so-called fuelwood crisis 

is cause for serious concern. Most sources also agree that. there may be 

limited opportiunit ies to promote the use of butane, kerosene, or even solar 

energy as a suhstit ute for fuelwood; however, firewood, charcoal , and to a 

lesser extent other forms of bioma ss will continue to bte the principal 

sources of cookinq fuel in Senegal for the foresneahle futuore. lhw , solu

tions need to be found tSit will reduce fuelwood deriand throu(I) improve

ments in the processes by which wood and other forms ot hiomass are con

verted to useful heat and/or increase fueiwood supply through large-scale 

reforestation programs.
 

Fuelwood Demand
 

There are several areas where traditional fuel conversion methods used 

in Senegal are inefficie-t from an energy perspective. One is the process 

by which wood is carbonized to prodtuce charcoal; energy yields reportedly 

average between 1? and H percent, compared with yields )f 10 percent or 

higher than can be adhieved usinq improved kl1 n des1or. ,nother Is thlw 

method by which firewood is hrned for coon inq food; when t o conl I pot 

is placed direct ly over an open hearth, only threp to ePi ht percent of the 

energy produced ly trP fire in transferred an usrfuil heat. If this combos

tion yield co ld h n1creased to betweenr IN anl "') percent, as has been 

found to be ohbtainble when siml () ve are used. per ca pita demand for 

firewood inSeneqil wo ld he re(lJCur(l by at least one-half. 

There may also he scope for cnmpataile improvenent% in the heat trans

fer efficiency of crop residues that are sooet i mes utillzed in cooking, 

even though some %pecialistscontend that it is b'p t er to return these res

idues to the soil than to burn them up for fuel. However, while this con

tention may hold true for wastes which remain in the field after harvst nr 
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are otherwise rtained on-farm, it may not hold true either in the case of
 

groundnut shells for reasons discussed earlier in this chapter (See Section
 

D) or in the case where wastes are collected and used to make methane gas 
through processes producing high- grade sludge fertilizer as a by-product.
 

Fuelwood Supply 

Fuelwood consumption in Senegal, estimated at three million cubic me

ters per year in the mid-170's, is projected to double by the end of the 
century on the balsis of current patterns of use. Just to supply this in
cremental denmnd of three- milliofn cubic meters innually, between 250,000 
and one million hectares of new forest irea would nee(i to bo planted and 
maintained.45u/ One ill ion hectares i- moro than ten t mer) the amount of 

land devoted to rice cultivation in enoqal, ahot i percent of the amount 

of land planted in jr(tundruts, !,he country' s main (cash crop, and ne arly 700 

times the amount of 1and teachod by Se .11's r,,fore.st at ion pro(irai" in 
197/. These coimpari sons aro Cited to pmlot ui ) the vnorrm ty of the task of 
reforestation, is well as Wrie of the j'rncipal trade-off-; involved. Never

theless, the recomnciation of the CIISs/Coh du ahel study that "every 
Sahel country should view reforestation as its first national priority, 
rankinq as hillh as self-sufticiency in food" argues in favor of a contInu

ing effort to a'dress this problem area. 

45/ The FAO et',mates that one hectare of forest plantation can produce 
Fe-tween 413 andI m3 of fuelwood per year, depending on species, rainfall,
and soil conditions. The Club du Sahel used a range of 3m3 to 6m3 for an
nual yields per hectare of non-irriqated forest on average soil. However, 
neither source make5 allowance for destruction by brush t res or droun'mt 
which In the past have been responsble for significant losses of forest 
reserves In Seneqal. 

http:r,,fore.st
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Chapter Five
 

POTENTIAL AREAS OF CONCENTRATION
 

Identification and Evaluation Procedures
 

At the conclusion of each profile analysis in Chapter Four, problems 
and/or opportunities related to the use of energy were identified and 
briefly discussed. Based on these discussions, ten "areas of concentra
tion," representing potential Focal points for energy-related project de
sign activities, hdve been defined and evaluated in terms of the following
 

criteria: energy impact; development impact; implementahility; and unique
ness of U.S. role. The results of this assessment are summarized inExhi
bit 5.1 which divides the areas into two groups of higher and lower prior
ity in accordance with their criteria ratings. Further information on the
 
evaluation criteria is provided inExhibit 5.2.
 

Recommended Areas of Concentration
 

The five potential areas of concentration receiving high overall rat
ings are examined in some detail below. Each section begins with a presen

tation of pertinent background information about the current situation.
 
This is followed by a summary of related ongoing projects and research 
activities. Some preliminary suggestions for future work in the area are 
then provided, with the understanding that, in each case, further work is 
required to arrive at specific project designs. Each section concludes 

with an explanation of the ratings assigned tiat area of concentration ac
cording to the evaluation criteria. 
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Exhibit 5.1
 

POTENTIAL AREAS OF CONCENTRATION:
 
EVALUATION SURVEY
 

Ratin2/
 

Potential Areas Energy fDevelopment 
Impact Impact 

Implement-
ability 

i U.S. 
Role 

High Priority Areas / 

Fish Preservation H I H M M 

Fuelwood Production H H M M 

Fertilizer Production and Use M H M H 

Water Pumping M H M M 

Cooking Methods and Equipment M M M M 

Lower Priority Areas 

Household-level Grain Storage M H M L 

Aflatoxin Control L M M H 

Groundnut Shell Utilization M M L M 

Small Mechanical Millet Processing L M M M 

Small Mechanical Rice Milling M M M M 

1/ High Priority Areas are those receiving High (H) ratings for energy and/or
 

development impact and no Low (L) ratings.
 

2/ H = High; M -=Moderate; L = Low.
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Exhibit 5.2
 

EVALUATION CRITERIA USED TO ASSESS POTENTIAL AREAS OF CONCENTRATION
 

EVALUATION CRITERIA!'
 

1. Energy Impact
 

a. 	Energy savings through increased efficiency of energy conversion technologies
 
(i.e., more efficient charcoal or wood-burning stoves).
 

b. 	Achievement of a more desirable fuel input mix (i.e., photovoltaics In lieu of
 
diesel fuel for pumping water).
 

C. 	Increases in product output (or reduction in product losses) through the judici
ous usC of additional energy (i.e., increased levels of fertillier use to attain
 
higher levels of energy productivity).
 

2. Development impact
 

a. 	Promotion of long-term economic growth. Implicit In this objective is the recog
nition that rising prices and impending shortages of conventional fuels place a
 
prcmium on the development and use of rencwable (non-conventional) energy sources.
 

b. 	Benefits to target groups, including the rural poor and women.
 

3. Implewentabi ty 

a. Existence of adequate maragement infrastructurc and technological 
neurial skills to support program implementation. 

and entrepre

b. Absence of any strong institutional or social obstacles which coul
pects for absorption of new technologies or practices at the local 

d limit pros
level. 

4. Uniqueness of U.S. Role
 

a. 	Existence within :he U.S. of the appropriate technical knowledge, manpower
 
resources, and relaled capabilities. needed to develop and inplewmnt the program, 
such as access to advanced conversion technologies and transmisstion systems or
 
the requisite organi,itional deve lopment skills. A hiqh score is given only 
where the U.S. has, a demonstiated record of performance superior to that of other 
donor countries or institutions. 

b. 	An identified need for sUpport from development assistance institutions (i.e.. a
 
programi which (an biec,rried out by the private sector is not considered to be a
 

candidate for U.S. suplort).
 

1/ Adapted fiom P. F. Paln-cdo, -t al., "Pliogranmmatic Areas for U.S. Assi,,tance for Energy 
in the DevI lopinq Cotmmtries," BiL 508,0 (December 1978), Bioolkhiven National Lahora

tory, Upton, Ncq Yolk. 
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Fish Preservation
 

Current Situation
 

Fish caught by the artisanal fishing fleet inSenegal's coastal waters 

day -- in late morning and again
are usually landed on the beaches twice a 


storage and refrigerationin late afternoon. Because there are no cold 
the catch whichfacilities in iviost rural fishing villages, 	 that portion of 

is not consumed locally must either be sold 	to traders and transported to
 

or cured and dried for future sale. Saltwaterurban fresh fish markets 
which may begin even before the

fish are subject to rapid decomposition, 

catch has been hrought to shore and proceeds quickly in the case of fish 

are left on the beaches ovcrnight.that 

(which to-Approximately half of the artisanal maritime fishing catch 

talled 130,000 tons in 1976) is turned over on landing to traders for re

sale outside the region of production. Ice is used to preserve the fish
 

However, what local
during transportation over distances of up 	to 200 km. 


unable to produce deep-frozenice-making equipment exists is reportedly 

ice, and ice brought in to the fishing villages from Dakar andblocks of 

other cities is expensive and thus is used sparingly by traders. This, 

fish must often be stored overnight in truckscoupled with the fact the 

upon arrival at their destination, results 	in unnecessdrily high losses,
 

A related problem is that the

roughly estimated t 6,bOO tons per year. 


need to dispose of his catch as quickly as possible puts the fisherman at
 

the trader's mercy for, without a means of retarding spoilage, he is
 

usually willing to accept whatever price he can get.
 

On days when the supply of fresh fish exceeds the demand, the surplus 

is cured by one of several artisanal processes and then sundried in the 

open air. These traditional procedures 	 produce either dried, salted, 

lages in the 1960's and their us(, now relatively wilespread, 

smoked or fermented-dried fish, ,ach of which has a definite place in the 

Senegalese diet. Although fish drying racks were introduced in many vil

is the presenr 

methods of drying are still unhygienic and result in large losses of fish.
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The bulk of these losses result from infestation of the fish by in

sects. Flies lay their eggs either directly on the exposed fish or in a 

nearby wet spot, such as a damp wooden plank or a moist patch of earth. The
 

eggs develop into larvae, which become "dermestes" within 48 hours. These 

then feed on the flesh of the fish. The current drying techniques do not 

produce temperatures high enough to kill the "dermestes" and the losses, 

which depend on the length of time the fish remains in storage, are esti

mated to be on the order of 25 percent of the freshweight of all fish pro

cessed by artisanal methods in Senegal, or 6,400 tons per year. Some of 

these losses are due to the abbreviated shelf life of processed fish, which
 

become too badly decomposed to sell after a period of from three to six 

months and consequently must be discarded.
 

Exposure of the fish to insects (especially flies) and dust permitted 
by traditional drying methods also poses certain health hazards which may 

reduce the eAport potential of dried fish products. Another problem asso

ciated with traditional processing techniques is that the fish are often 

cleaned right on the beach and the offal is left behind to foul the envi

ronment and create breeding grounds for insects. 

In all, the losses attributable to inadequate fish conservation (dry

ing and refrigeration) techniques amount to nearly ten percent of the total
 

artisanal maritime catch, with nutritional energy and rural income losses 

of a comparable magnitude. It is expected that an equally high rate of
 

loss can be applied to Senegal's inland fisheries production, which is gen

erally handled in the same manner as the maritime catch. 

Ongoing Projects and Research Activities
 

Fish drying racks were introduced in many villages in the 1960's and 

their use is now relatively widespread. These racks are designed to pro

vide for better air circulation than the traditional method of spreading 

the fish out on the (round, and also help to reduce contamination of the 
fish by dust and insects. 
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million marketing improvementCanada (CIDA) is helping to fund an $18 

program in an effort to revitalize the artisanal fishing cooperative sys

tem. This program may eventually include 	eight marketing centers, three 
ice
 

plants, a fleet of 30 semi-refrigerated trucks, and 20 cold storage facili

ties.
 

(Institut de Technologie Alimentaire) 	 andCollaboration between ITA 

IPM (Institut Physique M6teoroloqique) 	has produced a solar fish 
dryer
 

a 48-hour period. Glass-covered
which can handle up to 250 kg of fish in 


air. The air then rises intosolar flat plate collectors are used to heat 

the fish are kept on racks and escapesan insulated vertical chamber where 

outlet at the top of the chamber. The temperaturesthrough a regulated 
bacteria and insect eggs and larvae 	within
achieved are high enough to kill 


8 m2 solar panel, although a larger model
three hours. The prototype has a 

been built by IPM. The IPM dryer iswith a 20 m2 solar panel has since 

constructed out of relatively lightweight porous concrete blocks.
 

ITA has conducted other experiments designed to improve fish drying
 

A drying and storage tent, consisting of a metal
and storage procedures. 


or wooden frame covered with polyethelene (one side of which is transparent
 

has been developed which can produce temperatures ofand the other black), 

56°C -- more than adequate to kill any insects or bacteria that have up to 

invaded the fish prior to drying. 	 However, insects and dust can still en

ter the tent from the bottom where 	 the plastic meets the ground and thus 

In another ITA experiment, dried fishreinfest the fish during storage. 

were immersed in a pyrethrum solution (approximately two percent) in an ef

to kill any remaining insect larvae and prevent reinfestation. Howfort 

ever, the Pffects of this practice on the health of dried fish consumers 

have yet to be studied.
 

in the process of obtaining funds 	 for new buildings andITA is now 

which will facilitate its research on fish preservation. Futureequipment 

plans in this area include the development of processes to produce canned 

fish products for the Senegalese market.
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Possibilities for Further Work
 

Possibilities for further work in the area of fish preservation in
clude: (1)continued testing and improvements inexisting versions of the
 
ITA/IPM solar dryer and the ITA drying and storage tent, the latter ori
ented toward the development of a storage chamber capable of sustaining 
sufficiently-high temperatures to prevent reinfestation; (2) development 
and dissemination of improved ice-making and solar-powered cold storage 
technologies to supplement, support, or possibly even replace some of the 
facilities planned in conjunction with the Government's fish marketing im
provement program; (3) continued research on the use of chemicals for the 
preservation of dried fish products; and (4)exploring a possible potential 
for using fish wastes (which now foul the beaches and provide breeding 
grounds for insects) for hiogas conversion. This could generate electri
city to light the processing areas after dark, thereby permitting the pro

cessors to handle more fish before decomposition sets in. 

Rating
 

Energy Impact - High. In light of the fact that 80 percent of 
Senegal's artisanal fishing fleet has been motorized, and since motorized 
fishing accounts for the great majority of all commercial fuels used within 
the food system, the enerqy impact of any program in this area would be 
high. If 1osse' , which now amount to an esti mated ten percent of the total 

artisanal catch, could he virtually elimin(ited through the introduction of 
better drying and rofrigerat ion methods, the net product output: fuel energy 

input ratio for this apect of the food system would he considerably im

proved.
 

Devel oum, nt Imjact - Hiqgh. The development impact of measures 
designed to improve artisanal fish preservation methods would also be high. 
Fish Is the most important source of animal protein in the Senegalese diet, 
and most fish consumed in Senegal are cu(qht by the art isanwl fleet. This 
segment of the fishing industry employs 30 ,000 to 40,000 indlviduals on a 
full or part-time basis, and also generates work for many rural villagers 
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including large 	numbers of women who are engaged inprocessing and mar-


Any reduction in losses brought about by improvements in
keting the catch. 


preservation methods would redound to the benefit of these people who de

rive income directly or indirectly from fishing, as well as to the economy
 

as a whole.
 

Implementability - Moderate. Implementation prospects will 

greatly depend upon the receptivity to innovation of the powerful commer-

There is also somecial interests that control Senegal's fishing sector. 


ability of prevailing pricing structures to accommouncertainty about the 
of commercialdate any increase inprocessing costs associated with the use 


equipment and materials. For these reasons, tho implementability of pro

grams inthis area is rated as moderate.
 

U.S. 	 Role - Moderate. A moderate rating is given with respect 

while the United States has the requisite techto this criterion because, 


nological capabilities, it has limited experience in working with small
 

entrepreneurs and cooperatives inSenegal's fishing sector.
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Fuelwood Production
 

Current Situation
 

Over the years, Senegal's forest resources have been seriously de

pleted due to the combined effects of uncontrolled cutting, brush and for

est fires, overgrazing, neglect, and prolonged periods of drought. The 

1968-73 drought took an especially heavy toll in the northern part of the 

country, where it virtually destroyed the regenerative capacity of the re

maining forest areas. Unfortunately, while the phenomenon of deforestation 

has been observed in Senegal and throughout the West African Sahel, the 

relative importance of the various factors which contribute to this phenom

enon are not well understood. 

Firewood and charcoal remain the principal sources of energy for cook

ing food inSenegal, despite Government efforts to discourage the use of
 

both these fuels. Annual commercial production quotas, which are set by 

the Forest Service (under the Direction des Eaux et Forets), are being pro

gressively reduced and formerly important industrial consumers, such as 
bakeries inlarge towns, are now prohibited from using fuelwood in their
 

ovens. In an attempt to shift urban household demand from charcoal to bu

tane, a five-year "Butanization Program" was launched in 1974 which en
titled purchasers of butane burners and gas bottles to tax exonerations and
 

subsidies. The results have been disappointing, however, and the program
 

was not expected to be renewed after 1979.
 

No data are available on actual fuelwood consumption levels in Sene
gal, although an estimate of 0.6 cubic meters per person per year has been 
used by the Club du Sahel and other sources. While the marketing of char

coal and firewood in urban areas is at least partially monitored by the 
Government, there is little if any control on the cutting of trees for fuel
 

by rural households. There is some illegal woodcutting in the forest pre

serves, even though villagers are permitted to gather whatever deadwood 

they can find. It is also common practice for villagers to bend down the 
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branches of small trees and scrub for livestock to graze on; once stripped
 

of leaves, the branches die and are cut for firewood.
 

The official production estimate for charcoal in 1978 was about 84,000
 

tons, against a 81,000-ton quota. The Fleuve, Casamance, and Senegal Ori

ental are the principal production regions. Charcoal producers must be li

censed by the Government and pay a tax of about $0.65 (150 Francs CFA) on
 

every 100 kg they market. Inthe Casamance, charcoal is made by the Peul
 

(Fula) from Guinea, who work on an extended family basis. Some 25 produc

ers cooperatives have been established, but the progress of the cooperative
 

movement has been slowed by difficulties involved in obtaining financing
 

needed for expansion.
 

Traditional wood carbonization techniques involve the use of a simple
 

earthen kiln of up to 20 meters in diameter. Earth isshaped into a slight
 

mound before the wood is piled up, so that the tar can run off the sides.
 

The wood is then covered with straw and clay, and openings are made at the
 

top and base of the kiln to permit some air circulation. While most of the
 

wood gets carbonized, some is only partially burned and requires refiring.
 

The efficiency of this conversion process has been estimated at between 12
 

and 18 percent.
 

Ongoing Projects and Research Activities
 

Various programs are underway in Senegal to protect and enhance the
 

country's remaining forest resources. FAC and the World Bank are financing
 

reforestation and forest management projects involving a total of 48,000 ha
 

inSine Saloum in an effort to replenish wood reserves in that region and
 

allow for their judicious exploitation. AID is engaged in a greenbelt

fuelwood production project on the outskirts of Thies. Other forestry
 

projects being sponsored by development assistance agencies and carried out
 

by the Direction des Faux et Forts inc'ude a German-funded effort to plant
 

trees for livestock browsing inthe sylvo-pastoral zone, FAC experiments in
 

irrigated tree production inthe Senegal River Valley, and a CIDA-financed
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project to replenish stocks of gum trees killed by the 
 most recent drought 
in northern Senegal. Canada, the World Bank, and the World Food Programme 
(WFP) are also supporting projects in forest fire control. In the past, 
the effectiveness of fire control activities has been limited by a lack of 
recurrent financing for maintenance and spare parts, with the result that 
50 percent of the equipment is currently out of service. The WFP is seek
ing to address this problem by organizing and equipping local fire fighting 
teams (Comites pour la lutte contre les feus de brousse) so that they will 
be ready to go to work on short notice.
 

The need to improve the efficiency of charcoal production techniques
 
has also been recognized by the Government of Senegal and foreign donors. 
The FAO and UNDP have underwritten a project in the Ca'amance which in
volves experimentation with improved methods of making charcoal. A Peace 
Corps Volunteer assigned to the project has developed and tested a modified
 
version of the traditional earthen kiln incorporating a portable metal 
stdck placed near the center of the kiln. 
 The use of the chimney report
edly improves combustion yields to 25 percent and also permits more even 
firing of the wood. The stack is made from three oil drums and is welded 
onto a large flat box on the bottom for" better air intake. Itcan be weld
ed together by a local mechanic at a cost of $75 or less, making it better 
suited to small-scale family charcoal-making operations that the more ex
pensive ($1,000 plus) models made from steel 
containers that the Government
 
tried, unsuccessfully, to introduce in the early 1970's.
 

The Forest Service hopes to train charcoal producers in the use of 
this modified earthen kiln at centers which would be 
set up in the Casa
mance, Fleuve, and Sine-Saloum. A reorganization of the charcoal industry 
(both manufacture and distribution) is also planned as a means of gaining 
better regulatory control over the use of Senegal's forest resources. Ex
pansion of the cooperative movement is seen as 
one way to gaining such con
trol.
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Possibilities for Further Work
 

Possibilities for further work in the area of wood 
and charcoal pro

of low-cost, improved wood 
duction include: (1) refinement and promotion 

combustion efficienparticularly those offeringcarbonization techniques, 

of 25 percent; (2) implementation of plans to reorganize the
 
cies in excess 


charcoal industry; and (3)extension of reforestation and forest 
management
 

forestrynot reached by ongoing
efforts to regions of the country being 

regard, the enormity of the deforestation problem 
projects. In this last 

suggests that massive inputs of money and manpower will be required to save 

and enhance Senegal's forest resources for 
future generations. 

Rating
 

Wood is the principal source of fuel en-

Energy Impact - High. 

areas where it accounts for up to 90 ergy in Senegal, particularly in rural 


pace of wood consump
use. The steadily increasingpercent of total fuel 


due to drought, overgrazing, brush fires, and 
tion, combined with damage 


resources unless remedial
 
neglect, threaten an irreversible loss of forest 

Such measures would not only alleviate the pressure on
 
are taken.
measures 


Senegal to rely more heavily on imported fuels, but would also aid in the 

in turn, is an important contributing
prevention of soil erosion which, 

factor to the process of desertification throughout Sahelian West 
Africa.
 

imporSenegal's forests represent an 
-Development 	 Impact High. 

retaken to conserve or enhance this 


tant renewable resource, and measures 


outlook for 	 long-term economic growth,
source would 	 qreatly improve the 

in the rural sector. Benefits would also accrue to the poor
particularly 

where fuelwood costs already account for a signif
majority in urban areas, 

areas, where women and 
icant proportion of household budget, and in rural 

spend time searching for firewood which might 
otherwise
 

children often must 


be spent in more productive pursuits.
 

are inherentCertain difficultiesModerate.
Implementability 
between perceived individualto the divergencein any forestry project due 
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interests and the common good; nevertheless, the experience of the World 
Bank and other development assistance agencies has shown that local popula

tions can be motivated to protect their trees. Also inSenegal's favor is
 
the fact that a national policy comnitment has been made to forest resource
 

conservation, and a number of programs have already been .stahlished in 
this area with some degree of success.
 

U.S. Role - Moderate. The U.S. has extensive experience in the
 
development and management of forest resources and is in a position to mo
bilize the skills and support needed for massive undertakings in this area.
 

There is little experience, however, in dealing with the many small pro
ducers that characterize Senegal's charcoal-making operations, or in the
 
design and implementation of forestry projects acceptable to rural villag
ers and small farmers in developing countries.
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Fertilizer Production awd Use
 

Current Situation
 

used inAbout 115,000 tons of commercial fertilizer materials were 

placing Senegal first among theSenegal during the 1976/77 crop year, 

in terms of total fertilizer consumption, andcountries of West Africa 


second only to Liberia in terms of consumption per hectare of arable land.
 

A more than sevenfold growth in fertilizer demand since 1962 reflects the
 

success of Government efforts to encourage usage of this input in the face
 

of an increasing tendency toward monoculture and a decline in the practice 

soil fertility.of fallow and other traditional techniques of maintaining 

The growth curve has been irregular, however, and even in the best of years 

are used by only a minority of Senegal's farmers. As withfertilizers 
in fertilizers deother purchased inputs, the farmer's decision to invest 


pends on a combination of factors, including crop market conditions, credit
 

pricing policies, and especially the weather.availability, Government 
the drought years (1968-73),Fertilizer consumption dropped sharply during 

average annual rate of 20 percent.
but has since been rising at an 


of Senegal hopes to increase consumption to 285,000The Government 

tons by 1981. An independent study by the International Fertilizer Devel

of demand will be attained no later
 opment Center predicts that this level 


than 1985 provided that weather conditions and fertilizer:crop price rela

to the The for energyfarmer. demand highlytionships remain favorable 

intensive urea and nitrogen fertilizers, both of which are imported from 

comabroad, is expected to jrow by about ten percent per year up to 1985, 

annual rate of growth of about seven percent anticipated forpared with an 

other fertilizer nutrients.
 

bulk (around 80 per-Groundnut and millet producers account for the 

cent) of commercial fertilizer consumption. It is estimated that between 

25 and 30 percent of the groundnut area, and between 15 and 20 percent of
 

the area planted in millet (and sorghum), are fertilized annually in Sene
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gal. The most popular fertilizer compounds are 8-18-27 (used mainly on 
groundnuts) and 14-7-7 (the principal millet fertilizer). Other commonly 

used fertilizers include 10-21-21 and urea (45-0-0), along with limited 
amounts of phosphate rock (which is plowed into the soil on a quadrennial
 

basis on some development project lands in the Groundnut Basin). Compound
 

fertilizers are mixed in Senegal at the SIES plant at Rufisque from im

ported potassium chloride, ammonia, and sulfur and domestic tricalcium and
 

aluminum phosphates. There are plans to expand the production capacity of
 

this plant, which now totals 120,000 tons a year.
 

To encourage farmers to apply fertilizers to their fields at the 

recommended application rates, prices are heavily subsidized by the Govern

ment. Subsidies paid from the Price Stabilization Fund have amounted in 
some years to as much as 75 percent of the ex-factory price. As energy 

costs increase, this subsidy burden can be expected to increase commensur

ately barring any rise in farm-gate prices for harvested crops, which are 

also set by the Government.
 

Prices are uniform throughout the country and take no account of dif

ferences in nutrient content or distribution costs. Yet, there are impor

tant differences in both the consistency and the cost/benefit ratio of fer

tilizer applications in various parts of Senegal. In the southern regions,
 

where rainfall is heavier and more chemically concentrated fertilizers are
 

recommended, the profitability of their use tends to be quite high. Yield
 

response declines, however, in the drier areas of central and northern Sen

egal and, in cases of extremely low rainfall, expenditures on fertilizer 
may be unprofitable.
 

Fertilizers are supplied as credit in kind by ONCAD to the coopera
tives, except in the Fleuve Region where SAED buys and distributes these 
inputs directly to producers. Access to fertilizer and other types of com

mercial inputs is for the most part restricted to heads of households who 
belong to cooperatives. Women and other family members who may be allo
cated plots of land for cultivation purposes must generally rely on more 
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maintaining soil productivity or else
traditional methods of restoring and 

accept significantly lower product yields.
 

fertility used in Sene-

Other methods of maintaining or restoring soil 


on harvested

include rotation, fallow, and the grazing of livestock
gal 


The rotation of grain with groundnuts is practiced by many 
farmers
 

fields. 
from SODEVA. The practice ofin the Groundnut Basin with encouragement 

fallow, on the other hand, has gradually been abandoned in the more densely
 

a constraint. With respect to
 
populated parts of the Basin where land is 


practice is widely recognized
the use of animal manure, the value of this 

by the Serer who predominate in the southern part of the Groundnut Basin, 

but it is difficult to execute in other agricultural zones where livestock-


Also, since most farmers do
 raising is not an important economic activity. 


not plow their land prior to planting, the nutrients in the manure are of

ten not very well mixed into the soil. 

not widely prac-
As far as is known, composting and green manuring are 

ticed in Senegal. There is, however, some intercropping of cereals with 

nitrogen-fixing legumes, including cowpeas.
 

Ongoing Projects and Research Activities
 

SODEVA is promoting the integration of crop with livestock production
 

is expected to be an increase
in the Groundnut Basin, one benefit of which 

in manuare supply and accessihility. The application of unprocessed rock 

to the soil is also a feature of SODEVA's more intensive
phosphate directly 

relatively heavy dosages of
production packages, which typically include 

Research results at. CNRA-Bamhey have shown
compound fertilizers as well. 

by the
that some types of indigenous rock phosphates are poorly absorbed 

soil under Senegalese conditions, and efforts are underway to improve the 

of other chemicals (as catalysts) or
absorption rate through the addition 


through symbiotic fixation with micro-organisms.
 

Fertilizer trials and extension demonstrations are conducted frequent

the farm

ly at CNRA-Bambey and other reseach stations, but only rarely at 
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level. Ongoing CNRA research on alternative means of maintaining soil fer

tility involves experiments with various crop rotation systems; the intro
duction of nitrogen-fixing soya beans (which are also high in protein con
tent); and the use of green manure as a substitute for potassium (K) fer
tilizers. In this last regard, it is felt that plant residues, such as 
millet stalks, can return adequate amounts of potassium to the soil if they 

are cut down close to the ground at harvesting time (to stop plant transpi

ration which dries out the soil), left in the fields to dry, and then
 

worked into the soil.
 

Two biogas plants have been tested at the village level by CNRA and 
CARITAS, one employing plant residues, the other human and animal wastes.
 
Both produce a liquid fertilizer by-product for spreading on millet and
 

groundnut fields. Neither test was considered a success, however, in the 
first case due to mecharnical failure, and in the second to the reluctance 

of the villagers to haul animal dung from the fields to the plant and then 
bring the sludge back to the fields. 

Possibilities for Further Work
 

Possibilities for further work in the area of fertilizer production 
and use include: (1)continuing research on nitrogen f'xation through non

chemical means; (2) continuing research on ways to improve the capacity of 
the soils to absorb phosphate rock; (3) promotion of green manuring and 
composting practices, especially among women who generally (1o not have ac
cess to comiTnercial fertilizer inputs; (4) research on socioeconomic bar
riers to the adoption of various soil fertility improvement measuires; (5) 
identification of opportunities for i;;odifyino the grades of chemical fer
tilizers used in Senegal in favor of nultrients that are less costly from 
both an energy and economic pprspectiw,; and (6) investinaf ion nf more ef
ficient, less energy intensive fertilizer manufactiri q and (istribution 
and ipplication methods. lhere is also a need for the research results to 
be testedtunder actual field conditions and ultimately integrated into ex
tension programs for the farmers. Here it should be noted that the Inter
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Center has already proposed a project for 
national Fertilizer Development 

crops to fertilizerswhich would study responses of foodfunding by USAID 

and climatic conditions at the farm level.
 under various soil 


Rating
 

a minority of Senegal's
Energy Impact - Moderate. Although only 

farmers currently employ connercial fertilizer, a significant expansion in 

of this input is implicit in the Government's short- and long-term

the use 


Chemical
objectives for the agricultural setor. fertilizers (especially
 

taken
 
nitrogen fertilizers) are highly energy-intensive, and any measures 


or
produced and used, to re
to improve the efficiency with which they are 


re
place them with alternative means of maintaining soil fertility, could 


trade-offs between
 
sult in substantial energy savings. However, there 	are 


possible that only minor 
energy savings and productivity gains, and it is 

fertilizers, especial
increases in yields can be achieved without chemical 


ly when used in conjunction with improved seed varieties and other elements
 

of modern production technology.
 

As mentioned, the Government of Sene-Development Impact High. 


and in particular those 	 oriented
gal's plans for the agricultural sector, 

closely
those the goal of achieving self-sufficiency in food grains, are 

rising fossil fuel prices will lean 
tied to increased fertilizer use. Yet 

which musr either be
fertilizer production and distribution costs,higher 

the expense of other development
absorbed by the Government (possibly at 

farmers in which case adJustments in aqricull
programs) or passed on to the 

levels of 
tural pricing policies would he required to sustain 	even current 

to moderate these ef-Any measures tha,. could 	 be takenfertilizer use. 

fects, while at the sime time ercouraging a greater proportion of Senegal

feitility maintenance practices essential for 
ese farmers to adopt the 	 soil 


wnoi have a high development impact.
obtaining higher yields, 

a rule, soil fertility improve-
Implementability - Moderate. As 

ment measures (without accompanying mechanization) demand a greater labor 
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input on the part of the farmer and often a cash expenditure as well. In 

areas where labor is the critical constraint on agricultural output, or 

where market conditions provide little incentive for surplus production, 

farmers may be reluctant to make the required investment no matter what the 

expected returns. Nevertheless, the Government of Senegal has achieved not

able success in promoting the use of commercial inputs and new production 

technologies, especially among cash crop farmers in the Groundnut Basin, 

and there is reason to believe that producers will continue to be receptive 

to measures that show promise of improvi-;q yields, subject to the above

mentioned constraints. 

U.S. Role - High. The United States is a world leader in revolu

tionizing agricultural production technologies, and has much to contribute 

to the area of applied research on soil and plant nutrition, fertilizer
 

production and use, and alternative soil fertility restoration methods.
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Water Pumping
 

Current Situation
 

An integral feature of the Government of Senegal's strategy for
 

achieving self-sufficiency in food grains is management of the country's 

water resources in a manner that will permit irrigated cultivation on what
 

once marginally productive land. Yet most irrigation projects, whether
was 


existing or planned, depend on pumping systems to ensure reliable supplies 

of water to rice and other crops. The cost of operating these pumps, which
 

are powered with diesel fuel or gasoline, can be expected to rise with any 

the of For this reason, theincrease in price imported fossil fuels. 


Government has placed high priority on developing alternative technologies
 

for pumping wdter based on locally-available energy sources.
 

In the mid-1970's, approximately one-sixth of Senegal's rice land, 

accuunting for about one-third of the country's total rice production, was 

being supplied with water by means of pump irrigation systems. Nearly all 

of this land was located in the Senegal River Valley, where it is estimated 

that as as many as 300,000 hectares are potentially sjitoble for irrigated 

cultivation. The Government's lon(g-ranqe plans for jrrcultural develop

ment throughout the Valley rest. on construction of two dams -- one in the 

River Delta and the other in Mali -- that will requlate the River's flow 

and prevent the intrusion of saline waters upstream from St. Louis. 

Salt water intrusion is also a serious impediment to expansion of rice 

which would enproduction in the Casamance River drainage basin, otherwise 

joy a comparative advantagle over the Senegal River region for reasons which 

include more abindant rainfall, a better soil base, id a long tradition of 

rice culture. Some land has already been reclaimed by huilding small con

mancrete barrages to arrtst the flow of salt water and much larqer water 

agement projects are on the drawlng board. The possibility of pumpinq1 

fresh water from underground aquifers is also under study. 
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It is estimated that more than two million liters of refined petroleum 
products (mainly gas-oil and diesel fuel) are used to pump irrigation water 
in the River Valley in a typical year. In most cases, only a single crop 
is produced under irrigated conditions, although it is anticipated that a 
second crop can be grown during the dry season once the dam in the Delta 
has been completed to provide salinity control. Receipts from sale of this 
second irrigated crop should help to cover some of the fixed costs of oper
ating the pumping system. Fuel requirements, on the other hand, can be ex
pected to increase in amounts commensarate with the growth in demand for
 

irrigation water.
 

Diesel pumps are also used in Senegal to draw water for household uses
 
and for livestock, although they are the exception rather than the rule. 
Much of rural Senegal relies on underground aquifers for least ofat some 
its water supplies and, in most cases, the arduous task of drawing water 
from wells is performed manually by women. 

The 1968-73 drouqht lowered the water table in Senegal, drying up 
wells dependent on shallow unconfined aquifers, and also caused a decline 
in the rate of water flow inmany streams. As a result, finding water dur
ing the dry season has tecoe a [r)i()hl em of crisis proIportions in some areas 
of the country, espejcially in the north where rainfall ,s low and erratic 
even in the NO',1 of years. The (Govrne tn is now work ing to improve rural 
water sipplie h digin do(lhoper wells ,nd(1 inqi to (epths of(ri l horehol es 
ti' to 11) met ,rs in order t() reach the confirmed agquifer that extends over 
most of Senegal. Artesian pr(esr can hring the water up to within about 

15 met ers omf ground level, but frotm there it no st te lifted hy miechanical 

imeans, 

Ongoing Projects and Research Activities
 

Small-capacity solar pumps, both thermal and photovoltaic, have been 
used in Senegal on an experimental basis for a number of years and may soon 
he ready for manufacture and distribution on a commercial scale. In 1966, 
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researchers at IPM began work on a 1 KW thermal system, with a 88 m2 col

lector surface and an hourly pumping capacity of 5-6 m3 from a depth of 25
 

years replicas system fabricated andmeters. Several later, of this were 

they continue to operate toinstalled by SOFRETES in five villages, where 

this day. Another I KW prototype, consisting of /I0 m? collectors using 

single glass panes and "role bound" plates, and employing Freon rather than 

butane as a working fluid, was developed by IPM in 1975 at a cost of about 

$40,000 (8-10 million Francs CFA). This improved version, which has a 8-10 

m3 pumping capacity, has since been manufactured by SOFRETES and installed 

by SINAES in four rural villages in the regions of Thies and Fletive.
 

of installing and
Most recently, AID and the FAC are sharing the costs 

testing a much larger 30 kw solar-thermal pumping system for use in con

junction with an AID-financed Irriqated Perimeters Project at Bakel in the 

Senegal River Vallpy. The system employs a Rankine-cycle heat engine to 

covert thermal energy irto mechanical energy. In addition to driving a 

and the two pullips used by the collector loop, the en ginp'sFreon feed pump 

turbine shaft powers a smaill electrical generator and the maino river water 

pump. Power for the !.art-up process is provided by an au,iliary electric 

motor. The system, built by SOFRI[TES and 1hermo-L1ectron (WI.S.) with sup

port froili SINALS , was uoiposed to have been in operation by ,n of 1919, 

but it is understod that construction hajs been delayed due to technica1 

probl ems. When co:npl etei, i t wi 11 be capab Ie of suppl yinq ,4(10 c ub i c me

ters of water i day to a 0-hectare areai. lhe project also makes provi

sions for monitoring and evaluation of the pump on technical , social, in

stitutional, and economic grounds. 

Another FAC-supported project involves comparing the performance of a 

10 kw solar-pump with a diesel-powered fdCility ;n p,')viding water for ir

rigation of forage crops and livestock in the sylvo-pastoral zone. As of
 

late 1978, the equipment was awaiting final field testing prior to install

ation.
 

There are at least four Guinard photovoltaic pumps operating in Sene

gal, one on the grounds of CNRA at Bambey, the other three in villages In 
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Diourbel (Babeck and Toki) and Fleuve (Aere-Lao). The FAC-financed Bambey 

pump has a rated power of 800 watts and uses RTC (French) solar cells. The 

current from the cells drives a DC motor. The water is drawn from a 145

meter borehole and rises through artesian pressure to a point about 13 me

ters from the surface, from where it can be pumped into a 20 m3 storage 

tank. Studies have found the pumping rate to be proportional to the inten

sity of solar radiation, provided the panels are kept properly dusted. The 

amount of insoldtion is fairly steady throughout the year, except toward 

the end of the dry season (March-June) when sand storms reduce the penetra

tion of solar rays. This poses a problem because it is during these months 

that the annual peak water demand for livestock occurs. It has been sug

gested that a biogas operation could use the animal dung that accumulates 

near the well to provide supplementary energy for pumping. However, this 

solution appears at first glance to be too expensive in terms of investment
 

costs, requiring virtually two separate pumping systems at the same loca

tion.
 

The similar but slightly more powerful (1,300 peak watts) photovoltaic 

system at Baback utilizes SOLAREX (U.S.A.) panels and produces 80 m3 of wa

ter per day. The panels went dark about a year after the system was in

sta!',:d and had to be replaced. The pump now appears to be working well 

and supplies water for some 7,000 people living in and around the village. 

The water is allocated by the village chairman, and is used mainly for 

household purposes. Plans to irrigate a one ha vegetable garden with water
 

pumped from the tube well have not materialized due to the unexpectedly 
strong demand on the part of families wishing to satisfy their domestic 

water needs. The Raback pump and the 900 peak watt systems at Toki and 

Acre-Lao, were all privately financed and cost between $35,000 and $50,000 

each to install.
 

Faculty members at the University of Dakar's Department of Physics 

(whose chairman also serves as the director of IPM) have developed another 

photovoltaic pumping system which, unlike the Guinard models, utilizes 

batteries for storage. The pump, which was installed on the roof of the 
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Physics building in 1976 at a cost of about $10,000, is driven by a DC mo

tor powered by French-made solar cells having a combined average output of
 

350 watts DC. Thus far, maintenance has been limited to periodic dusting
 

of the panels and preservation of the water level in the batteries and no 

lubrication or replacement of parts has been required.
 

Conditions suitable for the use of wind-powered technologies for pump

ing water and other purposes are found in the Atlantic coastal zone between
 

Dakar and Saint Louis. Several windmill designs have been tested, includ

ing a horizontal-axis model constructed from local materials at the Hydrau

lics Laboratory of the University of Dakar, and a Savoniiis vertical- axis 

system built on the grounds of IUT and subsequently installed by SINAES in
 

the village of Diagle (Fleuve), where it is operating in conjunction with a
 

solar collector. In early 1978, SINAES installed a larger Aerowatt model, 

with an hourly pumping capacity of 15-20 cubic meters, at l'Ouli (louga). 

The Ecole Polytechnique de Thies has also conducted village-level windmill 

tests, using Canadian funds and Australian and German-made equipment. Thus
 

far, nearly all of these experiments have been frustrated by low wind velo

cities and frequent breakdowns, the former attributable to poor choice of 

location and the latter to a lack of spare parts and inadequate routine 

maintenance on the part of local villagers.
 

Possibilities for Further Work
 

Possibilities for further work in this area exist with respect to all 

three types of solar water pumping technology (solar-thermal, photovoltaic,
 

and wind). Principal opportunities include: (1) financial support (subsi

dies and/or assistance with on-site development costs) of proposed efforts 

to build and distribute low-capacity photovoltaic and solar-thermal systems
 

on a commercial scdle; (2) continued testing and refinement of large-capa

city solar plants similar to that designed for Bakel; and (3) further work 

on the application of existing windmill technologies and equipment mdin

tenance procedures to conditions prevail ing in selected coastal areas. 

There will also be an on-going need for local researchers to accommodate 
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changes in the state of the art of solar technology, if and as these
 

changes occur and are appropriate in the Senegalese context.
 

Rating
 

Energy Impact - Moderate. Significant savings of imported fossil
 

fuel energy can be achieved if renewable sources are used in place of die

sel fuel. However, the amount of energy embodied in pump construction will
 

also be significant, especially if solar-powered systems are to be made 
available in the quantities needed for domestic, livestock, and irrigation
 

use in rural S,,rigdl. While these energy technology requirements could be 
met from renewable sources, they are more likely to be supplied by fossil 
fuels, thereby mitigating the potential energy impact of improvements in 

this area.
 

Development Impact - High. Senegal has little hope of achieving 
its long-run development goal. for the rural sector unless more adequate 
and reliable supplies of water can be made available for household pur
poses, livestock, and irrigation. In many parts of the country, the only 
way to assure such supplies is to tap the underground water table. For 
this reason, and also because of anticipated increases in the cost of fos
sil fuels required by conventional pumping technologies, the Government of 
Senegal has placed a high priority on the development of dompstic resource 

applications for pumping water in rural areas.
 

Implementability - Moderate. At the present time, solar-thermal
 

and photovoltaic pumping systems carry relatively high investment costs and
 

are not competitive with diesel-powered systems on a straight cost compari

son basis, in spite of the fact that they require little maintenance and 

have many non-economic advantages. Unless and until these costs can be re

duced, measures to promote the use of solar technology for water pumping 

are likely to require significant inputs of foreign aid along with contin

ued support from Senegal's public sector in the form of subsidies, grants, 

and other financial incentives.
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U.S. Role - Moderate. Although the U.S. has been a leader in 

the development of solar energy technologies, it has less experience with 

small-capacity applications than, for example, the French. It is,on the 

good position to mobilize the large amounts of investmentother hand, ina 


capital required.
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Cooking Methods and Equipment
 

Current Situation
 

The vast majority of Senegalese households use either charcoal or 
firewood for cooking. Charcoal is a preferred fuel in urban areas, even 
among many families who can afford to cook with electricity or gas, because 
it gives a distinctive taste to the food and because certain beneficial 
ma
gical properties are associated with its use for cooking. 
 In rural areas,
 
where few households have to commercial forms,access energy firewood is 
the traditional cooking fuel although plant and animal residues may be 
burned when wood is unavailable. 

Stoves are rarely if 
ever used for cooking over firewood; instead, the
 
wood is placed directly under a cooking pot supported by three stones. 
Since there is no device to concentrate the heat generated by the fire, the
 
energy conversion efficiency of this system is extremely low, ranging in 
most cases between three and eight percent. Also wasteful of energy are
 
the small tin stoves (fourneaux malgaches) almost universally used for
 
cooking with charcoal, which not only lack insulation but also are without 
any mechanism for regulating the draft opening on one side of the stove. 

Ongoing Projects and Research Activities
 

As far as is known, there are no ongoing projects in Senegal con
cerned with improvements in the efficiency with which firewood is used. 
However, IPM has expressed interest in developing an improved version of 
the locally-made charcoal 
stove and has discussed with AID the possibility
 

of obtaining technical assistance from U.S. sources.
 

Two pilot bioqas operations installed in villages by CARITAS (Catholic
 
Relief Services) and CNRA were to have produced methane gas for household 
lighting and cookinq, but have experienced problems due to equipment break
downs as well as a reluctance on the part of the villagers to collect and 
transport the agricultural wastes needed to supply the gas-plants.
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A feasibility study was completed by Brace Research Institute for the
 

United Nations Environmental Programme (UNEP) in 1976 of a Rural Village 

Energy Demonstration Center where different types of renewable energy tech-


Among the technolonologies would be adapted and tested for village use. 


gies proposed were solar cookers and pyrolytic conversion of groundnut 

shells to produce char for use as cooking fuel (along with oil and gases 

for industrial purposes). Two sites have been identified for testing the 

Center concept, but to date no equipment has actually been installed and it 

is understood the project is still under review by UNEP and the Government 

of Senegal.
 

A prototype for a parobolic solar cooker has been constructed by IPM,
 

and IPM researchers have reportedly been seeking information on heat stor

age technologies for use in conjunction with solar cooking equipment.
 

Village-level energy experiments involving solar cookers have been col

ducted on a limited basis by the Government's Department of Human Resources
 

(Promotion Humaine), although little is known regarding the results of 

these tests.
 

Finally, interest has been expressed by the DGRST and others in a pro

cess whereby groundnuts shells can be compacted into briquettes for use in
 

The process would utilize surplus shells now being
place of charcoal. 


dumped by the oil mills and private shelling plants and/or shells retained 

on-farm and bind them with d locally-produced binding material.
 

Possibilities for Further Work
 

There may be opportunities to reduce per capita demand for fuelwood, 

both through improvements in the efficiency with which wood and charcoal 

are converted to useful heat, and through substitution of alternative fuel
 

sources. Principal areas of interest include: (1)modification of the in

digenous charcoal stove, possibly by lining it with a mantle of clay to 

provide better heat insulation or by incorporating a mechanism to regulate 

air inflow; (2) design and promotion of wood-burning cooking stoves adapted
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for local use; and (3) continuing efforts to explore the feasibility of 

utilizing biogas or products made from crop residues (especially groundnut
 

shells) as a substitute for wood-based cooking fuels.
 

Rating
 

Energy Impact - High. In light of the fact that wood-based fuels 

(charcoal and firewood) account for more than half of all fuel energy con
sumed in Senegal, any improvement in the efficiency with which these scarce
 

resources are used would have a significant energy impact.
 

Development Impact - Moderate. While a small impro,,e!nent iTn the
 

efficiency of cooking equipment would not have any major impact on the 

overall economy, it could benefit rural and urban households, whose Members
 

would be required to gather and/ or purchase smaller quantities of fuel to
 

supply their daily needs.
 

Implementability - Moderate. Cooking wethods reflect centuries 

of tradition and experience and are often difficult to change. Resistance 

may also be encountered whenever families are asked to abandon a system in

volving virtually no cash outlay in favor of one requiring an investment in 

commercial equipment, however nominal the cost. Nevertheless, sufficient
 

incentive for Senegalese households to adopt enerqy-saving cooking technol

ogies may be provided if, as is expected, charcoal prices continue to rise
 

and firewood supplies become increasingly scarce in the countryside.
 

U.S. Role - Moderate. Although the U.S. undoubtedly has the req

uisite technical capabilities, it may be less experienced than some other
 

countries in dealing with the sociocultural obstacles surrounding any ef

fort to change behaviorial habits and patterns at the household level in 

the Third World.
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The remaining five potential areas of concentration would have lower 
priority for identifying assistance projects or research activities, and 
thus are treated in less detail than the five areas considered above. The 

principal purpose of the discussion which follows is to summarize the ra
tionale for each of the ratings assigned inExhibit 5.1. 
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Household-Level Grain Storage
 

Energy impact - Moderate. The expenditure of energy required to im

prove household-level grain storage facilities must be weighed against the
 

resulting savings of energy embedded in the grain that would otherwise be 
lost due to fire, mildew, and predation. In most cases, and especially 

when human energy is included in the calculations, a net benefit in enerqy 
terms can be expected from improvements in this area, even though some ad
ditional commercial energy inputs may be involved.
 

Development Impact - High. Losses of grain stored in the traditional 

manner in Senegal are estimated at 15 percent of the harvested crop which, 

in the case of millet, sorghum, and rice, would amount to a combined total 
of 80,000 tons in a typical year. This total assumes added significance in
 

light of Senegal's food gr,,in deficit, which averages 350,000 to 4no,ono 

tons annually, and the serious calorie shortfalls that occur in many rural 
areas duringJ the rainy season when grainE stores are depleted. Thus, any 
reduction in (Irain losses that can he achieved throuqh improvements in 
storage conditions would have important econowic and nitritional benefits 

for rural poor target groups and for the country as a whole. 

Iriplementahility - Moderate. Traditional grain storage systems embody 

the knowledge and experience of generations of farmers who have sought to 
control insects, rodents, fungi, and other pests employing only locally
available materials. In Senegal, a ntmber of indiqenouis control measures 

have heen devi,;(d, such as the use of cylindrical saled storage baskets 

plastered with a mixture of mud and cow (lunr and the packing of qrain in 
sand and crinder's for protection i(airnst inscts,. Howevr, such controls 
have been adopted by only a smatll minorty of hotisehulds, and their poten

tial for rep liration may well hP dampened by cultiral inhibitions, lack of 
suitable mat erialrs, and the investment in time and personnel required to 

Jhange time-honored traditions in rural areas. 

Chemicals and/or pyrethrum-based products afford effective means of 
pest control, but may be difficult to promote for use on subsistence crops 
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Cost may also be a factor impeding 	widespread acdue to their high cost. 


ceptance of improved storage system designs and construction materials, in

oil drums that ITA has introduced 	 at a number of villagecluding the metal 

test sites over the past eight years. The introduction of storaqe units 

appropriate for village, rather than household, grain storage may offer a 

partial solution to this problem, especially where the villagers are will

ing to donate the lahor needed for 	construction. In this connection, the
 

the International DevelopmentPost-Harvest Technology System designed by 

includes grain storage facilities, intended for use
Research Center (IDRC) 

and have tin roofs. Twoat the village level, which are made of cement 

units were installed in the village of N'Diamsil in west central Senegal in
 

1976, each containinl four separate compartments with a storage capacity of 

one ton apiece. It is not known, 	however, to what extent local preferences
 

units as opposed to shared village-levelfor individual household storage 
in some rural areas offacilities may inhibit the success of this system 

Senegal.
 

U.S. 	Role - Low. Although the U.S. has developed highly advanced 

grain stores, it has no particulartechnologies for protecting conmercial 

advantage with respect to household or village storage systems in the 

LDC's, which generally must he designed and adapted to social, economic, 
use ofand environmental conditions prevailing at the local level and make 

locally-available materials and skills. 
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Aflatoxin Control
 

Energy Impact - Low. Aflatoxin is a poisonous substance produced by 
aspergillus flavus, a fungus which thrives on groundnut tissues that have 
been weakened by drought and insect damage or have been improperly dried 

and stored. While aflatoxin has no contaminating effect on groundnut oil 
products, it has been identified as a carcinogen in the residue of the oil 

extraction process called oilcake. In Senegal, most of this oilcake is ex
ported although some is fed to domestic livestock, posing a threat not only 

to the health of the animals, but to humans who consume meat, milk, eggs, 
and other animal products. Measures to combat the problem of aflatoxin
 

contamination, which in some years affects a very high percentage of Sene
,al's groundnut crop, could have important heal th-related benefits and 
mi(ht also enable the processing industry to obtain higher prices on the 
wor1(l market for oilcake. It is unlikely, however, that such measures 
woul(I ach1eve any energy savings; to the contrary, depending on the type of 
control employe(l, they could require additional quantities of commercial 
energy in the form of insecticides, fungicides, or fuel power for drying 

e(luipment. 

flevelopment Impact - Moderate. In addition to the health and economic
 

acts mentioned above, any improvement in the quality of the groundnut 

crop affectinq export prices should also affect producer prices, and there

fOre the edrnings of rural target groups who derive most of their cash in

come from groundnut product ion. 

Imlementability - Moderate. Measures that have been proposed to con

rol asiLrl_lllus flavus in SenPal include the development of funqus-resis

i rn sev d varieties , nore widespread use of i nsectic ides and funqic i des, 
nr1(iiiproved vinthods of drying the crop aft cr harvest. ITA and IPm are 
Ann (nojratinlon an pplied r'eearch project involving the use of solar 

" 
,tryr tn destroy th, fungus hfore the Irourdnut s are ,torel. However, 
,,r)Irer,, are reluctant to incur I no much weilqht loss to w,ter evaporation 
ir drying, as this reduces the value of their crop. They may also resist 



224
 

spending money on chemicals or other products to protect their crop from 

such expenditures,aflatoxin unless they can derive tangible benefits from 

such as a premium paid by ONCAD for groundnuts that do not exceed allowable 

contamination levels.
 

U.S. Role - High. The United States ranks among the world's leading 

the growth of as
producers of groundnuts and research on ways to control 


is also a problem with corn and several otherpergillus organism (which 
As


crops) has been underway at U.S. research institutions for many years. 


yet, scientists do not know how to prevent aflatoxin in plants growing in 

field, althojqh technologies do exist for mitiqating contamination durthe 

ing storage and for analyzing lots of susceptible foods to eliminate those 

that are contaminated. 
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Groundnut Shell Utilization
 

Energy Impact - Moderate. Groundnut shells would appear to represent 
an important domestic energy resource, offering potential as substitutes
 

for scarce fuelwood and high-price imported fossil fuels. Processes also
 

exist whereby shells can be conierted to briquettes for use with cooking 
stoves or ground and mixed with other substances to produce plywood or ani
mal feed. However, it is doubt ul whether Senegal's sur)lus of Fhells, 
above and beyond those already being utilized as fuel by the oil mills, is 
large enough to make a significant contribution to national enerqy supplies 

at the present time -- at least not on a consistent basis. The size of the 

surplus is larlely dependent on the success of the (jroindInt harvest which 

in turn depends on the amount and timinq of rainr(11, market conditions and 

a host of other factors. While in good years some mills may have an excess
 

of groundnut shells which they dispose of by dumping, in poor years they 

are forced to purchase substantial quantities of fuel oil to supplement in

adequate shel l sIppl ies. 

If the Government of Senegal eventually achieves its goal of stabiliz

ing annual oil qroundnut production at 1.2 million tons -- a level of out

put that is now hei n approached only one year out of evPry five -- the 

outlook for projects in the area of qroundntit shell utilization would be 

considerably improved. Product ion increases are also t,:r(Inted for confec

tionary grnundnuts which, if attained, would make the shellinq plants that 

handle this crop a prominq futuire source of supply. 

[)(,vel~oprini Iur't - oderale. Vu hject to the suinply constraints dis

cussed above arid the availability of appropriate conversion technologies 

and d ist ribut io" infrastruct ire, any progrm that would suhstitot ground-g 

nut shlls fir endangered or nion-renewah I e nprgy sources would have a fa

opent In orevorable (ve l impact. ri r qgl , nhel Is ,Ilreadv repl aci n I i m

"t iorted fnsil rinitpd dmount o fuels, not only iii connect wilh (Iruid

nit proresinq hut also for qenerti ug electricity for the city of A quin
chor in the Casaiiance region. In som, rural areas, they are burned in 
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lieu of firewood when the latter is in short supply, although the energy 

efficiency of the "open fire" conversion process is extremely low. Conver

however, when biogas digesters are employed, assion efficiencies improve, 

an experimental basis by CARITAS and CNRA-iRanbey. Thehas been done 	 on 

biogas from groundnut residues and other agricultural wastesproduction of 

also has attendant benefits for agriculture in the form of a high-grade 

sludge which can be used to restore or maintain soil fertility. 

Implementahility - Low. Unless and until raw material supplies can be 

ensure a steady supply of surplusstabilized at a level hiqh enoulh to 

shells, prospects for implementation of projects in Lhis area will remain 

is supported by the findings of an FAO investioqationlow. This assessment 

regarding the production of bri quettes from groundnut shells, which con

cluded that a venture of this natumre would not he fed 1 3 for Seneqal due 

to supply constraints. The potential for introdtcinq inproveiemnts in the 

useful heat isefficiency with which shells are converted by the mils to 

also limited, mainly bpcause of the hiqh deqre of a tno<(omy with which the 

(;sq,, it is possihlemills are permitted to operate in Senogal. Ifeverthe 

that the mill operators might adopt such measures on thoir own behalf if 

they were convinced that significant savings in fuel eno rgy costs could he 

achieved.
 

orThe shell byproducts of groundnuts retained on-farm as seed for 

household ronsmumption are also potential sources of energy for cooking and 

other dompstic uses, and to some extPnt are already heinq hirned for these 

purposes in rural areas of Vegrial. However, itwnld appear that (rianti

ties are too siaill (less than 1?,O0)f tons innually compared 	 with an (sti

t erel to formmated l(H~,(nfln tors handled at the i11 si) nd inn widil V cca 

the basis of a viahle collectmon, processing, nd d utrihut inn usiness, 

except perhaps in a few of the I rer villaq,]e'b in the moanr irou (dnut-pro

ducinq regions. lyen then, villaigr'; may be relctant to mahe the requi

to obtain rel atively small
site investmenrit in lahor and e iquipmnt needed 


and highly variable amounts of fuel.
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U.S. Role - Moderate. That the U.S. has the capacity to develop in

novative technologies for the utilization of groundnut wastes has been dem
onstrated by, among others, researchers at the Georgia Institute of Tech

nology, who perfected the process for compacting groundnut shells into
 
briquettes. However, the adaptation of such technologies for use in Sene

gal requires in-depth understanding of local conditions and constraints
 
and, in this, other countries, notably France, may have the advantage.
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Small Mechanical Millet Processing
 

all millet producedEnergy Impact - Low. An estimated 	95 percent of 

in Senegal is processed manually by women. Traditional threshing, dehull

consume up to four hours daily
ing and grinding methods are arduous and can 


a schedule already crowded with activities. The use of appropriate
in 

human energy for

mechanical means for performing these tasks could "save" 

socially productive employment and, in 
investment in more economically and 


this respect, would have a beneficial energy impact.
 

Another energy-related argument in favor of improved millet processing
 

for reducing product losses. In Senegal,
technologies is their potential 

processing is 
these losses are reportedly two to 	three times higher when 

mortar and pestle) than when machines
done by hand methods (usually with 

However, the fuel energy costs of substituting mechanical for 
are used. 


in
 
manual processing techniques may he considerably higher than any savings 


embodied enerqy achieved.
 

the exception of a few experimental pedal-driven millet huskersWith 
ma

developed at CNPA-Rambey, all small-scale mechanical millet processing 

The Post-Harvest Tech
chines utilized in Senegal operate 	on diesel tuel. 


at the village level by the Internationalnology System now being tested 
diesel-poweredDevelorment Research Center (I0RC) and CNRA also utilizes 

processing equl ipment (thrfshers, dehullers, and qrinders), as does ITA for 

its program, supported by UJNICUF, of distributing locally available grind

ing mills to needy rural villages. This pattern of reliince on diesel pow

is continue as, while process
er for mechanical irain processing likely to 

ing equipment dues not necessarily 	 need to operate on conventional forms of 

other alternative "ources of 
energy, devic s employing pedal, animal, or 

inferior prodijct ind, what is more,motive power are thought to produce an 


no faster than the hand methods they are desiqned to replace.
are often 

amounts of fossil
Another potential source of demand for increased 

fuel energy is ITA's proposed millet flour commercialization program. In 



229
 

an effort to encourage urban households to reduce consumption of imported 

rice and wheat, the Institute has developed a dry, stabilized millet flour
 

which can be used to make instant couscous or blended with wheat flour to 

make bread apd other bakery products. Three different machines are used to
 

process the grain: an eight hp conical-type dehuller, manufactured locally
 

by SISCOMA; a duster, made in West Germany and used to remove dust parti

cles adhering to the grain after hull removal; and a 3.5 hp grinding mill
 

which, like the SISCOMA dehuller, is locally made. One advantage of this
 

mechanized equipment is that it permits dry-milling of the millet grains. 

This produces a product with a much longer storage life than when water is 

used to aid in separating the grain from the hull, as is the case with hand
 

methods of dehulling.
 

At present, neither the codscous nor the bakery products are marketed 

on a large-scale basis, although bakeries inDakar are supposed to use some 

millet flour in their bread. However, the ITA plans to promote consumer 

acceptance of these products through advertising and, if successful, to 

have the millet flour mass-produced by commercial mills. Presumably these 

mills would employ equipment similar or identical to the machines now being
 

used by the Institute, all of which operat2 on fossil fuels.
 

Development Impact - Moderate. Studies have found that, next to a re

liable supply of water, women give top priority to obtaining equipment that 

will help to ease the time- consuming and tiring burden of threshing and 

grinding grain, and are willing to pay accordingly. The majority of women 

queried in one recent (1977) survey sponsored by the IDRC said they would 

use any time saved in processinq grain either to engage in commerce, grow 

vegetables, or raise poultry or other small animals for food. The intro

duction of labor-saving qrain processing devices would also free women to 

spend morc time workinq in either their own fields or those of family mem

bers. However, is was pointed out hy Loose in her paper, "Women in Rural 

Senegal,"1/ lack of time is only one of several factors inhibiting growth 

1/ See Edna E. Loose, op. cit.
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of women's farming incomes, which also include lack of access to modern ag

ricultural inputs, extension services, and other benefits of the male-domi

nated cooperative system.
 

With respect to threshing in particular, there is at least one ",

tional development-related benefit that might be derived from increased use
 

of mechanical grain processing equipment. At present, the amount of time
 

that must be expended to prepare hand-threshed millet for sale acts as a 

disincentive for producers to market their surplus grains through legal 

channels. If mechanical threshers were widely available, producers miqht 

be encouraged to sell more millet to ONCAD, which in turn would enhance 

ONCAD's ability to maintain security stocks of grain. Here again, however,
 

lack of labor-saving threshing devices is probably less important than
 

government farm-gate prcing policies as a factor affecting producer's deci

sions on when and where to sell their grain.
 

Implementability - Moderate. Commercial millet threshing and grinding 

services have been available in some of the larger and more prosperous vil

lages in the Groundnut Basin for a number of years. Generally speaking, 

these services are used by only a minority of households, and often on an 

irregular basis, presumably because of the expense involved. Nevertheless, 

mechanical threshing and milling equipment has bpen well-received in vil

lages where it has been introduced on an experimental basis. It is inter

esting to note that in one such village being studied in conjunction with 

the Purdue West Africa Project, men took over responsibility for threshing 

once machines became available.
 

Mechanical dehuskers have been less favorably received than other 

types of processing equipment, as they tend to produce a lower-quality pro

duct containing more bran and a greater quantity of broken grains. Also, if
 

women cannot afford the expense of both machine dehusking and machine mill

ing, they prefer to pay for the latter as milling, when performed by hand, 

is considered the more laborious of the two tasks. 
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Inthe past, most small-scale grain threshers and grinders in Senegal
 
have been owned and operated by private entrepreneurs, who maintain their 
own machines and sell their services at a profit. Apart from a few experi
mental projects, there is little precedent for cooperative or community
based ownership and maintenance of processing equipment of the type that
 
would probably be necessary if such equipment were to be made available 
countrywide. Thus, prospects for implementation of projects in this 
area
 
will rest inpart on the organizational aptitudes of participating communi
ties and on the quality of training and technical ass;stance they receive.
 
Another critical variable will be the ability of households to pay for 
mechanical processing services as fuel costs continue to rise, highlighting
 
the importance of promoting equipment designs that arc most efficient from 
an energy perspective.
 

U.S. Role - Moderate. The U.S. has developed and manufactured highly
efficient mechanical equipment for processing grain, but has less experi
ence than Japar, Taiwan, India, and others with "appropriate technology" 
designs.
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Small Mechanical Rice Milling
 

Energy Impact - Moderate. With the exception of paddy destined for 

one of fourdistribution to domestic markets by ONCAD, which is milled at 


is still
industrial facilities, most of the rice paddy produced in Senegal 


processed by laborious and time-consuming hand methods. Although some (30

40) small diesel-powered hullers are in operation, their use is now dis

couraged by the Government because of the threat they pose to its control
 

over the commercial rice distribution system. For this reason, the area of
 

received little or no attentionsmall-scale mechanical rice milling has 

on
from Government-funded research agencies, even though, a fuel-input-per

ton-of-product-output basis, small hullers have been shown to be far more 

energy-efficient than the large industrial mills.
 

Additional energy savings might be achieved by milling paddy in small

scale facilities if these facilities were located in or near the major 

rice-producing villages, as this would obviate the need to transport paddy,
 

which is about 50 percent heavier than milled rice, the long distance from 

farm to mill. It would also eliminate costly double-hauling of that por

tion of the industrial milling output which is returned to the region where 

it was produced.
 

The use of small mechanical hullers in lieu of industrial processing 

equipment could thus have a beneficial energy impact. On the other hand, 

substitution of these hullers for the hand processing techniques employed 

by the majority of rice-producing households in Senegal could have signifi

cant fuel energy costs if, as seems likely in light of previous experience 

with pedal-driven equipment, the only viable alternative to the mortar and 

pestle is the machine which operates on diesel power. As with millet the 

potential exists for s.avings of human energy and for reducing losses in 

milling that could moderate this increased fuel burden, although the rela

tive value of these different effects would be hard to measure in energy 

terms. 
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Development Impact - Moderate. For the most part, the points raised 
inevaluating the development impact of improvements with respect to small

scale millet processing hold true for rice processing as well. Hand pound

ing is the responsibility of women, and it takes them an average of two and 

a half days to pound a 35 kg sack of rice. Innovations which would permit 
them to spend this time on more productive activities could have important 
development benefits for the rural sector. 

The potential development impact of a shift to small-scale technology 
for processing paddy that is now being handled by the industrial mills is 
more difficult to assess. The four mills, and especially the two SAEFf

operated facilities at Ross-Rethio and Richard Toll, represent a consider

able investment in infrastructure and equipment which could not easily be 

converted for other uses. At the present time, the capacities of these 

mills are seriously underutilized, and this problem would be intensified if 

significant quantities of paddy were to he diverted to small-scale process

ing facilities. Over the longer term, however, a focus on smal 1-scale 

technology for rice processing could be more advantaqeous from a develop

ment perspective than investment in additional industrial-type milling 

facilities, b)oth in terms of the employmont and income that small hulling 

operations mi ght generate at the rural vil1lage level, and in terms of the 

savings that would he achieved in transportation costs which, unless they 

are subsidized, are passed on to rice consumers. 

Implementability - Moderate. Until the Government of Senegal is able 

to gain better control over the courmercial rice distribution system, it is 

not likely to endorse programs to introduce small mechanical hullirig equip

ment for use at the village level. However, if, through a change in farm
gate pricing policy or other measures that would encouraqe farmers to mar

ket their rice through legal channels, it. finds that, it car atract most 

marketable surplises of rice with or without a processinq monopoly, the 

Government's position could he al tered in favor of one that lives more 

wpi ght t.o energy and (levelopmental considerations. Other factors affecting 

prspects for implementation of projects in this area are similar to those 
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described for millet processing, and relate to questions of equipment cost
 

and maintenance, organizational infrastructure, and the price elasticity of
 

demand for milling services inlight of rising energy costs.
 

U.S. Role - Moderate. As in the case of millet, the U.S. is tech

nically capable of developing high-efficient equipment for processing rice, 

but has less experience than Japan, Taiwan, and others with "appropriate 

technology" designs. 



235 

Chapter Six
 

CONCLUSIONS AND RECOMMENDATIONS
 

Conclusion on Energy Use in the Food System
 

With the significant exception of industrial fishing,_/ the five areas
 

of the food system for which profile analyses are provided in Chapter Four
 

can be said to account for the bulk of all commercial energy used to pro

duce, process, distribute, and prepare food inSenegal. Those parts of the
 

food system that have not been subjected to analysis are either relatively
 

small in terms of product output (i.e., coiTimercial vegetables) or consume
 

only negligible amounts of direct fuel inputs (i.e., root crops, peas,
 

beans, and maize).
 

Relative to other areas of Senegal's economy, however, the food system
 

is not a large consumer of commercial fuels in the aggregate sense. Exhibit
 

6.1 compares the approximate amounts of liquid fuels and electricity used
 

annually by the five product systems which were analyzed in this study with
 

total national consumption of these energy forms. While the product energy
 

data, which are taken from the reference tdbles in Chapter Four, may
 

slightly underestimate actual consumption due to deficiencies in the data,
 

they are considered sufficient for purposes of establishing order-of-magni

tude relationships. The various transformation activities associated with
 

millet and sorghum, rice, groundnuts, and artisanal (maritime) fishing to

gether account for only 6.2 percent of all liquid fuels and less than one
 

percent of all electricity consumed in Senegal. Furthermore, nearly three
 

I/ The modern segment of Senegal's fishing industry is highly energy-in
tensive, accounting in 1975 for more than 25 percent of all gas-oil con
smimd in Senegal, and nearly five percent of total gasol ine consumption. 
Additional amounts of liquid fuels and electricity are utilized by firms 
engaged in processing and distributing the industrial catch, most of which
 
is exported to Furopean markets. 



Exhibit 6.1
 

Senegal: Estimated Annual Liquid Fuel and Electricity Consumption by Selected Food System Components
 

As Percentage of Total Domestic Liquid Fuel and Electricity Consumption
 

Liquid Euel Electricity
 

Quantity Share Quantity Share
 

(thousand (percent) (mwh) (percent)
 

liters)
 

Selected Food System Uses
 

Millet and Sorghum 336 0.1
 

-
3,229 0.5
Rice 


Groundnuts 1,156 0°2 1,526 0.3
 

Artisanal Fishing 32,273 5.4 2,750 0.5
 

Subtotal 36,998 6.2 4,276 0.8
 

99.2
All Other Uses 558,214 93.8 545,724 


100.0 550,000 100.0
TOTAL CONSUMPTION 595,212 


An average conversion
Source: Derived from inforration presented in Chapters Three and Four. 

rate of 1,158 liters = I metric ton of refined petroleum products is used to permit 

data Estimated total liquid fuel consumption is for 1976comparison of liquid
I 

fuel 
I- I~ I .1 1---I cn-tn 
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quarters of this energy usage can be ascribed to a single product (artis
anal fish) and, by and large, to a single transformation activity (motor
ized fishing) which annually consumes an estimated 31 million liters of re
fined petroleum products, or 5.4 percent of domestic liquid fuel consump
tion. After fishing, the rice system -- and more specifically irrigated 
rice production -- is the second greatest coiTnercial fuel consumer in the 
food system, followed by groundnuts and millet. Fishing and groundnuts
also use up, either directly or indirectly, an estimated 4,276 mwh of elec
tricity per year, compared with a total of 550,000 mwh consumed for all 
purposes in Senegal. 

With respect to chemical fertilizers, it is estimated that the five 
food systems analyzed consume 90 percent of the total for the country as a 
whole. While no adequate information isavailable on aggregate consumption

of pesticides and fungicides inSenegal, 
it is thought that the majority of
 
these materials are utilized within the country's food system.
 

Traditional energy sources, including animal 
labor, crop residues, and
 
fuelwood, are the predominant inputs used for most activities in the food 
system. Even product distribution, much of which requires motorized forms 
of transport, accounts for only a minute proportion of annuial commercial
 
fuel consumption in Senegal. The 
 picture is chan(ging, however, ind many of 
the Goverrnmint of Senegal's pllans for develolpment of the l rimary sector as
sume that ,dequmate Supplies of fossil fuels and fossil fuel -based chemical
 
inputs will continue to be available at prices that are prohibit ive to
not 
the economy. Planned projects involving the pumpin of irriq(ition water to 
rlte lands, motorization of additionil artisanal fishing boats, and intens
ification of cereals production thromtih more widespread use of chemical in
puts are seriously threatened by the rapid rise in the price of imported 
fuels -- and nearly all of Seneqal's comnercial energy is imported. 

Reconnended Strattu 

The future supply of traditional energy sources is also in serious 
jeopardy. The clearing of woodlands for cultivation -- often accomplished 
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through burning -- and the thinning of forests for fuelwood and forage, 

is rapidly recombined with the devastation caused by periodic droughts, 


Plans for future energy
ducing Seneqal's already meager forest reserves. 


use should aim at reducing the consumption of fuelwood hy increasing the 

efficiency of the transformation processes which use firewood and charcoal 

and by substituting other energy sources for these fuels. Two of the 

reconmlended high priority areas for developing energy improvement projects 

deal with fuelwnod and with the three main actilities regnired for better 

fuplwood manageent, namely forest production and conservation, promotion 

of more efficient ways of charcoal makinq, and introdti:tion of iinproved 

methods of burning fire)ood and charcoal in the (ookirig inocess. Consider

ing that Senegal ha; virtually rno oil, gas and C,'al reserves of its own, 

and that food train formal in technologies using solar lower, as for example 

the parabolic reflector for cooking, as yet do not represent viable alter

natives that can I,,' on ,cale, it is expect ed
implem'pnted any sin ificant 


secthat fuelwood will cont nue to be the princi ipi] energy ',ource in this 

tor for some years to come. fvry efIort must therefore be made to promote 

use of the country's forestthe conservation, reqnerdtion, and etficlent 

resources.
 

The task of the energy planner cannot, however, be limited to energy
 

conservation measures. Senegal is still heavily dependent on food imports,
 

must conseand the attainment of self-sufficirncy in foodgr(in production 

quently he g ven hiqh priority. this will require not only a proporti onal 

increase in the ,are'a under cultivation, hut also the redllza. in of hi (her 

yields on exist inq Iarm land, calling inturn for qr,,ater enerqy input,, per 

pest icii''.
hectare for ,uch i!,wv, an. irriu at tori w t,r, fert ilij,,r, and 

Efficiency in the use of onrergy (irC vtte that one unit of add itional "n'rgy 

be put where it re,,,il s in the ]rate't additional onutput of a(ricultuIral 

product; in other words, the objectvp shoWuld he to max imlzP the marginal 

efficiency of enerly 1inip' in durlcult ur,. 

Anothpr way to ncra'. thUP energy use efficiency in the food sysi5? c 

Is throuqh the reduction of product losses. For example, for every ton of 
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fish that is lost in storage (due to insect infestation or decomposition),
 
a corresponding amount of energy input into the motorized fishing activity 
is wasted. Other large losses occur when grain is attacked on the fields
 

by disease, and during storage.
 

Areas of Concentration
 

The energy use profiles for the five aspects of the food system ana
lyzed point to the following high potential areas for energy improvement 
through U.S. assistance. A more detailed description of these areas is
 

given in Chapter Five.
 

Fissh Preservation 

Fishing from small motorized craft consumes more than half of all com
mercial energy used inSenegal's food system. However, losses of fish in 
transit and storage due to insect infestation and decomposition amount to 
an estimnatei ?I percent of the total catch. Examples of projects which 

could he developed to reduce these losses are: (1) improvement and dissem
ination of exi stiq nodels of solar drying equ ij) rnt; (2) devel opment and 
installation of appropriate ice-making and cold storage facilities; (3) re
search into the use of ChuMilCdS for fish preservation; and (4) feasibility 

study of the use of hiogas plants to absorb the fish wastes at the large 
fish processing centers. 

Fuelwood Production
 

Senegal's forest reserves have been seriously depleted in recent 

years. Yet in the absence of viable alternatives the biomass frc;n forests 
will remain a principal source of energy for the country in the forseeable 
futu re. I xa ple, of poss ible projects are: (1) improvement and dissemina
tion of low-cost, ener(ly-,fficient methods of charcoal making; (2) reorgan
ization of the charcoal industry; and (3) further expansion of existing 
afforestation and forest management programs. 
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Fertilizer Production and Use
 

The increased use of fertilizer planned by the Government of Seneqal
 

is a key element in the country's drive towards self-sufficiency in food 

grains. To encourage farmers to apply chemical fertilizer to their field', 

prices are heavily subsidized by the Government; yet other methods of main

taining soil fertility could he practiced to a much greater extent than 

they are dt present. Examples of possible projects are (1) continuinq re

search on nitrogen fixation through non-chemical means; (2) research on im

proving the rate of direc. absorption of phosphate rock by soils; (3) pro

motion of green manuring and compoting practices; dad (4) development of 

less energy-intensive fertilizer manufacturing aid distribution systems. 

Water Pumping 

Irrigation is the second key element of the Government's plans for 

increased cereal production, particularly with respect to rice and wheaIt. 

Because of 'he terrain, irrigation water must he stpplied by pumpinq in 

nearly every case. As the rising cost of oil preclude; rel iance solely on 

diesel fuel and gasollne to drive these, puimps in the futl rr, the Governirofnt 

has placed high priority on developing alternative technologies fnr puripn(] 

water based on locally-avaIlable energy resources. Exainples oi possihl 

future work include: (1) financial sup;ort to build and distributo exi t

ing model s of low-capacity phot ovol ti c and so Ia r-thertTmal systemIlls, on a 

coinercial scale; (2)refinement of large-capacity solar plants similar to 

the design at ~al; and (3) windmill applicdtions in coastal areas. 

Cooking Methods and Fquipment
 

The vast majority of Senegalese households use either wood or charcoail 

for cookinq. Firewood is hurnt directly under the cooking pot without the 

use of a stove, resulting in very low thermal energy efficiency. Fxaml)1,, 

of promising assistance projects are: (1) improvements in the des iIn of 

charcoal stoves; (?) design and dissemination of efficient wood-birnin'; 
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cooking stoves; and (3)further research into the feasibility of introduc
ing blogas plants.
 

Five other potential areas of concentration for energy improvement
have been examined in this study, but were given a lower priority ratings 
for reasons explained inChapter Five. These are:
 

0 Household-level grain storage;
 

* Aflatoxin control;
 

* Groundnut shell utilization;
 

I Small mechanical millet processing; and
 

* Small mechanical rice milling.
 

The Government of Senegal has for many years recognized the need 
to
 
develop the country's domestic energy resources. Dozens of §cvernnental 
and non-government institutions are currently working on energy technology 
projects, and many of the examples given for possible energy improvement 
projects represent the continuation and extension of work which 
is already
 
in progress in Senegal. Under these favorable conditions -- to which 
should be added the availability of a relatively large body of skilled man
power as compared to other African nations -- Senegal could to some extent 
become a model for the successful development and implementation of the 
kind of new venues inenergy development which are both necessary and 
ur
gent ifdeveloping countries 
are to achieve thier rapid economic develop
ment objectives in the face of the global energy situation as it exists 
today.
 

The Need for a National Energy Assessment
 

Even though the recommendations arrived at 
in this study apply specd-

Fically to Senegal, the implications of the work go well beyond. One fund
imental point emerging from the study is the utility of the energy use pro-

Files in identifying potential 
areas for energy improvement. Without the
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requisite data on product flows and energy inputs it is difficult to pin

point the major uses of different forms of energy and the range of alterna
tive methods available to perform a particular process within a country's 
food system. In the next ztep the energy implications of projected in

creases in product output can be assessed. In this manner the national 

development plans for the agriculture sector can he compared with national 
plans for energy utilization and, where the two plans are incompatible, the
 

simple model of the energy-product flow chart can help indevising ways to
 

resolve the conflicts. The implications of other changes in the present
 

system, such as population growth, increased per capita demand, and short

ages on the international oil market can likewise be explored.
 

The usefulness of carrying out this type of analysis for the food sys

tem alone 4s, however, limited. Important linkages exist between the dif

ferent sectors of a national economy, and no one sector can ultimately be 

treated in a vacuum. This isespecially true when its share of the total 

demand for coninercial energy isvery small, as is the case with Senegal's 

food system. Particularly when reviewinq opportunities for substituting 

other forms of energy for oil, one must go beyond the iuod system to ex

amine the economy in its entirety. Such an examiination ma also identify 

opportunities for transferring fuel oil from certain economic sectors, for 

example hedvy industry or electric nower gene-<tionnito ariculture. These 

transfers could conceivably be accomplished without reducing total product 

output in cases where the outlook for fuel substitnion or conservation is 

most favorable. 

It is recomnended that a national energy assessment along the lines of
 

those that have been conducted at Brookhaven using a;i accounting scheme 

called the Reference Fnerqjy Systeq2/ or an input-output model contalni nq 

both energy and product flows, be carried out for SPneqal. The experience, 

that has been gained to date in performing such assessments for developing 

2/ Ann Rpisman and Rohert Malone, "An Analytical Framework for the Assess
ment of [nergy Resource and Technology Options for Developing Countries," 
BNL 50800, Brookhaven National Laboratory, Upton, New York, February 197B." 
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countries has shown the virtual impossibility of attaining even the most 
basic national development objectives in the near future with current pat
terns of energy use.3/
 

The information presented in this study of energy use in the food sys

tem would be an important contribution to that effort, even though the en

ergy profile format would in all likelihood have to be adapted to make it 

compatible with the national model. It should be pointed out, however,
 

that this recommendation in no way diminishes the value of this present 

study in examining the relationships between Senegal's energy system and 

the most vital sector of its national economy and in further demonstrating 

the need to assess other sectors of the economy with a view toward arriving
 

at an integrated national energy policy that is in accord both with econo

mic development goals and with future prospects for the availability and
 

cost of various energy sources. The Government of Senegal has already tak

en a number of important steps in this direction, and has thereby demon

strated its determination to resolve the difficult problems faced by an 

oil-importing country striving for rapid economic growth.
 

3/ Brookhaven has completed national energy assessments for Egypt and
 
Peru. Studies are currently underway at Brookhaven and elsewhere for a 
number of other developing countries. 
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GLOSSARY OF INSTITUTIONS
 

BCEAO Banque Centrale des Etats de l'Afrique de l'Ouest
 

The central bank of the West African Monetary Union, head
quartered in Dakar. The bank formulates the monetary and
 
credit policies executed by each National Monetary Committee,
 
and issues the monetary union's currency, the CFA franc.
 

BNDS Banque Nationale de Developpement du Sene'gal
 

The National Development Bank of Senegal, a public bank
 
which is the major source of credit for Senegal's agricul
tural sector. BNDS extends short- and medium-term credit 
to farmers for purchases of improved inputs. It also 
provides funds to ONCAD and SODEFITEX, and to some indi
vidual companies as well.
 

BUD BUD-Senegal
 

A subsidiary of BUD-Antle, a California-based vegetable
 
growing company. BUD is developing 4,000 ha for vegetable
 
production (mainly peppers, tomatoes and melons) on Cap
 
Vert, largely for export to European markets.
 

CCCE Caisse Centrale de Cooperation Economilue -

A French public institution which pruvides loans at conces
sional terms to developing countries. Formerly, the CCCE
 
was a major source of funding for BNDS activities.
 

CER Centre d'Expansion Rurale 

A rural extension center, one of which is located in each 
arrondissement (district) in Senegal. The CER is designed 
to provide technical assistance to the farmer and introduce 
modern faning practices. Assistance is offered mainly 
through practical demonstrations by a team of representa
tives from various government and regional agencies (SODEVA, 
ONCAD, DGPA, etc.).
 

CFA Communaute' Financi .re Africaine 

The CFA Franc is the currency of the member states of the 
West African Monetary Union (UMOA) and is linked to the
 
French Franc at a convertibility rate of 50 CFAF to I FF,
 
guaranteed by France.
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Compagnie Franjaise pour la Developpement des Textiles
CFDT 


A French company which specializes in the promotion of
 
CFDT owns a share of
cotton production in West Africa. 


it provides technical assistance
SODEFITEX, through which 
for cotton, rice and maize production in the Casamance and 

Senegal Oriental. 

CILSS 	 Comite" Inter-etats de Lutte contre la S'cheresse dans la
 

Sahel
 

A regional o: ganization of Sahelian states formed after the 
a numberlast major drought in 1973. CILSS has carried out 

of studies on agriculture, energy, and livestock in the 
region, in an effort to help membe', states combat the ef

fects of regional droughts . Som of these studies, and the 
development projects resulting tn,_refroii, have been finance( 
by the Club du Sathel, an organization inade up of CILSS inenm
bers and 21 bilateral and ihultilateral donor agencies. 

CNRA 	 Centre Nationale de Recerce A ricole 

The National Agricultural Resedch Center, located in the 
Groundnut Basin aL Iambey. ihe center carries out a wide 
variety of agricultural research, including field trials 
for various crops; experiments with post-harvest technoloqy 
storage, and animal traction; and socio-economic studies. 

Caisse de Pere(LuOton et de Stabilisation- des PrixCPSP 
revenue fromThe Price Stabilization Fund, which rechannels 

profitable agricultural dctiVities (mainly cotton and groun 
nuts) into subsidies ,:or agricultural inputs. It is also 
used to maintain prices for basic consumer commiodi ties, 

grouidnut oil 	 (doestic consumption), wheespecially sugar, 

flour, and imported rice, as well as for certain refined
 
petroleun products.
 

CSS 	 ComanieSucr e Senea i a i se 

The Senegalese Sugar Corporation, a privately-owned company 
the Fleuwhich is developing a sugar plantation and mill in 

region at. Richard Toll. Currently CSS mills all sugar con
sumed in Senegal, although a large part of the raw cane is 
imported.
 

DE 	 Direction de l'Lnerqie_ 

The Energy Departiment, under the direction of the Ministry 
of Industry. It is mainly concerned with energy policy and 
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planning for industry, the regulation of energy use, and the 
direction of the electrical companies. It also participates 
in the development of various projects relateL to national 
energy use.
 

DEF 	 Direction des Eaux et F^rets
 

The Water and 	Forestry Bureau, under the direction of MDRH.
 
Eaux et Fdrets is responsible for the management of the 
country's forest and water resources. Through its Forestry 
Service, it carries out reforestation programs throughout 
the country, and also regulates charcoal production and 
firewood and charcoal marketing.
 

DGPA 	 Direction Generale de la Production Agricole
 

The Bureau of 	Agriculture under the MDRH. DGPA is responsible
 
for coordinating development programs for the agricultural 
sector, especially the technical aspects, and also sets ob
jectives, makes credit guidelines, and prepares program 
budgets. The various parastutal land development agencies 
(SAED, SODEVA, etc.) coordinate their activities through 
this Bureau. 

DGRST 	 D4legation Ge'nerale (now Secretariat d'Etat) la Recherche 
Scientifique et Technique 

The General Delegation for Scientific and Technical Research,
 
now elevated to ministerial status. The DGRST formulates 
national research policy and oversees and coordinates the 
activities of the various research organizations in the coun
try (ISRA, IUT, ITA, etc.) It has been active in promoting 
research on rural energy use and development of non-traditional 
sources of energy. 

EDS 	 Societe d'Electricite du S6n~cial 

Senegal's state-owned electrical company. EDS owns the
 
electric power installations and distribution network which
 
are operated under lease by SENELEC.
 

ENDA 	 ENDA
 

A non-profit international organization based in Dakar, but 
whose activities in the area of environmental training span 
the third world. ENDA receives support from the United 
Nations Environmental Programme, the bilateral development 
assistance agencies of Switzerland and Sweden, and other 
sources. It operates a "Technology Relay" data bank of 
information on small-scale technologies appropriate for 
third world use. 
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EPT Ecole Polytechnique de Thies
 

A polytechnical school in Thies. In addition to training
 
technicians, EPT has conducted tests of renewable energy
 

village
technologies (including solar cookers) in rural 

settings in Senegal. 

/ 

Fonds d'Aide et de Cooperation
FAC 


A French public institution which provides grant and soft
 

term loan aid to developing countries. Among other projects,
 

FAC is funding (in conjunction with USAID) the installation
 
of a solar pump at Bakel. 

FED Fonds Europeen de D/eloppement 

The European Development Fund, an institution of the European
 
Community which p, ovides grant and soft term loan aid to 
developing countries associated with the EC. FED has funded
 
many projects in Senegal, including the installation of a
 
windmill at l'Ouli. 

IPM Institut de PhysicueMeteorologi.que 

A research institute of the University of Dakar, IPM has been
 
conducting applied research on solar pumps, cookers, hot 

of its established prowater heaters and fish dryers as parr 
grain on solar ener(jy research (now 20 years old). It ispar
tially assisted by OFR-FES, which provides equipment and re
search assistance.
 

IRAT Institut de Recherches Ayronomiques fropiqes et des Cultures
 

Vivrieres 

The Research Institute for Tropical Agronomy and Food Crops, 
a French-based organization which conducts research ina
 
number of African countries. InSenegal, IRAT works through
 
ISRA.
 

IRHO Institut de Recherches pour les Huiles et 01eaineux
 

The Research Institute for Oils and Oil Crops, a French
based organization which conducts research in a number of
 
African countries. InSenegal, IRHO works with ISRA, and
 
concentrates largely on qroundouts.
 

ISRA Instiut Sen6lais_de Recherche Agricoles 

The Senealese Agricultural Research Institute, which is
 
largely involved in field research. The institute maintains
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a number of research stations in various regions of the
 
country, including CNRA in Bambey.
 

ITA Institut de Technologie Alimentaire
 

The Food Technology Institute, a publicly-funded entity which
 
reports to the DGRST and conducts research on food preserva
tion, processing and storage. Recent projects have been
 
concerned with development of millet flour and millet bread,
 
solar food dryers, and windmills for village use.
 

IUT Institut Universitaire de Technologie 

A technical institute based at the University of Dakar. In
 
addition to training technicians, IUT has been involved in
 
research on solar collectors and small windmills. It is
 
now considering undertaking market research on solar energy
 
in Senegal.
 

1DRH Ministere de Developpement Rural et d'Hydralique
 

The Ministry of Rural Development and Water Management, which 
is responsible for preparing overall development plans for
 
the rural sector and for directing the activities of its 
several bureaus (DGPA, Livestock, Water and Forestry and 
Agricultural Engineering). 

PC Ministere du Plan et de la Cooperati on
 

The Ministry of Planning, which formulates Senegal's four
year development plans and coordinates and seeks financing

for development projects. 

3MVG Office de la Mise en valeur du Fleuve Gambie 

A tri-state regional commission, representing the Governments
 
of Senegal, Gambia, and Guinea, which isengaged in planning
 
projects to exploit the wdters of the Gambia River for agri
culture and hydroelectric power production. 

)MVS Orqanisationopour Id Mise en Valeur (u Fleuve Senkgal 

A tri-state regional comiiission, representing the Governments 
of Senegal, Mali, and Mauritania, which isconcerned with 
integrated planning and development of a program to exploit 
the waters of the Senegal River. OMVS has conducted extensive
 



ONCAD 


ORANA 


ORSTOM 


PRS 


SAED 
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and economic surveys 	of the
soil, hydrological, geological, 

river basin, and has 	 plans to construct two dams on the 

Senegal, one to provide hydroelectric power and irrigation
 

water, the other to control salt intrusion on the river 
delta.
 

de la Cooperation et 	de l'VAs-sistance pour
Office National 

leD-'Ye-I on t
 

A public enterprise charged with yroundnut marketing; importing
 

and distributing rice; providing improved agricultural inputs 

to farmers; administering agricultural credit; and directing
 

In line with these duties, ONCAD maintainsthe cooperatives. 

a large fleet of trucks and a series of regional warehouses
 

and storage centers.
 

1i 	 sur 1'Alimentation et laOranizationp)our 	 Recherche 
Nutrition Aiietaire 

A regional organization which carries out research in nutri-


In Senegal, ORANA has 	conducted a
tion in West Africa. 

number of nutrition field surveys, and is also involved in
 

applied nutritional research. 

Office de Ia Recherche ScientifiqJue et Technique Outre-Mer 

A French scientific and technical research firm which conducts 
a of African countries. In Senegal, ORSTROr'research in number 

some
has carried out a detailed geological survey of soils in 


regions of the country, in addition to other scientific and
 

socio-economic studies.
 

e
Proect Ri zi-col -d.Sedhiou 

A rice development project at Sedhiou in the Casamance, funded
 

by the World Iank and USAID. Before SOMIVAC was created, PRS 

provided technical aSsiStdnce for groundnut, millet andalso 
maize production in Lrhe region, operated the rice mill at Sefa 

for ONCAD, and purchased rice on ONCAD's account. 

Societe d'/\m najenent et. d'Lxpjloitat.i()n de sTerres du Del ta 

1001) () dvpl op rice 	and other
A oarast.at al *v"!ncy createvd in 

crop , in t h, Seneqal 	 Riv(er 'Val Iv. In addition to
i rri qatod 
managinq the irr lat 	d primeter, , "All) dl!strihut es improve d
 

nd mark ,t.s rice and other crops for the

aqricultura l inp,its 

the rice mills at. Ross-Rethio
It also runs
account of O.AII. 

and Richard Toll.
 

http:oarast.at
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Societe d'Aide Technique et de Cooperation
 

A French semi-public consulting firm specializing inextension
 
service activities in developing countries. In Senegal, SATEC
 
has provided assistance to SODEVA i:.the Groundnut Basin, to
 
SAED and ONCAD, and to several rice projects in the Casamance.
 

Socie't6 Electrialue et Industrielle de Casamance 

One of Senegal's five groundnut oil processing firms, which 
also produces and sells electricity to the city of Ziguinchor 
in the Casainance. The SEIC electricity concession is sched
uled for transfer to SENELEC within the next few years. 

Societ" Sne'tal1aise de Distributio- d'Enerqie Electrique 

A joint stock company (50 percent state-owned) which operates 
most of Senegal's electric power installations. SENELEC is 
responsible for maintaining the distribution network and 
formulating plans for electrical energy infrastructure. It 
is also involved in running a rural experimental energy proj
ect in Louga, usin solar energy and biogas. 

Societe_ Industriell e d'Enrais- au Se1e(al -

A fertilizer company largely run by a European consortium, 
but with part Senegalese ownership. SIES manufactures blended 
fertilizers from local phosphate and imported naterials. It 
supplies mainly the domestic market, but export- any surpluses 
to neighboring countries, mainly Mali and the Ivory Coast. 
Sociee Industriell e des Applications deI 'L;iie e Solaire 

A Senegalese firm jointly owned by public and private interests 
in Senegal and France. SINALS was created to fabricate and 
install solar equipment in Seneal. It receives technical and 
personnel su)port from IPM, and eventually plans to become 
involved in the anithufacture and distribution of solar-thermal 
pumps on a couercial scale. It is currently monitoring the 
progress of pump,. iistalled in four villages in Thies and 
Fleuve in 1976, and is also invol ved with SOFREIES and an 
American firm (lherio-L1ectron) in the solar irrigation pumping 
experiment it.Iake1. 

Socete Irdustrie-lude,e(J;aiseeCostructionsMecniques 

A Senegalese company (50 percent state-owned) which manu
factures agricultural equipment for domestic and regional 
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export markets. Most of the animal-drawn implements used 
in Senegal were developed and tailored to local conditions 
by SISCOMA with assistance from researchers at CNRA. Re
portedly, SISCOMA woulo also like to become involved in 
manufacturing solar-powered pumps. 

Societe de Conserves AliMentaires du Seneal 

A company in the Fleuve region which manufactures tomato
 
paste for domestic consumption. The tomatoes are grown as 
a second crop on the irrigated perimeters. 
S_ deyelopipeintAgricole et Industriel du Sene'gal 

A semi-public enterprise which is studying the possibilities 
of developing irriqaLed rice production on a large scale in 
the CasaMaMC. SODAGRI wants to develop 30,000 ha of irri
gated land, modeled on the perimeters in the Fleuve, to 
grow rice and other crops using mechanized inputs. Due to 
various probleims, however, the project has not yet begun. 

Socitede ve1oppn-t_ des Fibres_ Te xLiles 

A parastatal laI' developant agency partially owned by CFDT. 
SODEFITEX is charqed with developing cotton production in the 
Senegal Oriental region, arid also provides technical assis
tance and improved i Iputs for the deve;lopment of rainfed 
rice and moize in Senegal Oriental and the Upper Casamance. 
SODEFITEX gins the cotton in its own mills, and exports most 
of the output. 

Societe ]pqur le D6velcppemient de la Ptche Artisanale 

A development agency created by the Directorate of Fisheries 
in 1I/ to oganize and assist the artisanal fishing cooper
atives. 

Societeour l [Dewvlopp.eent de 1'Eleva(le .danils.-a Zone 
SQVvo-Pastorul e 

The development aqency charged with the (evelolpment of livestock 
raisinq dnd mcirket inq in the .,y1vo-past oral zone of north and 

central enegIl. SNOD14P is interested in inst.allinq solar pumps 

on some of its foro(le woll in thi, rp(llon. 

Soci etBe de I-ve(,_ oI)eineli t y t de. VulY.arisdtio_,_n AJricle 

A parastatal land development agency in charge of agricul
tural development programs Inthe Groundnut Basin. SODEVA
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provides technical assistance for groundnut, millet, sorghum

and maize production. It has been involved in a long-term
 
program to raise agricultural productivity in the Groundnut
 
Basin, largely through the introduction of animal traction,

improved inputs, and better farming techniques.
 

Societe Franaise d'Etudes Thermiicues et d'Energie Solaire
 

A French company involved in research, development, and manu
facture of solar equipment and technologies. In Senegal,
SOFRETES pump sets have been installed in several rural vil
lages. SOFRETES also has a 15-percent share in SINAES, with 
which it isengaged in several cooperative ventures. 

Societe de la Mise en Valaur de la Casamance
 

The recently created parastatal land development agency for
 
the Casamance region. SOMIVAC ischarged with raising yields

and area planted to rice, and also provides assistance to
 
maize producers. Inaddition, SOMIVAC is involved in the
 
construction of storage and milling facilities for rice in
 
the Casamance.
 

Societe Nationale des Ol6aqineux du Senegal
 

A mixed enterprise (65 percent owned b/ the state, 35 per
cent by the oil mills) which purchases qroundnuts from 
ONCAD, coordinates delivery to the processing plants, and 
markets the processed oil and oil cake. 

Societe Nationale des [tudes de Developpement 

A public enterprise which acts as a consulting firm for the 
Senegalese Government. S(NED has produced a number of good
quality studies, deal in(i with (Irain marketing, industrial 
organization, trasp,rt aind related )ut,jects on which infor
mation has been nf-eded for iiritioni1 policy making. 

Socie te SeneZja l.aise Fed'Ar!m.ee__et_ Pc-he 

A semi-public eneqalese enterprise engaged in conmmercial 
fishing for processing and export. 

Socite de', Terre fleuves 

A public enterprise which directs the resettlement schemes
 
(the Terres Neuves, or "New Lands") in the south,;astern part
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of Senegal. Its responsibilities include assistance in the 
development of new villages and provision of technical advice 
on agriculture. 

UMOA Union Monetaire Ouest Africaine 

The West African Monetary Union, composed of six West African 
countries (Senegal, Upper Volta, Togo, Niger, Ivory Coast, 

share a common central bank and currency.and Dahomey) which 
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