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PRIFACI 

In recent Je8l'8 the African countries have been unable to meet the 
ever-increuiag dea1nd for food throuch clcmeatic production. Thia 
continued woraened situation baa ccmpelled U-t all AfriC3D countries 
to seek food aid and illporta in order to try to -intain the euential 
dietary energy avpply, which is currently cleclining to below t!ie required 
level in some 28 African countries. 

The continued droughts in Sub-Sabanm Africa, e.g. Eaab rn and 
Southern Africa, Western African and ">art of the Northern and 
Central African subregion during the re.:!ellt years have culllinated in a 
drastic shortage of food, pm·ticularly staple cereals, due to 
insufficient production by rain-fed agriculture. 

Durioi 1980-1983, there wa an annual per capita decline of 
2.7 per cent in total agricultural production, with a conaequent decline 
of 2.9 per cent per person of food production. Thia bas resulted in a 
widening food-population gap which, for ~ll Africa, baa shown an annual 
deterioration of l.3 per cent duriDI tbe clecade 1971-1980. 

The critical food situation in Africa and tbe prospects for 1985 
and 1986, which are being discussed in various meetings, clearly indicate 
severe declines in all the African aubregiona. The i.a.ediate coaaequence 
baa been tbat 24 African countries have experienced food deficits 
totalling 5.4 •illion tona during 1983/84. Recently, Food and 
Agriculture Orr-mization of the United Nationa (FAO) bas identified 
21 countries fbCing critical food shortages in 1984/85 whose cClllhincd 
cereal production is likely to be 23 per cent below DOl"981. 

In this state of crisis, the situation bas been further aa"'8vated 
by the: leek of agricultural inf~tructure, particularly to provide 
acleque•.e el temati ve aotU"ces of water to vast areas affected by lont 
periods of dry weather. Water conaervation, water supply and irritation 
activities were not given adequate attention by African planners and 
policy makers durint the last few decades, partic.ularly for food and 
staple cerietala production. Sucb a situation could have been avoided if 
adequate plunine aacl iapl-tation proo 11 bad been carried out for 
the effective use of flood water, &round water, canal and river water, 
and operative diversion of water available in the African lakes for 
intensive agriculture throqbout the arid, ami-arid or humid trc.pical 
re•iou. These proo ea would require, oa the oae band, the 
introduction of a wide ranee of devices, techniques, •tboda and the 
develo.-ent of a network of water supply U'JWll-t•, and, on the other 
bo:ind, local mnufacture and aub9equent applicatioa of a wide variety of 
machinery and equis-ot for adequate atorqe, •upply llDCI diatributioa of 
water to fanaland8 fC1r effective iirriptioa and drai..,e. Thus, the 
KOP8 of irriiation extada frcm tbe watenbed to the fanalaada; its 
effective •tbod of control and the diaposition of exceaa Mel .... te water 
have vital •itnifiC:aace for iat8118ive agriculture. 
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These objectives can only be achieved by undertaking continuous 
study, survey, investigation, research and development and inter-country 
co-operation for intensifying the building of dells, aall earth dalls, 
earth canals, lined canals, ground water reservoirs, ponds, wells and 
related facilities for water catdmerlt in order to supply sufficient 
water to famlands when rain-fed agriculture is inadequate. 

In order to build up an irrigation and drainage infrastructure, it 
ia essential to expand the building materials induatries along with the 
engineering and allied metalworking industries, and to promot~ the local 
118Dufacture of cement, bricks, tiles, fired clay products, steel 
sections, pipes of various -terials, water fittiop, hardware, hand 
.,._.,., diesel engines, electric motors, water .,._.,., submersible PUllP81 
windllill pmpa, solar energy pmips, animal-drawn P'BPSs irrigation 
equipment, agricultural illplements, band tools etc. 

The present paper ex1minea the scope of engineering products that 
can be manufactured in existing -11- and lledim-scale industries in 
selected African countries. The intecrated and interlinked development 
of these 11&Dufacturing industries will create & per.most base for 
supplying the future requirement• of engineering inputs needed for 
effective irrigation and drainage, particularly in the arid and semi-arid 
crisis areas of Africa. 

, 

.. 
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I. INTROOtx:TION 

Persistent drought, f•ine, desertification and other natural 
cal ... ities have contributed to a great extent to the deterioration of the 
situation in African agriculture, particularly the food production 
sector. Due to this climatic change, rain-fed agriculture has been 
greatly affected in all African countries in general, and in the 
arid/Be11i-ai·id regions in particular. As an alternative to rain-fed 
agriculture, the syste11atic application of irrigation llBY have an 
illportant role to play in the future agricultural strategy o! African 
countries, particularly in the drought-affected regions. 

Irrigation is generally defined as the 11888Ured application of 
water to soil for the purpose of supplying the moisture for plant 
growth. This controlled supply of water for faraiog is done by 
irrigation and drainage in order to aake up for deficiencies in the 
natural moisture conditions of soil and its inherent drainage 
properties. Therefore, water for irrigation is supplied to supplement 
the water already available from precipitation, atll08pheric water other 
than precipitation, flood water and ground water. 

During dry periods, when rain-fed agriculture is illpossible, it is 
nec"8Sary to secure al temati ve so•.1rces of water, particularly in the 
arid and semi-arid Af ric:1n l"egions. In the hU11id tropical regio:1 
attention should be given to the est~lishllent of adequate drainage 
infrastructure and the re-utilization of drainage water for second-crop 
production during the dry seasons. 

The techniquea of water conservation, conveyance of water, 
irrigation and drainage of excess water require sources of water, as well 
as irrigation equipment, 11achinery, structures, facilities etc. on the 
one hand, and on the other hand, the introduction of integrated policies 
and strategies for water reaources investigation, field experi11ental 
plot., soil J10iature atudies, analyses of irrigation methoda, studio of 
the inflow and outflow of stre&11&, ~ala and c:ta.s, and the introduction 
of legal and administrative Jle88Ures related to irrigation and drainage 
etc. at the national and inter-country levels. 

The devel0P99Dt of water conservation to llBke possible the timely 
availability of water resources (other than rain-fed airiculture) cu be 
achieved by the following meana: 

- studies of valley and 110untain precipitation and water resources; 
- constructinl surface reservoirs; 
- buildini ... 11 earth ct... on streams, canalM and river•; 
- saline-water conaervation; 
- extraction of iround water; 
- recharfin• of irounct wattrr reservoirs; 
- di.,in• wells for irri1ation water; 
- water catchment i11Provisation, e.i. creation of ponu, 811811 

lakes, etc.; 
- utilization of exi•tinl lakes. 
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(b) Conveyanee of water for irrigation and drainage 

The conveyance of water from the water sheds to the faraland for 
irrigation can be accc:mplishecl by the construction of: 

- earth canals; 
- lini~ canals; 
- concrete pipea, plastic pipes, vi.trified. clay pipes, hoaes, steel 

pipes, cast iron pipes, etc.; 
- pmping water; 
- furrowi~ faralends; 
- open drains; 
- tile drainage systems: 
- pmping for drai.nafe. 

(c) Irrigation end drainage 

Irrigation and drainage can be carried out by: 

Ci) Surface irrication 

- furr• •thod of irrigation; 
- sprinkler irritation; 
- flood irrigation (check floodili :, bain flooding, 

etc.). 

(ii) Suosector •urface irrigation 

- controlled by lateral supply ditches; 
- uncontrolled, fra11 excess application of water to adjacent 

or hillier land (step f&r11ing). 

(iii) Drainaie 

- open end clo.ed drains; 
- 1"91Pinf equipment for drainage; 
- re-use of draioage water. 

Cd> Ma~i111rx end eqpiment 

In order t·" create the infrastructure facilities for effective 
irri,.tioa and clrainaie •YBt-, and to provide for the •elf-amtained 
dnel,,...at of tbelle important agricultural operations, it is necessary 
to mnufecture the •MDtial equipment, •chinery, •tructural devic. and 
ancillary product•. 

Local mnufacture of the machinery, equipment ud •tructur• needed 
for couervatfoa, conv.,yance, irriiation end draina,ce of water requir• 
the f ollowiof: 

- A wide ran•• of comtruction machinery Bel equi~t, e.f. earth 
remover•, loader•, leveller•, scraper•, drai line excavator•, 
~TaDeB, tractors, etc.; 

·- Mlmual di ah• tool• a'ld equia-ut; 
- C-t, bricb and concrete sections; 
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- Steel sectiooa and fabricated structures; 
- Cut iron products; 
- llardNare item; 
- Pipes and fittings (metallic and nop--aetallic); 
- Valves and joints; 
- Diesel enginea, electric aotora and pumps; 
- Bras aprinklera and fittings; 
- Agricultural illplementa, e.g. harrows, dbc ploughs, tillers, 

levellers furrow etc.; 
- A variety of acricultural hand tools; 
- Windllill encl ~i 
- Solar PQIP8i 

- A wide range of products of ancillary engineerinc inchatries. 

The loe&l development and mmuf acture of the W>e>ve engineering 
products require the prmotion, expansion and J.JPgrading of existing 
engineerinc and allied metalworking and select~ builJinf gateriala 
induatriea in African countries. In order to achieve these objecti vee it 
is essential to reorient policies and strategies to promote the 
integrated development of the building -terials, 11et&l and engineerina 
industries directed towards the local manufacture of ir1·igation and 
drainage system equipment. 

An importaut :measure for achieving ~his is through the creatl:on and 
expaneion of aulti-pw"pOBe production unite at the aaall- and 
lledi...-scale enterprise level. Other factcra to be cowtidered relate to 
the promotion of inter-country and interregional co-operation for 
aelf-auatained development in the future manufacture of irrigation fi~d 
drainage equipment. 
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II. NAl'Iot'AL POLICIES AND STRAT!i'.:IIS FOR Tim DtVEI.t>PMiNT OF 
SYSTEMS FOR WATER COHSBRYATION AND roNVIYANCS, 

IRRIGAYION AND GRAIKAGE !N AFRICA 

The 11e,,jori ty of Mrican Governments recognizf: the imp<'lrta.."lce of 
wati!r reaourc.es deltelopcent, particu~arly relate..\ to water coaservation 
and conveyance, i?'rigation and drainage, and es~~ally the essential 
rGle of water resources develor.-mt to attain tself--suffideuc:t in fOCl4 
and agricultural prod.action. Consequently, hi(:.h pdoritieJ are ~ ini!,; . 
accoc'Cied to water resout"CeS dl'!velo~t in the nati-:oal devel~-t plans 
cf alaost all the African countries. Most of the r~levent Wltional 
pc,licies are directed towards: 

( i) Providing domestic wat~!t' supplies for huasn consU15Ption; 

(ii) Conatruction of simple syatem wells {with low operating and 
maintenance costs} ; 

(iii) Provision nf water to the llOSt needy people; 

(iv) Maxi.Mm oovel~t and efficient use of water resources for 
soci~econoaic benefits; 

(") Dtwelot98Jlt of irrigation, hydro-power genen.tion and water 
resources research. 

Many countries lack an overall national policy to oversee the 
development and management of their water resources. Instead, each water 
institution in tbe country foll~ its own sectoral water ~licies to 
achieve its development targ~t. The general policies of wat'!r resources 
developi11eDt cover institutional arrang~ts at the uational level. Most 
of the strategies for water resources development and its ulti.ate end 
uses are directed through: 

- agricultural and rural development ache.ea; 

- irrigation lending; 

- increasing availal:-le l&dda under irr-ifation; 

- rehabilitation of exiatinf ..ntter resourcea activitie.; 

- gover.-ent Iesislation fovemint water resom·ce8 develoiJllellt end 
utihzation; 

- iltBter reaourc• ••a.wot i 
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~between the needs of water resources development and the industr!al 
!ectqr_~ible f'or the develoi-nt of -chin!!:I' and equipment for 
water supply and irrigaticn 

The 110Bt disturbing feature of existing national policies and 
strategies for water resources development in African countries baa been 
the total neglect of 9e88Ures to link policies for water resources 
development and downstream applications with the industrial develop1ent 
policy. The existing policies and strategies do not spell out clearly 
the interlinked require11e11ts for devices, facilities, equipment and 
-chinery, and which of those can be locally manufa~tured at the national 
level to fulfil the needs, int!!: ali!1 of water resourr.ea development, 
irrigation and drainag~ etc. 

Such omiasiona at the policy level have created consideraOle 
failures in achieving water target requirements, particularly in the 
agricultural sector. Due to the lack of interlinked planning of water 
resources develOp11eDt activities with the related 11BDufacturing sector, 
moat African countries are unable to produce products such as .,....,., 
agricultural implements, diesel engines, pipes, fittings, construction, 
equipment and other types of -chinery and equipment required for water 
conservation and convei'&Dce, irrigation and drainage. There are only a 
few countries, such as Zillbabwe, Kenya anrl lgypt, that have same kind of 
policy measures to interlink the activities of the 10<'.al .anufacturing 
sector and water resource development. These countries also 118Dufacture 
a wide range of water lifting, irrig~tion and drainage equipment. 

The gap existing in most countries has been further widened by the 
lack of basic 118DUfacturing support facilities within the industrial 
sector, e.g. foundry, forging, beat treat.ent, 11achine shop, tool-rOClll 
and 11etal coating facilities etc., in the ll&jority of African countries. 
<>wing to the absence of these core industries, many African countries are 
unable to 118Dufacture sillple equipaent such u hand PUllPB• water 
fittings, fabricated irrigation water control devices, agricultural 
implements etc. 

There is thus an urgent need in all African countries to integrate 
at the policy and strategy level the interlinked activities related ~o 
the development of water resources engineering, and the building 
•teriala, engineerinl and allied metalworking industries. Such improved 
policy 11eBSurea will open up new avenues for the inteirated clevelos-ent 
of water resources and contribute to the induatrializati\HI and 
acricultural develop11eDt of African countries. 
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III. TREtmS IM THI l"SB OF IQUIRmft F'.>R WA'l'IR CONSBRVA•1·ION it.tm 
CONVEYANCE, IBRIGATlON AND DllAIUAGR 

iN SILECftf.i AfRlC.\N COUNTRIES 

African &griC'.Jl ture i• bssed ~nly on rain-f e:l and river t>asin 
irrigation in the majority of the Sld>-Sabran coilDtries. North cf tbe 
Sahara, the irrigation pattern is based on water available froa tne 
grounci and river basin. Before ccm1enti~,( en the curr.mt W'le of *lter 
SlJl:ply and irrigation equillll8Dt in tin African region, it if! neceamary to 
describe briefly t.he topographic, c:lUiatic Gd hydrognphir. fa=tors 
influencing the irrigatiort and d ... ahuge patterns in thi!! vut conti.i1e11t. 

Brief overview of toPOCT!PhYL cli-t~ and hydrq&r~-~f_!he Afr.!~ 
~~!inent 

Accordinf to the topographic f~ratures, t~e Afucan territory lil8Y be 
divided into two parts, the lGWlaud in the Nortb-We:st with elevation• of 
preOO.inently below 1,000 metet'S 8Dd the highland in the South-But, with 
elevationa often exceeding l,OOQ meters. ~e followiu~ geographical 
regions are usually recognized in .";frica: the Atlas Mountains, the 
Sahara Desert with the Nile Valley, Sudao, North Guinea Upland, Congo 
Basin, Abeaamali, lut Africa, Southern Africa and the Ialanda. 

The climate of Africa ic chiefly dete111in"'1 by ita «eGIJrapbic 
position, i.~. north and aoutb 1.1f the equator, w~th vast areas located in 
the tropics. The African continent .ia the hottest one, the climate of 
its northern part ia war11er than that of the southern; north and aot1th 
of the tropics, the quantity of precipitation gradually decreases. Ia 
northern Africa the ..a annual precipitation does not aceed 10-20 -· 
In the southern African ~•ion t~ distribution of precipitation i• 
uneven; .. he predpitae:..ion broqht by the Inclian Ocean tradewind varies 
fr• 500-1,000 m; in the weatarn part of Southern Africa precipitation 
mount• to o-500 -· The equatorial ltO'lSOOD zone in the Northern 
!t111iapbere ia ootabl• for lea• precipitation duri8' tbe rainy aeuon. 
11.i.e equatorial WOOD &one iD tbe ao.&tbern -iapbere occupi• only the 
ffatera pert of tbe coatineat; the_. tum11al precj.pitation there 
nmc• fr• 500 to 4,400 -· 

To _....taDd tbe fomation of tbe ..-ound ... ter it is illportant to 
know tbe ..... t of precipitation that reecbea tbe ... ter tllble, i.e. tbe 
..,..t that coatribttt• to tlae ..-omc1 •ter rec:Mr,.; tllia _,..t vari• 
in tbe different climatic &ODll9 of Africa. 

Tbe -t ._. draU.,. pattern iD Africa is......,,_. in.,... of 
.. i.. precipitation. Ia tbe deeert u- it is pnictically ..._t. 
Siac:e all tbe riven of tbe caatiwat an maialJ rai•fall nct..r.-. tbe 
difference betweD their aia\mm md -1- cliacMr .. is ,...t. OWiDC 
to ·~be •ter Karcity iD the arid md aem-aricl ...._ irri,.tion is 
t.pouible. ,.,..... ia t.._ ar- .-rallr relr ..-.u,. OD tbe cromd 
•ter aapplJ for ...-tcultural ... 
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The drainage system of Africa belongs to the drainage basins of the 
Indian Ocean (18.48 per cent); the Atlantic Ocean (36.05 per cent); the 
Mediterranean Sea (14.88 per cent); aa well u to Island Basina 
(30.59 per cent). The characteristic of the river basins is that the 
areas of the basins with run-off towards the seas and oceans tend to 
enlarge. In ~t of these tropical African areas agriculture is 
intensive wherever adequate drainage facilities exist. 

The ground water recharge of African dvers is low. It is only 
20 per cent in Congo and Niger, and in tropical areas where soil 
permeability is good, e.g. in Rast Africa, the ground water run-o!f 
increases to 5()-6() per cent. With considerable overland run-off having 
low ground permeability in the tropical ht111id forests of Africa, the 
ground water recbarfe of rivers decreases to 20-30 per cent. The ground 
water run-off also reflects the rainfall regimes. 

Within t~e varied conditions - topographical, climatic, 
hydrographical blld particularly the rainfall regime - of the African 
continent, the water conservation, water conveyanca, irrigation and 
drainage systea applications vary widely, froa rain-fed agriculture and 
drainage in the humid tropical part, to ground water requireaents in the 
arid and semi-arid parts of the continent. 

The African irrigation systems can beat be divided into the 
following groups: 

- Water supply and irrigation in the arid, i.e. desert areas; 

- Water supply and irrigation in the aeai-arid areas; 

- Water supply and irrigation in the heavy rain-fed agricultural 
areas (where drainage is required to dispose of uuwanted water 
during 11e>nsoon time that can be stored for a second crop in the 
dry season i:rigation); 

- Water supply and irrigation in the river basins. 

Choi£!_of diff![!nt_!!E!!_!!f_11£bi~!II~~~!A_f~~-~!Y~£~_f2r_ 
!rr!&!ti2!L!!!~-~r!in!l!_!g_Afr!£!!!_~2Y!!!:!!! 

All mentioned before, the conaervation and conveyaoce of wat'Jr, 
irrigation and drainage play an .i.aportant role in crop p1, ; 11ctior> where 
rain-fed airiculture 1s difficult. As the syste11& of ii:·ri ;a ti on :.nti 
drainage are different in the different p&rts of the AfricM conf ~nent. 
it ia eaaential to note that a wide range of tec~1iques, eq\U"91ent and 
•cbinery •re bein:t ued in diffe:1 ent coun.~ de1J and Ngi. oa. .\t P!'•Eant. 
the •jority of the African Governments ~v"' t:ndet taken a · 'lrle r·, .llber ot' 
conatruction and irrigation proj~~ts. !$ wat~r ~esourcea ~~e .Jblic 
pr~rty. Oovonments are th• oPly entit1e11 to s..-1t\o .. •·e th~ reapone~r;.~..i,~y 
for the appropriatit and benefi~ial use of t.;;i;tf!r. 
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During the •carce period of rain-fed agriculture, it is necessary 
to secure an alternative source of water, particularly in the arid and 
semi-arid African regions. In the huaid tropical region, greater 
attention should be given to the establishment of adequate drainage 
systems. Thrse alternative sources of water other than rain-fed 
agriculture, which are described in chapter I.(a), (b) and (c) of this 
paper, are used to create an integrated infrastructure for water 
conservation and conveyance, irrigation and drainage syste11S. Currently, 
the following equipment, •chinery and devices are being used in Africa 
for these systems: 

(a) ~e: Surface reservoirs are built to store irrigation 
water. The storage dams are built with spillways large enough 
to convey llBXillull anticipated flood fl0".1118. Capacities vary fr011 
a few thousend acre-feet for rea<;rvoirs on s11&ll ~treams to 
•illions of acre-feet, e.g. The Aswau Sigh Du. the Akosoa.l)a 
Du, the Bakolori Da etc. Likana~, dams coa~atructed vary frua 
a few feet in height, built al low cost, to 11&Ssive aason•"Y 
structures over 700 feet high and b• Ht at a cost of •i.lliona of 
dollars. 

- Heavy ePrth-.oving equipment; 
- concrete •ixers; 
- piling equipaent; 
- conveyors and mechanical handling equipment; 
- cranes, hoist µ.tc; 
- transport eqdp11ent. 

(c} Ir~_.!.J.! Afri~': Only a ftJW African countries have facilities 
ta build dams. There are two new projects recently widertltken, 
i.e. Ka.gera River Project a11d i'iig'Pr Hi'-'er Project. 

2. ~~!LE!!!b.J~.P8 

(a) fY!P!!!!: S•ll daa are valuable for i11POunding water fro• 
springs and ..all streams ac that it can be aore efficiently 
utili~ed. The epillway is a very critical aeg11ent of the design 
end i• the: feature which often causes failure of these types of 
dams i~ the African region. 

- Metal fabricated portable irrigation control gates; . 
- Pre-fabricated low cost water control atructure• 11BDuf actured 

from ateel sections; 

- Concrete three way outlet boxes on irritation laterals; 
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- Portable rectangular weirs 11ade frOll caovaa or plr:..stic and 
utilidng sheet metal for the notch (generally not being uaed 
in Africa); 

- Wide range of haa.d tools. 

( c) trends in Africa: Many African countries have installed such 
1181ill earth dalls for irrigation. 

3. Rain-making or cloud-seed!g 

Many countries, ·~d as Ethiopia, have undertaken forest 
plantation projects for rain-.aking. 

4. Saline-water conversion 

(a) Pun>oae: This technique is .,.tly used in the desert coe.atal 
areas where fresh water is produced by boiling and subse!plently 
condensing sea water. To re110ve salt froa 1, 000 gallons of sea 
water requires at least 2.8 kWh (3.8 hp.hrs) of electrical or 
solar energy. Siailarly, 900 kWh (11e>re than 1,200 hp.hrs) are 
required to obtain one acre-foot of fresh water, at an 
equivalent cost of US$20. Thi~ technique is used 110Btly for 
dcmestic purposes. 

Sea water to fresh water generator, using diesel oil or solar 
energy. 

(c) 'i'r~~-i.n Afri~: This process is used in SOiie North African 
countries to provide water fo1 domestic consumption. 

(a) (>yrpq!e: Many African cowitries, particularly in arid and 
seai-arid areas, are using lhia technique for the supply of 
irrigation water. Pumping water frOll underground aourcea is 
widely practiced in African countries and is a well-established 
method of o.~taining irrigation water. The silting-up of 
reservoirs, the availability of good ground "'8ter storage sites, 
the growing lack of surface storaae sites, the p~evention of 
evaporation and the develo1J11ent of additional water will all 
contribute to •ore extensive and intensive development of 
underground water use. 

(b) lgyiJ!w!nt _ya_!!I 

- Well-drilling .. chinery and equipment; 
- Well-drilling tools, e.g. rope socket, jarsf drill stem, 

drilling bit, bailer etc.; 
- Pipes, fittin'8, valves etc.; 
-· P\mpll, (ref. A.4. in thia chai>ter, p.16). 
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(c) Trends in Africa: Thia is a new trend in Africa. A larae number 
of countries, particularly in the arid end aelli.-arid areas, have 
introduced these facilities, e.g. North African countries, 
Southern African countries, West African countries. 

6. Wells for ir,J"ication wattitr 

(a) Purpose; Dug wells have been the principal source of water 
until recent times in the African region, when modern 
well-drilling methods have OOell developed, illported and med 
extena·ively. Dug wells are usually shallow wells, generally 
l9Ss than 50 feet in depth and seve1-al feet in di-ter. 

The Ranney well is a modification of the dug well, wheJ·e a large 
central abaft is constnicted to a cif!pth below the water table. 
Wells are then drilled horizontally in a radial direction froa 
the bottom of the t.hsft. Large quantities of water can be 
obtained from t.hia type of we-!l. The :impor-hnce of wells and 
ground water development is indicated by the size of the 
well-drilling industry. 

- Power soil s111tpler captlble of obtaining a 4-inch 1D1disturbed 
corei 

- Hand tools and buckets; 
- Extracting equipaent with cl811Shell or orange peel buckets 

attached to the equii.ent; 

- Well-drilling tools for cable-tool methods, e.i. rope socket, 
jars, drilling stem, drilling bit, bailer etc.; 

- Hydraulic rotary equipment; 
- Reverse i·otary equipment; 
- Transport equipaent. 

(c) Tr~!!~_.i!L~fric!: Welh are traditionally used for supplying 
water for domestic and irrigation purposes.. Dug tr-lls are 
available iu r.hl09t all parts of Africa, parthala.-ly in rural 
villages. Mo8t of the dug ..;'811• are creatll!d b; manual efforts. 

The f ollowi.DI are existing technolodes for the convey1111.c.e of 
irrigation and drainage water. 

{a) E'!!!J!2!!: '.!'be ~n t)'Pd of water conv·wance arC" the irri1ati"n 
canals extenaivel:' ued in the African ri!fion. Tlkl canals are 
excavated in natural •terials along the line that water .. t be 
conveyed. Excessive velocities of water in eanh canals HY 
cause erosios•. 

(b} t;gy~nt_Y!~~ 

- Hand tools and vuckets; 
- Power-operated ditcbinl equipment. 
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(c) Trends in Africa: Only a few couotries in Africa deaiped their 
irritation •J9tem& with earth canal networks. Short-atretch 
canals are uaecl for surface irrigation only in most of the 
countries. 

2. l!inecl canals 

(a) Purpo!e: Many irrigation canals are lined for: 

- Decreaai.ng conveyance seepage losses; 
- Pr~viding aaf~ty against breaks; 
-- Preventilla weed growth; 
- Retardilqf llCMIS lfI'Ollth; 
- Decreasing erosion caused by high water velocity; 
- Cutting down -intenance coats; 
- Reduction of drainage problems; 
- Increaaj.~ the cepaci ty to convey water. 

(b) lgyip!l!Dt used 

- Machinery for the 118Dufacture of pre-cast concrete slabs; 
- Concrete ai~ers; 
- Bquipsent fcT sizing 111U1onry rocks; 
- !quipr.tr·!'lt for manufacturing bricks etc. ; 
- Rand be ~s and b'-lt:"..kets; 
- Power-operated d1tcbiog equipment. 

(c) Trends in Afric'l!: Very few African countries. ~.g. Egypt, 
Zimb~. lcnya, cate d'Ivoire etc. have lined canal networks 
for irritation; among all the African countries Zilllbabwe has 
the bei;>:: network of Hned irrigation canals. 

(CJ.) ew:e!!!~: Tbia 11et:bod is exte.1U1ively used in the African region 
for the delivery o:f' water i>y: 

- concu·ete pipes; 
- i;ilutic pipes; 
- • h·d pipea. 
- l'i· .:-i.fir1~ clay 'Pipeu; 
- tLo,•es; 
···· fl1.me11 of concrete or alminiua; 
-· si~ for div11::rting water !roa concrete lined ditches; 
··· epu;n cut lron pipes; 
·- baboo flu.es etc. 

- Pipe-· laying aachinery; 
- Pipe-expendiDI •chinery; 
- Pipe-thread-cutting machinery; 
- Weldin• equipment; 
- Conc-t'e!.e-,j<'in:ing devices; 
- Oitchin• 1>taehinery; 
- Boi•t• anc! cran .. ; 
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- Concrete lli.xerai 
- Tramport equipment; 
- Band tools and bucektsi 
- BardNare and JleC:banical tools. 

(c) Trends in Africa: Both concrete and steel pipe manufacturing 
facilities exist in the majority of African countries. Owing to 
the lack of ancillary bardNare industries, the conveyance of 
water by lle8DS of pipes is liaited to urban areas fr.r domestic 
use. Only a few countries have extensively used pipes for 
conveying water, e.g. Kenya, Zimbabwe, Mauritius, Zambia etc. 

4. Pmping water for irrigation and dl"!.i~ 

(a) ~e: There are large areas of land in arid and semi-arid 
regioaa of Africa so situated that available water cannot be 
brought to them by gravity. For many of these areas, water is 
raised by acme lleebanical device from its natural sources, 
whether surf ace or underground. to the elevation of the hillier 
parts of the land, so that water will flow for irrigation by 
gravity. The pm!lping for raising water is known 88 irrigation 
PUllPing. Sprinkling irrigation also requires pumping of water. 
i'ullping for drainage is as important 88 for irrigation. 

(b) lgu.il!l!!nt used 

(i) Prime movers for pmps: 

·- windmill arrangements; 
- solar energy 110tors; 
- electric aotors; 
- sinfle-, double- or three-cylinder diesel; 
- petrol or gas engines; 
- steaa engines and stea11 turbines (generally for large 

plants}. 

(ii) Pclps: 

- centrifulgal PUllPB (horizontal and vertical types); 
- dee~ll turbine pt.mp8; 
- submersible turbine pu11p11; 
- propeller and aixed flow pu11p9; 
- rotary pumps; 
- open and closed diaphr ... pmpa; 
- reciprocatint PUllP9 generally used with windllills; 
- pelton wheels; 
- band pmps. 

(c) !r!!!~_!n_Afr!!:!: The concept of integrated irrifation pumpinf 
stations d088 not exist in the llftjority of African countries, 
except in IOPt, Ghana, Ufanda, Kenya, Zillbabwe, Zambia etc., 
where such facilities are incorporated to irriiate larte areaa. 
The recent use of subllersible pUllps for irrifation has been 
encountered in Zillbabwe, Kenya, Nigeria, C&te d'Ivoire, IOPt 
etc. For surface irrifation, centrifufal ~ driven by diesel 
engine8 are being used for cash crop production. Hamd PUllPfl are 
used in ll09t of the latern, Southern and Western African 
rei.:ons. 
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5. fitti!D_f~ter !!Rh 

(a) ~: The ccxatrol of irricatioa water requires control 
valves, lines and fittinaa throqbout tbe water conveyance 
•:rat•. 'lbeae include: 

(i) Valvea, e.g. globe valves, gate vahea, angle valvea, •in& 
cbeclr valves, taps etc.; 

(ii) Benda and elbows, e.g. cloee return beads, atandard tees, 
atendard elbow, medium weep elbow, long aweep elbow, 
aquare elbow, borda entrance, sudden enlarc-.t, 
ordinary entrance elbow etc. 

(iii) Hardware, e.g. bolts, nuta, st.,., cl111111P1, 1ukets, 
weabera, clips, chain clips, grouting bolts, foundation 
bolts. couplinaa, spriDl(B etc. 

(b) lquipmnt used 

- Mechanical hand tools; 
- Pipe-bending machines; 
- Pnetmatic spanners and tools; 
- Teatina equiJ1119Dt; 
- Thread-cutting llllChines. 

(c) Trends in Africa: The majority of African countries do not have 
facilities for the local 11BDufacture of water fittings and 
valves. Only a few countries, i.e. Kenya, Zbbabwe, Zambia, 
Mauritius, Uganda, Tanzania, lgypt and Nigeria have such 
facilities. 

C. Irrigation and drai!!!I! 

1. ~yrface and sub"-!urf~ irrigation 

(a) ~~: Irrigation methoda vary in different parts of Africa 
and on differ~t f81'118 within a C011m11Dity because of difference8 
in soil, topography, water supply, crops and cuatoms. 
Generally, African farmers carry out !!![faq_i,rrigati99, i.e. 
(i) uncontrolled flooding; (ii) controlled floodinf with 
corrugatiom, borders, cbecka or buina; (iii) furrows. 
Sub-surface irrigation baa limited application in the African 
eountriea:-i.e. (i) controlled by lateral supply ditches; (ii) 
uncontrolled f roa excess application of water to adjacent or 
higher land (step fan1ing), only used in highland countries, 
e.g. ltbiopia, Lesotho etc. 

- lever-type hand pmpe; 
- rotary band pU11P9; 
- aniaal-dnwn pu11pa; 
- windllill pu11pa; 
- en1ine-driven PUMPS (centrifugal); 
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- electric motor-driven ~; 
- tractor-driven pmps; 
- aulmenible pumps; 
- '\'erlical turbine pvlp&. 

(ii) l.epd preperatioo for irrigation 

Extensive UM of aaimal-ctn.m and power-operated iaplementa 
for levelling, mki.DC bordera, conatruction and cleaning of 
ditches, and for .Ui.._ corruption end furrows. 

- band tools, e.g. band spades, di"ing forks, hoes, band 
cultivators etc.; 

- anDal-drmm cultivator tines, ridgi.._ ploughs, disc 
barrONI, land-levelli.DC blades etc. 

- poNer-Operated multi-purpoee blade terracen, ridgera, 
diac plouebs, diac barrONS, scrapers, lavellers, deep 
furrow :implements etc. 

(c) Trends in Africa: In general, the surface and sub-surface 
irrigation are not mecb•nized in .aet countries of Africa. 
Although some African countries manufacture anillal- and 
power-operated imple11enta, e.g. Kenya, Zellbia, :lllhabwe, Egypt, 
Algeria etc., the llajority of African ccuntries use band tools 
or anillal-drani i.mple11eDts for land preparation for irrigation. 
Only a few African countries, e.g. Zimbabwe, Bgypt, Algeria, 
Kenya .anufacture/aese111ble submersible pumps and conventionl'll 
pu111>e for irrigation. A large nUlllber of countries 118Dufacture 
band pmpe, -tly used for domestic purposes. 

2. S2rinkler irrigation 

(a) Pur"2o!e: Sprinkler irrigatioD is the method of applying water to 
the surface of the soil in the fom of spray (simulating 
ordinary rain), known u sprinkling. Sprinklers have been used 
on all soil types, on lands of widely different topography and 
slopes, and for many crops. There are two types of sprinkler 
ayat-, i.e. ami-pel'llBDent installations and portable 
ayat... There are three types of sprinklers, e.g. fixed nozzle 
attacbecl to the pipes, perforated pipn and rotating 
sprinklers. for effective irrigation, sprinklers are used with 
&-IDIP9 baviDC a water pressure from 5 psi (pounds per square 
j~cb) to 100 psi. 

(b) l9Y~! uaed: Sprinkler syat .. include: 

- p...,_ of various types; 
- Pipes 1111d fittin'8 .. inly for riser pipes, lateral distribution 

pipes and the .. inline pipes to be connected with the pu111pin• 
plant; 

- fixed-nozzle sprinkler•; 
- Perforated pipe sprinklers; 
- Rotatin• bOOll sprinkler•. 

"' 
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(c) Treada in Africa: Sprinkler irrigation ia -inly uaed for 
irrigati<'D in the iorth African countries for crop production. 
In the lutern and Southern African re:(iona, sprinkler 
irrigation is 110Stly used in cuh crop agriculture. btenaive 
sprinkler irrigation is used in Maurith.a, Zillbebue end llenya. 
Sprinkler equipment ia .anufactured in Zi.Eabwe, llenya, 
Mauritius, ICYPt and Algeria. Sprinkler irrigation is still not 
widely used in the 118jority of African countri~. 

3. »rainue of irrioted lands 

(a) Purpoae: Drai....- is the reduction of 4'Xe&.8 water. Irrigation 
and drainafe in .rid regiona of Africa are complementary 
pncticee. In Mmid retiona drainage ia required to drive out 
-.:-• wi i:.er not required after irrigation. Adequate ~e 
improves aoil atructure and i.ncnesea and perpetuates the 
productivity of soils. 'ftlie introduction of a good drainage 
Qmt• for irrifated land requires (i) a source of exceu 
water; (ii) control of the water source; (iii) lowering the 
water tele. There are two types of drains - open drains and 
tile drains. In African countries open drains are -tly a.eel 
for irrigated lands. It ia to be noted that in the arid regions 
drainage usually follows irrigation. In humid regions drainage 
11UBt frequently precede agricultural develop11e11t. 

(b) l!l!lli!!!!!!t used 

- Hand tools, di"ing hoes, buckets, shovels etc.; 
- Animal-drawn and power-operated iaplementa for ditching or 

ll&king canals to drain excess water out of irrigated lands; 
- Pu.pa for drainage systems; 
- Pipes and fittings for drainage systems. 

(c} Trends in Afri£!: As irrigation has not been mechanized in the 
118.jority of African countries, the subsequent development of 
drainage syate9S bas not been established either. Surveys show 
that 110St of the drainage syste11a in the hU11id tropic areas of 
Africa are of open drain i.,;pes. Owing to the lack of local 
118DUfacturing facilities for pumps, fittings, tile pipes etc., 
llOtft of the countries (except Zimbabwe, Kenya, Mauritius, l&YPt, 
Algeria, Nigeria) have greatly depended on imports of drainage 
equipment. ~~ the infrastructure costs for drainage systems are 
high, uny African countries are unable to provide adequate 
drainage facilities for effective irrigation. 

(a) ~!: Efficient use of water for irrigation depends on the 
11eSSurement of water stored in soils; the capacity of soil• to 
store water is an importent factor for crop production, 
particularly in the hU11id and arid regions of Africa. 

Ci) !t!!r 11111Yr!!!!!!! 

- portable weirs; ' 
- praahall meaauring fluilea equipment; 
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- trapezoidal flUlleS equipment; 
- current meter; 
- lleebanical Jle8Suring and recording devices; 
- venturi tubea and siailar devices; 
- float lle88Urement equipment. 

(ii) Soil moisture wuri!!&_eguia-nt 

- post hole suger; 
- band soil a..pling tubes and probes; 
- power auger tubes and probes; 
- tenaiometera etc. 

(c) Trends in Africa: In ahloet all African developing countries, 
inatitutiona for water development are 88inly responsible for 
conampti ve MUurement and use of water. It is to be noted 
that none of the African countries have national facilities for 
the manufacture of the required lle88uring equipment. In the 
118,iority of African countries, farmers do not have adequate 
knowledge and facilities for water and soil moisture aeasuretment 
at the farm level. 
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IV. TRINDS IN MANUFACTURING EQUIPMENT FOR WATIR CONSERVATION AND 
CONVBYANCB, IRRIGATION AND DRAINAGE IN AFRICA 

INCLUDING THE ROLE OF SMALL- Mt'D MEiHtM-SCALE INDUSTRIES 

The previous chapters have highlighted the importance of national 
policies and strategies, as well as the existing trends in Africa in 
relation to the U8e of water conservation and conveyance. irrigation and 
drainage systems, end the requirements for aachinery end equi1J118Dt. 

The analysis of product groupi:igs and choice of aachinery, 
equi1J118Dt and devices clearly illustrates the need for a wide range of 
building aaterials and products of engineering and allied metalworking 
industries related to irrigation and drainage syste11&. 

In alSt of the Sub-Sabanm countries rain-fed a(riculture is still 
predominant in traditional faraing, and e~en in the limited aount of 
mechanized faraing. Tbe existing levels of mechanization in the ll&jority 
of African countries relating to water supply, irrigation and drainage 
systems are very low compared to the other developing regions of the 
world, and the liaited applications of 11eehanization are 110Stly equipped 
~ith aachinery and equipment illported from outside Africa, as very few 
African countries 111111ufacture such 11&chinery and equipment. Within this 
complex pattern of development, an assesa.ent is required of the 
interlinked develop11ent aspects of existing and future requirements for 
irrigation and the J1BDufacture of the necessary equipment to fulfil these 
requirements, at least for selected African countries. 

Existing facilities for the 118llyfacttl!:~~f-~i~!-fQr_~at!r 
£!!!!!!!'.!ation and co~~£!.1-!rrig!!!Qil and drain!!S!_!n_!!!~!!~_Afri!:!!! 
£Q!!!!triea 

The list below shows the aajor product inputs for the integrated 
and interlinked development of water conservation, water conveyance, 
irrigation and dra;nage. Currently very few African countries 
11BDufacture locally this machinery and equipment. 

1. Construction 118Cbinerx and equi~~! 

The llajority of African countries do not llBDUfactqre the aachinery 
and equipment priaarily required for conatructinl wat~r conservation and 
water •upply devices. Thi• equipment includes: (i) heavy eartb-.oving 
118Cbinery; (ii) concrete aixera; (iii) pilinl equiP119Dt; 
(iv) excavator•; (v) coaveyors and aecbanical bandlini equipment; 
(vi) hucket elevators; (vii) ditchinl 118C~inea: (viii) well-drillini 
aachinery; (ix) well-drilling toola; (x) cranes; and (xi) transport 
equipment. There is a liaited r'lnge of aanufacturini/aa•ellbly facilities 
for this equipment in Zimbabwe, Kenya and Egypt. Diacarb Ltd., Z&llbia, 
ia the only company in Africa which 118Duf acturea sintered diamond 
drilling tools. 

Aa mentioned in the previous chapter, water conservation, conveyance 
and drain8'e require a wide ranie of concrete, ce11eDt, vitrified clay and 
auonry cut products, including:' ( i) f" .Jncrete water reservoirs; 
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(ii) conc~le cat pipes; (iii) pre-cast concrete slabs; (iv) concrete 
joining deviceei (v) brick/concrete well structures: (vi} flu.eai 
(vii) ce11e11t for W..S and othar infrastructure requirements. 

Cement and concrete: The ll&jority of African countries produce the 
ce11e1tt and concrete aggregates required for the building and construction 
industries. However, only a l:illited nUllber o: countries have 
manufacturing facilities for the cast cement and concrete products 
required for irrigation and ~inage ayate11&. These national facilities 
could be upgraded in Kenya, Z&llbia, Zimbabwe, Ghana, TllDZania, Ethiopia, 
Nigeria, Egypt, Algeria, Zaire etc. 

~!~L .. J!r!~!_!Jld_mas~roduct§ are being 11&11ufactured doaestical ly by 
110St African countrietJ. The d011eStic induatrin should be upgraded in 
order to be able to supply the requirements for irrigation and drainage 
systems. 

3. Iron and •!eel products 

The 11ajor requirements of iron and steel products for water 
conservation, conveyance, irrigation and drainage are: 

~!St_irQ~: including: cast-iron spun pipes, fittings, iaplements, 
parts etc. There are a few foundries that 11BDufacture spun pipes in 
Africa, e.g. in Zimbabwe, Egypt and Kenya. In addition, a nUllber of 
countries have 111111ufacturing facilities for the cast-iron fittings and 
cast-iron parts required for agricultural :illplements. There are about 
150 foundries in Eastern and Southern African cowitries. 

Ste!l sec!!~!: including: (i) reinforcing steel rods and wires; 
(ii) c<>1111ercial •ild steel sections; (iii) steel sheets and plates; 
(iv) steel pipes and tubes; (v) steel hardware ite11&; (vi) forging 
quality steel for band tools and iaple11ents, parts etc. 

Most of the above 11aterials are required for the aanufacture of: (i) 
hand tools; (ii) well-drilling tools; (iii) pre-fabricated low cost 
water control structures; (iv) fabricated metal irrigation control 
gates; (v) fabricated fl111188; (vi) portable rectangular weirs; (vii) 
well tubes and pipes; (viii) irrigation water delivery pipes; (ix) 
bolts, nuts, foundation bolts, washers etc.; (x) reinforced rods and 
wires for concrete structures and the building of dams. 

§!~LP!P!!_H~L!~!!: Pipes and tubes are being Hnufactured in the 
African region. Moat of these pipe and tube companies are saall- and 
11ediua-scale enterpriaea. The 11aXi•U11 aizes of the pipes are up to 6 
inches in di&11eter, aad they are fabricated from coiled plates and 
sheets. The eatablisbellenta are located in Ethiopia (18,000 tons/year); 
Kenya (50,000 tone/year); Zallbia (36,000 tone/year); Zimbabwe (100,000 
tons/year); Egypt, Al•eria, Ni•eria, Ghana, Zaire etc. There are a few 
C011Panies manufacturing ateel pipes up to 3 meters in di8118ter, e.g. in 
Mauritius, Kenya, Zillbab""8, E1YPt, Nigeria etc. The Tube and Pipe 
Industries (Pvt.) Ltd., Harare, Zillhabwe, which is the largest 
1181Jufacturing company, produces 8-• pipes to 100-- pipea, with wall 
thickness of 4.5 • and 125 • to 200 •, and pipes with &-.. wall 
thickneaa, with a capacity of 30,000 tons/year. 
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Existi!y( steel production faci!iti~ 

histing steel production facilities in Africa are the following: 

Rollin< and re-rollin« ailla: The aajority of African countries have 
steel-melting lllld rolling •ills facilities with capacities ranging from 
15,000 to 36,000 tona/yeari these countries include: Ethiopia, Kenya, 
Uganda, Tanzania, Mauritius, Zillbabwe, Zaire, Ghana, Nigeria, Togo, 
Algeria, lgypt, Liberia etc. The capacity utilization of these plants 
varies from 15 to 60 per cent of their rated capacities. The largeat 
aini-ateel plant, which is located in Zaire and called MALUllU, has an 
installed capacity of 250,000 tons of steel sections per ann.-. The 
plant is not in operation now. 

Int!~ed iron and steel aills: There are four integrated iron end 
steel •ills in Africa: in Zillbabwe, Egypt, Algeria and Nigeria (Alaja 
Direct Reduction Plant). The total installed capacities of these plants 
are 4.5 aillion tons of crude steel per annua. However, the actual 
production of these plants varies frOll 2.6 to 3 aillion tons per annua of 
commercial sections. There is no plate and sheet aill in Africa. Most 
steel sheets are produced by re-rolling of sheets iaported frOll abroad. 

~!~!_fabrica!i2!: Jt:oat African countries are advanced in steel 
fabrication. These enterprises are generally aaall and aediUll scale. 
Fabricated products include welded metal products, fixtures, furniture 
etc. In Zillbabwe, Tanzania, Uganda, Zaabia, Nigeria, Zaire, Ghana, 
Egypt, Kenya, there are large fabrication shops aanufacturing products up 
to 100- to 200-ton structures for industrial use. These establishments 
would be ideal for the 118Dufacture of: (i) fabricated steel reservoirs; 
(ii} large pipes for water supply; (iii) irrigation control gates; (iv) 
flumes: {v) low cost water control structurett etc. 

P.uapa are important inputs for fulfilling the water supply, 
irrigation and drainage requirements of African cowitries. Pullp& are 
generally run by diesel engines, petrol engines, windaills, electric 
motors, solar eneri>- etc. In addition to this, hand puaps and 
aniaal-drmni PUllPB are extensively used in Africa. 

These puapa are -inly used for low-lift water delivery. Only a few 
African countries aanaufacture (i) lever-type hand PUllPB; 
(ii) rotary-type hand pumps; (iii) ani-1-drawn band PllmP8i 
(iv) windaill reciprocating PUllP8· These pumps are aanufactured in the 
following countriea: 

B!n!J_P!!IP! are manufactur.!d in Kenya, Zimbabwe, Zubia, laypt, Algeria, 
Ghana, Nigeria, Zaire. Countries •uch u Ethiopia, Uganda, Sudan. C&te 
d'Ivoire ~tc. have already developed hanJ PUlllPS at the research and 
development level only. 

~-r2!!rJ'_PY121: Only Zimbabwe 11BDufacturea •uch P\1111>8· 
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W!IMJaill~: Wincailla and reciprocatina pumps are manufactured in 
Zillbabwe, Kenya, IOPt, Al«eria and Ghana. The -t up-to-date deai ... ia 
available frcm Sheet Metal Craft Ltd. in Bulwayo, Zimbabwe. (ref. p.YI, 
first paragraph). 

Anipl::dram~: Animal-dnNn pmpe are _..ufactured in Ghana. Most 
of these pumps uaed in Africa are i11POrted from abroad. 

lnginea and electric_~!ora f~.r-R!!I!! 

The application of power-operated pumps for irrigation 3nd drainaie 
system is increasing in Africa. In the arid and semi-arid parts of the 
continent, i.e. Botawana, Sudan, Morocco, S~lia, lgypt, Libya, Algeria, 
Mali etc., substantial numbers of engines and 11e>tors are bei.._ impurted 
to sustain the supply of ground and river bRBin water for irrigation. 

pj,esel_enfines and petrol engines 

The ll08t popult.r 11e>tors for pumps used for irrigation are 
single-cylinder diesel engines ranging from 2 hp to 10!> hp. None of the 
African countries JIBDufacture diesel and petrol engines for driving these 
pumps. Most of the t:ngines are imported froa Asian and European 
countries. In some countries there are assembly facilities for the local 
supply of engines. 

Different types of electric 110tors ar-e being 11811ufactured in Zlllbabwe 
and in Egypt. The ll&jority of African countries i9!>0rt 110tors from Asian 
and European countries. A substantial range of 110tors with 80 per cent 
to 90 per cent indigenous contect ~re being 118Duf actured by Rel•o 
Electric Motors (Pvt.) Ltd., in Harare, Zlllbabwe. The 118Jlufacturing 
range includes: 

- Mini-11e>tors, 0.22 - 1.5 kW single phase 220 Y; 
- Mini-aotors, 0.18 - 0.95 kW 3-phase 220 V; 
- Medium siza 110tora, 0.75 - 200 kW 3-phase 380 Y; 
- Large size 11e>tors, 7.5 - 350 kW 3-phase 380 Y. 

There are some assembly plants in Kenya, Z&llbia, Algeria, Nigeria for 
11ediua-size electric 110tors. Within Africa, the application of electric 
motors for irrigation and drainage is very li•ited, particularly on ... 11 
faru. 

r2'1!!::~r!!!!L2YE!Jor _irrigat~n_!mL!Jrai!!Y!-

Power-operated puapa are an effective lle8ll8 of providin( a lar•e 
water supply to irri1ate landa and of draini.., off excetaa water, when and 
as required. The llOltt widely used pumps in Africa are centrifacaJ 
horizontal and vertical pm1119. In addition to centrifuial pumps, th• 
followin• puapa are u.ed for irri•ation, particularly in the arid and 
semi-arid areas: (i) deep well turbine pm1p9; ·11) a.1Jl>mer•ible turbine 
pump•; ( iii) propeller s.M aixecl flow pumps; (iv) rt>tary pmpa; 
(v) open end clo.ed diaphr.,. pumps. 
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Zillbabwe and EIY}lt are the twc countries where P'Ul:IPS are d<'9eat.;.cauy 
pr.>duced with BO to !JO per eent indigenous r.ontent. Zllibab'9e 
RDufactures centrifugal PUilPS. sli .aersible Pl"JIPS an<' rotar.t PWIPS for 
irrigation purposes. Centrifuge! pumps art: also being 118Dufactured in 
liaited quantities in Kenya and Ghana. Recently T::-nz.ania baa C..:.evelo.._>ed a 
centrifugal PUllP in National Bngin~ri.ng !.td.. Dar-es-Salaa11. A pt.mp 
factory will be ~issioned shortly fo Ethiopia with n prod::~tion 
capacity of 1,500 Ullits per at:Qum. kevertheless, presently llOl't puaps 
used in Africa are importe::l fro. Asian and lurOpP...an countries. 

The major fittings required for water supply, irrigation rnd drainage 
ayatema include: (i) valves; (ii) bends and elbows; (iii) hardware 
items; (iv) taps and cocks; (v) pipe joints etc. The aanufacture of 
these items requires foundry, forging and •i.chining facilities at the 
national level. Some African countries, i.e. Zimbabwe, Kenya, Egypt, 
Ghana, Algeria, Zallbia, have facilities to 11!8Dufacture a wide rang~ of 
these fittings. The majority of African colUltries are net iaporters of 
these fittings, both for domestic and agricultural use. Recently 
Ethiopia baa been considel'ing setting up a .alleable iron fittings 
factory near Addis Ababa with an aunual production capacity of 2,000 
tons. litany African countries have 11&Dufacturing facilities for brass 
taps and cocks. 

6. ~gricultur~l i!!l?!~!~_fQr_£Qn!!rY£!!ng_!rr!g!!iQn_!!!~ dr!i~ 
~:r!!~ 

In order to fu~row land for irrigation, the following agricultural 
i111>lemeots are extensi \•ely used in Africa: 

(i) Hand tools: spades, digging forks, cultivator.s; 

(ii) Anillal-drawn i111>leaents: ridgers, disc ploughs, levellers, disc 
Ju.rrowa etc.; 

(iii} Power-operated i111>le.ents: 11Ulti-purpose blade terracers, 
ridg~rs, disc ploughs, disc harrows, levellers, deep furrowinf 
i111>le11ents. 

The 118,jGrity of African countries have facilities at the sa&ll- and 
mediU11-Scale level for the production of hand tools f~r le•elliog and 
furrow-making requirements, e.f. Ethiopia, Kenya, Uganda, Ta!";,ania, 
:u.bia, Zilfbabwe, Rwanda, Zaire, Eg-;opt, Ghana, Angola, Benbt$ Sierra 
Leone, Guinea, Alieria, Congo etc. The outpt.tt of tllese eatablishaents ii 
extre1tely low, except in Zillbebwe, Tanzania and l..,pya, owing to acut•i:: 
shortages of forging quality steel. The capacity utilization of these 
estebli•!mente ranges froa 15 to 80 per cent. There ar.e three large 
establishllent~ for the aanu!acture of hand toola operating in Zillbabw~. 
~he largest producer in the regior.. 
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t!!-1-drwn Delementa for coaatructing irrifttion syat~ 

Only some African C<"untri'!S have facilities for the local a>roduction 
cf ani11al-drawn implemenb, e.g. lenyc, Zillbabwe, Zambia, Nigeria, Ghana, 
Egypt, Togo, Zaire, Algeria, Benin etc. The 11BDUf1P~turiog activities in 
these ~tries are at the 811811- and llCdi...-scale enterprise level. The 
rmjority of African c~tritn illport oillal-drawn illple11eDta. 

There are only four Afrie<m countries that aanuf&cture powe~rat\o!Cl 
implements for leve}li.._, ridging and furrowing. i.e. Zimbabwe, Egypt. 
Algeria and Kenya. Only Z:imb~ llBllUf actures a wide ranie of these 
illple11eDta with 100 per cent local contant. Tb.ere are assembly 
facilities for power-operated illplementa in Ethiopia, Zambia, Zaire. 
Nigeria etc. The application of power-operated implements for the 
construction of irrigation systellS is very lillitt:id in the ~ority of 
African countries. Moat pONer-operated illpl..ents used in Africa are 
i11POrted, aainly from E11rq>ean cauntries. 

7. g~n.Lfor sprinkler irrig?tiO!! 

There are only four countries that 11&11ufacture sprinkler ir~igation 
equipment. i.e. (i) fixed nozzle sprinklers; \ii) perforated pipe 
sprinklers; and (iii) rotating bOOll sprinklers. These countries are 
Zimbabwe, Zt.llbia, Egypt and Kenya. 'i'here are two companies that 
manuiracture heavy duty boollt""type rotating sprinkle1-s ic. Zillbabwe. Tinto 
Industriea and liurMell ?roducts in llanare. Besides this, there are a 
nUllber of saall foundries in Zimbabwe tba~ 11&Dufacture light-duty 
rotating sprinklers. In 1JOSt cf the arid and semi-arid r~gions in the 
African continent. sprinY.l~r systems are iaported fr011 European ~oWltries. 

'Pl,e majority of African countries do ~ot ha·.1e llBDUfacturing 
facil>.tiea for water-aupply, irrigation and drainage equipm-:nt; 
Ziababwe, Egypt and Kenya 9re U..e only countries where adequate 
infrastructi~·re and limited 1111nufacturing facilitia currently exist for 
t~e production of irrigation and related equipment. 

~-r2!!_~f-~!!:_•'°d-~i'!W::~l~-!mte!l!!:i!~'!__!g_!b!_~uf~~t~r!_~r 
!!!!!L£:lDBervaU,~~-~!!!'.._~.Jl!!!!!!!Ce, _ ~rrtll!!t i9JL_and !!!'.!igY!_!9.Yi£!P!g! 

The followinf is a bri"'f F...arJ of the rnle of ..all- end 
llediua-1\cale :i.nch.triea !.... the produclloo nf wate--supply e'ld irrigation 
equi,to11ent. It b i-..-ccsaaary for the majo'!ity of the Africa ct\untries to 
upgrade and el('l)B£d the exi&tin~ oaall- and llediim-aca!e er.teryriat:•, 
particularlv in the engi,,.eering and allied metalt1'Jrkin" ir41atriM, ao • 
to be .... -'" involvt!A :;.n tbe manufacture of water-aupf•ly ad rel&ted 
irri1ation equiF119Dt.. The &:.ijc..r· adv311tagea of the h'Sll- und 
kldiu.-actd•.s enterpric.• are the followint: 

They ~rovide great~r ~loyaent opport'oiUlities for skilled and 
aowi-akilled ~ptativn; 

- Du·? to their dlvP.rae prcx!i.octiCY., rang•, tl".ey are the •in aource 
for devr. 1 '.:.t>·ina •iddle 1111-:I niitwir llf&n~f-.it peraonnel; 
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- They accelerate technology development and han100ize industrial 
growth with respect; to cathe-r industries; 

- They promote accelerated adaptation and absorption of illported 
designs for local 118fluf acture; 

- They encourage the develOflllellt of local designs to pursue improved 
111mufacturing techniques; 

- They create interlinked development of a wide range of products 
and offer the.aelves as focal points and subcontracting centres 
to other industries; 

- They promote back-up engineering service facilitie1t, e.g. foundry, 
forging, beat treat.ant etc.; 

- Finally, they promote the integrated and interlinked development 
of building .. terials, enginee~ing and allied metalworking 
industries with ainillUll investaent, maxi ... productivity and 
11Ultiplier effects, particularly in the rural sector. 

Such concepts of the expansion and upgrading of a.all- and 
aediua-scale production units will no doubt pave the way for the future 
.anufacture of water-supply, irrigation and drainage equipment in the 
majority of African countries. Thia can be beat achieved through the 
enlargement and establishllent of core engineering industries, e.g. 
fOWJdry, forging, heat treataent, -chine shop and tool-room operations 
at the national level • 
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V. INTBRJATIONAL TRADE IN MACHINERY AND IQUIPMENT IOR WATIR SUPPLY, 
IRRIGATION Mm DRAINAGE IN AFRICA 

As reported in the previous chapters, the majority of African 
CO\Dltries do not manufacture the machinery, equipment IWd devic.-es 
essential fc.r water-supply, irrigation and drainage ayatem. Even local 
pipe production in allloet all AfriCl'ID countries requi~ea the i111>0rt of 
coil steel sheets. According to the ECK Bulletin of St.atia~u::a on ttorld 
Trade in Bngineeri.ng Products for 1~9 to 1984, covering the exports by 
36 major exporting countries (out of wich H are developin& countriea) to 
Africa, these exports represent 99 per cent of th~ world trade with 
Africa in agric11ltural -cbinery. As frrigation and related 98Cbinery 
and equipmeet are part of the agricultural .acbint:•-v industry, whicla is a 
subsector of the total -r.hinery RJ'.;i trmmpoi"t equipment sector, it ia 
necessary to revil!'lf the performance of this subsector within the context 
of world 8)(pe>rts to the Africl'D' re(iOll. 

The table on page 30 shows the exports of engineering products 
required for irrigation ood r·elated agricultural machinery to Africa t..y 
the aain exporters from Aaiu, Latin America, Europe and North .America. 
The figures for the period 1979 to 1984 show a gradual increase of 
exports to Africa of total -chinery and equipment from $27.405 billion 
f .o.b. in 1979 to a peak of $40.495 billion f.o.b. in 1981, and 
thereafter a decline to $27.570 billion f.o.b. in 1984. This sharp 
decline waa perbqJe caused by the followinf: (i) lack of foreign 
exchange availability in most of the African developing countries; ~ii) 
sharp reductions in induatrial and agricultural activit~es at the 
national level; (iii) decreaee in dmand for agricultural -chinury due 
to the drought, as f81'11ers did not have enough money to purchase 
essential 11achinery and equipm:ient. 

At the branch le•1el, exports to Africa of &gricul tural aachinery 
and related equipment declined (i) frOll $&P2.5 ailh.on (1981) to $578.l 
aillion (1984) of diesel and petrol engines for agricultural purpoaes; 
(ii) fra.. $488.2 aillion (1981) to $303.6 aillion (1984) of agricultur-al 
aachinery; (iii) froa $232.8 aillion (1981) to $180.9 Billion (1984) of 
agricultural puaps; (iv) froa $481.8 aillion (1S81) to $237.6 aillion 
(1984) of civil engineeriuc plants for water conservation and irriiation 
purposes. This major decline in the demand fo~ agricultural machinery 
and equipment as a whole in Africa aay be attributed to the continued 
drought and related crisis in a large nuaber of African countries. In 
reality the farmer• in the drouit•t-affected areas durina 1982-1985 could 
not afford to purchase agricultural •chinery in general, nor irrigation· 
and related 1~quip!ll!nt in partic"Ular, to alleviate the situation. 

Owing to the lack of the infrastructure necessary for the 
utilization of cround wcter, ce~mtriu wei·c wiable to illport ......,tial 
water-pUllJ>ir.t &md deli very equi(llllent. Thia ii• the •in reaat~ why ther4t 
was a aubatantial reduction ~.n the f.iJCPOrts to Af dca of conatruction 
equipment, enginn, pumps, ft&ri,,.,,ltural illplNMtDts etc., 6'bich 
constituted only 0.5 to 3.0 per cent of' total export. of •chinery t1'3d 
transport equi~nt to Afdca during 1984. 

, 
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In ordair to !i1lfil the future require11enta for ir-rigation and 
draina«e equit:H;ent, it is essential that African planners and 
poUcy-akers tnlce 11<>re i11to accnunt the integrated aspects of 
del-e!opment and the er-nation of an interlinked infrastructure for the 
~':'Oll•~nratioo, supply and ut1lization of water for effective irrigatiun 
Bild drainag<;. 



TOTAL EXPORTS TO AFRICA OF ENGINEERING PRODUCTS RELATED TO WATER CONSERVATION, WATER SUPPLY 
AND IRRI~ATION EOUIPMENT (SITC REV. 2. SECTION 7) BY THE HAIN EXPORTERD TO AFRICA!/ 

US$ million f.o.b. 

SITC 
Products Rev.2 1979 1960 1981 1982 1983 1984 

Coda 

Totel Machinery end Trenaport 
27,405.6 ~,915.9 Equipnant 7 40,495.9 33,677.5 28,714.0 27,570.0 

Total Intarr.el Carbustion Piston 
er.inn 713 769.8 1,079.9 l,256.4 1,153.9 776.l 847.7 

(e) for industriel purpoaa 60\ (a) 4/ 461.9 647.9 753.B 692.0 465.7 508.6 
(b) for aariculturel purpoea 40\ (b) - 307.9 432.0 502.6 4Bl.9 310.4 339.l 

e,.inea end Motors Non-electric 714 336.2 339,3 299.6 357.4 280.l 361.3 
Ce) for induatriel purpoea 40\ (a) 4/ 134.5 135.7 119.9 143.0 112.0 144.5 
(b) for aariculturel purpose 60\ (b) - 201.7 203.6 179.7 214.4 168.l 216.8 

A&riculturel Machinery ~ 721 246.4 344.e 488.2 394,5 361.9 303.6 
A&ricult~ end Horticultural 
Machinar-y _ 121.1.2. 174.6 254.5 346.7 275.7 222.9 186.5 ~ 
Civil E ... inaarin& Contractor Plant 723 l,234.3 l,824.7 2,408.6 1,944.6 l,533.5 :i., 188.2 

(e) induatrial & dcmaatic 
applicetion 80\ (a) 967.0 1,459 .7 l,926.e l,555.7 1,220.8 950.6 

(b) weter conaarvetion & 
(b)y irTi&etion 20\ 247.3 365.0 481.8 388.9 306.7 237.6 

• ~ for Liquid 742 419.6 532.3 582.l 531.4 474.0 452.2 
Ca) for industrial purp:>sas 60\ (a)4/ 251.8 319.4 349.3 318.8 264.4 271.3 
(b) for egricultural purpoaas 40\ (b)- 167.B 212.9 232.B 212.6 189.6 180.9 

Othar P1.111B,Fens.~aaors,Cantri-
fuaaa.Filterin1.Purifyin& 743 602.2 778.7 793.3 772.4 605.3 563.9 
(a) for industrial purposes 60\ (a)4/ 481.6 623.0 634.6 618.0 484.0 451.0 
(b) for a1riculturel purposas 20\ (b)- 120.4 155.7 156.7 154.4 121.3 112.9 

lrf1x>rt of f'lttinp ••&• pipaa,atc. 678.2 - - 1,125,930 723,620 55'1,430 480,350 
(Tuba & Fitti!:!JI) 31 Tons Tons Ton• Tons 

!/ Sourcea ECE Bulletin of Statistics on World Tracie in Enain .. rin& Products (1979-1984) 
2/ U:cludin& Tractors 
!/ Source i ECE Bulletin of Statistics on ~rld Trade in Steal 
!I Eatirretad by the Author, 

• 
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VI. IC)DALITIIS FOR THI LOCAL MANUFACTURI or IQUIPICNT FOR WATER 
CONSIRVATION AND CONVEYANCE, IRRIGA':'ION AND 

DRAINAGE IN AFRICA 

The aodal.ities for the local manufacture of equi(JlleDt for water 
conservation and conveyance, irrigation and drainace in Africa require 
integrated and interlinked development, at the national level, of the 
necessary institutional, technological, engineering, manufacturing, 
entrepreneurship prcmotion and h...an resources devel<>Pll8Dt aspects • 

Institutional development ~ to prcmote the local wufac!ure_Qf 
irriP-tion and water supply equipment 

In order to prcmote a barmonioua and effective development of 
syst- for water conaervation and conveyance, irrigation and drainage, 
it is de8irable to create new and/or strengthen the existing national 
institutions responsible for water develoment in each African country. 

1. Eatablist..ent of a Water Resources Devel~t-~~ission 

A Water Resourcea Development Commiaaion should be established in 
each country. The C~ission should consist of (i) the Water Resources 
Development Authority; (ii) the Water Development Construction 
Authority; and (iii) the Meteorological Services Development Authority. 
The functiona of these individual authorities under the proposed Water 
Reaourcea Development C~ission will be: 

- to liaise closely with agricultural and industrial development 
institutiona in the co1D1try in order to create a joint progia 
plan of action for the integrated and interlinked development 
utilizati~n of water resources in the country; 

e and 
and 

- to study and investigate the countt"Y's water resource potential; 

- to undertake feasibility studies and the design and development of 
technologies for the beat use of water reaourcu in the country; 

- to introduce water resources llBD8ge11e11t, administration, 
engineering and •intenance of machinery and equipment at the 
national level; 

- to liaise closely with agricultural and engineering development 
inatitutiona in the country in order to develop and establish 
the construction of facilities for irrigation and drainage, such aa 
ct-, ... u earth eta.a, earth canals, wells and lined canala, and 
the pumping of underground water for irrigation and drainage; 

- to develop the required •teorolofical services, particularly those 
needed for agriculturai development. 

Thus, the •in duties of the C~iasion will be policy formulation; 
and planninf, directing, controlling and developing water resources, 
particularly for irri1ation and drainaie. 
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The majority of African countries have ao-icultural mechanization and 
testing centres or atations attached to the Ministry of A&riculture. In 
order to integrate the activities related to the development of 
water-supply and irrigation, these inatitutioua should play an important 
role, in co-operation with the proposed Water Reaources Development 
ec-i-ion. Fanli.ng cc -mi ties should be closely interlinked with these 
centres. 

3. National Centre for lngineer~Deaign and Manyfacturing (NCIDM) 

In order to imple11ent the above-mentioned progr e of water 
resources develop11eQt, it is essential to create a national institution 
for the development, adaptation, prototype .... ufacture and testing of the 
-chinery and equipment required for aystema for water coaaervation and 
conveyance, irrigation and drainage. A National Centre for Engineering 
Design and Manufacturing (NCIDM) should be establiahed in each African 
country that will aaaiat local industries and the proposed Water 
Resources Developllellt C:C-iuion to undertake the following -in 
activities related to water resources developaent: 

- Identification of appropriate llllCbinery and equipment for water 
supply and irription; 

- Design, adaptation, development of prototype .. chinery and 
equipment; 

- Rendering technical advisory services to local industries in 
plant layout, proceaa planning, production •thods, deaign, 
appropriate choice of .. chinery and equipment for the manufacture 
of water-supply and irrigation equipment; 

- Development of production techniques; 

- Application of Ji .. , tool• and fixture deaigna; 

- Production control, work study and quality control, inspection etc.; 

- Technical 118Dpower development and training at the industry level; 

- Development of a repair and 11aintenance asaiatauce program1e. 

NCIDM should also liaise cl09ely with: (i) the Water Reaourcea 
Development C011mission; (ii) agricultural develC>plleDt and mechanization 
research and development institutions; and {iii) local building 
11&terials1 engineering and allied metalworking induatries in the country. 

Due to the lack of such institutions at the national level, it ia 
presently difficult for the existing water development authorities and 
the agricultural centr88 in the .. jority of African countries to develop 
and provide the appropriate machiner·y and equipment (pos•ibly through 
local manufacture) ur1ently needed for irri1ation-related development. 

At present, a number of African countries are seriously conaidering 
•etting up NCIDMa, e.,. lthiopia, Togo, Benin, Al1eria, Sierra Leone and 

• 
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Kenya. Tanzania, IOPt and C-roon have already -tebliahed aucb 
centres for engineering desi_.., development and .... ufacturing. 

4. Effective co-ordination with the African Re«ional Cent~ for 
ID(iaeeri!!( h!~ l!lDd Manufacturiy (ABCIDIM}, lbadan.L-Nigeria 

The African Reaional Centre for lngi.neerina Desip and Manufacturing 
(ARCIDIM) wu established by the 23 African Me•her States in co-operation 
with the lcoaoaic ec-isaion for Africa (ICA), the United Nations 
Industrial Development Orfanization (UNIDO) and the Or1anization of. 
African Unity (OAU) in 1978. ABCIDDI bu been in operation since 1980. 
The major activities of ARCIDDI have been the followin1: 

- to prcmote the design, development, adaptation end prototype 
118DUf acture of products of enPneeriDC and allied 11etalworkU.. 
incmatriea, e.g. africultural machinery, machine tool• etc., for 
local productiODi 

- to aupply engineering designs and drmrinp of teated machinery 
and equipment to African industries for local .... ufacture; 

- to carry out techno-econcmic studies for engineerint industries 
products for local mnufacture; 

. - to prcmote the development of the entineerin« and manufacturinc 
capabilities of national• of the Mellber States; 

- to provide direct advisory services to Mellber States to upfr1lde 
exiatinc industries; 

- to prcmote entrepreneurship; 

- to organize in-plant training couraea in en1ineerinf deaiSD and 
11BDUfacturing. 

The propo8ed future national centres abould be linked with ABCIDDI in 
order to further the integrated development of African induatrialization, 
and the activities of the centres should be interlinked at the factory 
level. 

5. lffective co-2rdination wi!b_!he African Inat!tu!~for Bi~[ 
f~ica!_kaining and R!!earcl!_1AUif .!!il.a._Nair2'>i.a._len!'~ 

The African lnatitute for Bi«ber Tecbaical Traininl and Research 
(AIBTTR) was eatebliabed by 13 African Member States in eo-operation with 
ICA, UNDP and OAU. AIHTTR baa been in operation since 1980. The 
prof1'1111119 of activitiea of the Institute bits been concentrated around 
short- and llediua-term worbhopa and aeminara, in clo.e collaboration 
with the national scientific and technical institutiona of a number of 
Mealber States. The •in purpo9e of thi• centre i• to usist Member 
States in acquiring and developin1 adequate technical 118Dpower 
capabiliti•. Allonf other progr-, the current prOlf"- of .lIBTTR 
includes in-depth medi ..... term trainjng in the fields of: 

- Water-supply en•ineerin1; 
- Farm mclainery; 
- llectrical 110tor desi,.._ and construction. 
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Such trainiDC courses will prcmote tbe clevelQllmeDt of cepebilities 
related to water-supply and irrigation syatema. 

6. Effective co-ordimtiaa with the African @eeional Centre for 
!echnoloa (AIET), Dakar, ~!! 

'lbe African Becional Centre for TecbnolOO {ARCT) ha been in 
operation since 1980 and ha 29 llmber States. ARCT waa sponsored by BICA 
and QAIJ. 'lbe m,Jor objectives of tbe Centre are: (i) tbe clevelOFMDt 
and use of technoloo within the African recioa; (ii) atrencthenin& of 
tbe tecbnolotical capabilities of its Ne+.er States; (iii) the prom>tion 
8Dd me of teclmoloti• auiblble for the aocio-ecoao.ic clevelOFMDt of 
tllie !frican re&ioo. !be activities of tbe Centre include: (i) prcmotioo 
of information and doamentation; (ii) tedmological conaultU.. 
aervicee; (iii) traiaillc, particularly in the field of adaptation and 
clevel...-nt of incligenoua tedmoloties. 

'lhua, U.titutional deftlCJ1199Dt aspects, particularly tbe 
co-ordination and interlinlm&e between tbe .. ter reaource9 clevelos-ent 
i .. titutiona and tbe exiatina centres at the national and reaional 
levels, will have en important 1-ole to play in the future clevel01198Dt and 
local 9BDUfacture of water-aupply and irrigation equipment. 

1DgineeriD1 and teclmol~ical clevel~t necet1•arL to p~!!L!be local 
.-ufacture of irrigation Im!! water-aypplf_~t 

'lbe prcmotion of indigenous .-uf acture of a wide variety of 
equipment for water conaervation and coove)'llDCe, irrigation and drainace, 
• described in chapter III, requires the following meaaures: 

{i) The expansion and upgradioi of engineering core i9duatries, 
e.g. foundry, forging, beat treatllent, machining, foniing 
and tool-room operatiO'IS at the national le~el; 

(ii) Upcr-ading exiatini cement aill• end industries .anufacturing 
fabricated concrete products; 

{iii) Upcreding exiating ... 11- and aediu.-acale ateel plant• and 
pipe- end tube-maDufacturing unit•; 

(iv) The eatabliament and upcradiD& of -11- and aedi.-acale 
engineeriD& and allied lll!'ltalworkina industries, particularly 
ttao.e -.aufacturing agricultural machinery and equipment, to 
be upgraded into multi-purpon production unit•; 

(v) Tbe cr•tion of -11- and mediua-acale ancillary engtneerinf 
iaduatri•. 

Tbe integrated develos-nt, upO'ading and expanaion of core 
engineerinf iaduatriea, •·•· foundry, for1inf, beat treatllent, macbining, 
fabrication and tool-rom operatiODS, are vital for the prmotion of the 
local mDufacture of part• and cmponenta required for irri1etion ud 
water-aupply product•. It i• thia core sector that providea tbe 
cutiD'8; foraed, preeHCI, mcbiaed and preciaion parta; and other 
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CClllpODellta required for the .uiufacture of P'llPS. filters, 11e>tora, dieael 
encines and well-drilling equipment, and apere parts for earth-llOving 
equi.-at, tnmport equipment, sprinkler equipment etc. The machinery 
and equipment for irrigation and related uaes require a wide range of 
parts made of cast iron, steel, brass, and alminim in various form and 
shapes, e.g. heavy duty grey cast iron. S.G. iron, walleable cast iron, 
hip carbon cast steel, forging quality steel, copper-zinc alloys, 
alU11ini... alloys etc. 

The supply of shape eatings, forged perts, heat-treated perta 1 jip, 
tools, fixtures, CODBUll&ble tools, electrodes etc. ia essential for the 
operation of local engineering industries manufacturing irrigation 
equi.-at and related products. There are about 100 foundries in 
Zillbabwe, over 20 foundries in Kenya, and over 50 foundries in lgypt. 
These countries are thus able to manufacture a wide range of agricultural 
illplements, irrigation equipment and uater-supply .achinery and 
equipment. In Ethiopia, however, due to the lack of core industries, 
particularly foundry and forging facilities, no basic -chinery and 
equipment related to water supply and irrifation requirement• is 
produced. This is the case with the majority of African countries. 

Since 1978, IC.A and UNIDO have been encouraging African countries to 
establish the basic support facilities in the core engineering sector. 
Further, the J,agos Plan of Action and the Industrial Development Deeade 
for Africa have strongly r~ded that African countries take 
appropriate 11eeSures to establish and expand tbe core engineering 
industries sector. Countries such as Ethiopia, Sudan, Somalia, Angola, 
Chad, Cameroon, Benin, Sierra Leone, Togo, Central African Republic, 
Rwanda, Burundi, Niger, Mali, Burkina Faso, Senegal etc. should give 
illllediate attention to the developmect of this sector. 

2. yPgrading exiatigi cement •ills and i.ndu9triea 11&Dufactur}9( 
fabrig!ed concrete prody~!! 

Aa cement and related aggregates ar~ importunt inputs for fulfilling 
water coaae1'Vation, conveyance and dr•i~age requirements, it is es•ential 
that .11e&Sures be taken at the nationa! level to establish and upgrade the 
following: 

- Cement •ilia, quarries~~. for the increased production of cement 
and related products; 

- S11&ll- and llediua-scale enterprises .anufacturing cast concrete 
slabs, pipes etc. for water supply requirements; 

- S..11 eatablialulents 11Bnufacturing brir.ks, 118Sonry products and 
vitrified clay products for water storage and supply requirements. 

Rural industries, particularly at the artiaanal level, can play a 
significant role in the production of these product•. 

In the 11aJority of African countries, •ini-steel plRnts are 
underutili~ed; capacity utilization varies f,oa 15 to 60 per cent of 
rated capacity. Mottt of these steel plants have scrap-melting facilities 

I I 
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with capacities of up to about 361 000 tons per year and downstre• 
facilities for the manufacture of steel rods and wires for building and 
conatruction. It is eaaential that these aini-plants should be upgraded 
to produce aore reinforcing rods and the eo1111ercial sections required for 
buildio« up the infrastructure for water conservation, conveyance and 
drainage. 

The situation of the existiog pipe- and tube-llanufacturing industries 
in African countries is siailar; it is necessary to upgrade existing 
units for the aanufacture of large-diaaeter pipes necessary for the 
provision of an adequate water supply (ref. p.22, (3.)). 

4. The establishment and upgading of mll- and aediU11-Scale en&i!!~;::ing 
and allied metalwork~i!dll!triE!! 

In order to 118DUfacture irrigation and related equipmeot 1 it is 
essential to pro110te ..all- and aedima-scale engineering and allied 
metalworking industries in African countries. As aixed product 
aanufacturing is essential for the econ011ic viability of these 
establisbaents, it is essential that a aulti-purpose concept of 
manufacturing should be introduced during expansion or upgrading. The 
types of industrial developmeot are as follows: 

(a) The expansion of specific foUDdries and forge shops that 
llBDUfacture valves, water fittings, brass taps etc., along with 
other products; 

(b} The expansion of industries aanufecturing hardware ite11& 1 e.g. 
belts, nuts, cl811pS, along with other components needed for 
pumps, aotors, diesel engines etc.; 

(c} The eatablishaent of diesel engine-aanufacturing activities in 
existing spare parts aanufacturing or reparing units. The 
typical example is the Precision Grinders Ltd., Harare, Zillbabwe, 
which at present repairs diesel engines and can be upgraded to 
llBDUfacture single- or doubl:-cylinder diesel engines for 
agricultural purposes; 

(d) The upgrading of existing engineering industries for the 
11&nufacture of a wide range of puaps for water lifting and 
delivery. Existing foundries can be upgraded to 11BDufacture 
lever-type hand pUllpB and rotary hand puape etc.; 

(e) The eatabli8baent of an electric rotating machinery aa1Jufacturing 
plant on a aulti-purpose production basis. A typical exaaple is 
Relao Electric Motora (Pvt.) Ltd., Harare, Zimbabwe, where the 
company llBDUfactures, besides electric aotors, a wide range of 
other products, e.g. tea-processing aachinery, plastic products 
etc. (ref. p.24). 

(f) The upgrading of exiating agricultural hand-tool and implement 
11&Dufacturing plant• to enable thei1 to produce devices for 
water control, pUllJ>a, well-drilling equipment, wall-drilling 
tool•, irrigation-control devices, power-operated iaplements, 
aprinkler equipment etc. Typical .o:xaaples are Tinto Industries 
Ltd. in Zillbebwe, and Northlrtnd Engineering Ltd. in Zallbia, 
companies which 11BDuf acture a wide range of metal product• 
beside• the acheduled •nufacture of agricultural 11&chinery; 
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(g) The upgrading of some of the •tel-fabricating industries for the 
118Dufacture of wincmills and solar energy equipment. A typical 
example is Sheet Metal Kraft (Pvt.) Ltd., Bulawayo, Zillbabwe, 
which 9811Ufactures windmills up to 360 • in dia11eter, with a 
3.5:1 gear ratio, a pump cylinder di&11eter ranging from 44.45 .. 
to 304.8 .. , and a water delivery rate ranging from 654 litres/ 
hour t~ 25,226 litres/hour. On a reasonably windy day, with a 
wind speed of 40 lm/ho"Ur from a 31 meter head, the wiodaill 
PUllP8 58,862 litres i~ 24 hours. Apart from the production of 
windaills, the CClllpBDY aanufactures processing eqnipment for 
chemical industries, making it a typical aulti-pupose .-U-scale 
production unit in the African region. 

Another ex11111Ple of a multipurpose production unit aanufacturing 
irrigation equilJll8Dt with other agricultural :iaplements and processing 
-chinery, located in Ghana, is Agricultural Engineering Ltd., Accra. In 
fact, the 118,jority of the African small- and mediua-scale metalworking 
industries can be described as aulti-purpose production units. 

5 .. The creation of ancill!!Y_~~l!!L~i!!l_i~dus!ri~!-~!-!!!!!l=-and_~!~ 
~t~re~i~ley~!! 

Ancillary industries play a significant role io the aanufacture of 
awas-produced standard parts and ce>11pooents required for industri~ 
aanufacturing diesel engines, pumps, 80tors, agricultural iaple11ents, 
fittings, fixture, and other related aachinery and equiJ111ent required for 
water-supply and irrigation systeas. Ancillary industries can produce 
parts and components at a lower cost than tbe·large production units do. 
Although the MaDufacturing base of each ancillary industry of a specific 
product will ba at the national level, it is highly desirable :or 
econ~ic viabiiity if the products of t>-..e ancillary ind1.1&tries are 
warketed throughout Africa. 

Since it is wieconoaical to aanufacture all parts and cQ11POnenta in a 
prod~ctio~ unit producing final products, the a&jQr role of the ancillary 
industries will be to 118Dufacture and suppiy standard parts at 
coapetitive prices in order to reduce the overa!l cost of final 
products. It is suggested that the following major ancillary industries 
should be set up at the national level for the 11&Dufacture of 
water~·supply and irrigation equipment: 

(a) f21:_di!!!!_!Dd-R!!r2!_!g&i~~~: piston and piston riots; 
crankshafts and c.._hafts; air and oil fHtera; bi-aetal 
bearings; starter rings; ·ngine valves; electrical starters 
and dynamos; taakets, Y-l .=.1., ,, hosC's, radiators etc.; 

(b) l2!:-!!!£!ri£_!12!2r!: ter11ioe'3, bearings, copper wires, 
l•inationa, starters, •itc' ; etc.·; 

{c) f2r_2Y92!: impellers, bearints, check valves, fate valveG, 
various pipe fittings, couplings e' :.; 

{d) f2r-~r!!!ini_!Q2!!: well-drilling tools, aechanical tools, 
africultural hand tools etc.; 

(e) For_!lri£Y!!Yr!!_ilP!~D!!: tinea, nuts, washers, sprin1a, 
clamps etc. 
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~-Pr~ .. U!~_!lf_ ~~!Y~:!t_~~J.i!.-f'!! aa!L_...,, .~!~~-~!~~L~!duatrieft 
f~r._!lwt. .~n~factu!!L9[ lf~~er::~~Ee.b _and ir~!D!.-i!~-~~~.! 

intrcpJ ~·,Jdp J•r.'l.81.-;;i·tll• i;. ~be llQ(,, ~ ~toot tJ.SP'-"Ct of 
l.oturH.nkecl &:-olicie- tG i'rcuaote tb·it de~el .. -.nt ';)~ '8flll- a.Id 
~-:i~.Ull"-&cale ~1terr1t jtte.£ ?:u t=.:t: ~,.-..k a-,mf.~t~e oi' i1-ription and 
rdttted e<f'•.ipl.l~nt. fi,1.a r e:-cJUir~ sp<.-< ial t;~~-r...r.-mt co:~ ;.ooa for 
i:-rivate S•!C~o!' indw~d.ea, P4U"t i.cti:l':lr~-Y in ru·o:"r7. W"~. ;;-..ach u tt.e 
f0Uowb1!: 

··· Credit fr;;lf!.JatJ.ea to ac.-::v:.t~ •chinen•, e1ui~t. ftrt.;tory 
pn!llUles ud rf'lt. bateriali.•; 

- Phnned ~actory ~atinn tw·cug& indut.trial utates; 

- Marl(.,..tiag.· !ac&.liti• to pru,,lOte eor~repriJteUrshp., e.g. cv
OJ>e!'¥.tive -.;aric(.tinl[ t.i:eraU ·.:.,~. (.i•·;~r~.it centres, 981-k~ting 
nnd exJ.'C)rt .i:in.~ ete ~ - . 

'f1le a;r~t! !J..l of e...,,trepr91! Ul1 ship ·~r's on U;e develop11e11t ot' a:' 
- atll09Phere of ccmf~-~-::e for i~.ttCvenL · r-.. Ji-r.ou3..ii goverD11eDt policies e.r'\t\. 

realistic ~li..nning ~t ,t,e national ~evel. In pr~ting ent.repreneursh~~ 
in relation t-:. the sari~f,.iu:;ture . ;f i -r1 1~atic.ia and water-supply equipment, 
the following tl'Pfi of enterpri~~s st.ould be <..-onsider~: 

·- Irrigstion aDCI dr~inage ~'t1c1rpds~; 

- Private enterpr.t.&e$ ,t s-..11- and llediuw-scal.e levels for the 
local manufacture of -c~.itJ-e1-y and equipment required for 
irrigation within the .'olUlti-puposa production concepti 

- Individual and partnci:·.~hip enterprbt:s for the illfraatructural 
and coaatructiona.&. at:-o:"":~cea cd' :irrit:.1ttion and drainage systea 
developmenti 

- Co-operative enterprisea' .'Gr inigation and water supply 
development. 

Bm!D_r!!2Y!:gQ_jjnS?!!?l.9n!_for_ the ~f~.!Y!:~.Lirrio!!2!L!!!!I 
!!!!!r::!Yl!2!f_!9Y!fmen! 

lhman reaource11 devel~t for tbe mnnfactur-e of water supply and 
irription equi.....,,t requir• tbe praaotioa oL the followi.nf diaciplinea 
at tbe national leYel: 

- Water •upply .o•ineerinc; 
- Mechanical eaiiaeering; 
- Metellur~ical ..,iaeeri.Di; 
- Production 11D1)neering; 
- Maintenmc-e ...,i...-ring; 
- llectrical en•ineerin•; 
- Iadwltrial entiDe1Jrir.;. 
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It ia neceasory to eatablbh and upgrade pclytecbnica, vocational 
trainio« centres, craft training centres, BGCa the civ1l/aechanical/ 
electrical/!!letallur1ical faculties of wiivura1ties. It is further 
necessary to introduce lltltional and regional ll&D~,~ de~clopment 
Pn>CI H, particularly at the industry level. Small- an<! llediua-scaie 
industries ahould be equip(>e'i wi ~!t trairung c-a..ut~ at the factory levP-1 
in Of'der to provide the following ccmp;.."ehena)ve training c ,.araea: 

- In-plant trainio« courae11 ou hydraul i.cs and water engineeri i1g; 

- In-plant training courses for product dc#velopaient and design 
relating to water-supply and irrigation equirment; 

- In-plant training coorses on foundry, forging, heat tre.ttaent, 
machine shop, tocl room etc.; 

In-plant training courl'-28 on production engineering, aetbods 
en«ineering, aaterials testing; 

- In-plant training at the higher ll&D&gement, •iddle 11&Dagement and 
supervisory levels; 

- In-plant training courses on preventive maintenance. 

Tbe interlinked develop11ent of human resources requires 
entrepreneurship development and training programmes for tt.e owners of 
911811- and aediu.-acale industries. This can be provided within the 
framework of tke above i~-plant training courses. 

In order to provide the s11all- and aediua-bcale industries with 
tra.~ned technical 11&npower1 it is essential that trained manpower should 
be produced at the national level in the following areas, depending on 
the size of industrial and engineering infrastructure (the number of 
year• of experience required is shown in pare~theais): 

- f9r_fo!!!!~~-!!!~_!!ch!n~_!b2p: pattern-aakers {5 years); a.ould
and core-JIBkera (5 years); aelters {2 years); maintenance 
engineers (2-5 years); d&Signers (4 years); process planners 
(3-4 years); quality control inspectors (4 years); 

- For_fqrl!ml.!!!~ __ be!!..!r!!~'!n!: aetRllurgists \5-10 years); die
makera (5 years); rorge JlaBters (5 years); heat tredtaent 
enai.Defln ( 5-10 y~ars) : 

- l2r_~ta!_~!!!eS_!~~-~~b!~!-!~2p: turner, driller, ailler, 
borer etf.. (5 ·10 years); suf-t!rvisors (5 years); 

- f2c.s2l'1 !!!Ci_h!!~-1!?!.W!Y_~g-~!!L.f~r!£!!!!2n: tooi and die 
setters {5 yaara); tool aett~r• (2-3 years); fitter• (5 years); 
praaa oi-erathea (1-2 :1eara); tool designers (4--5 year.); 
fabrication operativea (3-5 years); proc~•• planner3 {1 years); 
welders (5 years) etc.; 

- l2L!b!_!~Lr221: t;)()l rooa aachine operatives (10 yeers); 
fitters (5-10 years); tool deaiinerE (lG years); die- and mouJd
llmkar~ (10-15 years); viewers and inspectors (10 years); 
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[or enp~~j~g_~:·>.~ml'-D~; t~ical .anagers (10-15 yeal'a); 
:~{~aattr.'..•l ~- , "5-10 yearn}: . finance and sales personnel 
( 5 yearr) ; methods e1i21.~ .~rs ( 10-15 years} ; work ~"::idy eogineen 
u..-10 ~~~,~- .· .... ocluctfon en~ineers (5-1(' yeftt"&): .airtiene~·~e 
f:ngineera , lU. ,;,"Mrs); design end develop:EO..nt ~gJ neera (10-lS 
years): 

- for _wete?-a~->?lY .r-.:: :~!:!!!&: ~ydraulica engineers (5-10 y~an); 
coastruction engineen (10-15 years); civil .mginecrs (5-10 
v..-.·,); aai. ·~enance engineers (5-10 years); testinf' engineet"s 
(5-IU ye&I3). 
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VII. INTRA-AFRICAN AND INTIRRRIGIONAL co-<>PIRATION FOR Tiii 'UNUF.\CTIJRE 
or EQUIPMENT FOR WATER e<>NSBRVATION AND CONVRYANCB, 

IRRIGATION AND DRAINAGE EQUIPMENT IN AJ'RICA 

As shown in the previous chapters, small- and llediua-acale 
industries are illportant for the interlinked development of the local 
aan~facture of water-supply, irrigation and drainage equipment within the 
concept ot 11Ulti-purpoae production. Substantial nUllbera of -n- and 
lledi\Alt""scale industries existing in the private sector, particularly in 
the aetalworking field, in a nUllber of African countries, .. Y be 
identified as aulti-purpoae production enterprises involved in the 
lll!lllufacture of irrigation and water-supply aachinery and equipment. For 
these existing industries and for the establishllent of new 811811- and 
llediua-scale industries, there is an urgent need for upgrading, expansion 
and rationali~ation of the interlinked 11&Dufacture of water-supply and 
irrigation equipment. 

In addition to existin( national dev~lopment efforts, there is a 
need for intra-African and ~nterregional co-operation to promote the 
development of this vital socio-economic cua industrial subsector. 

Intra-African~£~OP!rati2~_for_the_fut!![~~f!ctyre of_~ter=!upply and 
irrigation equipment 

Intra-African co-operation for the integrated development of 
water-supply and irrigation equipment llBDUfacture can best be achieved 
through the following: 

(a) Subregional and inter-country co-operation for the 
integrated planning and development of water resources, 
partit:11larly for sectoral purposes, as recomuended in the Mer 
del Plata Action Plan adopted by the United Nations Water 
Conference, Mar del Plata, Argentina, 14-25 March 1977.!/ 
Although the Actio.~ Plen stresees the primary importance of 
.lctions at the national level, the deliilerations highlight the 
subregional and inter-colJltry co-o~>eration aspects for the 
development of' water resource& for !r·ri&at;on, drainage, 
domestic wat•r aupply, aanitetion, industry. hydro-powe,, 
inland navigation and other ill-:.tre• uaea; 

{b) Continuou. viiilance for the developaent, prOllOtio~ and 
atabliaiment of 1inkag~ between water-aupply and 
irri•ation projects on the cne hand, •nd the 118DUfacture of 
appropriate water-auppl)• and irrigation equ.ipment 1n existing 
a1111ll- and 118dium-acale enterprise• at inter-country and/or 
aubregional level•, on the other hand; 

(c) lnter-country identificetion and popularization of priority 
building 1111terials1 entineering aq<l allied metalworking 
indUQtria product• related to water-•upply and irrigation 
equip11e11t that can be manufactured in one country and offered to 
the greater aubregional 118rketa; 

--------------------!/ United Nationa publication, Sal~• no. E.77.II.A.2, cbopter I 
ad annex I. 
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(d) Orpnizing aubregiooal end/or regional expe1·t meetinp and 
wcrbbope for the prcmotion of -11- and medi~acale .ulti
purpOlle production unite ellga(eci in manufacturing water-aupply 
and irrigation equi19eDt f<>E" a grc.up of countries. The 
meetil::.p and workshop& aoould l>~ oriented tOWP.rds the promotion 
nf local de.ign 8lid appropriate 11&Dufacturing tecbnologiesi 

i i"U"'Ci~~pation by intere11t~ countries in multinational 
industrial project. to .... ufacture water-supply and irrigation 
equipment in the aubrecioni 

(f) lxciumge of infonlllltion and prototype adapt~tiona for 
water-aup&1ly and irrigation equipment within a group of 
count.<_,1.,. (ARCIDBM, already describP.Cl, (l'ef. p.33) can be of 
great uliiatance in this) i 

(g) Supply of the details of procructa developed in a country for 
adaptation in the neighbouring countries; 

(b) Batab!islment of a aubretional and/or regional network for 
agricultural 98Chinery devele>plleDt and popularization aiiailar 
to RN.AM, organized by tho Econca1ic and Socjal eo.tiasion for 
Asia and the Pacific (BSCAP) for selected Asian 1:ountries, 
particularly for the prcmotion and manufacture of water-supply 
and irrigation equipment; 

(i) Organizing aubregional training courses in the field of deaign 
and 88Dufact·,,,u-e of water-supply and irrigation equipment b~t 
suited for existing s11all- and medi"lm-scale industries; 

(j) Organizing study tourr. within the subregion and/or at tti. 7.nter·
count:-y level, particularl;; in countriea such u ZimbllhlM. 
Kenya, Egypt, where large nUllbena of ... 11- and'SINdiua-acale 
induatriea pr~9ently aanufacture water-s<ipply ~nd related 
equipment. 

Int!rregional co-~era!i2n_f or._U~:LfYtur!_BDufactur!_2f_~!~1YeP!X_tn4 
irril!!i2!!_!!9!!!2!!!P! 

Interregional co-o~>erution for the inteirated rievelop9e0t of 
water-supply end irrigation equipge-nt 11&DUfacture in Africa can beat t.e 
achieved t!lroueh the ioUowing: 

(a) Promotion of collaboration lllllODI research iaatitu~ioaa and lo.:al 
mnu.facturer• for tbe adaptatiGG of •tin• and pr-ototypes, 
particularly for 1mt-cost puqw, i8'>1-tr 81".d a.tebinei-y 
already developed in Asia, l.atin Ameriet1, lurvr; &:Wt fil)rtb 
'-'rice; 

(b) Promotion of Joint-ventur" proJect• betNINJD miiatinc 
11a11ufacturer• of weter-aupply .act irrifation equi,.,..t located 
in other region• and ~roapective African et.erpri ... willint 
to aet up aiailar induetrriea in African countriee. Such 
arrangsents al?ovld be carried out takin• into &ecouat the 
up1radin1 of exictir.f cc•re en1ineerin1 and builcU DI •t•riala 
industriea in ~he re1ion. 
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(c) i.~ of ~ific des1cna, prototypes ~d ...wtactvuc 
infc."'8tioo which can ba obtaiD'M fro.m the :xcoin( projecta aaach 
- ~~ in the BSCA..0 reaion in Asia or from •r.eciflc developin.l 
•~t'Ubtrlw in other r~iona. 

(A) Ore.~::iiziJ~a intern!gional workabope oo (i~ illpr1've.mt and 
pramt11tion of Nater-lifting and supply de\>i!Cea: 
~ii) otrenctbeuin( of deeicn and mac\lfacturing ClllN'i>ilitiea; 
{iii) p~tion of eppropt"iate and acquiaition of affordable 
tecb.c-0lofies; (iv) pl"Ol)OtiOD ui' .. u- and aedi...-.cale 
~·oterpriaes in the core sectora: (v) mnufacturiD( and 
~.-izatiuri o.~ water->Jupply, irriiation and drainate 
equi~t in Africa, Asia and Latin America and the Caribbom. 

(e) Orianizin( study to:irs in other re(iions to l(ain experience 
concernlllf the -..ufacture <'>f water-supply and reletecl 
machinei7 and equipment, particularly in the -n- and 
.llediv.-acale '!:'Oterpriaea in Aaia and Latin .America and the 
Caribbean • 
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VIII. CONCI.mIOMS AND &BOOllmfDATIONS 

Concluaions 

Water reaources clevelo.-mt ia &n iMiapenaable and integral part 
of economic, social 8nd induatrial devel01JM9Dt at national and 
inter-counttY lew:la. Became there are wuy cmplex aspects involved in 
... ~er coaaervation and conveyance, irr-iption, dr.tinage etc., it is 
illportat to provide a wide variety of contexts, invc-lvi.ng n-...erOUG 
disciplines iDcludi.ng the physical acieecea, ~inaeri.ng, econt:"11ica and 
other social sciences. 

Within thia context, the paper portrays the n~ for national 
policies and strategies t.'ODCemiog the production of equipment for water 
r,onaervation and conveyance, irri1ation and drainage in Africa. 'ftie n6ed 
for appropriate choice of irrigation and w: ~'r •upply equipment and their 
related .anufacturiog far.:ilities at national level demands the creation 
and interlinked developaent of builriing : .. aterials, metallurgical, 
engineering and allied metalworking indwtries. Such barllonious 
development further requires interlinked institutional, technological, 
engineering, and 11t1Dufacturing development, as well as entreprenew-.hip 
prc90tion and comprehensive human resource. development. These 
development llOdalitiea, the paper suggests, can only be achieved through 
upgrading and expanaion of small- and mecUu.-scale entelf"Fdses, which are 
the real carriers of industrial develo(lllellt in general, and agricultural 
-chinery industries developaent in particular, in Africa. 

The upgrading and expansion of these BJ1&ll- ,.;, ... - ~ium-acale 
enterprises for the manufacture of water-supply and i..<:t·igation equipment 
require the pr0110tion and eatablishllent of foundry, forging, heat 
t:-eatment, machining, metal-fabrication and tool-rOOll operations at the 
national and subregional levels. The development of ancillary industries 
and the promotion of subcontracting arrangements play a significant role 
in tbe intensification ~f the aanufacture of water-supply and irrigation 
equi~t. 

All these related activit!ea re')uire the prU90tion of 11Ulti-pupoae 
r£"oduction m.pect• withi.i'l the exiating llBDufacturing activitiea in 
Afna. In order to give mn accelernted thrust to the above development 
par11118tera, it i• aet:eaaary to organiz~ intra-African and interregional 
co-operation on vm·ious. upecta for the integrated and interlinked 
de;r~\opment of water-aupply and irdgation equ.!.pment aanufacture in 
engineering and allied 11etalt10rking ind~•triea. 

Water is ?>uic to ~riculture, which accounts f~r a011e 80 per cent 
of the total water conaumptL:.a in tbio planet. 11ierefore, the Mar del 
Plata Action Plan, adopted at tt~ tmited Natioa. W~tel' Conference in 
1977, r~ted through it• -resoh:tiona and r~tiona a wide 
apaetnm of activitiea it' the field of inte1r,t;.~ ~d water rea.ourcel! 
plannin• and devdopment, rlarticularly for airicultural use. In order to 
iaplaent the Mar del Plata A<;tion Plan, it is neceaaary to prr.mote the 
agricultural llllCbinery industry within the en1ineerin1 and allied 
•tel.working induatrin •"'1~ector. Suet• a atrateo tiiiU. provide local 
88DUfacture and •unly of a wide v:iriety of •ff'icul tural .achiru>t'"Y and 
equipment, particularly eaaeoti~l water-aupply and related equipment. 
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Thia will thus support the illplementation of the Mar del Plata Action 
Plan for overall development of water resources and its effective use for 
the benefit of African people. 

Therefore, to plough a new furrow towards alleviating the present 
crisis, thia paper concludes with the following reciJl .. eodations baaed on 
an integrated and inter linked at proach towards the manufacture of 
water-lifting, storing, supply, irrigation and drainage 118Chinery, 
equipment and devices. ftiis can only be achieved through the prcmotion 
of -11- RDcl medi..-acale enterprises with 11U.tli-purpoee production 
objectives throughout Africa. 

The f ollowi.ng are the proposed r~tions to the Third 
Consultation on the Agricultural Machinery Industry regarding the 
11BDufacture of water conservation and conveyance, irrigation and drainage 
equipment and devices in small- and medi~scale .. ui-purpose production 
units in Africa. 

1. At the national level 

(a) The foremoet consideration will be to integrate the planning of 
111111ufacturing activities ~elated to water-supply and irrigation 
equipment within the framework of national water resources 
development and planning, as reflected throughout the Mar del 
Plata Action Plan. 

(b) In order to bring about overall integrated development aspects, it 
is necessary to plan all the activities related to the 
govenmental and non-govern11ental institutions and the p~·ivate and 
public sector industries responsible for the planningi develop11ent 
and iaplmentation of water resources projects down to the 
llBDUfacture of finished products required for water-supply, 
irrigation and drainage development. In this process of 
development the end-users, i.e. the faraers, industrialists, and 
water cona1111ers, should be consulted. 

(c) It is necessary to prcmote the effective conservation, aupply and 
use of ground water as oppoeed to the traditional rain-fed 
acriculture. Thia requirea overall national planning for the 
detailed verities of machinery, equipment and devices required for 
water-supply and i·elated irrigation s)'9t .. in the arid, ••i-arid 
and even in the tropical humid reaiona of the African continent. 
A aurvey abould be undertaken urfently tbrou,chout the African 
reiion 8Dd in each African country to uaea• and produce an 
inventory of the varieties of aacbinery, equipment and •vices for 
water-aupply and irrigation •ystma, u well aa a •urvey of local 
induatriea auitable for 11BDufacturinf such products. If 
neceuary, new industries ahould be created to undertake future 
11a11ufacturinf activities. 

I 
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(d) Apart frcm the creation encl upo-aclinc of exiatina water resourcea 
develop1ent inatitutioaa, it ia of ~t importance for every 
African country to eatabliah a National Centre for lngineerinc 
Desi'° and Manufacturing (r«:lllil). Such centrea will help the 
local incluatriea to develop indi•enoua tecbnolotiea and adapt 
affordable forei_.. technologies throuth prototype development, 
and aupport them t~ the aupply of detailed .anuf acturinc 
clesigna and the provision of proceu planning facilities. Such 
centres will alao help to develop b.-n reaourcea and promote 
entrepreneurabip. lada of these centres at the national level 
abould be linked with the African Re«ionel Centre for lnaineerinc 
Design and Manufacturing (ABCIDIM) in Ibadan, Niteria. 

(e) In order to promote aelf-auatainecl development of local 
manufacture of a wide ....._e of weter-aupply and irri .. tion 
equi.-nt, it i• rec<' •!Ddecl to expend and UPtnde the building 
-teriala, metallurgical and core engineering i.nduatriea, such aa 
celleDt ai.lla, iron and ateel ailla, foundry, for1in& 1 heat 
treatllent, MCbining, fabrication, and tool-rooa activities, at 
the national and aubre&ional levels in Africa. 

(f) It ia rec- ended to upgrade the existing and to create new -11-
and aecli_....cale enterprises for the aanuf acture of water-aupply 
and irrigation equipment. It ia neceuary to form1late definite 
proo H at the national level for the prcmotion of ... 11-acale 
induatriea. Such promotion activities should be oriented towarde 
the creation of aubatantial ancillary induatriea and 1reater 
subcontracting ~ements for the perts and C011PODeDt• required 
for water-supply and irritation aachinery and equipment. The 
entire coc.cept of this prcmotion should be directed towards 
enlartint the activitiea of the atricultural aacbinery industry 
within the engineerin& and allied aetalworking induatriea 
aubaector, followina a multi-purpose production concept (ref. 
pp. 36-37 (4) and (5)). 

Ci> As a prerequiaite to the above reccmm:enclation, it ia necesaary to 
provide 1ovel'lll8Dt aaaiatance and aubaidy for private ... 11- and 
•cli_....cale enterprises. There ia a need to provide a peckafe of 
incentives, •·•· aubsidized r"tDt in incluatrial eatatea, n111 
-terial aubaidiea, low intereat borrowini of workinl capital, 
1ovenment bire-purcbae acb•H for w:hinery and equii-at, tax 
holiday•, aubaidized trainin• arnm•ementa, conam1er incentivea 
for the product• purcbaaed from the -11- and aecli.-acale 
aector, particularly for llCJ'icu}tural UH (ref. p.38). 

(b) '!be inte..-.ted md interlinked develo.-nt aapecta of the local 
mDUfacture of •ter-aupply and irri,ation equipment can only be 
achieved tbroqb int911'ated proii-_. for bmaD reaourcea 
devel0199Dt. Thia can be ecbieved tbrouch the intensification of 
in-plant traininc course. for induatrial operativea and entre
preneurabip trainia• facilitiea for the owner• of ... 11- and 
..cti..- acale enterprises, includin• the orpnizatton of -inar•, 
workabope and atudy toura within a11d outaicle the countriea (ref. 
p.38). 

• 
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(a) It ia neceaaary to undertake inter-country or aubretional projects 
for water resources development by utilizillf c~ rivers, 
at~, and lakes for irritation. Thia requires inter--country 
joint action proai l!B for water-supply, irri1ation and clrainace 
dnel011891lt • 

(b) Due to the severe constraints in tbe majority of African countries 
oa tbe availability of essential rar -teriala in tbe 
....ufacturillf sector, it ia rec1 l!ndecl to upgrade the nistillf 
~t, iron and steel •ills in tbe aubreaion for tbe effective 
supply of necessary inputs. 

(c) It ia reu !nded to prcmote inter-country or aubrefi.onal 
ancillL.-y induatriea and selected capital 1oocla induatriea for 
tbe ....ufacture of diesel en&inea, 110tora, pu11p11 etc. required 
for Nater supply and irri1ation ayat-. The report on the 
lnlineerini Industry DevelOll98Dt Proo-- for leatern end 
Southern African Preferential Trade Area (PTA) re&ion8 recently 
CC111Pleted by ICA/UNIDO/PTA and tbe Government of India should be 
taken into account for this ~tion. 

(d) It ia ~ to organize aubreiioaal workshops, aeminara and 
study tours for the promotion of the local mnuf acture of water
supply and irrigation equi.-ent and the excbanle of existinc 
prototypes already developed for future local adaptiltion and 
subsequent aanuf acture in Africa. 

(e) In order to further atrenitben the above recc•endatioa, UNIDO/ 
tmP should be requested by tbe African aubre1ional iaatitutioaa 
to establish a subregional network for airicultural mchinery 
development projects for the develop:ient of water-upply and 
irrication equipment similar to that of RllAM organized by IRRI/ 
BSCAP/UNIDO and UNDP in tbe Asian region. 

(a) It i8 recc •enclecl that tbe majority of African countries should be 
..-,.ra of the existing refional institutions, e.f. ABCIDDI, 
AIBTTR and Aa:T, for the effective use of these centres for tbe 
future promotion and proireaaive 1111Dufacture of water-supply and 
irription equipment. It ia further rec~nded that ABCIDIM 
should five top priority to the deai.-,, develop11eDt, and 
prototype manufacture of essential water-supply and irri1ation 
equipment ur1eatly required by the Mellber States. 

(b) In order to achieve Hlf-auatained development objectiv• at the 
reiioaal level, it is auiiated that UNIDO, in co-operntio:1 with 
ICA ..ct other exi•tiDI re1ioaal iaatitutiona in Africa, •bould 
orfaize the Secoacl llelional Coaaultation on the Aericultural 
rt.cbinery Industry in 1988 oriented towards alleviatinl the cri8i• 
prevailinc in aa.t of the African r91iOD8. 
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4. At interre(ional levels 

(a) It is rec- eniled to oqanize workshops. sellinara and study tours 
in selected Asian and Latin American countries to enable African 
policy-makera and entrepreneurs of DBll- and lledius-acale 
incluatriea currently involved in acricvltural machinery 
manufacture. particularly the 98Dufacture of water-supply and 
related equipment. to witneea hoN tbe acricvltural machinery 
industry baa been developed in these reaiona. 

(b) It ia rec-+ ended to ex~e prototJPM. cleaipa and related 
98Duf acturing information for water-supply and irrigation 
equipment between African countries and acme selected advanced 
countries in the other regions. Projects auch as RNAM and IRRI 
in the Asian reaion ~ have a aiinificant role to play in these 
co-operation activities. 

(c) lntrepnmeurahip training prOfl ea on water-supply and 
irription equipmeat ..auf acture should be orpnized in selected 
adYancecl developing countries iD Asia and Latin .America for 
African proprietors of -11- and lledi...-.cale enterprises. 'lbe 
trainin& cmt of tbe African proprietors abould be funded by the 
respective African Governments a en incentive for industrial 
developmeat. The pr~ will be organized by bilateral or 
11Ultilat&"'"81 funding. under the auspices of UllIDO. in cloae co
operation with FID and otber international organizations. 

lo 
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