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PURPOSE OF THlS REPORT 

In preparation for the Third round of consultations on 
Agricultural machinery to be held in Septemter 1986, it has been 
deemed necessary to bring to focus equipment used in pumping 
systems for irrigation pu...-poses. lrrigatior. ':leing one of the main 
pillars ot agriculture, pumping is an essent:al element in 
irr1g2t1on, l<'lnd 1-E=clamC1tior. and dr-a1·c1ge. 

Ir, iri:JvSlt ic.l1::E:d ceou1,tr-ies, tt1E· nc:.r1 agricultur2.l us:E: of pc.ur1ps 
C»E' s· . .=-dc..'"'" it-= lt-r1g2tic•n c:q::,1=-·licc:.l1Dn<:: wt-.ic:h migt-.t e::p.ia1r, its 
c:df1r.ity i.-ntt-. indu::try rethEr u-,c.-, with agr-lC\tltL\rE. ln mc.:ot 
d~~Elop1ng countries, where agricultural deve.iopment is g1\en 
fir st pr lrn ~ty, tt-.e pltmp and other u-r1gat1or1 equipment shoLdO be 
trEe<led w1U-, the· rest of the family of agr~cultLtr2l machinery and 
inputs. This is the reason why pump manufactur~ng should be 
considered in the conte~:t of the multipurpose Approach to the 
manufacture of agricultural machinery. 

Irrigation pumping systems include among other things 
gates, valves, pipelines, trash racks, overhead travelling 
cranes, structures, etc. in addition to the pumps themselves and 
their driving motors/engines. Ta~1ng into consideration the 
prol: terc.l1or1 of sprint--.. ler- and tr ... c~ le (drip) irrigation which 
depend even mor-e on pumping, solar and w1nd powered pumps, the 
~copt: ot eq'...tq::irr:t:;,t nE"eded ir: 2gr1cultur-e ':.eid<'<y he<:o bee;, i.-nde:-1c::: 
cor,s l der- e<b l y. 

1he report i~ inter1dt:d tei e;:pl21n the r-at1onale for- thee 
r1ee·.: for suet-. equipment 1-att-. the emf:Jhasis being mainly on the 
pump. To understand the rationale, irrigation itself is br1efl; 
e~pla1r~d. A co~cept and method has been introduced for the 
gr-0L1f:J1ng of developing c0Ltntr1es a.ccord1r1g to their degrees of 
tec:1nulog1cc;l depender1c.y wh1cr· should hf'·lp in 2dr:iption of commc•r1 
s.tr ateg1 O'-



SUMM~Ri AN~ CONCLUSIONS 

Irrigation is being inc~easingl) depended upon in food 
production with the aim of el~mina~ing hunger and meeting the 
rising food requirement of the ~orld's growing pop~lation. The 
impor-tance of water to plant growth cannot be overemphasized. 
Moreover water is needed for- land reclamation and management as 
well as for animal and human consumption and for food processing, 
let alone its need in industry in general. Central to the use and 
movement of w2ter is the PUMP. It enables the farmer to irrigate 
at will and thus puts him in ~harge of his production. 

The Negotiations Branch, in its consulta1ons exercise on 
capital goods has been focussing attention on the poss1b1lit1es 
of mdnufacturi-.g agr1cL1.ltLn-al machinery locally using the 
mul t1 purpo<::E approach. In th1 s pa;:ie..-, the pump is brought under 
fcc:.us ...:c,.- s1rr.1lar co·1=.1de•·at1on be<sE:J or1 dEsi· review of recent 
.-10•-I, thE cons~iltc;nt 'sow;-, e:.pE:-•-iE·r>ce c-nd a v1s1t to FAD offices 
lr-, F\ei,,,.;:. ine fir1d1ngs of the rev·1ew .:.r·e as follows: 

1-Pumps are being locally produced in severe.I deve!oping 
courtries. They can bE produced locally in man) o~her countries 
that still im~ort them, using the multipurpose approach for 
manufe~ture of agricultural machinery as shown in recEnt UNIDO 
studies. The pumps degree of compe:<1ty (levels II and Ill) is: 
found to be within the range of ordinary farm equipment; subJect 
of the multipurpose approach. International cooperation based on 
sound strategies car help in a multitude of manner-5. 

2-Local m~nufacture of irr1gat1on pumps calls f~r 
decissions con=ern1ng ljpE of rumping: sm~ll scale vs. central 
pumiJ1r.g stC1t1or.s or a. comb!n2t.1on of both; tyoe of 
pump:cer1t1fug2l, propeller. others which demand lower 
1Ec.c:t.~.:_:c•c;_c,0: CC•ri •. :E ll· lE.Els: tr·f-E c•+ Gt 1·.t:-; OiE-::.Ecl, E-le:..t.rlc. 
motor, Al or the more suitable for solar power DC motors: source 
of en~rgy; fossil fuel, hydro, wind or swlar. Field data on 
perforffiance of various types o{ locally rnan~f~ctured and importeG 
pumps need to be obtained and analysed. 

::..- -.• m~lif1cation or do.-meng1neerinq at the ex.,::.ence of 
eff1c1ency lE possible and economically sens1bl~ for the inter1n, 
~lthou~h it 1s not~ substitute for true modern1=at1on to benefit 
frur.. th<? technological brec.~ tnro.•.ghs: CH[J/CAM etc. 

4-F-:t:>c..E,rol prc•gress ir: photovolt.:.1c tecr:nolog~' puts: sular 
e.iec•_ri.:::1tr 1r1 mc°Jre competitive pos1t1ori. Action inciud1nc,i 
tr21n1:-1g .in dE-•'Eluo1ng countries t.:-• r~1SE: tt-oeir teeiu~ness lF./E:·l 

fo• its timely ac1u1s1t1on need suppo~t. 

'_! r ' ~ :.._ ( ' - ' c. . j (_ r; n s l d E- r 2. l C;: i d : I n 0 t n E· (. e Cc"' « r 1 1 y· st I ,-, .... f s 1 n l l a r 

~.f-r_r,,.:.._,c_,cice<l dE.·t.lo;:..rr.e·,t pr.::it..lerr,=. Tr:E:· r1e<··-' for thE=-1r 
s.trc.t.f1c..::.t1ur, Co~· techr·1c.lc·c;1cc<l dPp~,;-,Qf-·r1cy· t..e<s1s lS e.idPr1t. 1(. 
ht.:r.-. h:t,1e.E. tt-.1<;., the. CC•'•CEo,pt t:1r,d r1•et.hc1d fcir GE·tern,r.at10~. ct 



I 
!:'-C.cl-, cr.;iuntr'> s de'}ree of techncil 091 cal depend~ncy sector by 
sector has been intrDduced. This concept can be used in 
conJunct1on witn the already developed tool of Technological 
Ccmp!e~1ty Levels. 

6-To draw broader strategies answers are nee~ed to the 
~any questions as ment1cned in item 2 above and more. With the 
mission just .:ompletei by the consultant to FAD offices in Rome 
28-31 October 1985, there appear-es that whatever information 
e}:ist are not compiled.A vacuum e}:ists which needs to be fillPd 
urgently if tMe necessary ingredients for drawing strategies are 
to be prepared. UNIDD may be advised to initiate consultation 
with other maJor users of pumps in the UN system such as FAQ,WHO 
and UNICEF with the aim of cooperat1ra9 in the comp1laticn of 
infor~ation, from the ~ield in particular, in order to be able to 
address the above questions. 

--U~IGO may also sol1c1t country papers to bE pre~~red ~. 

competer,t pt-ofes:o.1onals ir· ci selec":ed number o' cour>tt-ies wh1c1, 
would give CL1r-r-ent infor·111cit1on or, ir-rigat1or1 pumping and local 
pump manufacturing and pr-ovide dat~ for determination of the 
degr-e~ of technological dependency. 



I rHRC)i:)'._iCT I Ot~ 

PUMPS are probably the first mechanically powered devices ever 
used in agriculture be it in the developed or the developir.g 
worlds since water is regarded as the most critical input in 
agricultural production. Neither China nor India could have 
re2ched the present stage of food sufficiency without having 
first, produced their own pumping systems needed in irrigation • 
The green revolution created additional demand for water for 
which the supply, pumping becamE increasingly necessary where it 
was not very much so earlier.Additionally, lands suitable for 
gr~vit~ and rain fed irrigation are getting more and more scarce 
leading to fLtrther reliance on pumped irrigation whether basic 
or supplementary, Just between rains to prevent damage to crops. 
Several developing countries are still paying dearly and in 
foreign currenc~ for irrigation pumping. The scarcity of foreign 
L.L,rre-'-y crE·e<le-=. s:..,c_r, d1slc,!"'"ted price str-uctur-e that the purcr1c.sE
pr1ce ot pumps tc the farmer is severa1 time-=. great~r tnan in the 
countr, of its or1gi~. 
Some cf thesE countries, bearing in mind tne volume ~f foreign 
aici .:H-,d te.:hnical ass1star1ce received, suffer from a per~lsting 

deficiency ~n their technological absoptive capacities which 
could at least partly be responsible for the apparent 
ineffe:t1veness of aid- a subJect winch deserves rethinl ing. The 
othets at-e most likely behind in the process of backfilling and 
levEll1ng hc.v1ng ach1eved substantial progress in 
ind,.1stri.o;lization across a broad front, 

The high cost of Pumping systems as imported commodil1es 
may alone render an otherwise feasibl~ agricultural undertaking 
not feasible duE to high ccst of importation and maintenance.And 
sometimes la-~~ cf spare parts result ir. abe>r1donment of equ1pme.-,i:_ 
i;:,urcr.ased ear-lier .F'ump1ng equipmer,t de' tnarE out c-nd brea~ rather 
often particularly the small units operateo b~ ind1vidL2l 
-c.. .. tri·-=- ~- ~·~:.-1L'-E. ~r-.t..r-t- :'.:__.: c:.e:~:__t. L:__ tit-.. n1~=·':=- t_·t..-tv;f·c.::. g~-2.1t)' 

irrig~t1on and pumping, government planners often choose gravitv 
due to trie abovE:- factors. Local manufacture· of PLtmping ur11ts 
with the ensL1ing bene+its to the farmer- .1r1 terms Lf financing 
arra,gements and the reduced cost of repc.1r and md1ntenence is 
crucial to the development of most agriculture based economies. 
Some of the benetits 0~ the economies of scale l~st due to mar~et 
s1:e can more than be compensatej for by benefits from local 
m.:.nuf<:tctL1•e in terms of timely c;va1lability of equipment and 
sc::\1ngs in fnreign e.chanyE- .PLlMPING equipment= are among few 
Jndustr1_.J products .... herE suer-, an c;.r-gL•rT"?r1l hold true: under c. 
.. ClriE-tr' of cu-curr"::t.::.nc..?s.Th1~ not;or. shc.11 be more closely 
e: cifT·li-,ed ir1 t~,1~- repcrt. "l;:i~ev.1E<r, w~1e:-re loc'"°l ;:iuml-J r.1e<'-1L1factLir1ng 
lS v re-al1t~, the be.lance:- mc::y tilt in fo.CJL'r of pumped irr1gc.liu11 
.:<g.:<lr•=·t qr-a·.11t·y irr1g.=1t1or, in plar .. -11r.g mc:-Jor- ir"l']«l1or. scherr.E'S. 
Suc.h;:. t11t us_r.;:;lJy .o.r:ds 21-,othE-t- bc.r1L•C' in c;·,';::>r-t1r.g eco~og1cc.i 

c;C:t,;,2c;r= L.O,·_l,ol-c.: t,, tt.l cro'..::_- rive:-~ b,=...-ragE-:. L•su211, nEEdE-d tor 
yr-.;. lty irri~2tic,: .. 

iE·c.~.r.c.Jui;:.11?'= LI!::-E·C ir· o..-d:.nc:.ry purr.;--, m.:-11-.g c=>r f:. gE·nrr2t;or1 o_ 

c·ld ,::.:-,.J r1CJr, pr-o;-·:-etc. .. ~-y·. It r;,Lrst be r£ .. 1,E:·i:1t·E"rt-c1 tt,.:.:_;.. good 



mechco;-,1c. w1tr1 cc-sting, lcith1ng, .and wEld1ng capc.bil1t1es and th:= 
li~e:, can indeed ma~e simple centifugal pumps =if the types most 
commonly used by farmers with ~mall holdings by copying. This is 
totally different from copying patent protected products and 
vandalism of industrial rights which should be curbed in the 
environment of international cooperation and interdependence. 
Poor countries that need pumps of the types produced decades ago 
for irrigation yet they are still popularly used could be 
provided w:th prototypes f0r copying by ~ther manufacturers at 
competitive costs inorde>r not to oblige them to "re-invent the 
w:ieel" by designing them or by having them reverse-engineered. 
Such copying ~rototypes could even be down-engineered if 
necessary to suit production capabilities available. 

Down-eng1neered versions of pumps with reduced c~mponent 
eleme~ts for their lower cost and managable technolog1ca! 
comple.1ty/simpl1city are not without certain disadvantages in 
lETiT.::: of e,.pmtc.b1l::.ty and sl1gl-.tly higher- running costs. 
Howe.e-, ne1thEr should be re~arded as un~urmountable obstacles. 

For cour,triEs wh2re tne industrial bcise is relatively 
lim1tEcd. the multipLn-pose approach should be carefully e::amineo. 
Th1s might mean that the local manufacture of pumpe need to be 
accompanied with other manufacturing activities to justify the 
required investment due to better utilization rates, and to 
provide the other elements of agricultural mechanization at low 
cost at the same time.Few suppliers of pumps to the international 
markets are dedicated pump manufacturere~ anyway • Most are part 
of an industry with diversified engineering and manufacturing 
capabilities originally established to produce replacements and 
e~tentions for the main industrial activity, which could be as 
remotE from pump maling as paper pulp and sugar. 

F-·ump i r.g ur11 ts over a cer-tai r1 s1 ze .:u--e nor rr.al l y ma.nL•f acturec up or 
order~ of 4 or 5 units. ~his cle~rly demonstrates the 
1r·c:~;._~1cc-tJ~:it·, c-' thE r1C·tlC' c-" thE "ecCY•Dr:":Ec:. C•-' SCC-~f:' fc_ .• -

most large irrigation pump<:.. Sue~ pump~ are used by governments 
that choosE to deliver irrigation water to the small 
farms'turnouts(gates) by gravity flow in canals efter lifting the 
water from a larger canal or river to higher grounds. The ~OC3l 
manufacture of such large pumping sytems require ~imi~ar 
technological capabilities requ~red for local manufacture of 
small hydro-electric power plants, where the scope for 
international roopere>t.ior1 is equally similar. C0Lmtr1es 
contemplating to devElop hydro-electric power plaGt manufacture 
fttd, bEr.efit -'.ron1 thE· s1nnlaritv. ThE main emphasis here, 'S 

placed,howeve~, on the mo~l conrnonly used pumps fGr 
irrigat1on;thE propeller for 101-i--l1ft <L·~· to aboui:. 6 r.1eters1 c. o 
the centrifugal for grec;ler lifts. 

Wind and Solar powert-d irrigc-tior. purr1p1ng system:: . .:<re 
gc;1r11ng 111c•re 2.nd mor-e po!=",Ularity. The \.al1dity o-f thE1r USE· in 
a r E: as 1-; her- e s. 1..• ~· [..! 1 ,. of c o ,, er: t 1 on c:d E': •er g i i s u nus. • ... 1 • l 1 y e:: per, :o I v tc-

1 ~. wE:l Establ1c:.hed, if not comrr.on pr.:.i:tice. BL•t consicit-r1r•y trie 
fac_ li12t thE cost of sc·l2r pt1olc·.1c0 lt.:.1c panE·ls ~=or, tt1E· 
oecJ.1r1E, pll's: other tecr1cl~~·g1cc:.l 8eveJC.prr..::·nts, the an1c·rr.t1ous 



S1l:con u£:ng chemical vapor deposition 
wate~ desalination, desert greenhouses, 
sprinkler and drip <tric~le) irrigation 
some coverage here also. 

<CVDl techniques, solar 
the proliferation of 
techniques etc. justify 

It is d1ff1cult to include all elements u~ed in pumped 
irrigation to be considered for the multipurpose approach in 
local manufacture, in this report. But an attempt is made to 
present a suff1c1ent number and variety of them to choose from in 
planning such manufacturing facilities. The pump itself is given 
priority in detailing, and irrigation itself is briefly explained 
to mal-.e possible understanding of the discussion of various 
aspects of pumping and water related implements. 

For this report, to be of use in the process of 
consultat1ons, an attempt has been made to suggest a method for 
9r-oup1rig de·velo~·1ng countr1e!:' by thei.- degree ot technolog1cc.l 
de;:iEr1dt=;-,-/ , .. ~.er-e memben:. of a groL•p are 11~:ely to hc.ve s1nnlar
pr·obiems which ma-,,- requ1rE slnnleo.r or common action. ThE repor-t 
beg111co wit~. intr-oduct1or; of the concept of the degre12 of 
technological dependency. 
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CHAPTER I 

DEGREE OF TECHNOLOGICAL DEPENDENCY 

The Need for a Measurement: 

Each developing country has its own unique set of problems to 
tact le in its path tu development. In the conte>:t of international 
cooperation, however, the ava!lable mechanis~s often treat groupE 
of cou~tr1es which are considered to be at s1m1lar levels of 
d e v e l o ;:.i 1T, t- n t , r ,:, l h er- t h ;:, r, o :1 i n d l v i du 2 l b c3 s i s . T he s ::. m l 1 a 1- i t y 
factor is often determined by parameters involving economic or 
geographical notions, the per capita gross national product for 
instance sL1ch as in the case of the group of 1 east developed 
countries and the groups of most affected or land-locked 
countries. Their grouping on the basis of such parameters is 
insuff iciert for the treatment of devel~pment maladies caused by 
technological factors including industrialization even in the 
agricultural sector. India which has a percapita GNP comarable to 
that of Sudan has built its breader ~tomic reactor, let alone the 
fact that it produces most of its irrigation pumps, while Sudan 
still has to import such pumps. Aside from the distinction 
a~corded the group called the newly industrialized nations such as 
Brazil , ~orea, and India, there is little to help distinguish 
bet ... Jeen BLlrma and, Sudan with rega.r-ds to establishment of 
mult;pur-poEE agr1cultLn-c?.l mc.chin.er-y production units a-=: ar1 
e,.ar ,le. ThE high quality of technical training av.:1:..lab)e at 
t.r12r-to_'r Ur,~ .·r·s:t·~ 1n SL1di:-r1 h..=.s not put Sud..=.n in a mot-e 
advantageous position in the manLlfacture of small hyrdoelectric 
power generation units. There may be similarities between the two 
countries in terms of technological dependency which defy their 
dissimilar size, population and available training institutions. 
An example is given in chapter ( ) on how a country in the Middle 
East had to choose an inappropriate technology with the costly 
obstruction of natural rivers when it could have used pumping 
Jn~tead simply because it did not have control on pumping 
technology at the time. And in chapter I ) an African country, 
strongly affected by 1nter~st rates abroad, dLle to its high degree 
of technological dependency, found that diesel pumping was cheaper 
th,:.r, solar when in f.act the oppsi te w.:<s true. It can be argued 
th er,, tr.at in technol 091c.al1 y dependent coLmtr l es, l napprpopr l atE· 
te-c:rmolog1cal alternatives may be chosen dLle to lac~' of command on 
the mo~t apprupr1~te ones or due to high interest rates which arE 
d1cte<ted e.ternr.i.lly. Ho1-: ec:>.ch cour,tt-r is tr-eating its 011m 

dt::j:..•t>r1dt-r1cy brolilen: -:·How ir1tern2tior1al coopereo.t1or1 can ht::·lp ~-

S1r1c.E.- dcvt::·loprnt-11l proJE~cts are tt-11? mc:>.in vehicle~ for raising the 
:.tar1d"1rd of 11v1r1g in most developing countr1es, ;:,nd their 
lr1tt-rr1.::.l1::Ec E-..ECLL1t1on is onE uf the- most e-tfectivE ways for 
lf'c..hr1c,l ug, tr ans4 f:c't , ,:, more- d1 rec l mee.surement of tr1e '°'te.tus of 



its development engine would probably be it~ degree of deoendence 
on external help in the execution of such projects. Countries 
which have similar dependency degrees and patterns in one 
particular sector are likely to be found suffering from simiiar 
maladies of development in that bector and perhaps even more 
broadly, in the entire development planning policies including 
nature of the technical assistance they receive. The degr~e of 
dependency can be quantified on sector by sector basis, or on 
discipline by discipline basis, and for the different levels of 
technological complexity. 

The following method is suggested for ~eterm1nat1on of the 
Degree o{ Technologicai Dependency: 

1-~or a given sector ~n a given country the dependency on 
e;-:ternc.l inputs can be:' determined by several ways say by the 
percentage of the cost of foreign inputs in the e~ecution of 
projects in that sector by making cast and place of origin 
analyses for a number of recently completed development projects 
in that sector. 

2-For evPry proJect analyzed by first, un ~ckaging the 
technologies involved, and then, for each e:.eme~t the degree of 
complexity <how difficult the know-how is t= internalize.) is 
determined. For preliminary studies it might be sufficient to 
describe this as high, medium, or low, and assigning tn them 
representative f1gure5 such ~s 1~5 for high, 75 for medium, and 
.:'5 for 1 ow. 

~-~•:o..r . .; 2.e.-2gE.:. c.t.t.: .• r1t:0d frori. lhE c;r,.::·ly:-ed pr1_JE·cts ·fei,- thE:.r 

percatages of external inputs(external to total in%>, ?nd 
averages of total technological complexity of entire projects, 
the degree of dependence may be calculated for that sector at 
any given technological comle~1ty level by int~~polation or 
reg1-ess1 on. 

8 



EXAMPLE 

A project is selected in the agricultural sector. A major 
irrigation pumping station actually installed in one 
Near-Eastern country. 

TECHNOLOGICAL DEPENDENCY ANALYSIS OF AN 
:R~IGATION PUMPING STATION. 

9 

------------·---------------------------------------------------CausE Remedy Technological activity Comp-
le;: 1 t y 

Dependence 
I. 

---------------------------------------------------------------
Planning t Conception 1 ~.c-;.;...J 8(1 

Feas1bil1ty stud1e:; 75 80 for causes arid 

Soil/foundation tests 75 50 remedies select 

strL•ctural design 75 20 from lists.< 1 > 

Mech' 1 model test 1 ~c-..... ..J 100 

Electro/mech design 75 80 

Mc.nufc.ctL1r-e 100 80 

Construct10 75 00 

Re~roduct1on 7~ 9U 

---·-------------------------------------------------------------
Aver•ges for project 89 64 

-----------------------------------------------------------------
( 1 ) Lists compiled from reported constraints and su~gest~d 
remedies in Anne~ II. 
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Degree of dependency may be requires for planning in a certain 
tec~nological discipline rather than 5ector. In the foilowing table 
e s~mple is given for result of hypothetical analy£i~ covering the 
construction industry over a Epectrum of 6ubdisciplines ranging in 
complexity from dams at the higher end to housing at the lower. 

#TECHNOLOGICAL DEPENDENCY ANALYSIS FOR THE CONSTRUCTION 
INDUSTF:Y 

(% Internal execution> 

-------------------------------------------------------------------
T DAMS MARINE WATE:.R/ 

SEWERAGE 
BRIDGES INDUSTRIAL 

BUILDINGS 
HOSPITALS 
HOTELS 
HI-F:ISE 

HIGH
WAYS 

HOUSING 
E S 
C E 
H C 
l.J T 
/ (1 

h 

------------------------------------------------- ---------------
80 c 1(1 2() 3(1 3(1 ·'+0 ._) 

F'ercent 
e>:tern.:.l 
execution 95 90 Bu 70 70 60 20 

Total tech-
nological 
complexity <I> 
Tc. 150 120 1 (10 80 110 60 40 

I#) Technological com!Je~; i ty l nde;: vc?.lues shown are estimates for 

l l 1 us l !"' at l Ori • An i nde;: may b12 developed along the same l og1 c used 

the 
Ut,;l[i:._• 0€.E}O;_·t.d H10£' fo•- CClt:·ltcl gwods: fo:- thE SofE Of po=s:1tdE 
establishment of corr-espondance between the two. 

in 
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TABLE 

Summary of the Most Pe1siating Obstacles and their 
Most Pref erred ~edies 

(An illustrative example) 

• I' 
Action Level I. .. 

• 
~ U ID 

The Chosen Remedies le-sta.t~d c: 1: 
! 'C t,1 t' 

~ cZ (from list of remedies) gg ... ti 0 • 
8 c: 

" 
z 

J I 
---

I; t • 
~ 

lietabliehment of the !legiom~ 
Science and fedmolo11 7und 

l to finance .... 3'+ x 

Inereuing the number and 

2 
capac~tiee of •oeational 
.i-:-.;P\~""' --- ~ ... 

-
Ado.Pt meuuree to increase 

3 eyt)orte t.o ••• 2.2 x x x 
• 
I 

etc. 

I 

\ \ 

I 
I 

~ 
i 

I 



EFFECT OF DEPENDENCY ON CHOICE 
OF TECHNOLOGY 

In comparative economic analysis and evaluation of choices of 
technology interest rates dictated by external factors play dn 
important role in selecting the most economical solution 
according to the country's degree of technological dependency. 
The mc-e dependent a country is on e~ternal support in technology 
ut1l1::atior1 tne more it is affected by interest rates deter-m1ned 
ir1 maJcr- technologically adv.::.nced countries. High interest 
rates for- instance puts at disadvantage the solar pumping 
solution which requires a larger initial investment and smaller 
oper-ating costs while they put the diesel pumping solution at an 
apparent advantage due to its lower initial cost inspite of its 
higher running costs. In th~ case o~ the solar solution, its 
already disadvantageous initi~l capital cost is further augmented 
when this cost is annualized using th~ high interest rates and 
its benefits in terms of savings in operation costs are steeply 
discounted when computed on present worth value basis. The 
opposite is true for the diesel 6olution where the main cost of 
pumping is fuel and maintenance being incurred in the future. 

It is assumed that when a country is technologically more self 
reliant it can base its judqment in slection of a technology on 
interst rates which reflect its own realities rather than what 
goes on in international money markets. 

By way of illustration an analytical table is reproduced on tne 
ne~t page from a recent United Nations document Cl> which 
reflects comparative studies made for Somalia by several experts 
from various aid organi~ations on water pumping using diesel, 
wind and solar powered pumps. In the table, costs are computed 
fol' units of ton meters whef'e for e:'.amp~e 9BC• ton rr, represents 
980 tons of water pumped against a total dynamic head <2> of one 
meter or 490 tons of water- against TDH of 2 metef's an so on. The 
pr-ocedure used in calculating cost is rather simplistic but 
accurate e~owgh f~r the purpose( 7

;. Two annwal1zed charge rates 

Ill Mission Report on Somali~ by Derek LoveJoy, Interregional 
eid..tlSE!', Ener-gy Reso1_1!'ces Branch, DTCD, 1-lew Yorf., November 1983 
12l See Chapter on pumps, sec. 
(3) Operation and mai~tenance charge of 1% may be adequate for 
tr1e solar- system i-1h1ch contains a l.:.t-g£ inve~trnent in non-mov1;-,g 
~arts. For the diesel system 8% would be mor-e real1st1c in 
di::-·velopir1g country c:ond1tior1s. And lifespar1 of 2(1 ye.:ws i5, more 
reClsor1ablE for the sol.ar- "1hile for tr1e d1ese:-l replc.<c:em£·nt "1c:iulc1 
most 11~ely be needed after- 10 ye~rs at the most. 



~l) (2) ( 3) ( .. ) ( 5) (6) (7) ( 8) 

Av. daily Av. ll'Dl8l Capital Amuallaed llmuallzed IUv\ing Olet~ 'lbtal <mt water OJet. 
- - - - Prody. Prody} ta\. Cl:Jet $ Cl:Jet $ <mt$ per ("'81 + qx!nl ) $per 1000 per .1 

txJn. x lo- CIP' lOt 18' 1000 t.ai "' $0.35/L $0.70/L ten. for 40. 

( l) x 365 da,J• )[ ( 3) x ( 3) 10, 18\ 10\ 18\ dynlaio 

(8% Solar) 
(It) I (2) 

($0.50/L) ($0. 35/L $0. 70/L h8llld 

(1S% Diesel) 
(5) + (6) 10\ Yr\. 

U~ XfJ]flDh 

SOlar 11\mp 9PO JSA 15,500 1, ~51o2 ~6 ~o -t • 3~ 3. lrJlf - - 4.34 7.80 0.17 0.31 
( 3. 46) 

Wind Pulp 2980 1,088 12,500 1,250 2,250 1.15 2.07 - - 1.15 2.07 o.os 0.08 

Di.Mel P\lllp 4000 1,500 4.000 400 720 0.27 0.48 J.35 6.20 J.e-# 6.6&!' o.~10.2~ 
(+2,600) (990) (0.66) ( 4. 79) ( 5. 45) 

!/ _._ $0.SO/hour ~ 009t tor diaal Pll'P oper•t.i.m. 

~1 M.'mtly tml 009t at $0.l5 "litre. 18\ chu\::JB rate. 123 ta. lf/li~ 

~ tt.tly 681 aomt at $0. "10/litn. 19' chu\::JB rate. 123 ten llV'lit.re 

(XXXX} Recomput~d fiqures on bdeie of: 

All oth~r fiquree are from 
Derek Lovejoy ,DTCD, 1983 
Mieeion Report on Somalia 

4% interest rate 
7% Capit~l Recovery Factor (CRF) 
1% Operation and Maintenance for eolar 
8% Op~ration and Ma1nt~nance for di~eel 

- Diesel replaced at aqe 10 yr. at non e~calated 
CIF coet of $4000 diecounterl to PW of $2600 

- Constant dieeel ruel cost of$0.50/L 
- Lifeepan ~ 20 yeare 



are used in the calc~lations; 10% and 18% per annum both 
containing depr~ciation, interest, operation and maintenance <O t 
M> costs. The first rate of 10% is based on 15 year depreciation 
period, 51.. interest plus 1% for operation and maintenance bundled 
all together to 10%. The second rate of 18% is based on 10 year 
depreciation per~od, 15/. :.r.terest and 11. for 0 & M bundled 
together to 181.. . 

Column 7 of the table shows that the cost per 1000 ton meters 
pumped is USf 4.34 and 7.80 for the solar system using 5% and 151.. 
interest rates ~er annum which correspond to 10% and 18% 
annu2li=ed cost~ respectively. For the diesel svstem interest 
ra.tt:-;:o o~, capital mc-de little d1ffE,rence, most of the anr1uc.l1=e:-d 
cost be1ng fL1el, the figLn-es US:t 3.63 and 6.6E .:>.re compute:-d for 
costs of diesel fuel $0.3~ and 0.70 per liter respectively, both 
based on the same annualized charge at 18/. per annum. Only 
marginally cheaper than the solar alternative. In fact, using the 
same initial f\gures of columns 1 and 2 but adjustlng the 
analysis for USS0.50/liter for fuel, considering a 20 year 
lifespan for the analysis with the diesel replaced at age 10 
years with the cost of replacement discounted to Present Worth 
Value at 4% inte~est and using the 4% interest rate for all 
investments<!> and 81.. per year for operation and maintenance<see 
page > of the diesel's small capital cost, the new results in 
column 7 would be USl3.46 per 1000 ton meters for the solar and 
SS.45 for diesel. In other ~ords Solar pumping is cheaper than 
d1ese1 at 4% ir,terest considering acceptable O~·M charges for thE
diesel. At high interest rates, moreove~, when the Present Worth 
Value (Tables for discounting are on page > of the diesel's 
fLtEl 2:::' m2.1ntEc-1.:<r1:::::e:- co~ts arE shc.rpl·~ discounted. Ever, wheri 
discounted at 4% interest (for the sake of consistency in this 
illustr~tionl the cost pe- 1000 ton meter appears as little over 
•2.0, ~hich is much less than the •5.45 before discounting. The 
solar alternative has no fuel costs to discount .The greater the 
i nteres i: rate used for d1 scoLmt l ng fuel and mai ntenar1ce the 
cheaper it appears today in favour of the diesel alternative. 
In columr. 3 the capital cost for tt.e sol.:.r pL1mp which would yield 
358000 ton meters yearly is S15500 while for the diesel which 
yields abm.1t 4 times as much is t:4C100. In most developing 
countr les wher-e banking and money instruments are embr1onic, tugr, 
interest rates usually result in a clear b1.:.s for selecting 
technologies which require the least initi~l capital regardless 
of the Lnown disadvantages of 9ucr1 select1or. 
This is a malady of underdevelopment and the state:- of 
technological dependency. 

-------------------------------------------------
<:i.> Tt-1e Cap1~ al Recovery Fiictor (CRFl approech is used where, 

n n -1 
SRF = l ( 1 +i) ( ( 1 +i ) 1) , and i ==i ntere-st ( 4i: >; n;:;2(1 yec-r 5, 

=c 0 ... :•7 (The rp·11sed ar1nu.,;liZE'c1 Cil~llt<:•l chargE-1 
Tr1£'-'re.fo.- thE· ;:.nr1uc:di=E-d L<:q:Jit:cd ch.:..-gt-- pll1~ [1H"'i co£t ~;~.,,le bL; 
(•.c•7 -:. •_•.•>1= E'i. for scde:.r, ar:d (1. 1~7 +·_. C•8= 1~i; fur dl"f'Sl·j 



IRRIGATION PUM~ING SYSTEMS 
Enerqy fv. Water 

F'low 

POWER SUPPLY 

Hycko- fo!uil fu-.1• - aol~r -l•ctricity - aolar heat - wind 

, .. 
HT.linfa• - pipea - tank• - solar farm• - w1nd f al'Tft• - •tr:uctur•• 

Tran•formttra truck• power line• converter• b•tteri•• 

'II R R I G A T I 0 N // //WATER RESOU'RCES I I 
•It 

Int'l comb'n engine• 

loELIVERY 
L Switchq•ar M o t o r 
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Pipinq P U M P Cran•• 

I 
L 1' N D 

Re•.-voir 
f'ip•/ canal 
Gate/ valv• 
Farm turnout 
Sprin'k.l•r 
Filt•r 
Drip 
-tc. 

I 

S T R U C T U R E 

I 
/I L A I'! D R E Cl L A M A T I 0 N/ I 

~~~~~~------DRAINAGE SYSTEM 

DRAINAGE PUMPS 

DRAINAr.E F~LOUT 

Fiq. I Th• pump in a pumping ay8tem ~•rving agricultur• 
in irriqation and land r•clamation. 

I I N T A JC E 
~ 

(WATER 

Structure a 
Check•alve 
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Traahrack 
Well 
•tc. 
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Chapter II 

IRRIGATION 

Irri9atiS> ia th• prec••• •f deliveriag t. th• fara t.he 

vat•r needed fer th• 99rainatieR, vrevth and aat•rity ef crepa) 

Rain and flood• are natural ••ana. Contrelled diveraien freni 

river~, lake• and •pring• require hURtan interventien. Dr-inaqe 

ef exceaaive va~•r can al•• take place either aaturally af by 

hwaan effort. In any caae, crep yiel• per area cultivated can 

be increased and ~axi~ized vith preper hWRan interventi•n 

which ia one er another aapect ef irrigatien and drainage. Where 

the potential energy in the water itaelf and activated by qravity 

ia depended Upt"n for th• preceaa the teI'WI gravity irrigation 

appl~~s. T• ensure gravity cel'U\and ef water en large areas ef 

land, er••• barrage• upatre&M• are built acre•• river• and 

canal•. Te enaure the quantity •f water needed at the right ti~e 

reaevoira are needed. And in additien, conveyance netwerka would 

uaually be needed t• carry water ever leng diatancea. Water loaaea 

due te evaperatien and aeepage increaae and te cope with problems 

theae atructurea create, auch aa bleckage ef floed paths, fish 

~igration&navigation a heat ef additional atructures would be 

needed and atill the ecolegical balance would remaine threatened 

with adverse results ao~e ef which incalculabe appearing after 

deca:3e~. 

In Fig. '2 a schematic diagram ahowing the disposition ef crcs~ 

regulators en natural river• in lower Mesopotamia ef which the 

aole purpose ia te raiae the water surface by aome 2 to 4 ~eters. 

Instead of cross regulators (Barrages) pumping stations can ~ 

installed to raiee the water level for dietribution via canal~ 

to the vicinity of farms. In thi~ case natural rivere remain 

unblocked not requirin~ t-. aeavy structure~ which would b@ 

neede:3 to pase floods, navigation lock~ or fieh ladders. At tht" 

fanr w•ter m•y fle~ either by gravity or by pu~ping. Thie would 
depend on topo:rraphy and/ or deeign. 

1) Th~re are several other ~nefitP' which c"r' ~ q•ined frorr 
irrigation which include ealt !•aching and re~oval, crgp 
cooling, application of chemicale, froet and fret"ze proh•cti on 
an~ dt"lay of fruit and bud dt"velopm~nt. 
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A caae for Irrioation Pumpin9 
1e an Int•rnalized Technology 

The question which poses itself about the lower Mesopotamian 
example given earlier i•: Why should any planner recommend 
th@ gravity s3stem shown then have to provide for the passage 
of flood waters many times greater in am~unts than the irrigation 
r~quir~ments and for navigation locks, fish ladders etc. and not 
just pump the required amounts for irrigation and let the rivers 
alone ? 

'nle following factor• contributed to the loss of the pumping 

solution in favour of gravity irrigation in the example given 

as a project planned for lower Mesopotamia in 1960s. 

1-The most appropriate and cheaper pro~ller pumps needed for 

the low-lift requirements of the topography were virtually 

unknown in the country. All previously established pumping 

stations were either mixed flow or centrifugal pumps. The 

price guidelines used in the analysis did not reflect the 

lower cost of the axial flow propt!ller pumps both the initial 

and the maintenance. 

2-Cost of pumping was based on di~sel drives rather than the 

cheaper to install and run electric drives due to the long 

distance to the nearest point on \:he national grid. By the 

time the irrigation project got under construction , the national 

grid had already covered the area. 

3-Fear of indefinite d•pendence on foreign inputs for the 

pumping solution in term~ of maintenance and replacement part~. 

Briefly, it was lack of proper interdisciplinary coordinaticn 

and the eupremacy of economics devoid of technological planning 

and overiew. Mayb! one well places multidisciplinary persQ.!!._ 

could have reversed the outcome. Only a few years later, the 

Saad River electrical pumpirg station wa~ built ( eee F"l9 fS. Sk.~ B) 

using propeller pumps and special civil work8 de~ign at half 

the estimated co8t. 



Where the aource ef water ia underground and where irrigation 

ie by aprinkler or the drip (trickle~ ayatema, pumpin:,,.woul"d 

not be a matter ef choice, it becornee a necessity. 

The •etheds used in applying irrigation water en the farm are 
enumereus and the ch~ice depends on type of topography, soil, 
crop. drainage conditiene. climate, availability of water, 
degree of mechanizatien, area of cultivation and economy etc. 
it ie beyond the acope of this report to go into more detail 
other than illustrating an ex~mple from eac~ bread category. 

1-Surf ace irrigation ie the most widely used and the oldest. 
It gener4lly requires a smaller initial investment than do 
other types of irrigation. The driving force is gravity and 
water enters the field from an open channel according to a 
predetermined pattern, flow rate and duration. It ie further 
divided into types ef irrigation such as contour ditch, basin, 
border, contour levee, furrow and corrugation and water spreading. 

Below is a etetch for field layout of a contour dike surface type. 
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2-Drip Irrigation (trickle) 

With this type ef irrigation vater ia distributed ever the field 
by •eane ef pipes (meetly plastic) under pressure and dripped at 
the r .. ~ 2ene ef each plant individually. It effera ~any advantages 
primarily in eliminating conveyance and dietributien lease• ef 
vater, thus its increasing popularity in regiens of hot cliMate 
and limited vater availability. Chemicals needed_ fer the plant• 
growth are added to the water beforehand and fields need not be 
levelled as for surf ace irrigation aince the availability of 
water prssure in the pipe~ can evercome level variations. Water 
drips from emitters or -pplicators which dissipate the excessive 
pressure through orifices, vortexes, and tortuou long flow paths 
thus allowing a limited volume of water to be discharged. 
Drip irrigation systems are energy intensive. Water must be forced 
through filter~ for the removal of suspended solids which otherwise 
may clog the emitters. With local manufacture of the system componentLR 
the cost of drip systems can be reduced drastically. It is reported 
that in one developing country the reduction has been at the ratio 
of 10 to 1 • Primitive versions of the priniple involved in drip 
irrigation are known to have been used in ancient times. 

The filters remove suspended solids from the water but are not 
capable of chemical filtration. 

f'igurc -" lypJC uJ r un!rol ht'od 

for a drip irrigation syste~ 
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3- Sprikler Irrigation ia adaptable to many crops, aoila, and 
topographic conditions. They are classified according to whether 
the sprinkl~r heads are operated individually (gun or boom 
sprinkl~rs), or as a group along a lateral. and accord~ng to 
how they are moved or cycled to irrigate the entire field. 
"nle solid-aet permanent irrigation sprinkler eystcma are gaining 
popularity in ord~r to reduce labor and modify the environment. 

In arid areas center-piv=t systems are used intensively - up to 
about 2200 hours p!r season. water is delivered to the center 
either by an open channel or directly from a well to the single 
lateral moving continuously around the pivot wh~re vater is 
pumped to the lateral. The lateral pipe with sprinklers is 
supported on drive units and suspended by Clblea or by trusses 
between the ttrive unite. The drive unite are 1.1ounted O:'l wheels, 
track~. or skids that are located some 20 to 70 meters apart along 
the length of the lateral pipe. The lateral pipe may be up to 
almost 800 meters long. Each d~ive unit has its own power device 
that drives the wheels, tracks or skids on which the unit moves. 

One of the most advantageous uses of sprinkler irrigation is in 
providing supplementary irrigation to rain-fed fields where 
permanent 8ystems only occasionally used are not economical. In 
such cases the Periodic Lateral Move or the Hand-Move lateral 
systems are used. All sprinkler i~rigation syateme in this 
category have sprinkler laterals which are moved between 
irrigation settings. The most comnon system has a single center 
mainline with one or more laterals which irrigate on both sides 
of the maineline. The lateral, at right angle to the maineline 
is moved by hand and connected to it at the distances already set 
by the location of couplings. 

Lateral-Move Sprinki~r Irrigation Systems together vith deep welle 
were ground~ater exists can provid~ supple~entary irrig-ation in 
draught threatened zones. Two rounds of sprikles 30 mm each may 
guarantee a crop which would otherwise be lost to draught. * 
~n FAO study shows that after fiele planted with cereals have ( ) 
received 100 to 150 mm of rain which ie enough to produce 
vegetative growth with no grains, every additional millimeter 
results in obtaining about 14 to 16 kilograms of grain per hectar, 
in other words the two rounds of 30 mm each wo~ld result in 
nhtaining 840 kg~ to 960 kgs per hectar in grain. 

' ( . ) Summary fro~ a Report on Consultancy to !CARDA on 
Supplementary Irrigation by A.Arar-Senior Officer 
Water Resources Development & Manag~ment Service,FAO 
January 1984. 

' 



DRAINAGE 

Drainage is the process of removal and disposal of excess water 
from the surface of land and frcm the soil pores. The sources of 
exceess water can be precipitation,snowmelt, irrigation, overland 
flow, or underground seepage from adJacent areas, artesian flow 
from deep aquifers, flood waters, or water applied for such 
special purpose= as leaching salts from the ~oil or for 
temper atur-e control. Agricultural 1 ands need to be w,?l l drained 
for better crop production and drainability of the field is one 
of the parameters used in evaluating the land. Exces=1ve water on 
the field's surface hamper performance of agricultural machinery 
by causing muddy condit1o~s which may further lead to damage to 
th~ soil structure and may also lead to soil saturation which is 
dEtrimental to pl.:..r1t gr-o~.th. Soils which e1re not drained 
n2tur~lly can bE dr21ned by meen~ of artificial d~a1na9e systems 
which often requ1r-e pumping. 

In arid ~reas, art1f1c1al dr-ainage systems are installed to 
control water-table level and salinity in the root zone. The 
draines - mostly open or covered ditches- are installed at a 
depth of 2 to 3 meters for the purpose of lowering the water
table. Water table is lowered when water seeps from the soil 
pores into said ditcnes which must have adequately lower beds 
than the water- tabe itself. Proper irrigation management then 
insures a continual downward movement of the excess water- and 
salts that are concentrated there by the extraction of water by 
crop plants. Salt also tends to accumulate near and at the 
surface of agricultural fields in hot climates where soils loose 
their moisture dLtE to evaporC>.tior1 after- mo.ing to the surface by 
cap1llar-f act1or1 leaving behir.d its salt contents. Salinity can 
be su severe that germinat1on and growth could be impaire~. To 
i:••e,'e-.t th1~ pr-c:icE·=~ spe::1c-l 1rr-J[JC:t10:, practice~ 2t-e neE·r!ed 
which usually deffiana more w0ter and more dr-ainage. 

In humid irrigated areas, drains ar-e usually installed at a dPpth 
of l,C1 to 1,5 meters. Shallmi dr-ains mean higher water table and, 
possibly a supplem~nte1ry water supply for- plants between 
intermittent rainstorms. 

Drainage systems usually consist of sets of field dr-a1ns which 
lead drained water by gra11ty to larger and deeper ones which act 
as collectors and collPcto.-s lead to still larger ci.nd dEeper
ch~nnels. Drainage water thus looses elevation as it flows. Where 
~fter loosJng SG much ~levat1on, drainagP water c~n still be 
d1sposeo of by gravity to a lower lying disposal area pumping 
would not be -ieeded. Ir, fl.:.t areas this seldom happens and 
pumping substantial amounts of drainage water is often required. 

I r , a ' ~ c a s E· , d E· s 1 g n of d ,- a 1 r 1 a g e s y ~ t ems sh o u 1 cj be pr e c e d E- d w i t h 
C<deq_ic:-tF ino .. deuge o+ u-,E· scnl, -::l1me.t.:-, er-ops, and topogr-c.phy. 
Geta1l~d sc1l surveys a~d land classification are str-ongly 
recommended as econom1cally Just1f1ed. 



RURAL WATER SUPPLY 

Rural communities need water for municipal consumption which is 
distinct {rom irrigation and land reclamation reqL1irements. 
Drinking g·-ade water is piped to living dwellings after it has 
been purified, treate~ and sterilized. The same water is used for 
wash1ng, cleaning and fire extinguishing as well as for house 
gardening. The manageme~t of this type of water supply is usually 
different from thcit of irrigation olS it i=. normally tied to the 
municipali~y together with electric power supply. Water supply i£ 
regardej as a public health concern and as vital to desease 
prevention and control. The availability of poteble water f~
human and municipel consumpticn in rural areas has similar 
eff:cts on agriculture to that of agricultural m~chn1nery 1:1 

terms of ma~.ing life more bearable for the farmer and his family 
and reducing the temptation to abandon agriculture and moving to 
the urban centers . 

Ir, terms of water- resoLirces m2.n2.gement however municipal, rur·al 
and indu~~rial water oemands must be treated together for thE 
purpose of proper allocations and conservation as one of the most 
vital national wealths. Without proper planning this wealth c~n 
be severely harmed. Without going into details, charts showirg 
the relationships betweer1 municipal, agricultural and industrial 
water requirements and other aspects of water resources 
management are given in the next two pages for illustrati~n. 

Pumping for non-irrigation water use may be considered in the 
multipurpose appruach for the manufacture of agricultural 
machinery • 

RESEVOIRS 

The t~rm re~rvo1r ~ppl1e<:: to water storage facilities ranging 
frorr, those for- which largE' dams are bL1ilt to sto,..e billions ot 
c u t l c ITi E' t er <:: of ..., '"' ~er· f or· f 1 o o d con tt- o 1 , po .-i er gene r at i o ri • 

J:-!' C•vl!-_;.rJr·, cd w.,,.ter durir,9 cycles of ory year"s etc. dowr1 tu the 
service tanls of few c~bic meters capacity to equalize betw~~~ 
c;verage daily consumption and hourly peal demand within sr113~ 1 
communities. The types, functions, and parameters involved in 
determ1ng the kind of resevoir needed for a given situation are 
tuo many to cover in this report. It can only be stressed that 
resrvoirs are needed for community water supply and on ~everd1 
occasions for pumped irrigation, in both cases to ensure 
c1Jni:iuous service .,.,-,en pumps are put to rest and to maintaJr, the:: 
required pressure and provide for emergencies. 
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SOLAR F'UMFING 

Solar energy may be used for pumping in a variety of ways. This 
bection is limited to its application by means of electricity 
generated by photovoltaic technology. 

Over the past decade, photovoltaic technology ha• been the 
subject of quiet but but rapid evo;ution, starting with the 
development o+ cells base on crystaline Si wafers to provide 
p2wer satellites. As an outer space technology, serious 
attention to its application bacl on Earth developed soon after 
the 1=~: 011 crisis anc the roc~etting rise in the ~ost of 
energ .. But the cost of generating electricty with this new 
tecnno~ogi W8S still considerably greater th~n conventional 
electricity for which reason its application was largely limited 
to powering small power systems in remote, stand-alone locations. 

More recently, further technological developments helped drive 
the cost of manufacturing eel ls sharply down to the e~. tent that 
it began to compete with conventional energy applications in 
wider range of situations, particularly in telecommunications and 
irrigation pumping. Companies which mak~ comple~e solar powered 
communic~tions and p~mping units proliferated globally offering 
their products at competi'ive prices. These products are usually 
priced by the peak watt <Wp>. To start with, a peal watt is the 
unit ~sed to quantify electricity produced by a phot0Jolta1c 
dE.JCE-. It is defined a: the- mc.: imum electrical OL•tpL·~ at pea~ 
solar intensity, specifically noontime- on a clear day. 

--r~ ___ #_ .......... -{~L Lt-ii:_- cc·::-:;:__,_; tt"-·t n.:.·-E: CC:.'"'.";;'T:=1:1l·. · ... JSE2 er.E'"~· L 1 r-·-"!' 

nc.-.. 1,e;:l, the l .. 1lo-watt-ho:...1r- O.WHi, the following for-mule: is giver, 
for the conversion of cost/Wp to cost/~WH. 

cost /Wp:: 1 OOu 
Cost /LLoJH~-------------------------------- ----- --

<yrs of life- >< hrs of pec:.I sunlight/yr-> 
+ cost of intet·e;:;t or, c:.utstanding pr1nc1pal 

r,ssum1r.,:; a ::::u year life, L?i. inter-est costs, line.=.r amortizal1or1 
of prir1c1p.=d, a 2(1(>(1 ho..tr- pea.~ sunlight equ1v.:dent per· year, e 
phec 1 c·.1cltc?ic ar-ray w1th a cost of i.JS:fl(i per L-Jp (e>:cludir1g t.2.l ancF 

uf =>'stem cost) wil! ger1erate electricity at •Ci.55/i:'.l.Jrl. 
Soler pL•mi;: maier: al"e offering c.:omplete pumpir1g syste.:s fo...
L.ftin~ 4E... cut:lc meters Clf w.:•ter per dc>,r by 10 meters for fl(i•)(•O. 
lri thE fc.;llovHrig p2gr- C~1ror,,:.v ·= (,:. lealLng US firm· prL·Jec.t1on~ 

-fcir Lest cri E-lectriclt/ bc>sed 0:1 its newly de,.1"?loped t12chncilog, 
15- r:;1vE' 
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1. The drastic cost reduction achieved by 

current technology (single crysta1 silicon 

solar ce11s) ever the past 20 years frorr; 

$1000/Wp to $10/Wp by 1979. 

2. Thf fu:thH c0~t reduct1c;, prc·JE-:::ec fr'; 

single crystal silicon to $0.50/V.-f' by the 

late 1980's. 

3. The emergence of thrn film devices after 

1986 and their price reduction to $':: .22/Wp 

by 1990. 

SPV = Solar Photovoltaic 
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WIND F'UMFING 

~ind e~ergy h~s beE~ in use for pumping ~ater on small scale 
basis for generations past. As in the cas~ oi solar pumping it 
received a new thrust in the wa~e of the 1973 energy crisis. The 
economy of small scale pumping utilizing wing power in suitable 
locations where winds of 5 meters per second <11 miles per hour> 
or over blow some 5 hours per day is well established. On 
complementary basis with other forms of power generation wind 
generated electricity on a large scale is advocated by 
manufactureres of wind turbines. In this report only small ~cale 
wind water pumping for irrigation is considered as an ~lternative 
to conventional pumping using fossil fuel. Due to the 
intermittent nature of winds, the pumping system should include 
water storage. A stand-by electric power generator, batteries and 
an inverter AC/DC is recommended. Reports from ~he field also 
recommend replacement of mechanically driven reciprocal pumps 
with electrically driven turbomachines for greater efficiency. 

l r1 thto- cr1ar t above wind gen er .:<ti o;i of el ec tr i cit y-c.ost per r:w~; 1 c:

shown, S~urce: Energy Appl1cat1ons Corporation USA. The ch 2 rt is 
bas£· Cl or1 198•:1 pr l ces of equ 1 pment L•Sl rig 1 :.'i. 1 nter-e~ c.rrc 1 O ye2r 

am or t l ;:: at i orr. 

Earlier in th1s report 
or, f1gu..-E-<: ot·ta1r:ed ir. 
f 2 • c. .. _. • d L. 1 f r E-·" L• l ts f CJ•-

comp2rat1ve costs CJf water 
Som~l12 in 19S~ were given 
v.irrC rurrtJ:'ilf'rC,, lf• CurTlf-•ct JSUn 

~- _1 ... a r • S .__' :1 a j :i ~ ~ 1 2 '= E c f l 1 £:- : i w l 1 1 ·~J c o; , lj ~ t J u r 1 :- ... 

pum~1 rrg basf=J 
5t,OWJ rr~ Vfc': -, 
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IPu•p1 
Chaoter III 

·pu"P6 

Pu•p• 1r1 hydraulic •1chin11 which 1r1 u11d for 1pplyin9 

•tch1nit1l en1r9y to fluids (•1ter in this c111> in ordtr to 

ulili11 tht r11ultin9 incr111t in pr111ur1 (hydraulic h11d> to 

•ov1 •at1r to hi9h1r 1l1v1tion1 or, forc1 it throu9h pipt1 and 

othtr dtlivtry 1y1tt••· They 1r1 of t•o c1t19ori11, d1p1ndin9 

upon principle of op1ration1 

1-Turbouchintry 

2-Positiv1-di1place•tnt •1chinery 

Under the first c1t1gory -Turbo1achintry- fill tht •01t 

•idtly used pu1p1 by firs tht c1ntrifu91l pu•p ind lkitl flo• 

pu•p ind v1ri1tion1 of both. Hydraulic head i• d1v1loptd by 1 

rotating i•pelltr <or prop1lltr) •ithin a confined circular 

cuing. The i•pellrr <or propeller) i1 co•posed of 1 set of vanes 

•~le~ fo~ce the •attr tc the outside of the c1£1ng by centrufugal 

action Cr1di1l flo•>, or nor11l to plane of the bl1de; by 1 

proptller-type action <uial flo•l. SoH pu•p• co•bint both 1uch 

actions (aiud flo11l. Thur are the Hin types concerning this 

report. 

-Radial Flow Puaps develop the prt1sue 

principally by rot1ting 1n i1pelltr •ith an intakt at tht ctnt1r 

and d11cha;1ng tht 111ttr by c1ntrifu91l force into the c11ing 

1urround1n; the 11ptlltr. The prtssure head devtloptd by the puap 
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R£SERVOIR B 

RESE1'VOII'. A 

FIG. Sd1rmatk el tr•rallud pampbta aNMIJUom. 

Battery OFF V=O 

~--:J 
W•ter 

•urf ace 

Battery ON 

pump 
on 

Fig. El•ctrical analogy of a Turbopump (sch@matic) 



i1 1ntir1ly tht r11ult of th• v1loc1ty i•p1rt1d to tht ••ttr by 

tht rotating 1•ptlltr and i1 NOT dut to any i•pact or 

di1pl1c1•1nt. A c1ntrifu91l pu•p •hich •d•it1 ••t•r on only on1 

eidt of tht i•p1ll1r 11 calltd 1 einglt euction pu•pJ if it 

1d•it1 ••ttr on both 1id11 of tht i1p1ll1r it it called doublt 

suction pu•p. Th1 l1tt1r typ1 11 u11d for l1ro1 volu•1/hi9~ h11d 

pu•ping. 

Radial flo• pu1p1 •av be furthtr 

subdivided into two 1ubcla1111, viz.a <volute pu•p1l, and(bl 

diffu1er or turbinr pu1p1. In thr for1rr thr i•ptllrr it 

surrounded by 1 1piral case, thr outtr bindary of which •ay br a 

curvr called a volutt. Jn the latt1r the iapelltr ii surrounded 

~Y diffu1rr vanr1 •hich provide gradually enlarging pa11age1 to 

tffrct a gradual reduction in velocity in favour of gain1 in 

hydraulic pr111ur1. 

-Axial Flow Pu1p1 devtlop the pr111ure 

hrad principally by the propelling or lifting action of the 

proprllrr vanes on the l1qu1d. They have a 1ingle inlet i1pellrr 

<proptlltrl •ith flow 1ntrring axially <r1f1rr1ng to the axil of 

rotation of the propeller> and di1ch1rging nearly axially. 

Diffu1ion v1ne1 arr often in1t1ll~d on the discharge 1id1 of the 

propellrr to rduce thr swirling action caused by the rotating 

propelltr. This type ii oftrn used for cases requiring low head 

lifting 1 up to about 6-E •etrr1. Jt ii suitable for very large 

voluae 11 we~l •here thr propeller pitch i1 adju1t1blr to flow 

require1ent1 <voluae of di1ch1rgr and headl. 
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fie.. Worthiniton miud-flov. purr.p. 

LINE A 

LINE B 

In th• axial-flow propell~r 
pump •hovn in Fig. I~ (l•ft), 
all part~ except th~ •haft 
and t>.aring can be omitted, 
and their function• ta~~n 
over by concret• work•. 

Thi• principl• va• aucc••efully 
in th• Saad River pumping 
•tation in Iraq in 19b9. 

French conp•ni~5 ar~ off•ring 
to apply the •am• principle 
in Morocco in order to •ave 
on the coat of import•d part•. 
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-"i•td Flo• Pu•p1 d1v1lop tht pr1J1urt 

htad partly by c1ntrifu9al fore• and partly by th1 lift of tht 

v1n11 on th• liquid and havt • 1in9lt inlet i1ptlltr •ith th• 

flow •nterin; a1ially and di1char9in9 both a•ially and radially. 

Thi• type i• often u11d in c1111 r1quirin9 high volu11 and 1ediu1 

he1d1 of diachargt ju1t btycnd h1ad1 •an1;abl1 by th• •i•pltr 

••ill flo• or pure propeller pu•P•· 

Under the second c1t1;cry - po1itivt di•plact•ent Pu1p1-

f1l l 1 host of types with rtlativtly li•ittd u1t in irrigation 

but popul1• 11ong Inter1edi1te technology and village technology 

1nthu1i11t1 for their relative ti•plicity and 1111 to 1akt. These 

types are designed to increase the hydraulic head fluid cut of 

the p~ep under the •otion of 1 solid body displacing the fluid. 

They fall again undtr two 1ubcat19cri11; 

-R1ciprocatin; Pu1p1 containing a piston 

which 1ove1 in alternating directions within 1 close fitting 

tylinder. "oving in ~ne direction the piston creates 1 partial 

v1cuu1 into which water flows th•ough 1n intake port. As the 

direction of the piston •otion i1 reversed the water 11 forced 

out through an outlet port. The flow tends to be pulsating. 

-Rotary pu1p1 consist of 1 c11ing 

conteinin; ;1ar1 1 c1•1,1crtw1 1 vanes, plungers, or 1i1il1r 

tle1e~t1 actuated by the rotation of the dr1v1 1h1ft. Water is 

tripped 1n the 1pace1 bttween the rotating 1l11ent and the casing 

and force~ thro~gh the pu•p to the di1ch1rge 11de. Flo~ through 

th 1, 1 t y pt l 1 cont 1 nu o us r 1th er th 1 n p u 1 u ti n g • 



TABLE · • "•chaniutian ltv11t far pu1p1 
Chaic11 for difftrtnt far1 1tz11 

-----------------------------------------------------------------TECHNOL06Y LEVEL 
II I I II IY 

---------------------------------~-------------------------------Di111l or tl1ctric 
pu•ping plants 
1000 hp • DVtr 
Control 1tructur1 

Engin-driv1n 
pu1p(ovtr 6hpl 

L1v1r-typ1 
hand pLilp 

Rot&ry hand 
pulp 

Ani ul-drurn 
pu•p 
H1nd-oper•·~1d 

di 1phr u pu1p 

Hydraulic r11 

Aniul-drun 
pu•p 

Engine-driven 
pu1p<up to 6hpl 

El1ctric-1otor
dri vtn pu1p 
(ovtr 6 hpl 

"e11uring device 

Hud 91tu 

-----------------------------------------------------------------<---Water fro1 •ell, borthole, 1tre11--><-W1ter fro• 1tr111 1 river,c1tch-> 
c1n1l or channel -1ent 1re1,9round •1t1r 1tor1ge 

<------F1r1 d•iivery 1y1te1------------><----Proj1ct delivtry 1y1t11-----> 

----------------------------------------------------------------------

<--Less thin 2 h1.--) 
<-------2-S ha.---------> 

<--------5-SO h1.----> 
<--50-lCOO n1.-----> 
<------------1000 h1.-----------) 

-------------------------------------------------------------------------
Source: UNIDO Monograph No.4 Apprppriate Industrial Technology 

for Agricultural Machinery and Implements. 1979 



Ctnttfuqal Puap Analy1i1 

Tht principal ad1v1nt1ge1 of c1ntrifug1l puap1 art 1aooth and 

tvtn flo•, a d1cr1111 tn pr111ur1 h11d •htr. ••ttr ltvtl at tht 

1ourc1 i1 high for in1tanc1, incr11s1s tht capacity and the 

po•tr cor.1ueptior., and an increase in tht h11d, rtduc11 t' 

capacity and po•tr consu1ption. the tfftct of closing the valvt 

on tht puep discharge ii to incr1111 the prrs1ur1 head 

•pprox111t1ly 15 JO~ inc reduct power SOl to 601 fro• those 

values at the eost efficient op~r1ting point. 

These ch1r1cteri1tic1 ••kt 1 centrifugal pu1p 1 very 111y load 

for 1ny driver. The torque required to 1t1rt the p~•P i1 . ;y 

seall, suitable for direct coupling even to 1quirrelcag1 AC 

1otor1, •hilt the optr~ting load i• 1eooth and frtt fro1 1hock. 

Pu1p ch1r1cteri1tic1. 

The pu•p char1ct1ri1tic c. v11, 1110 referred to a1•perfore1nc1 

curves•, 1how the rel11h1on1hip bet•een head developed by the 

pu1p, i~I tff\ciency <e>, it• brake hor1epower <BHP> and the 

rate of di1ch1rgf. In addition, 11ch pu1p h11 1 required NPSH 

Cnet pos1t1ve auction htadl,i.1. 1 the head that c1use1 ••ttr to 

flow into tht t¥e of thP. i•ptller, • factor •hich varies w1th 

the capacity and speed of the pu1p. Tht head, horsepower, and 

tff ici~ncr art ~lotted 11 ordinatrs of the of thr c~~ract1ri1tic 

curves wit~ th• discharge rate 11 thr 1D1ci11a 11 shown in 
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There •re four different char•cteristic curves th•t •re 
most commonly provided by• m•nufacturer (eee Figure above). 

The perform•nce of pumps will ch•nge with time depending 
upon the environment in which they are operated. For example, 
when pumping muddy water or water from a well containing ••nd, 
both the centrifug•l and turbine pumpe will be aubiected to 
above normal we•r. Replacement of the impeller,wear ringe, or 
even entire bowl aseembly may be required every year if wea ie 
excessive. Thie beet determined by carrying out firld pumpinq 
teste to verify the above ch•r•cterietic curves. 

Note: NPSHR in curve d (above) ie the net poeitiv~ euction 
head required •s defined in •nether section in thfl' report. 
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f1gurt • ~ particular 11t of thttt curv11 dtfin11 tht 

rtlation1hip1 4or 1 given pu1p at a 9ivtn 1p11d. 1ht curv11 

obtaintd fro• th1 •1nuf1ctur1r art ba11d on actual pu•p t11t 

p1rfor11d an tht 9iv1n pu•p or a 1i•il1r unit such 11 1 1cal1 

1od1l. Pu•p1 of id1ntic1l d11i9n will have n11rly id1ntic1l 

ch1ract1ri1tic1 with only 1ligh• diff1r1nc11 dut to un1void1bl1 

foundry 1nd 111t1bly v1ri1tion1. Tht g1n1ral 1h1p1 of th11t 

curv11 v1ri11 with tht 1iz1 1 1p11d 1 1nd th1 d11i9n of 1 

particular pu1p. 

A pu1p operating at a QlVen 1peed it rated at the head and 

di1ch1r9e which QlVe the 1axi1u• tfficitncy. Thi1 ii calltd tht 

b.e.p. <be1t efficiency point), The pu1p ch1racttri1tic of Fi9ur1 

1how1 thi1 to be 900 gp1<3.4 cu.1,/1inl di1ch1rgin9 at a 

heac of 145 ftl44 1eter1l. Tne 1hut-off ht1d i1 tht head 

dtvt!~ped when tht puap di1ch1rgt v1lv1 it clo11d. Fro• Figure 

, the 1hutoff head ii 180 ft (55 1eter1l. 

PUM~ R~Tl~5 A~D E~FICIENCY 

Pu1p1 are u1u1lly rated at 1 certain c1p1city in 91llon1 per 

1inute l9~1l ,liter• per 1econd or cubic 1etr1 per 1econd for 

very large one1 for given total or 1tatic head. The rating ••Y 
be controlled by the pu1p d11ign or by the size of the driver 

eMpre£sed in hor1tpowrr (hp) or kilo~1tt lkwl. 

Pu•p eff1c1ency 1s ~ direct 1easure of 1td hydraulic and 

1ech1~1c1l perfor1•nce ~nd 11 defined as the ration of energy 



out,ut of tht ,u1p to th1 1n1r1y t1put 1ppll1d to th1 •u•p eh1ft 

•r th• driw1r C1otor/1ngin1>. Th1 1n1r1y output of th1 pu1p 11 

tht ••t•r •P or •• ~~hp or •k•>. Tht •1t1r 1n1rgy output 11 th1 

product of tht total dyn11ic h11d d1v1!op1d •~ th1 pu1p 1nd th1 

r1t1 of pulping Cdi1ch1r91 r1t1 D>, 1dju1t1d for unit• u11d. 

~1t1r hor11pow1r • • D H/SSO 

wh1r1 • i1 the 1prcific head of w1t1r C62.4 lb/cu.ft.>, D ii th1 

volu1etr1c flo• ratr in cf1, and H ii tht total dyna1ic htad in 

feet of water. The energy input at the pump ahaft is, 
in this ca•-· the brake horaepover (bhp). 
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OVERALL PU~PIN6 EFFICIENC~ 

Tht ovtrall pu1ping 1tfici1ncy tak11 into 1ccount 111 1n1roy 101111 

in lift]ng th1 •1t1r to tht dt1ir1d ltvtl including po•tr conv1r1ion 

101111. In tht c111 of 1l1ctric 1otor1 btino tht driv1r1, ov1r1ll 

1ffici1ncy it co1puttd fro• •irt to ••ttr •hich r1fl1ct1 101111 in 

converting tltcticity into 11ch1nic1l tntrgy di1r191rding tht 101111 

in tht 9tntr1tion and tr1n11i11ion of tltctric po•tr to tht 1otor. 

In tht c111 of co1bu1tion 1ngin11, ho•tvtr, conv1r1ion 101111 fro1 

fuel to ••ttr po•tr ire con1idtrtd. Tht tntrgy content1 of 101t 

cc11only u1td fuel1, d1111l 1nd g11olint 1rt 39020 end 34Sb0 kilo 

joultl ptr liter rt1pectivtly. (one kilow1tthours3600000 joult1>. 

Over1ll tfficitncys pro~uct of tfficiencitt of all co1ponent1 • 

Proptrly 1tltcttd pu1p1 run at 1fficitncie1 btt•ttn 65 and 80 

ptrctnt. Electric 1otor1 lo1ded btt•een 751 ind 1251 of their 

noeinal po•er r1ting1 1hould run 1t neir their pe1k efficiencies of 

801 to ~24. Diesel engines' eff1c1enc1e1 for c1lcul1t1ons of fuel 

con1u1pticn art realistically considered to be 221 to 251. 

Other u11full efficiency figure1 art; 

6r1rbo• tran11i11ion 951 
V-beltt 904 
Flat belt• 801 
Direct coupling 1001 

The 1a•1•~• theoretically possible valurs for ovtr1jl tfficitncy it 
72 to 77 pErcent (electric drivel. In rt1l1ty, 11 1ho•n in the table 
brlo•, avt'IQP v1lue1 obtained fro• field t11t1 in thr U.S.~. ire 
con11drratiy lo•er1 45-55% for electric driven and 13-151 for 
d111el. 



TYPICAL YALUE6 OF OVERALL EFFICIENCY 

FOR REPRESENTATIYC PU"PIN6 PLANTS, 

EXPRESSED AS PERCENT 

------------------------------------------------------------
Power IDurct "111 i au1 RtcoHtndtd Av tr IQI val UH 

thtor1tic1l 11 1cc1pt1bl1 fro• fitld t11t1(t) 

-----------------------------------------------------------

Electric 72-77 65 4S-55 

D1e1el 20-25 18 13-15 

N•turtl ;11 18-24 15-18 9-13 

But1ne,prop1ne 18-24 15-18 9-13 

611oline 18-23 14-16 9-12 

-----------------------------------------------------------

<•>Typic1l 1ver1ge observed v1lue1 reported by test te111. 

Source:A1eric1n Society of Agricultur1l Engineers. 

Note l1The rel1tively hi;h effienci11 1hown for 1lectric1lly 

powered pu1ps ire due to the high efficiency of electric 1otor1 

not reflecting energy 1011e1 in electric power gener1tion 1nd 

tr1ns11i11ion. 

Note 2:The 9~ to 15l efficiency r•nge for non-electric pu1ping 

1howr 1bovE ire for USA cond1t1on1.In developing countries, in 

gener•l, wrere technolog1c1l lac~ of f11il11rity of far1ers and 

workers, 1carc1ty of repl1ce1ent p1rt1 and/or fund for their 

purchAe~ ar~ major constraints, efficienci~s •hould be 

exp•cted to r,. consid•rably lower. 



for pu•p1 to op1rat1 1t tht b11t efficiency point (b.1.p.>, ••ttr 

11v1l1 1t the 1ourc1 1nd dtliv1ry aidtl •u•t bw at opti•u• d1ai9n 

valua. Pu•p apttd •u1t bt ktpt •t the no•inal rtquirtd regardl111 of 

tht condition of the driver- •01t liktly a di111l engin1 •orkin9 in 

1~po11d conditior. •• "01t of the ti•e such idtal condition1 do not 

prevail and pu1p1 •ould hive to •ork at different point1 on their 

perforainct curves thin the best efficiency point. The result •ould 

ofcour1e bt f 1r fro• cat11trophic. Since this lo•tr efficiency 

p1rfora1nct repre1ent • controv1r1i1l i11ue in official 1ttitude1 

to•ard1 tht quality of indu1trializ1tion 1 it d111rv11 a britf 

an1ly1i1 •hich •il~ folio•. 

T•o types of the •01t coa1only u11d irrigation pu1p1 art taktn up 

for a1k1ng the ca1e that 10•1 a1crifict in pu•p tfficitr.cy, if th1t 

helps encour1g1 local a1nufacture ii not t•o bid after all and in 

fact it i1 nor•1l. An ordinary centrifugal pu•p •ho11 ch1racteri1t1c 

curve (Fig. ) 1 shows it1 best efficiency point a1 •hen puaping 

against 145 ft he1d, efficitncy being at 72l. 

When thi1 puap oper1te1 ag1in1t 125 ft head, only 20 ft le11 than 

for be1t ef f 1c11ncy h11d, the drop in efficiency i1 10l 1.9. fro• 

72X to 621, an accepted reality in 1rr191tion pu1p1ng 1 aince 1uch 

fluctu1t1or in w1ter htld ii nora1J. P~d aakt the case aore gentril, 

an ax11l flo~ pu•~ u11d in irr1g1tion for lo• l1ft1 is considered. 

It1 ch1r1cter11t1c curve (Fig. l 1ho~1 its best efficiency point 
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At Beat Efficiency Point (B.E.P.), 
Efficiency = 72 % ,head=145 ft. 

At 10 % lower efficiency c 62 % ,head=125 ft. 

In other worda, only 20 ft. deviation out of 
145- very normal in pumping- reduces 
efficiency of • well deaigned, well made, 
well •elected pump by 10 %. It ha• never 
~en regarded as a threat to th• n•tional 
economy of any country. 
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b1in9 78.Bl at tht1 point. If th1 1a11 pulp op1r1t11 19ain1t a total 

htad of 2.76 •1t1r,, 1 nor1al variation in lo• htad pu1ping, it1 

1ffici1ncy drop• by 101, •·O· fro• 78.81 to 68.81, onct 1or1 provin; 

th1 c111. 

E&TJ"ATED USEFUL LIFE OF YARIOUS 

-----------------------------------------------------------
Annual houri of u11 

500 1000 2000 3000 

------------------------------------------------------------

tlell 25 25 25 25 

Pu1p 15 15 as 10 

611rh11d 15 15 15 10 

Drive 1h•H 15 15 7 5 

Engine 15 15 10 7 

6u line 25 25 25 25 

Engine found1tion 25 25 25 25 

Electric 1otor1 25 25 25 25 

Electric control1 

and .. iring 25 25 25 25 

-------------------------------------------------------------

Note: Above v1Juts 1rt for U.S.A conditions. Jn developing countr1ts 
u1tful life i1 con1ider1bly lo .. er. UN eKpert1 report th1t in 
Seneg1l '• c1p1t1l uu for instance ldup1n of dit1el ind pu•p ire 
reduc1d 7 y!ifl .. h1l1 in th1 r11ott rur1l 1rti1 1rt 111uttd to be 
2-3 yur1 only 



ID1pr1ciation &uidtlin11 for Irrt91tlon 6y1tea1 Co1pon1nt1 

-----------------------------------------------------------------Annual "aint1n1nc1 and 
r1pair1<1 initial cost> D1preci1tion Period 

Co1pon1nt (houra> yr 

-----------------------------------------------------------------------
Pu1pin9 phnt 

1tructur1 
Pu1p,v1rttc1l turbine 

bo•l• 
colu1n1 1 1tc. 

Wtll1 and ca1in91 

Pu1p,ctntrifug1l 
Powtr tr1n11is1ion 

gur h11d 
V-b1lt 
flat belt,rubbtr/f1bric 
flat belt,le1ther 

Pri1t 1ov1r1 
electric 1otor 
di111l 1n9ine 
;uoline en9in1 

air cooled 
••ter cooled 

propane engint 

16000-20000 
32000-40000 

32000-50000 

30000-36000 
6000 

10000 
20000 

50000-70000 
28000 

8000 
18000 
28000 

Optn f1r1 ditche1<p1r11n1ntl 
Concrete structures 
P1pe 1 11bt1to1-ce1tnt and PVC 

Cburitdl 
P1pt,alue1nu1 1 91ttd 1 1urf1ct 
Pipt 1 1te1l ,uttrwork1 clus 

<buried> 
Pipt,1te1l,co1ted and lined 

Cburit1dl 
Pipe,1tttl,co1ted,buried 
Pi pt, 1htl ,coated ,1urhct 
Pipt 1 1t1tl,91lv1niz1d,1urf1ct 
P1p1,1ttel,co1hd and lined, 

Csurflce l 
Pipt,t1ood,buritd 
Pipe,1lu11nu1,1prinkler u1e 

C1urflctl 
Pipt,rtinforctd pl11t1c eort1r 

Cburitdl 
f1p1 1 pla1tic,trickle,1urf1ce 
SprinUtr hudt 
iricldt e11tt1r1 
Trltldt f1lt1r1 
~1chan1c1l 1ovt 1pr1nkltri 
Continuously 1ov1ng 1pr1nJlt1 

20-40 

8-10 
16-20 
20-30 

16-25 

3 
5 

10 

25-35 
14 

4 
9 

14 

20-25 
20-40 

40 
10-12 

40 

40 
20-25 
10-20 

15 

20-25 
20 

15 

40 
10 
e 
B 

12-15 
12-16 
10-15 

O.S-1.S 

S-7 
3-S 

o.s-1.s 

3-5 

5-7 
5-7 
S-7 
5-7 

1.5-2.5 
5-B 

6-9 
s-e 
4-7 

1-2 
O. 5- l. 0 

0.2~-0.75 

l.S-2.5 

0.25-0.SO 

0.25-o.so 
0.50-0.75 
1.5-2.5 
1.0-2.0 

1.0-2.0 
o. 75-1. 25 

1.5-2.5 

0.25-0.50 
1.S-2.5 

5-6 
s-e 
6-9 
5-e 
s-e 

-----------------------------------------------------------------
Sou•ct:Lr!ig• 1nd Oper1t1or of Fir• lrr19at1on Sy!tr•~ 
The A1e'1ca• So~11ty of Agrr1cultural Eng1netr1;Drc.198C· 



821cific &pttd (NII 

6p1cific &p11d i1 1 corr1l1tion of pu1p di1ch1ro1 CG>, htad CHI, 1nd 

rot1tion1l spttd CNI 1t opti1u1 1ff ici1n:y, u11d to cl111ify th• 

pu1p i1ptll1r1 with r11p1ct to thtir 91011tric 1i1il1rity ind to 

co1p1rt tht p1rfor11nct of di11i1il1r pu1p1. Sptcific spttd ii 1 

typt ch1r1ct1ri1tic ind c1n bt u11d to prtdict tht bth1vior of on1 

pu1p b11td an t11t1 of 1i1il1r but difftrtnt 1iz1d-pu1p1. Properly 

d111gned 1nd constructed pu1p1 1ho~ that tht ifficiency i• 1 

functioG of tht dpecific 1petd. Tht 1ptcific 1pted for 1 ainglt 

1uctio pu1p it u1u1lly txpr111ed 111 

1/2 -3/4 
Sptcific 1pttd, N1 • N.Q .H 

wh~re,H i1 in ftet, 1nd Q it in OP•· Phy1ic1l 1 y the 1ptcific 1pted 

is the rotational 1pted 1t which 1 01o•etric1lly 1i1il1r iapelltr 

would would bt optr1t1d to produce 1 di1ch1rgt of one gallon per 

1inute 191in1t 1 head of ont foot. 

C1vit1tion 

Pu1p i1pelltr1/propelltr1 1ct 11 b1ttre1e1 in electricity •here 

voltage is n1g1t1ve on one side 1nd positive on the other. On the 

negative tide the propeller111pelltr ii exposed to bubblt for11tion 

ind coll1p11 activity rt1ulting fro• for11t1on of v1po~ bubbles 1nd 

their tvtrtu1l coll1p11. The repetition of thi1 bubblt foraation 1nd 

- -
~ 



th1ir collap11 c1u11 pul11tion producing 1ound1 11 if 1ton11 1r1 

hittin; the pu1p c11ing •hilt btin; pu1p1d •ith ••ttr. This 

ph1no11non c1u111 drop in pu1p di1ch1r91 1nd 1ffici1ncy in addition 

to d111g1 to tht i1p1ll1r. It '•" bt controll1d to 1 con1id1r1bl1 

1xt1nt by tht d11ion of tht pu1pin9 1t1tion and con1id1r1tion1 of 

th1 nit po1itiv1 suction head CNP&Hl. 

Net positive auction head(NPSH) 

Certain portion of pump'• water energy ia used to get the 
water to the eye of the i~peller. Thia ie the required NPSE 
or NPSHR. The NPSHR ie a function of th• pump •peed, impeller 
shape, liqui1 properties, and discharge rateft If available NPSH 
i• below requirement, water will evaporate and cavitation activity 
initiated. The available NPS~J or NPSHA ie computed a• follow!!: 

NPSHA= (barometric preasure)/ specific gravity - friction 
- auction lift - vapor pressure 

If NPSHA ia not greater than NPSHR as determined in laboratory 
tests, then the pump will cavitat~. 

Affinity Law 
The tollewing three equations deacribe the relatien between 
diacharge Q, head H, and the required brake horaepower BP when 
pump speed RPM i• changed: 

Ql/Q2 = RPM1/RPM2 

Hl/H2 = ( RPM1/RPM2) 2 

BPl ( RPM1/RPM2) 3 = BP2 

in other vorde, ratio of discharge varios directly with ratio 
of RPM, ratie ef heads vary with the aquare of the ratio of RPM 
and ratio of requireu power vary with cuhf> ef the ratio cf RPM. 

Thie concludes a very brief deacription of ~ost relevant pUnlp 
ch~racterietic~ for eimple pumping en eingle pump - eingl~ •t•q~ 
ba~i~. -



An Econo1ic t~n1id1ration of 
down1n;in11r1d-lo• 1ff ici1ncy pu1p1 

Ritid 1t1ndard1 and •ffici1ncy r1quir111nt1 11y 
con1titut1 un1ur•ount1bl1 difficulti11 to 1ntr1pr1n1ur1 who plan 
to start an indu1try 11all 1c1l1 in particular. They art often 
individual• •ith li1it1d cepital end technical kno•l1d91 but a 
lot of coura91 end vision. 6ov1rn11nt plann1r1, 1cono1i1t1 end 
d1ci11ion 1ak1r1 in d1v1lopino countri11 1 tho•t •ith hi9h 
traininQ ebroad oft1n 01vr11pha1iz1 tht n11d and th1 n1c111ity of 
etteininQ 1tandard1 for locally 1anufactur1d 9ood1 co1parebl1 to 
thtir i1port1d count1rpert1 u1in9 1cono1ic Ju1tification1 •hich 
are not 1ntir1ly correct. Such r1quir11ent1 1ay dtel fatal blo• 
to an industry in it1 11brionic 1t191 1 or •htr1 9ov1rn11nt 
lic1ncin9 it 11ndatory 1 the indu1try ••Y not ht able to 91t off 
to 1v1n a start. Ltt u1, for 1xa1pl1 1x11in1 tht validity of 1uch 
an ar9u11nt •hich ii quoted fro• a foreally 1ub1itt1d docu11nt. 

•1n 1ny c11r, robu1tn1t1, life-ti11 1 1nd tfficitncy 
should not bt i1crif ic1d under tt.e pretext of 1ncoura9111nt of 
loc1lly 11de 11chin1ry. 

for 1x11pl1, an 1xi1l flo• pu1p 1i1ilar to the type 
d1v1lpo1d by JRRI and produced no• by thou11nd1 per year in the 
Philippines, Thailand 1r.d lndone•ia, nttd about 4 HP.~11u1in9 
that this pu1p •ill run about 2000 hour1/year,thi1 1ean1 a 911 
oil con1u1ption in the r1n91 of 2000 kg/year. 11provin9 the 
tff1ci1ncy by, 1.g. 10 per cent •ill result in 11vin9 200 kQ of 
911 oil ptr y11r or about USS lvv ~thi1 d~p1r.d1 on the local co1t 
of 1n1r9y.I If the lift-tilt of thit pu1p it 10 ytar1 1 thit 111n1 
a 11vin9 of US~ 1000 •hich ii IUCh 1or1 than itl purchalt prict.• 

The cbovt re11onin9 it challenged 11 follo•11 

1-futl con1u1ption ii proportional to t~e O~E~ALL EFFICIENCY and 
not to the tffici~nc~ of the pu•p clone (1tt 1rction1 on 
eH1cier1cyl. 
2-l•proving the pu•~ efficiency ty 10 perc~nt 11y result in 
i•proving vver1ll effici~ncy of 1 d1t11l driven pu•p by probably 
a 1er1 2 percent since the overall efficiency for '~ch pu1p1 
1e11ured in developed countrilt i1 not over 1S perc1nt<ple11e 1ee 
fig. ). 
3-Uiing figure fro1 the quotation above, the 11vin9 per year 
~ould be about USt20 1t be1t and tot1l for 10 ye1r1 i' USS200. 
4-Present div value of a bent~1t of U5f20 ger year over a ptriod 
of 10 ye1r1 co1pounced ann~•lly u1ing 1 •odeit interest rate of 
10X per annua, '' fouhd fro• tablr in f 19. l to be 
20x6.14•122.8. USf,22.8 ii con1id1ra~ly lower than USS1000 •nd 
the far•er •ho ••r not hive the skill• to calculate NOuld u1ually 
rtJtct the a11le1d1ng f 19ur1 u1ing c~••on 1en1e. 



Pre~ent day v•lue of ~n ~mount to be received after n ye•r~ 
i• calculated by multipic•tion of th: ~ount by a diecount 
factor. The diecount factor i• 1/(1+:) • 

n= number of ye•r• 
i= interest rate 

Table ' • DISCOUl•T FACTORS - CALCULATION OF THE PRESENT VALU£ 
OF A FUnIRE COST OR B~liEFIT IN YE.AR n 

r 
Y1ur 

8 

9 

10 

11 

12 

I) 

14 

15 

5% 

.952 

.907 

.8b4 

.823 

. 784 

.74b 

• 711 

.67i 

.645 

.614 

.585 

.557 

530 

.505 

.481 

.890 

.840 

. 79 2 

.747 

.705 

.665 

.627 

. j92 

.558 

.527 

.497 

.469 

.442 

.417 

7% 

.935 

.873 

.81fi 

. 76 3 

• 713 

. 6!:b 

.623 

.~2 

.544 

.508 

.4 75 

.444 

.415 

.388 

.362 

8% 

.926 

.85 7 

.794 

. 735 

.b81 

.630 

.583 

.540 

.500 

.463 

.429 

.397 

.368 

.340 

.315 

9% 

.917 

.842 

. 772 

. 708 

.650 

.59b 

.547 

.502 

.460 

.422 

. 388 

. 356 

.326 

.299 

.27S 

IO:t 

.909 

.826 

. 751 

.b83 

.621 

. 561 

. 513 

.467 

.424 

.388 

.350 

.319 

.290 

.26J 

.239 

12% 

.893 

.797 

. 712 

.6)b 

. 56 7 

.507 

.452 

.404 

. 360 

.322 

.287 

.257 

.229 

.205 

.183 

15% 

.870 

. 756 

.b58 

. 572 

.49 7 

.432 

.37b 

. 327 

. 28.:. 

.247 

.215 

• 187 

.163 

.141 

.123 

Tab!~ DISCOU~~ FACTORS - CALCULATION OF THE PRESENT VALUE OF A 
FVTIJRE CONSTANT AN~cAL COST OR BENEFIT Iii YEARS 1 TO n INCLVSIVE 

I i Yur 

I 

4 

5 

b 

8 

9 

5% 

0.95 

1.85 

2. 72 

). 54 

4.32 

5.07 

5. 78 

6. 4b 

7. 10 

7. 7 2 

8.8t 

\: . 4t 

b% 

0.94 

1.83 

2.67 

).46 

2.21 

4.91 

5.58 

7% 

0.93 

1.80 

2 .b2 

). 38 

4.10 

4.?t. 

5.38 

b.20 5.97 

b. 80 - b. s 1 

7. )f, 7. (; 2 

s . 1e 7 9. 

~ .'J 1 9. 11 
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Chapter IV 

RECDMMENDf'.1TIONS 

Pumps in the Multipurpose Approach 

Pumps and pumping of any significant proportions have somehow 
been left on the margins of the scope or family of agricultural 
machinery although it is widely acknowledeged that the pump is 
perhaps the dearest piece of mechanical equipment to the farmer 
under a great variety ~f circumstances. In industrialized 
countries, the non agricultural use of pumps may overshadow its 
irrigation applications which might explain its affinity with 
industry rather than with agriculture. This not being the case in 
most developing countries, a different approa~h is needed where 
agricultural dev~lopment is given first priority. This is the 
rE":;,s.0:1 why pum~· mc.nuf2ctur1ng should be considered in the conte::t 
of thE mult1purposE Appt-oach to the manufe:i.cture of agr-1cultut-e<l 
machinery. 

Mech.:.n1 ce1l _1>10~-Lshops 

Mechanical wor~shops are at the core of Multipurpose 
manufacturing plants. Yet it has been noted that, governments 
seldom give them the special treatments given to industrial and 
agricultural enterµrises such as concessional financing, import 
privileges, customs and tax exemptions etc. 

Recommended Action 

~-On Government level: 

1-Accord wor~shop= ir1 both public and pr1veolE· sectors the se:-m._ 
pr1v1legt"::o and protE-ct1on c;ccor-ded to young industr-1E-s. With the 
advent of multipurpose e1pproach, worksho~s c.:.n always be regarded 
as young industries. 

2-Unpackage to the extent possible imported plants which 
are deemed likely to contain elements that can be locally 
manuf ar:tLn ed. 

3-Create constant demand for existing and potential 
production facilities by ordering elements of newly ordered 
plants in whatever sector and of extent1ons needed for existing 
plants, based on technology unpackag1ng, reverse eng1neer1ng and 
down-engineering as e::pla1ned earlier. 

4-Alloc~te sufficient part of R & D capabilities in 
un1ver-s1t1es, reSE'"\rch ceriters etc. to solving problems 
~ssoc1ated w1th thE new lines of products : Their durability, 
efficiency, performance etc.Mechan1cal wor~shop£ can rarely 
afford the cost of such technical support. 

5-F'rov1dE· the leg:4l protect1or1 needed tor pos£1bJ'e 
CD!=Jyr1'ght ir1fr1ngement cases wh1c~, may ar-1sF , some of wh,1ch thE
t le< l n,~ me-/ be l E·g 1t1 mo:· lE requ l r l nc,i Cip~·r por l c<t f~ sett l emer1t'. 



6-Underutil1zed capacities in university laboratories, 
mechanical workshops, workshops for railways and whatever 
existing industries in the public sector is usually caused by 
lack of motivation on behalf of the highly trained f~culty and 
staff who give such excuses as the lack of certain equipment, 
components, and other inputs. This can be treated with the 
following: 

-An invitation for "tender~" issued to all 
possible participants to undertake the transformation of those 
unused capacities into productive capacities. 

-The least costly bidder wins a contract under 
which he undertakes to do the transformation. 

-Upon performance, the agreed compensation is 
aw2rded progrss1vely. 

7-St2tus of local manufacture of irr1g2t1on pumping 
systems ;n developing countries is not known to a sufficient 
degree for negotiations on strategies for incorporating them in 
the m~ltipurpose manufacturing approach of agricultural machinery 
witt-·in the f1-amework of international cooperation. More 
information is ne~ded on the subJect. Such information can be 
gathered by means of surveys, seminars etc. The following 
informations are needed: 

-The degree of technological dependency to help establish 
the basis for economic assessments, since this is related to 
credit and financing arrangements as shown earlier. 

-Efficiency, cost of operation and maintenance, 
performance, life-span of locally manufactured and imported pumpE 
b y t y p E a 11 d r a t i n g • 

-Cost of electricity, its accessibility and future plans 
for its production and d1str1but1on. 

-Cost of fuEol. 
-Source of water, topography, climatolog), size of 

holdings, crops, soil conditions, land class1ficat1on if 
available and construction practic~s and materials. 

-Solar insolation. 
-Wind regime. 

B-On International Level: 

Once the forms for determination of the degree of 
tt-chnc..log1cal dependency 12re filled OL1t where c.:1L1ses and remedies 
are identified, countries which m~y require similar types of 
act1G~ may find it useful to cooperate in implementing a plan of 
act10~ derived from the suggested common remedies. Other 
countt-ies may find opportunities for cooperation on 1nd1v1dual 
anci ccllect1vE basis. The informations gathered under item 7 
~~ove will pro~~ very us~ful in the choice of pum~s, their drives 
.:rod puwE' SLq:it:-olY whlch will narrow fL1rther the mar1L1factul'ir1g 
e<pproc-:h to its most appropr1e<te soll1t1cir1. 



Annex I 

Mission Report 

Visit to FAD 29-31 Nov. 1985 
to obtain performance data on irrigation pumping 

Munir Allahwerdi (consultant> 

The mission was arranged by the NegotiationE Branch of 
UNIDO as part of the tasks assigned to the consultant with the 
purpose of obtaining feedback data from the field on latest 
developments in pumped irrigation , pump performance, efficiency, 
life-span, etc. with the locally manufactured pumping units in 
particular. The mission was accomplished successfully thanks to 
the ~ind cooperation of Mr. von Hoelst, chief, Agricultural 
Engineering Service-FAD who acted as focal point for the mission. 

lhe fol1owing FAG staff members were consulted: 

Mr. H.von HoElst 
Chief Agricultural Engineering Service 

Mr. Akram Al-Jaff, Chief, Near East, North Africa and 
Europe Service, Agricultural Operations Division. 

Ms.A.R.Teramo de Ravenel, Liaison officer, 
office for Inter-Agency Affairs 

Mr. L. Vermeiren, Senior officer, Irrigation science 

Mr. D.J. Waterman, Senior officer, Operations Information 
and analysis Unit 

Mr. Abdullah Arar, Senior Land and Water DevElopment 
[l-'fiCEt 

There was general agreement that the pump was indeed the 
most v2lued piece of agricultural machinery to the farmer who 
depended on irrigation. Mr. Arar explained at length the benefits 
of e~en supplementary irrigation to farmers of rain-fed lands 
where it has been found on average that each cubic meter of water 
applied on supplementary basis increased the yield of wheat by 
l. 5 i gs. 

l'k. vor1 Hoel st 's remc;d s were striking ln part1cLilar fo~

his long e:.pe~-1ence ir1 the field, specially in India. He asser-te:J 
the:>t niechanicc.l powE'r hc.s becomE: essential F:ven to the poorest 
f.armt-·-s as the intolerablly hard physical war-I. reqLtired or1 the 
farn, rr,a~E:-s life seErr, moreo- eittract1ve in the city and would compel 
l111T. t::· a.bandon f,:.rm1ng. Hif. estimate is that 5-1(1 horsepower 
diE:sEc-~s, fcir instar1c.e, wCJuld m.:<.Le his lifE mort: toler-able. As to 
pL1m;::,ir.Si, l'lr. var. Hoelst ge<vE a p1ecisEc rec.sor,, TH( f-'UMF f-'LJTS THE 
F,:.,F:t"'iLi' It~ CHi::.RGE. The fc.ormPr felt insE·cure wl'-1E·r1 tt'1e lifeblood of 
his croµ is controlled by others. 



With such unan1ffi1ty on the importance of pumping, field 
data would need to be more complete and in a compiled form. 
Unfortunately this was not found to be the case. Some wor 1; is 
beeing done on solar pumping , and the Intermediate Technology 
Group has been commissioned by FAD to produce a study on &mall 
scale pumping for irrigation and drainage which is due to be 
completed in early 1986. Otherwise there have been evaluation 
missions to selected locations, mostly in French 5peaking Africa. 
Selected relevant aspects of this report shall be reflected in 
the consultants final report. FAD is sending a participant to the 
Regional Workshop on Water Lifting Devices which is to tahe place 
in Hanjzou, China 21 April-5 May 1986. 

FAO is clearly a biology biased organization. To it, 
irrigation engineering and with that pumping are matters 
subordinated to the broader field of Land and water Resources 
Managemer1t. With this ooservation, it seems that between the 
three m2Jor U~ Agencies de2ling ~1th purnpir1g, namely, FAD, WH~ 
and UNICEF, a relative vacuum e::ists in the way of providing 
UNIDO with gu!dance on the development of this vital item of 
AGRICULTURAL MACHINERi AS CAPITAL GOODS. 



Annex II 

~ists of Obstacles & Remedies 

List of Ca~ses or Obstacles 

~ list of obstacles to the transfer of technology or causes 

of the dependency status should be compiled for use with the 

forms illustratej earlier for determination of the degree of 

dependency. A sample of such causes or obstacles is given 

below for illustration. Each cause is given a number for 

identification to simplify reference to it in the forms. 

-· > 

1-lack of coherent and integrated science and technology policy 

planning. 

7-Foreiqn aid and capital flow constraints includina trans

national practices. 

10-Uneasy process of social transformation: culture, tradition, 

religion, and the political setting etc. 

11-Inappropriate technical managers lacking the needed broad 

experience and information base. Or lack of multidisciplinary 

expertise. 

12-Lack of institutional infrastructures: Er.gineering design, 

construction and manufacturing enterprises. 

2 7-:...a :-~-. o: ince:-iti ves to scie!lti sts, erqin""ers anc technicians. 

28-Lack of engineers in the industrial disciplines. 

29-Lack of skilled workers including machinists, tool makers, 

operators 6nd welders. 

30-Lack of workshops for metal fabrication. 

31-Malutilization of existing mechanics. 

32-~alutilization of existing workshops. 

In deterrninina the causes and obstacles for the list, generalizatior, 

should be avoided. Each cause should be as narro~ as possible in 

order to find a remedy for it which/~~sily handled. Reference to 

wholesaJe obstacles may make the remedies alse> wholesal~ an"1 

unr:,3;,a 'Jea "hle. 



!he Remedies 

Vhen the factors contributing to the atate of 4.pende11e1 or the 

1obetaclee' have been identified the1 readi.11 becOlle a guide to the 

remedies required. Vbile in aome cues the nmed1 can be a direct 

derintiTe of the obstacle u in the cue of obstacle No. 18 concerning 

lack of accesa to in.formation contained in expired patent dOCUIDents 

"'he~ an obvious remedy vould be establishment of the necessary patent 

infonnation ~iesemination nehtork or linkage to existing such nehtorks, 

in other ea.ees the remedy can be of •ore complex nature u in the cue 

of obstacle No. 9 (population.increaae) or obstacle Mo. 10 dealing vith 

social, cultural, religioue and political factore. The LIST however, ie 

onl.1 an illustration of poeeible remedies conaolidated trm existing 

literature to which a countrJ aual.7st can add hie ovn to cllooee troll. 

List of Remedies: 

1. ktablis.bment of science alU1 technology i'olicy plannj ng body 

linked to the highest executive bureau in the government, to 

eet up guid~inee and oversee technology transfer and development. 

2. Legiiation of lave regulating and governing the process of techno

logy transfer in consultatioo vith policy planning body. 

3. Re-examination of curricula of echool.E at all lsels espec:ii.ly 

engineering and technical colleges and insti tu tee for inclusion 

of country specific technical courses and for educating general 

eng:ineer5 and technologists. 

4. MeaEJ.ree for the •timulatio~ of discuseiollfi and debateE o~ S & T 

ieEUt>E by holding more eef:ina.rs, vork-shops anc meetingE' with 

alk>cation of incentiveE such &E travel and other forme of COC?en-



'5. letabllabment of technical 4ocmentation centeN to preaene and 

4ieseci.nate exieting technical data and reporta used bJ goTerment 

and other O:""ganir.ationa partieularl.J project reporta and 4ocmenta 

including blueprint. and mpa. 

6. Camputeri~ed linlr•ge of national acientitic reaeareh councila vith 

patent and other information and doc:umentation centers. 

? • ktablishment of R~gn' l Science and Technology 1\md to finance and 

co-ordinate the remedies and ae~s taken collectively and indi-

'ridually by countriet: lacking the needed financial resources. 

8. letabllebment of Natn' l ..Information Bank vi.th the necesa&rf 

linkage facil.ities with emphasis on existing S & T capacities, 

production and aenices. 

9. J:nri.chment of acad-1.c and protemonal engineering libraries 

with the internatiomll.1 aft.ilable non-propri.eta%'1 information 

documenu containing design procedures and criteria for engineering 

"'orks eeyecia.lly in the field.E of civil engineering, and agricul tu.re 

u those published by United Statee Bw-eau of ReclamatioD and the 

Corps of F.cgi.neers. 

10. ~bliehmeDt of and strengthening existing technological institutes 

specialized in training instrumeDtation and laboratory testing tech-

nologists in all scientific branches~ medical - chemical - eletri.cal 

nuclear - mechanical , etc. 

11. Specie.1 progr&Dllles using existing large government technical estab-

lishments including factories and engineering burea~ for the 

o! individuals and small businesses frcxr. the private sector. 

1 :t. 1£ta.blishce:r.t~ of special national funds to assist amail industrieE, 

in di vid·.ia.l artiean.E and ~ archi tectura.1 and engineering firm£ 

up-gra.df their operations, services and product£. 



Swma.rJ of tht .oet Persisting Obetaclee and their 2emedie1 

Vben the dependenc, enl.uation cbarta - bave been completed for 

sufficient number of project.a or eectore to renect the true dependene1 

picture in tht counb'J, the following table can be derived: 

!able of the 110et penietiq obataclea and remedi•s. 

The obat.ale to which reference occured the greatest 

number of ti.mee as totall~ from all the charts is 

listed fir.,,t !ollo~ed by th~ other obetacles acc~rding 

to descendi.D& order of their respective occurences. 

This table u vell as the charta will be referred to 

in the process ot finding the •oat appropriate remedies. 

Nov the obetaclee are aumbered vi th l for the 110at 

persistent on top then 2 onvards for the lese persistent 

ones. The percentage of the oceurence of each obstacle 

is given in the lf.th. column. 

'A remedv for each obstacle can be chos~n fro:i1 the 

list of the most persi1Stently referred to ren:edies •· 

The reced.ies B>Ost persiste~tly ref erred to in the charts 

ar~ also listed accordir.g to their descending order o! 

occurences they clearly reflect priori ties. A.¢nst 

uch remedy the appropriate level !or acti:>r. - country -

bilateral - subregional - regional or m; h accordingly 

indicated. Tr.iE w~· prior;. tieE or. varioue levelE an· 

indicate::.. 




