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WATER PUMPIN G WIT H WINDMILLS IN ZIMBABWE 

B Byabura-Kirya, Researc h Engineer , Institut e o f Agricultura l Engineering , 
P O  Box B W 330 , Borrowdale , Harare , Zimbabw e 

ABSTRACT 

The pape r outline s th e researc h tha t ha s bee n carrie d ou t t o asses s th e availabl e 
wind energ y an d wate r pumpin g performanc e o f windmill s i n Zimbabwe . A 
summary o f a  cos t compariso n betwee n a  windpump , diesel , electric , sola r an d 
handpump i s included . Result s indicat e tha t ther e ar e moderat e t o lo w wind s 
over mos t area s o f th e country . Th e differenc e i n performanc e figure s o f th e 
same typ e an d siz e o f windmil l locate d a t differen t site s show s th e importanc e 
of carefu l windmil l sitin g covering , borehol d yield , wate r deman d an d availabl e 
windregime. A  surve y o f windmil l locatio n withi n Zimbabw e indicate d tha t 
windmills ar e mor e ofte n site d wher e th e mone y i s tha n wind . Base d o n th e cos t 
comparison, windmill s ar e mor e suitabl e fo r lo w energ y wate r pumpin g 
requirements wher e han d o r ox-drive n wate r pump s woul d no t b e feasible . Fo r 
the hig h energ y pumpin g demands , i e larg e volume s o f wate r a t hig h heads , diese l 
or electri c pump s ar e stil l mor e cos t competitive . 

INTRODUCTION 

Windmills hav e bee n use d fo r centurie s i n America , Europ e an d Asi a a s a  sourc e 
of mechanica l energ y fo r wate r pumping , grai n millin g an d mor e recentl y fo r 
generating electricity . Ther e wa s a  genera l declin e i n th e us e o f win d energ y 
after Worl d Wa r I I du e t o th e rapi d developmen t o f th e diese l engine , th e 
availability o f low-price d oi l an d widesprea d rura l electrificatio n b y th e nationa l 
grids i n th e develope d countries . 

With th e increas e i n th e cos t o f petroleu m base d fuel s o f th e 1970s , ther e ha s 
emerged a  renewe d interes t int o th e applicatio n o f windpower , especiall y i n th e 
oil-importing countries . Zimbabw e bein g on e o f thes e countries , ha s t o fin d 
alternative energ y source s t o mee t he r majo r prioritie s fo r nationa l developmen t 
among whic h i s rura l wate r supply . 

Water-pumping usin g windmill s ha s bee n practise d i n Zimbabw e fo r severa l year s 
mainly t o suppl y wate r fo r domesti c us e an d fo r livestock . A s i s genera l i n mos t 
developing countries , th e principa l inhibitin g factor s fo r th e popularit y o f 
windmills ha s bee n hig h capita l cost s o f importe d windpump s compare d t o diese l 
pumps, lac k o f expertis e t o instal l an d maintai n the m an d design s tha t ar e 
outdated an d unsuitabl e fo r small-scal e manufacture , thu s limitin g loca l 
production. 

A surve y o f windmil l useag e throughou t Zimbabw e showe d tha t a  fe w hundre d 
windmills ar e i n us e today , mostl y th e Clima x model s importe d fro m Sout h 
Africa. Productio n ha s starte d i n Zimbabw e s o a s t o reduc e th e foreig n 
exchange requiremen t fo r importatio n o f windmills . 

The pape r outline s th e researc h tha t ha s bee n carrie d ou t withi n Zimbabw e t o 
evaluate (technicall y an d economically ) th e viabilit y o f usin g windmill s fo r wate r 
pumping an d t o determin e th e optimu m windmachine s necessar y t o sui t th e 
available windregimes . 
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WIND ENERGY RESEARC H 

Wind energ y researc h i n Zimbabw e focuse s o n collectio n an d analysi s o f win d 
energy data , fiel d monitorin g o f pumpin g performanc e o f windmill s o n a  dail y 
basis an d testin g o f variou s windmachine s usin g fiel d simulatio n techniques . 

Wind data 

The Departmen t o f Meteorologica l Service s maintain s a  dail y recor d o f 
windspeeds recorde d a t th e variou s recordin g station s i n Zimbabw e (Figur e 1) . 
Table 1  gives figure s o f mea n surfac e wind s fro m thes e record s coverin g a  perio d 
of 1 0 years u p t o 1973 . Win d powe r obviousl y varie s wit h time , i e b y month , hou r 
of th e da y an d a  shor t perio d o f a  fe w minutes . Henc e th e dat a fo r hourl y 
averages presente d i n Tabl e 1  may no t b e usefu l i n establishin g th e energ y i n th e 
wind. A s th e powe r i n th e win d varie s a s th e cub e o f th e windspeed , th e absolut e 
windpower i s abou t trebl e th e powe r calculate d usin g th e cub e o f th e averag e 
windspeed. However , th e averag e windspee d i s stil l a  reasonabl e goo d firs t guid e 
when comparin g differen t windmil l site s (McNaughto n 1982) . 

One o f th e importan t parameter s t o obtai n fro m th e win d dat a i s th e frequenc y 
and duratio n o f occasion s o f ni l powe r generation , i e whe n a  specifie d threshol d 
starting windspee d fo r a  windmil l wa s no t attained . Thi s informatio n help s t o 
establish whethe r a  give n sit e i s suitabl e fo r a  know n typ e o f windmil l an d t o 
estimate th e necessar y storag e capacit y t o ensur e a  continua l wate r supply . 

Types o f windmill s 

There ar e tw o principa l type s o f windmill s i n us e worldwide : th e vertica l an d 
horizontal axi s windmills . Thes e tw o categorie s ca n als o b e divide d int o low-cos t 
and high-cos t commercia l windmills . 

Three type s o f low-cos t windmill s hav e bee n buil t an d teste d a t th e Institut e o f 
Agricultural Engineerin g (IAE) . Thes e ar e th e Creta n sail-typ e windmill , th e 
Savonius roto r an d th e multiblade d horizonta l axi s windmill . Th e Creta n sai l 
windmill faile d afte r operatin g fo r a  fe w month s du e t o th e heav y roto r an d 
inability o f th e turntabl e t o revolv e freely . Attempt s t o ge t usefu l wor k ou t o f 
the Savoniu s windmil l buil t fro m oil-dru m section s vi a a  rolle r van e pump , pisto n 
pump an d electri c alternato r wer e al l unsuccessfu l i n th e absenc e o f stron g 
winds. Th e multiblade d windmil l wa s damage d afte r operatin g fo r tw o year s 
owing t o th e lac k o f a n efficien t stor m protectio n mechanism . I t wa s therefor e 
concluded tha t th e low-cos t small-scal e windmil l wa s inappropriat e fo r 
Zimbabwe. 

The majorit y o f commercia l windmill s us e i n Zimbabw e ar e th e Climax , 
multibladed horizontal-axi s typ e importe d fro m Sout h Africa . Thes e ar e sol d i n 
various size s designate d No s 6 , 8 , 10 , 12 , 1 4 an d 18 , th e designatio n numbe r 
corresponding t o th e roto r diamete r i n feet . 

Wind power and windpump performance 

Byabura-Kirya (1984 ) ha s outline d th e procedur e fo r estimatin g th e theoretica l 
power availabl e i n th e win d an d usin g i t t o predic t th e windmil l an d pum p syste m 
output. Th e optimisatio n o f th e pumpin g performanc e o f a  windpum p involve s a 
complex exercis e o f windmill-pum p matching . Th e mai n proble m i s du e t o th e 
fact tha t th e powe r i n th e win d i s proportiona l t o th e cub e o f th e windspee d 
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while th e powe r fro m th e pum p commonl y couple d t o windmill s i n Zimbabw e 
(reciprocating pisto n pump ) i s proportiona l t o it s ow n speed . Ewen s (1982 ) ha s 
found tha t sizin g a  pum p s o tha t th e windmil l start s i n th e averag e windspee d o f 
the locatio n an d furlin g a t th e pump' s maximu m speed , an d thre e time s th e 
average windspee d maximise s th e wate r output . Th e overal l efficienc y o f a 
windpump i s expressed usuall y a s th e overal l coefficien t o f performance . 

Testing o f windmill s 

Field test s 

The Ministr y o f Energy , Wate r Resource s an d Developmen t carrie d ou t a 
monitoring exercis e o f tw o windmill s (Clima x N o 18 ) manufacture d b y Stewart s 
and Lloyd s o f Zimbabwe . Wate r pumpe d an d windspee d wer e recorde d a t hourl y 
intervals a t on e o f th e site s (A ) and dail y a t th e othe r sit e (B) . 

At sit e (A ) a n averag e o f 3.5m 3 o f wate r pe r da y wa s pumpe d i n a n averag e 
windspeed o f 1.6ms" 1 fro m a  borehol e 57 m deep . A t sit e (B ) 6.4m 3 pe r da y wa s 
pumped o n averag e fro m a  borehol e 50 m dee p (tota l hea d 60m) . Th e windspee d 
at th e windmil l sit e wa s no t recorde d bu t th e averag e windspee d fo r th e yea r 
1983 obtaine d fro m th e neares t Meteorologica l Statio n (Masvingo ) wa s 3. 4 ms - 1 . 
Site (B ) was a  muc h bette r sit e tha n (A ) wit h th e windmil l a t (B ) giving a n outpu t 
of abou t twic e th e valu e fro m a n identica l windmil l a t th e othe r site . 

Laboratory test s 

The windmill s wer e teste d a t th e IA E usin g simulate d borehol e conditions . Thi s 
has bee n achieve d b y passin g th e wate r fro m th e pum p throug h a  pressur e tan k 
with trappe d air . Differen t pumpin g head s ar e obtaine d b y controllin g th e tan k 
pressure an d regulatin g th e outflo w b y a  remotel y controlle d solenoi d valve . 

Windspeed recorde d o n a  multi-channe l compilato r instrumen t i s obtaine d fo r 
hourly (da y tim e only ) an d 2 4 hou r da y intervals . Th e dat a s o obtaine d ar e use d 
to comput e th e averag e daily , weekly , monthl y an d yearl y windspeeds . 
Windspeed frequenc y histogram s an d speed-duratio n curve s ca n b e compile d 
using th e sam e data . Figur e 2  show s windspee d an d energ y distribution s fo r a 
typical lo w an d hig h wind y mont h (198 3 data) . A  compute r progra m i s bein g 
developed t o deriv e a  mathematica l relationshi p betwee n th e dat a compile d a t 
the testin g sit e an d a  Meteorologica l Statio n 20k m away . B y recordin g th e wate r 
pumped b y th e windmil l a t th e sam e interva l a s th e windspeed , th e performanc e 
of th e windmil l ca n b e established . Thre e type s an d size s o f windmil l hav e bee n 
tested: 

1. Acroba t (manufacture d i n Finland ) -  smal l siz e (1.2 m diamete r rotor) , 
lightweight (30k g fo r mil l an d tower) , eas e o f installation . 

2. SM K (Zimbabwe ) -  mediu m siz e (3.05 m diamete r rotor) , oi l bat h 
lubricated gearbo x (3. 5 :  1  ratio). 

3. Clima x N o 1 8 (Zimbabwe ) -  larg e siz e mil l (5. 5 diamete r rotor) , direc t 
drive transmission . 

Performance curve s fo r th e thre e windpump s obtaine d ove r th e testin g perio d s o 
far ar e presente d i n Figur e 3 . 
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In Zimbabwe , th e wate r requiremen t fo r farmer s (huma n an d livestock) , schools , 
hospitals an d smal l rura l communitie s generall y varie s fro m 3-20m 3/day an d th e 
water tabl e dept h i s 10-50 m fo r dee p boreholes . Usin g a  baselin e wate r deman d 
of 5m 3/day, i t ca n b e deduce d fro m Figur e 3  tha t th e SM K windmil l ca n mee t 
the deman d u p t o abou t 1 5 m  wate r tabl e depth , whil e th e Clima x No . 1 8 ca n 
meet th e sam e deman d u p t o 4 5 m  depth. Th e Acroba t windmil l designe d fo r lo w 
lift wate r pumpin g doe s no t mee t th e minimu m rura l communit y requirement s 
and i s thu s no t appropriat e fo r Zimbabwe . Not e tha t th e averag e dail y 
windspeed fo r th e testin g sit e a t th e IA E ha s bee n 3. 1 ms - l fo r th e tw o yea r 
testing perio d whic h i s just shor t o f th e nationa l averag e o f 3. 2 ms - 1 . 

COST OF WATER PUMPIN G WIT H WINDMILLS 

Cost o f windmill s 

The thre e lo w cos t windmill s buil t a t th e IA E i n 197 9 cos t fro m Z$30 0 t o Z$65 0 
(raised t o 198 4 price s usin g a  stead y 12 % inflatio n rate) . Th e commercia l 
windmills (Clima x models ) importe d fro m Sout h Afric a cost s fro m Z$200 0 t o 
Z$8750 fo r th e Nos . 8-18 . Th e locall y manufacture d windmill s Nos . 1 2 an d 1 8 
cost Z$362 5 an d Z$610 0 respectivel y (198 4 prices) . 

Cost compariso n wit h othe r wate r pumping system s 

Elliott (1983 ) carrie d ou t a  cos t compariso n analysi s betwee n diesel , electricity , 
solar, wind , huma n an d anima l powerin g pumps . H e considere d pumpin g agains t 
various head s an d pumpin g rate s rangin g fro m 3-60 m an d 10-100 0 m 3 day -1 

respectively. Th e metho d use d fo r th e analysi s wa s tha t develope d b y Medfor d 
(1980) t o compar e conventiona l t o renewabl e energ y sources . B y thi s method , 
the presen t valu e o f a n energ y syste m afte r a  lif e spa n o f th e equipmen t i s give n 
by: 

Present valu e =  Capital cost s +  (recurrent costs ) x  N 

Where 

a i s th e petroleu m escalatio n an d genera l inflatio n rat e factor ; e  i s th e 
mathematical exponen t =  2.718; r  i s th e discoun t rat e (decimal) ; an d T  i s the tim e 
to obsolescenc e o f th e syste m (years) . 

Elliott establishe d tha t windmill s wer e no t viabl e fo r high-volum e wate r pumpin g 
requirements i n Zimbabwe . I n suc h situations , diese l o r electri c pump s ar e mos t 
cost competitive . Bu t fo r lo w energ y pumping , i e lo w volume s (les s tha n 1 0 
m3/day) an d head s (les s tha n 50m ) and fo r rura l location s som e hundred s o f mile s 
from a  develope d tow n wher e th e transpor t o f fue l o r extensio n o f a n electricit y 
line woul d b e prohibitive , th e us e o f a  windmil l ma y b e justifiable . 

EXTENT OF WINDMILL USE 

A surve y wa s carrie d ou t b y th e majo r windmil l distributor s i n th e countr y 
(Stewarts an d Lloyd s Ltd ) t o fin d ou t th e location , presen t stat e an d typ e o f us e 
of windmills . Mos t o f th e windmill s i n us e u p t o 198 3 wer e No s 8-1 4 an d locate d 
in commercia l farmin g areas . The y wer e generall y use d fo r catt l e waterin g an d 
supplying wate r fo r domesti c needs . Th e dept h o f borehole s varie d fro m 7 m (2 3 
ft) t o 49 m (16 0 ft ) wit h a n averag e dept h o f 24 m (7 9 ft) . Th e recorde d estimate s 
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of averag e dail y outpu t varie d fro m 114 0 t o 900 0 litres . Th e genera l vie w o f 
users wa s tha t th e windmill s were a cheap and reliable source of power fo r wate r 
pumping beside s a  fe w complaint s abou t th e hig h initia l cost s an d som e 
occasional periods of insufficien t win d at windmil l sites. 

CONCLUSIONS 

1. Becaus e o f th e lo w windspeed s prevalen t i n Zimbabwe , th e conventiona l 
multibladed far m windmil l has proved the mos t successful . 

2. Windmill s shoul d b e use d fo r lo w energ y wate r pumpin g demand s i n 
remote rura l location s i n situation s wher e hand , diese l o r electri c pump s 
would no t b e feasible . Carefu l selectio n o f a  sit e i s require d an d ampl e 
storage should be allowed fo r t o fully optimis e th e windmil l output . 

3. Loca l manufactur e o f windmill s give the m a n advantage ove r othe r wate r 
pumping system s lik e diese l engine s o r sola r powere d machine s a s les s 
foreign currenc y is required fo r importation . 

4. Ther e i s a  nee d fo r furthe r coordinate d researc h i n th e countr y t o 
determine th e optimum windmil l types and sizes to sui t th e availabl e win d 
regimes. Mor e comprehensive economi c analyse s should b e carried ou t t o 
justify th e us e o f windmill s instea d o f hand , animal , diesel , electri c o r 
solar powered pumps. 
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FIGURE 1 : Ma p of Zimbabw e showing me t statio n distributio n 
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FIGURE 2 : Windspee d and energy distribution s 
for a  typica l lo w an d high windy mont h 
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FIGURE 3 : Performance curve s o f 3  windmills tested a t IA E 
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