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ABSTRACT 

As a  possibl e contributio n toward s th e developmen t o f Tanzania n agricultur e plu s 
national fue l sel f sufficiency , th e potentia l fo r irrigatio n usin g pump s powere d b y 
small spar k ignitio n engines , wit h ethano l a s th e fuel , i s currentl y bein g assesse d 
at Readin g University . Th e ethano l ca n b e produce d o n a  smal l scal e fro m frui t 
market waste s an d th e potentia l fro m cashe w frui t wast e alon e i s estimate d a s 
30 t o 5 0 millio n 1  o f ethano l pe r annum , sufficien t t o irrigat e 15,00 0 t o 25,00 0 
ha. 

Spark ignitio n engine s suitabl e fo r wate r pumpin g ca n currentl y b e purchased . 
The performanc e includin g acceptabl e level s o f wate r i n ethano l o f a  singl e 
cylinder engin e ru n o n ethano l i s bein g investigate d usin g th e minimu m o f 
modifications possibl e unde r Tanzania n conditions . Thi s pape r outline s a  syste m 
suitable fo r Tanzania n conditions . Th e initia l result s ar e promisin g an d 
undergoing furthe r investigatio n a t Readin g Universit y an d th e Institut e o f 
Production Innovatio n (IPI) . 

INTRODUCTION 

Commercial energ y us e i n Tanzani a i s currentl y 1,200,00 0 tc e o r 6 0 k g tce/ca p 
of whic h 90 % i s importe d petroleu m (Worl d Ban k 1981) . Th e cos t o f thi s 
imported petroleu m amount s t o 57 % o f th e tota l expor t bil l an d thi s percentag e 
is risin g (Sout h 1984) . Althoug h a  ver y heav y drai n o n th e economy , importe d 
fuel represent s onl y a  smal l fractio n (8% ) (derive d fro m Mwandosy a an d Luhang a 
1983) o f th e tota l energ y use . Th e remainde r i s largel y biomas s i n th e for m o f 
wood o r it s derivativ e charcoal . Th e energ y proble m i n Tanzani a i s no t s o muc h 
that o f oi l replacemen t b y renewable s bu t th e pe r capit a increas e o f energ y 
availability. 

Tanzania i s a n agricultura l econom y an d thi s secto r account s fo r 90 % o f tota l 
employment. Agricultur e i s no t a  majo r use r o f commercia l energ y (11 % of tota l 
oil imports ) bu t it s increase d availabilit y woul d enabl e greate r energ y inpu t for , 
eg irrigatio n an d wate r liftin g fo r cat t le , an d resul t i n muc h improve d overal l 
productivity. 

Currently ther e i s a  considerabl e amoun t o f biomas s i n th e for m o f frui t wast e 
which i f converte d t o alcoho l (ethanol ) woul d provid e a  locall y availabl e fue l fo r 
spark ignitio n engine s fo r agricultura l use . Thi s pape r describe s a n appropriat e 
application fo r us e i n rura l area s currentl y unde r investigatio n a t Readin g 
University an d IPI , and identifie s som e o f th e problems . 
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AN OPTION FO R AGRICULTURA L DEVELOPMENT IN TANZANIA; 
SMALL SCALE IRRIGATION 

Measures take n t o improv e agricultur e productio n would : 

i. Increas e foo d productio n fo r loca l consumption , reducin g import s an d 
dependency o n foo d aid . 

ii. Provid e job s an d reduc e urba n migration . 

iii. Increas e income s fro m cas h crop s an d exports . 

The leve l o f agricultura l mechanisatio n i n Tanzani a i s ver y low , an d i n th e shor t 
term t o increas e thi s rapidl y woul d hav e considerabl e implication s fo r foreig n 
exchange earning s an d th e requirement s fo r petroleu m imports . 

The mechanisatio n o f irrigatio n i s a n attractiv e initia l option . Irrigatio n i s no t 
commonly practise d i n Tanzani a an d s o coul d hav e a n immediat e wide r scal e 
impact a t a  lowe r cost . Irrigatio n project s particularl y larg e scal e scheme s hav e 
not me t wit h a  grea t dea l o f succes s i n Africa . Som e primaril y smal l scal e 
schemes usin g groun d wate r o r lif t irrigatio n hav e bee n successfu l (Carruther s 
1983). Thi s coul d prov e t o b e mor e compatibl e wit h th e averag e Tanzania n lan d 
holding, approx . 2  ha (Hyde n 1980) . 

The powe r fo r lif t irrigatio n ca n b e me t fro m a  variet y o f sources . A  number o f 
systems base d o n renewabl e energ y resource s ar e currentl y unde r investigation . 
However, smal l spar k ignitio n (SI ) engine s t o driv e lif t pump s hav e bee n 
overlooked althoug h the y ar e bein g use d fo r thi s purpos e i n som e area s o f th e 
world (e g Guyan a -  Jordo n 1984) . Th e recen t Worl d Ban k stud y o n sola r wate r 
pumping exclude d S I system s afte r initia l modellin g showe d th e annua l runnin g 
costs t o b e to o hig h (Halcro w 1983) . Thi s figur e woul d includ e th e cos t o f 
kerosene, a n expensiv e importe d fuel . However , a  locall y produce d fue l base d o n 
biomass coul d possibl e substantiall y reduc e th e runnin g costs . Ethano l produce d 
from frui t waste s coul d b e a  suitabl e fue l fo r powerin g suc h systems . 

Compression ignitio n (CI ) engine s ar e usuall y chose n i n preferenc e t o S I engine s 
for suc h stationar y uses , primaril y becaus e o f lo w fue l costs . I n additio n the y 
have a  longe r life-tim e unde r simila r operatin g condition s althoug h thei r initia l 
cost i s higher . However , smal l spar k ignitio n engine s wer e previousl y use d fo r 
stationary purpose s an d smal l boa t propulsion . The y ar e lightweight , therefor e 
more easil y transportabl e an d s o coul d b e mor e readil y utilise d fo r othe r 
purposes o n a  far m o r i n a  village . 

Engines o f thi s type , wit h magnet o ignition , woul d see m wel l suite d fo r us e wit h 
hydrated alcohol . Highe r compressio n ratio s coul d b e adopte d t o mak e us e o f th e 
high octan e characteristic s o f thi s fue l an d t o compensat e fo r th e los s o f powe r 
output. Eithe r tw o o r fou r strok e cycle s ca n b e used , th e forme r ha s th e 
advantage o f les s movin g part s (n o valves ) whic h offset s t o som e exten t th e 
lower efficienc y wit h respec t t o th e fou r strok e cycle . Smal l tw o strok e engine s 
with slid e valve s requir e lubricatio n t o b e adde d t o th e fuel . Th e Institut e o f 
Production Innovatio n ar e currentl y investigatin g th e us e o f casto r oil , a  locall y 
available vegetabl e oil , fo r suc h a n application . 
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FEEDSTOCK 

The us e o f biomas s a s a  fue l ca n lea d t o conflic t betwee n thi s applicatio n an d 
that o f food . Frui t wast e i s no t subjec t t o thi s criticism . I t i s widel y availabl e 
and ther e ar e n o seasonal variation s i n supply . 

Reliable estimate s fo r th e tota l wast e resourc e i n Tanzani a ar e no t available . 
However, IP I hav e estimate d tha t 3 0 t o 5 0 millio n litre s o f alcoho l ca n b e 
produced annuall y fro m cashe w apples . Usin g th e sam e parameter s a s thos e i n 
the Worl d Ban k Sola r Pumpin g Assessmen t Report , (Halcro w 1983 ) ( a 2  hectar e 
irrigated are a a t 7 m hea d requirin g 6 0 m  pe r da y pe r hectare ) w e hav e 
estimated tha t thi s woul d provid e sufficien t fue l t o irrigat e 15,00 0 t o 25,00 0 h a 
or arabl e far m plots . 

ALCOHOL PRODUCTIO N 

Alcohol i s produce d b y th e fermentatio n o f a n aqueou s suga r solutio n an d t o 
make a  suitabl e fue l mus t b e separate d fro m th e bre w b y distillation . Simpl e 
distillation produce s 95 % ethanol/5 % wate r whic h ca n b e burn t alon e i n a n S I 
engine. T o blen d ethano l wit h petro l t o for m gasohol , however , require d 99.5 % 
ethanol whic h i s produce d b y furthe r distillin g th e 95 % ethanol wit h a n entraîner . 
Obviously th e mor e wate r tha t ca n remai n i n th e ethanol , th e lowe r th e energ y 
and financia l costs . Engine s wil l ru n o n hig h wate r content , a s hig h a s 50 % ha s 
been reporte d i n Brazil , bu t thi s require s substantia l modificatio n (Brinkma n 
1981). Th e scal e o f productio n ca n var y fro m ove r 100,00 0 1/da y t o a s littl e a s 
60 1/da y (Nationa l Researc h Counci l 1983) . 

Economies o f scal e mak e th e large r system s attractive , bu t thi s require s 
significant sum s o f capita l investmen t an d a  well-organise d transpor t syste m t o 
bring th e feedstoc k t o th e centralise d processin g plant . Transpor t cost s ar e als o 
a significan t contributo r t o th e overal l cos t o f production . Thes e problem s coul d 
be overcom e b y th e us e o f a  smal l scal e syste m o f productio n base d o n th e frui t 
waste i n marke t town s o r frui t farms , whic h woul d b e th e mos t appropriat e scal e 
for Tanzania . Ther e i s a  lac k o f dat a o n appropriat e material s fo r smal l systems , 
as wel l a s cost s an d IP I ar e currentl y developin g a  stil l o f 0.5/ 1 hou r suitabl e fo r 
village leve l use . 

ADDITIONAL USES FOR ALCOHOL AS A FUEL 

It i s wort h mentionin g th e additiona l fue l use s o f alcoho l suitabl e fo r Tanzania n 
application. I n th e rura l contex t i t coul d b e use d fo r cookin g an d lighting . I t 
burns wit h a  relativel y smoke - an d odour-fre e flam e whic h i s easil y controlled . 
It ignite s easil y an d i s extinguishe d readily . I t i s possibl e t o purchas e a  variet y 
of simpl e stove s o r the y ar e easil y fabricated . Th e latte r woul d o f cours e b e 
attractive i n term s o f jo b creatio n althoug h al l th e material s woul d nee d t o b e 
imported. T o b e use d fo r lightin g require s th e additio n o f a n illuminan t sinc e 
alcohol burn s wit h a  non-luminou s flame.  Th e illuminan t coul d b e a  smal l 
quantity o f kerosene , vegetabl e oi l o r anima l fat . 

Ethanol ca n als o b e use d a s a  substitut e oil-fire d boile r fuel . Conversio n trial s 
for suc h boiler s ar e unde r investigatio n i n Brazil , (Nationa l Researc h Counci l 
1983). Sligh t reduction s i n efficienc y ar e reporte d bu t wit h lowe r NO x emission s 
than fo r fue l oil , althoug h th e aldehyd e emission s ar e higher . 
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ALCOHOL A S AN SI ENGINE FUEL 

Spark ignitio n engine s ru n a s wel l o n ethano l a s o n petrol . I n term s o f emission s 
the situatio n i s improve d wit h lowe r NO x an d C O althoug h aldehyde s ma y b e 
increased (Brinkma n 1981) . Ther e i s n o nee d fo r th e additio n o f anti-knoc k lea d 
compounds. Moto r engin e manufacturer s modif y thei r engine s t o obtai n th e 
same performanc e fro m ethano l a s fro m petrol . Fo r stationar y engine s runnin g 
at constan t load s an d speed s thes e modification s ma y b e a n unnecessar y expens e 
if a  sligh t los s o f powe r outpu t doe s no t creat e to o man y problems . Ther e i s 
evidence t o sugges t tha t man y engine s ten d t o b e over-rate d fo r thei r end-use . 
Also i n Tanzani a ther e ar e no t sufficien t number s o f skille d personne l t o 
undertake a  larg e programm e o f majo r modifications . 

In thi s contex t w e hav e investigate d th e performanc e o f a  Brigg s an d Stratto n 
single cylinde r 4  strok e 2. 2 k W S I engine . Th e engine' s performanc e i s bein g 
assessed usin g bot h absolut e alcoho l an d alcoho l wit h variou s percentage s o f 
water. Th e percentag e o f wate r i s significan t i n term s o f th e energ y 
requirements an d cos t o f ethano l production . 

The initia l engin e tes t result s hav e bee n presente d i n mor e detai l elsewher e 
(Kawambwa 1984) . Figure s 1  and 2  ar e representativ e curve s o f th e dat a s o fa r 
obtained. Th e result s hav e bee n i n agreemen t wit h thos e obtaine d i n th e 
literature, i e a  reductio n i n powe r outpu t matche d b y a  correspondin g increas e i n 
fuel consumptio n a s th e amoun t o f wate r i n th e ethano l increases . 

The syste m i s currentl y bein g optimised . On e mino r modificatio n tha t coul d b e 
undertaken i n Tanzani a woul d b e th e enlargemen t o f th e mai n fue l je t t o giv e 
similar powe r outpu t t o tha t usin g gasolene . 

CONCLUSION 

It woul d see m tha t ther e exist s a  potentia l applicatio n i n Tanzania fo r ethano l a s 
a fue l fo r drivin g smal l S I engin e irrigatio n pum p system s whic h woul d mak e a 
significant contributio n t o agricultura l production . Wor k i s currentl y i n progres s 
at Readin g Universit y t o optimis e th e engin e an d pump , usin g onl y thos e 
modifications possibl e unde r Tanzania n conditions . A t IP I wor k i s bein g 
undertaken t o develo p a n appropriat e stil l fo r villag e leve l use . 
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FIGURE 1: Constan t throttle power-speed characteristic 
Throttle position 1 
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