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INTRODUCTION 

Background 

In Septembe r 1979 , a  grou p o f Africa n researcher s me t i n Arusha , Tanzani a 
under th e auspice s o f th e Commonwealt h Scienc e Council . Th e mai n objective s 
of th e meetin g wer e t o shar e thei r experience s an d t o explor e th e feasibilit y o f 
establishing a  regiona l programm e o f researc h an d developmen t activitie s o n 
renewable energ y technologie s an d thei r applicatio n i n Africa . Th e meeting , 
which identifie d seve n project s t o for m th e basi s o f collaborativ e researc h 
projects i n th e region , le d t o th e forma l institutio n o f th e Africa n Energ y 
Programme (AEP ) b y th e Commonwealt h Scienc e Counci l (CSC) . I n additio n t o 
the AEP , simila r initiative s wer e launche d b y othe r nationa l an d internationa l 
bodies t o promot e an d harnes s th e enormou s renewabl e energ y potentia l o f 
Africa. 

The AE P aim s t o promot e wor k o n th e Africa n continen t i n th e fiel d o f 
renewable source s o f energ y an d t o co-ordinat e an d strengthe n th e Africa n 
scientific an d technica l capabilitie s throug h cooperativ e activities . Th e 
Programme i s concerne d mainl y wit h addressin g th e energ y need s o f th e 
predominantly rura l population s o f Afric a wit h th e followin g eigh t project s 
forming th e noda l point s fo r collaborativ e researc h an d development : 

1. Bioga s fo r rura l developmen t 
2. Energ y polic y fo r plannin g 
3. Resourc e assessmen t 
4. Sola r cro p dryin g 
5. Sola r heatin g an d coolin g 
6. Win d electricit y generatio n 
7. Win d wate r pumpin g 
8. Wood/charcoa l productio n an d utilisation . 

The majo r activitie s o f th e AE P fal l int o thre e broa d categories : 

1. Nationa l scientifi c researc h an d technologica l developmen t a s par t o f a 
regional network . 

2. Workshop s whos e mai n objective s are : 

to provid e trainin g t o developin g countr y scientist s i n th e 
techniques an d methodologie s fo r hig h qualit y scientifi c research ; 

to identif y commo n area s fo r follow-u p trainin g throug h 
collaborative scientifi c researc h an d technologica l development ; 

to provid e for a fo r th e interchang e o f idea s an d compariso n o f 
scientific result s an d informatio n derive d fro m th e applicatio n o f 
common methodologies . 

3. Trainin g course s an d fellowshi p attachments . 

The commo n them e underlyin g al l activitie s i s t o assis t wit h th e developmen t o f 
indigenous scientifi c an d technologica l capabilit y aroun d commo n discipline s an d 
methodologies. 
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The Unite d Kingdo m Oversea s Developmen t Administratio n (ODA ) ha s provide d 
substantial financia l suppor t t o initiat e researc h an d developmen t activitie s o n 
three o f th e projects : Sola r cro p drying , Charcoa l productio n an d utilisatio n an d 
Biogas systems . Activitie s i n th e othe r project s hav e bee n pursue d throug h 
national programme s an d a  numbe r o f trainin g workshop s organise d b y th e 
Commonwealth Scienc e Council . Th e rang e o f project s ha s bee n instrumenta l i n 
demonstrating th e practicabilit y o f a  regiona l networ k approac h t o scienc e an d 
technology fo r developmen t withi n th e constraint s o f scarc e huma n an d 
institutional resources . 

The Internationa l Conferenc e o n Researc h an d Developmen t o f Renewabl e 
Energy Technologie s i n Afric a wa s organise d t o offe r th e opportunit y fo r th e 
scientists workin g o n th e AE P t o shar e thei r result s an d experience s wit h eac h 
other, a s wel l a s wit h colleague s workin g o n simila r problem s elsewher e i n Afric a 
and othe r countries . Th e specifi c objective s o f th e Conferenc e were : 

to repor t th e result s o f researc h project s o n renewabl e energ y 
technologies i n Afric a coverin g bot h th e activitie s o f th e Africa n Energ y 
Programme an d thos e o f othe r institutions/agencies ; 

to provid e a n opportunit y fo r internationa l exchang e o f researc h idea s an d 
information betwee n Africa n scientist s an d colleague s fro m elsewhere ; 

to provid e a  foru m fo r scientist s an d potentia l donor s t o explor e 
modalities fo r futur e collaboratio n o n energ y researc h an d developmen t i n 
Africa. 

Organisation and managemen t 

The Conferenc e too k plac e a t th e Pau l Octav e Wieh e Auditoriu m o f th e 
University o f Mauritiu s fro m 25-2 9 Marc h 1985 , an d wa s attende d b y 10 0 
scientists, researchers , polic y maker s an d representative s o f Internationa l 
Organisations fro m 3 0 countries . 

The programm e consiste d o f plenar y technica l session s whic h discusse d invite d 
and submitte d scientifi c paper s unde r fou r generi c scheme s o f Resourc e 
Assessment; Energ y Conversio n Technologies ; Energ y Utilisatio n Technologies ; 
Energy Polic y an d Plannin g an d International Collaborativ e Programmes . I n all , 
about 7 0 paper s wer e presente d a t th e Conference . I n addition , visit s wer e 
organised t o th e Bagasse-fuelle d powe r statio n a t Champagn e an d th e Renewabl e 
Energy Project s o f th e Universit y o f Mauritius . 

The Conferenc e wa s officiall y opene d b y Hi s Excellenc y Si r S  Ramgoolam , 
Governor-General o f Mauritius . Th e Inaugura l addres s wa s delivere d b y th e Ho n 
A K  Gayan, Chairma n o f th e Counci l o f th e Universit y an d Ministe r o f Externa l 
Affairs fo r Mauritius . Professo r J  Manrakhan , Vice-Chancello r o f th e Universit y 
of Mauritiu s delivere d th e keynot e addres s t o th e conference . D r P  Hutchinson , 
Deputy Secretar y o f th e Commonwealt h Scienc e Council , welcome d th e 
Conference delegate s o n behal f o f th e Secretary-Genera l o f th e Commonwealt h 
and th e Chairma n an d Secretary o f th e Commonwealt h Scienc e Council . 



Conclusions and recommendation s 

1. Organisatio n o f th e AE P 

Since it s inception , th e Africa n Energ y Programm e activitie s hav e 
covered a  numbe r o f field s concernin g energ y resources . Som e activitie s 
had bee n mor e successfu l tha n others . Howeve r i t wa s clea r tha t th e 
Programme ha d fulfille d a  need , an d shoul d b e carrie d o n an d expanded . 

Such expansio n should , i n th e firs t instance , b e i n th e inclusio n o f non -
Commonwealth Africa n countries . Th e attendanc e a t th e Conferenc e o f 
representatives fro m thes e countrie s alread y initiate s suc h a  step . 

Representatives o f th e Internationa l Organisation s outline d thei r variou s 
activities i n th e fiel d o f energy , emphasisin g thu s th e advantag e o f clos e 
co-operation betwee n th e variou s agencie s withi n a  singl e syste m o r 
network. Th e UNE P representativ e indicate d tha t hi s organisatio n wa s 
considering a  roun d tabl e meetin g o f agencie s concerne d wit h energy . 
The suggestio n wa s note d tha t a  ful l tim e Secretaria t woul d b e beneficial , 
though th e difficultie s o f acquirin g fund s fo r thi s wer e noted . 

2. Technica l developmen t 

1. Exchang e o f informatio n 

The nee d fo r exchang e o f informatio n wa s strongl y expressed . I t wa s 
mentioned tha t ther e was , perhaps , to o muc h informatio n available . 
However, th e difficultie s o f exchangin g th e informatio n ha d ofte n le d t o 
the duplicatio n o f effort . Wha t wa s require d wa s a  syste m fo r organisin g 
and selectin g th e informatio n a s wel l a s th e mean s fo r deliver y t o an d 
between th e scientist s an d engineers . 

Several organisation s ha d mad e a  start , fo r example , th e Sola r Energ y 
Society fo r Afric a ha d com e int o being , an d framework s als o existe d wit h 
the Africa n Networ k fo r Scientifi c an d Technologica l Institution s (ANSTI ) 
and th e Africa n Energ y Commission . Th e U N agencie s wer e als o 
interested i n becomin g involve d i n informatio n system s fo r energy . 

The conclusio n wa s clea r tha t th e tim e wa s rip e fo r a n Africa n Energ y 
Information System . 

2. Applicatio n o f technolog y 

There wa s consensu s tha t sufficien t scientifi c an d technologica l 
knowledge ha d bee n accumulate d i n man y aspect s o f Energ y fo r th e 
balance o f effor t t o b e tippe d toward s th e aplicatio n o f th e knowledg e t o 
development. 

It wa s importan t tha t severa l avenue s fo r implementatio n b e investigated . 
These rang e fro m governmentally-sponsore d scheme s t o thos e whic h wer e 
purely commercial . I n th e latte r case , th e involvemen t o f entrepreneurs , 
manufacturers an d sale s peopl e fro m th e star t o f an y projec t i s important . 



It wa s considere d tha t i t wa s insufficien t merel y t o presen t t o th e publi c 
devices fo r th e utilisatio n o f energy . I t wa s importan t t o creat e a 
demand, fo r example , fo r drie d products , whic h i n tur n woul d provid e a 
demand fo r th e implements . 

3. Trainin g 

The nee d fo r appropriat e trainin g wa s expressed . Som e course s alread y 
exist i n th e develope d countries . However , th e developmen t o f suc h 
courses withi n th e regio n woul d b e useful . 

Not onl y wa s ther e a  nee d fo r graduat e training , bu t trainin g o f suppor t 
staff a t technicia n leve l wa s als o a  requirement . 

4. Prioritie s 

1. I t wa s recognise d tha t countrie s woul d eac h hav e thei r ow n prioritie s a s 
far a s th e variou s aspect s o f energ y utilisatio n wer e concerned . I n 
general, though , Biomas s utilisation , particularl y tha t throug h bioga s 
generation, an d th e desig n o f sola r appliance s wa s wel l advanced . Tw o 
areas specificall y mentione d requirin g furthe r wor k wer e pyrolysi s an d 
collection o f sola r an d win d energ y data . 

2. Co-operativ e action , bot h o n a n organisationa l leve l betwee n agencies , 
and b y informatio n exchang e wa s see n a s a n essentia l wa y t o optimis e th e 
effort whic h wa s going int o th e developmen t o f energy . 

3. Takin g th e result s o f researc h an d developmen t t o energ y aplicatio n 
through th e mediu m o f commercialisatio n wa s seen a s th e nex t majo r ste p 
forward. 

4. Trainin g a t al l levels , an d b y severa l means , was , a s always , see n a s a n 
essential output . 

C Y  Wereko-Brobb y 
Commonwealth Scienc e Counci l 
London 
15 Ma y 198 6 
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INTERACTION BETWEEN TEMPERATURES, AIRFLO W AN D 
CHIMNEY DESIGN IN INDIRECT FREE CONVECTIVE 

SOLAR DRYER S 

Michael W  Bassey 
International Developmen t Researc h Centr e 

B.P. 1100 7 C D Annexe , Dakar , Senega l 

ABSTRACT 

This pape r present s th e result s o f experiment s usin g tw o indirec t fre e convectiv e 
solar dryer s unde r no-loa d an d loade d condition s usin g rice , unde r typica l 
conditions existin g i n Sierr a Leone . On e o f th e dryer s ha s a  singl e passag e i n th e 
air heate r an d th e othe r a  doubl e passag e ai r heater . Fiv e differen t chimne y 
configurations wer e used . Th e performanc e o f th e tw o dryer s wa s compare d i n 
relation t o mea n dail y chambe r an d chimne y temperature s an d mea n dail y sola r 
radiation intensities . A  shor t chimne y (abou t 50cm ) painte d blac k an d covere d 
with transparen t materia l wa s th e mos t effectiv e configuration . A  singl e ai r 
passage heate r appear s t o b e mor e appropriat e fo r us e wit h fre e convectiv e sola r 
dryers. 

INTRODUCTION 

The us e o f sola r dryer s i n rura l area s o f Afric a ha s bee n severel y restricte d 
because o f th e lo w ai r flo w rate s existin g i n natura l convectio n dryers . Owin g t o 
the lo w incom e o f farmer s an d th e absenc e o f electricity , dryer s fo r rura l 
applications generall y d o no t hav e a  mechanica l means , suc h a s a  fan , t o 
circulate war m ai r throug h th e crops . 

Efforts t o desig n a  sola r cro p drye r whic h circulate s ai r effectivel y throug h onl y 
free convectio n hav e prove d disappointing . However , thi s ca n b e achieve d b y 
systematic investigatio n o f th e operatio n o f dryer s unde r rea l lif e o r simulate d 
conditions. Althoug h drye r design s hav e bee n discusse d extensivel y (Brac e 
Research Institut e 1975 ; Exel l 1980) , there i s apparently n o published wor k whic h 
has studie d th e interactio n betwee n drye r design , ambien t condition s an d airflow . 

Bassey (198 2 a ) ha s describe d th e effec t o f variou s chimne y design s o n th e 
temperatures obtaine d i n a n indirec t sola r drye r usin g a n ai r heate r wit h tw o ai r 
inlet channels . Th e stud y showe d tha t i t ma y no t unde r al l ambien t condition s b e 
useful t o hav e tal l chimney s o n free-convectiv e dryers . Furthermore , result s 
indicated tha t th e chimney s i n thes e dryer s shoul d b e designe d s o a s t o minimis e 
heat losse s fro m them . 

This pape r present s result s o f a  stud y aime d a t describin g th e comple x respons e 
of indirec t free-convectiv e dryer s t o thei r environment . Th e performanc e o f 
two drye r design s wa s assesse d usin g fiv e chimne y configuration s unde r variou s 
ambient condition s existin g i n Sierr a Leone , unde r no-loa d an d loade d condition s 
using rice . 
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EXPERIMENTAL APPARATU S 

Solar drye r desig n 

The genera l fron t an d sid e view s o f th e dryer s ar e show n i n Figure s 1  an d 2 . 
They ar e ident ica l excep t i n th e desig n o f th e ai r heater . Drye r 1  has a  singl e ai r 
passage ( 4 c m hig h an d 7 0 c m wide ) betwee n th e absorbe r plat e an d th e glas s 
cover a s shown i n Figur e 3 . Drye r I I (Figur e 4 ) ha s tw o ai r passage s (bot h 7 0 c m 
wide) separate d b y th e absorbe r plate . Th e height s o f th e to p an d botto m 
passages ar e 4  and 2  cm respectively . Th e glas s cover s ar e approximatel y 9 0 c m 
by 9 0 c m i n surfac e are a an d ar e attache d t o th e sola r col lector s usin g woo d 
put ty . 

The ai r heater s ar e connecte d t o th e dryin g chamber s b y mean s o f a  rectangula r 
channel equa l i n cros s sectiona l are a t o thos e o f th e ai r passages . Bot h dryer s 
are mounte d suc h tha t th e ai r heater s ar e incline d facin g sout h a t a n angl e o f 
about 2 0 degree s t o th e hor izontal . 

Chimney configuration s 

Five detachabl e chimney s o f d i f feren t configuration s wer e used . A l l wer e mad e 
of 0.1 6 c m galvanise d iro n sheetin g an d eac h ha d a n interna l diamete r o f 1 5 cm . 
Their specia l feature s were : 

(a) 3 8 ca m high , unpainted ; 
(b) 3 8 c m high , painte d blac k outside ; 
(c) 3 8 c m high , painte d blac k outside , surrounde d b y transparen t plastic ; 
(d) 18 0 c m high , painte d black ; 
(e) 18 0 c m high , painte d blac k outside , surrounde d b y transparen t plastic . 

The transparen t cove r act s a s a  sola r col lector . Ther e i s a n ai r ga p o f 2  c m 
between th e blackene d oute r wal l an d th e plasti c surround . Car e wa s take n 
during constructio n t o ensur e tha t th e plasti c di d no t touc h th e chimne y wall s 
during operation . 

Instrumentation 

Temperatures wer e measure d a t severa l position s o n th e dryers , a s show n i n 
Figures 5  and 6 , usin g coppe r constanta n thermocouple s connecte d t o a  ten-poin t 
thermo electr i c temperatur e indicato r o r a  portabl e "D ig im i te " indicator , bot h 
accurate t o 0.5°C . 

Tota l sola r radiatio n o n a  horizonta l surfac e wa s measure d usin g a n Eppl y 
precision spectra l pyranomete r connecte d t o a n electroni c integrato r an d 
pr inter. Th e outpu t i n unit s o f Wh/m 2 wa s recorde d a t 1 0 minut e intervals . 
Wind speed s wer e monitore d durin g th e experiment s usin g a  han d hel d cu p 
anenometer. 

METHODS 

Tests unde r no-loa d 

The dryer s wer e operate d usin g di f feren t chimne y configuration s fo r th e 8  hou r 
period 0800-160 0 hours . Th e temperature s a t th e location s show n i n Figure s 5 
and 6 , to ta l sola r radiatio n o n a  horizonta l surface , win d condition s an d othe r 
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ambient condition s wer e measure d a t regula r intervals . Al l experiment s wer e 
repeated ove r severa l days , ove r a  perio d o f thre e years . 

Tests unde r load usin g ric e 

Two set s o f experiment s wer e carrie d ou t wit h th e dryer s unde r load . I n th e firs t 
tests performanc e wa s compare d whe n loade d wit h a  ric e be d 2.5 , 5.0 , 7. 5 an d 1 0 
cm high . Th e ric e wa s supporte d o n a  singl e tra y i n eac h dryer , situate d abov e 
the inle t int o th e dryin g chamber . Durin g thes e tests , a  3 8 cm , unpainted , 
chimney wa s used . 

In furthe r test s wit h simila r be d depth s a s above , chimney s 3 8 an d 18 0 c m hig h 
and painte d blac k an d covere d wit h a  transparen t plasti c cove r wer e use d i n 
dryers I  and I I respectively . 

The dryin g perio d fo r eac h be d o f ric e laste d severa l day s t o reduc e th e moistur e 
content t o th e require d value . 

RESULTS AND DISCUSSIO N 

Temperatures i n dryers under no-loa d 

Plate temperature s wer e th e highest . Thes e range d fro m 8 0 t o 100°C , dependin g 
on th e sola r radiatio n i n drye r I . I n drye r II , th e temperature s a t th e to p o f th e 
plate wer e generall y lowe r tha n thos e o f drye r I . Ther e wa s a  40° C temperatur e 
difference betwee n th e tw o side s o f th e absorbe r plat e fo r drye r II . 

Temperatures i n th e dryin g chamber s wer e les s tha n 50 % o f th e plat e 
temperatures a s a  resul t o f th e lo w flow-rate s throug h th e ai r heaters . 

Influence o f sola r radiation under no-loa d 

During al l experiments , tota l sola r radiatio n wa s measure d an d recorde d ever y 1 0 
minutes fro m whic h sola r radiatio n intensitie s wer e estimated . Mea n value s o f 
intensity o f sola r radiatio n fo r a  whol e da y wer e estimate d b y dividin g th e tota l 
energy fo r tha t da y b y th e perio d o f th e test . 

Figures 7  an d 8  sho w th e effec t o f mea n intensit y o f radiation , o n chambe r 
temperature fo r variou s chimne y configurations . 

Chamber temperature s ar e generall y highe r fo r highe r availabilit y o f sola r 
radiation. Howeve r th e chambe r temperature s fo r lowe r mea n radiatio n 
intensities ar e a t time s ver y clos e t o o r greate r tha n temperature s fo r highe r 
intensities (Figur e 8c) . Thi s behaviou r ca n b e relate d t o th e variatio n o f sola r 
radiation durin g th e experiments . Unde r cloud y condition s th e chambe r 
temperatures coul d b e significantl y lower . 

In al l case s temperatur e i n th e chambe r wa s betwee n 3 0 an d 50°C . Thi s 
indicates th e potentia l usefulnes s o f indirec t free-convectiv e sola r dryers . 

The variation s o f dail y mea n chambe r temperatur e wit h mea n sola r radiatio n 
intensity fo r al l th e chimne y configuration s studie d ar e show n i n Figur e 9 . Th e 
scatter i n th e dat a result s fro m th e intermittenc y o f th e availabl e sola r energ y 
due t o clou d cover . It  i s possibl e t o hav e th e sam e mea n sola r intensit y o n tw o 
days althoug h th e mea n temperature s fo r thos e day s ma y b e different . 
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Effect o f typ e o f chimne y use d unde r no-loa d 

Chimney configuratio n affect s th e mea n chambe r temperatur e unde r no-load . I n 
dryer I  chambe r temperatur e increase d wit h a  blac k chimne y an d increase d 
further wit h a  plasti c cover . Increasin g th e heigh t o f th e chimne y decrease s th e 
temperature i n th e chamber . I n drye r I I chambe r temperatur e decrease d wit h a 
38 cm chimne y painte d blac k an d furthe r decrease d wit h th e transparen t cove r i n 
place. Increasin g th e heigh t o f th e chimne y tend s t o increas e th e chambe r 
temperatures. 

These result s ca n b e explaine d b y th e flow s throug h th e dryer s a s a  resul t o f th e 
interaction o f th e chimne y design , th e ai r heate r an d th e surroundings . I n drye r I 
the chambe r temperatur e i s obtained a s a  resul t o f ambien t ai r bein g heate d a s i t 
passes throug h th e singl e channe l heater . I f th e chimne y i s painte d black , i t i s 
now heate d b y sola r radiatio n causin g a  slightl y highe r flo w rat e throug h th e ai r 
heater. A s a  resul t th e chambe r temperatur e i s increased . I f th e blackene d 
chimney i s covere d wit h a  transparen t cover , th e hea t losse s fro m th e chimne y 
are minimised , resultin g i n highe r temperature s insid e it , thi s i n tur n cause s 
higher buoyanc y force s whic h increase s th e ai r flow . Increasin g th e heigh t o f th e 
chimney tend s t o increas e hea t losse s fro m i t whic h i n tur n decrease s th e flo w 
rates: th e temperature s i n th e dryin g chamber s ar e thu s lowered . 

In drye r I I th e effect s o f chimne y configuratio n i s reversed . Thi s i s a  resul t o f 
the increase d flo w rat e causin g a  greate r influ x o f coole r ai r introduce d throug h 
the botto m channel . 

Reasonable operatin g temperature s ca n b e obtaine d i n indirec t fre e convectiv e 
dryers. However , ai r flo w rate s ca n b e ver y inadequat e a s a  resul t o f chimne y 
design. Man y sola r dryer s hav e tal l an d a t time s blac k chimney s whic h ma y i n 
fact decreas e airflo w rate s dependin g o n th e prevalen t ambien t condition s suc h 
as th e incidenc e an d duratio n o f clouds , win d an d fluctuation s o f ambien t 
temperatures. Fo r condition s existin g i n Sierr a Leone , detaile d examinatio n o f 
data ha s consistentl y supporte d thi s argument . 

This proble m o f th e advers e effec t o f chimne y desig n an d th e abov e explanation s 
are furthe r reinforce d b y considerin g th e relativ e magnitude s o f chimne y an d 
chamber temperatures . Althoug h temperature s i n th e chimne y ar e usuall y highe r 
than thos e i n th e dryin g chamber , unde r lo w sola r radiatio n condition s thi s i s no t 
so (Figur e 10) . I n drye r I  wit h 3 8 c m unpainte d chimne y temperature s ar e 
generally lowe r an d i n drye r I I wit h a  18 0 c m blac k chimne y significantl y lowe r 
during th e whol e day . Day s fo r whic h th e abov e typ e o f result s ar e typica l ha d 
relatively lo w level s o f sola r radiation , frequen t an d prolonge d clou d cover , an d 
either lo w ambien t temperature s (dependin g o n th e season ) o r wind y conditions . 

Temperatures i n chimney an d chamber unde r load 

Rice a t initia l moistur e content s rangin g fro m 25 % t o 45 % (dr y basis) , dependin g 
on th e degre e o f soaking , wa s use d durin g th e on-loa d tests . Base d o n earlie r 
discussions, th e relativ e magnitude s o f temperature s i n th e chimne y an d dryin g 
chamber giv e a n indicatio n o f airflo w throug h th e dryer . Figur e 1 1 show s 
chimney an d chambe r temperature s fo r tw o height s o f th e ric e be d fo r drye r I . 
In bot h case s th e sola r radiatio n condition s wer e similar . Wit h a  ric e be d 2. 5 c m 
high, th e chambe r temperature s (belo w th e ric e bed ) ar e highe r tha n th e chimne y 
temperatures throughou t mos t o f th e day . Earl y i n th e day , th e chimne y 
temperatures ar e higher . Result s fo r th e 7. 5 c m ric e be d ar e simila r bu t th e 
temperatures ar e relativel y lower . 
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These dat a ar e consisten t wit h th e precedin g discussions . Increas e i n th e heigh t 
of th e ric e be d shoul d reduc e th e flo w an d fo r th e singl e channe l ai r heate r thi s 
implies a  dro p i n chambe r temperature . 

For prototyp e I I (Figur e 12 ) a  reductio n o f airflo w du e t o th e deepe r ric e be d 
produces a  highe r temperatur e i n th e chambe r (underneat h th e bed ) tha n i n th e 
chimney. Thi s i s expecte d fro m result s unde r no-loa d condition s an d furthe r 
emphasises th e potentia l flo w problem s i n fre e convectiv e dryers . I t i s possibl e 
that thes e lowe r chimne y temperatures , cause d b y th e ai r bein g coole d b y wate r 
from th e crop , ca n substantiall y lowe r th e flow  rate . Advers e ambien t 
conditions earlie r discusse d an d poo r chimne y desig n ca n mak e suc h dryer s ver y 
inefficient. 

Under load , Figur e 1 3 show s tha t fo r 5  an d 1 0 c m dee p ric e beds , drye r I  give s 
lower cabine t temperature s tha n drye r I I althoug h th e forme r ha s highe r plat e 
temperatures. 

Overall significance o f result s 

The precedin g discussio n indicate s tha t th e flow s throug h indirec t fre e 
convective dryer s ar e governe d b y man y comple x parameters . Som e o f thes e 
are: th e chimne y design , th e ai r heate r design , th e ambien t temperature , clou d 
cover, availabl e sola r radiatio n an d win d conditions . 

Results sugges t tha t i n th e desig n o f thi s typ e o f drye r th e singl e channe l ai r 
heater ma y b e adequat e considerin g it s relativ e performanc e t o th e doubl e 
channel heater . Th e us e o f tal l blac k o r unpainte d chimney s i s unsuitabl e unde r 
atmospheric condition s wher e clou d cover , lo w sola r radiatio n intensitie s an d 
wind ma y exist . Unde r thes e condition s a  5 0 c m chimne y painte d blac k an d 
covered wit h transparen t plasti c i s recommended . Howeve r unde r clea r sunn y 
conditions, tal l chimney s ma y prov e t o b e mor e advantageous . Thu s th e overal l 
design o f fre e convectiv e dryer s ar e locatio n specific . 

Another importan t implicatio n o f th e result s i s tha t durin g drying , th e 
temperature i n th e drye r abov e th e crop s i s substantiall y lowe r tha n tha t 
underneath. Thu s i n th e desig n o f thes e dryer s ther e shoul d b e a  revisio n o f th e 
usual assumptio n o f constan t densitie s i n th e drye r t o tak e int o accoun t densit y 
changes throughou t it s height . (Thi s ha s bee n treate d elsewhere , Basse y (198 2 b. ) 
In orde r t o d o this , result s suc h a s thos e obtaine d i n thi s stud y ca n b e ver y useful . 

In addition , experienc e gaine d durin g th e cours e o f th e stud y suggest s tha t a n 
experimental stud y aime d a t assessin g th e effect s o f al l th e relevan t parameter s 
is ver y tedious . Specifi c aspect s nee d t o b e scrutinise d i n futur e experimenta l 
activities. I n orde r t o understan d th e respons e o f th e dryer s t o variou s 
conditions a  nex t ste p shoul d b e th e mathematica l modellin g o f fre e convectiv e 
dryers usin g realisti c input s suc h a s thos e reporte d i n thi s paper . Suc h a  strateg y 
could rapidl y identif y area s fo r furthe r experimentatio n leadin g t o bette r drye r 
designs. 

CONCLUSIONS 

The followin g mai n conclusion s ca n b e draw n fro m thi s paper : 

(a) Th e interactio n o f variou s parameter s make s th e stud y o f indirec t fre e 
convective dryer s ver y complex . I t i s howeve r possibl e t o quantif y thei r 
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overall performanc e b y relatin g mea n dail y temperature s i n th e dryin g 
chamber t o mea n dail y intensitie s o f radiation . 

(b) I n general , th e typ e o f chimne y use d affect s th e flo w o f ai r throug h th e 
dryer. Fo r cloudy , lo w sola r radiatio n condition s existin g i n man y tropica l 
areas, i t i s advisabl e t o us e shor t chimney s (abou t 5 0 c m high ) painte d 
black an d wit h a  transparen t cove r aroun d it . Talle r chimney s ma y suffe r 
substantial hea t loss . 

(c) Ai r heater s wit h a  singl e ai r passag e ar e considere d mor e appropriat e fo r 
use o n fre e eonvectiv e sola r dryer s du e t o thei r simplicit y i n desig n an d 
generally highe r temperatures . 

(d) Result s presente d ca n b e use d a s a  basi s fo r carryin g ou t analytica l 
modelling studie s wit h a  vie w t o improvin g drye r performance . 
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FIGURE 1 : Genera l fron t vie w o f dryer s 

FIGURE 2: Genera l sid e vie w o f dryer s 



FIGURE 3: Cross-sectio n of air heater fo r dryer I 
showing the single air passage 

FIGURE 4: Cross-sectio n o f air heater fo r dryer II 
showing the double air passage 
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FIGURE S: Diagra m showing location of thermocouples in dryer I . 

FIGURE 6: Diagra m showing location of thermocouples in dryer I I. 
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FIGURE 7: Effec t o f mean radiation intensity on chamber temperature fo r 
various chimney configurations, fo r dryer I . 
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FIGURE 8: Effec t o f mean radiation intensity on chamber temperature fo r 
various chimney configurations, for dryer II. 
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FIGURE 9: Effec t o f air heater design and mean solar radiation intensit y 
on mean ehamber temperatures under no load. 
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FIGURE 10: Compariso n of temperatures in chimney and in drying chamber 
for dryers I and II, under no load conditions. 
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FIGURE 11 : Temperature s in chimney and drying chamber during tests 
using rice, for dryer I . 
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FIGURE 12: Temperature s in chimney and drying chamber 
during tests using rice fo r dryer n . 
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FIGURE 13 : E f fec t o f a i r heate r desig n on chamber an d absorber plat e 
temperatures, unde r loade d condit ions . 
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OPTIMISATION O F SOLAR AI R HEATING COLLECTOR S 
USED FOR CRO P PRYIN G 

Dr Heric k Othieno , Appropriat e Technolog y Centre , 
Kenyatta Universit y College , Nairobi , Keny a 

ABSTRACT 

This pape r describe s theoretica l analyse s applie d t o th e optimu m desig n o f tw o 
types o f sola r cro p dryers . On e use s a  fla t plat e sola r collecto r an d th e othe r a 
multilayered one . Th e desig n specificatio n wa s t o reduc e moistur e conten t o f 
90kg o f shelle d maiz e fro m 20 % t o 13 % moistur e content , we t basis , i n on e day . 
The drye r wit h a  fla t plat e collecto r achieve d onl y a  thir d o f th e targe t dryin g 
rate. Th e desig n usin g a  multilayere d collecto r achieve d highe r temperature s 
but grai n dryin g duratio n wa s no t substantiall y reduced . Usin g th e theoretica l 
analysis an d experienc e wit h th e tw o experimenta l dryers , a  suitabl e prototyp e 
solar cro p drye r wa s designe d an d constructed . Fo r simplicity , th e eventua l 
design adopte d ha d a  fla t plat e collector . 

INTRODUCTION 

Traditionally, man y cerea l crops , vegetable s an d fruit s ar e drie d b y thinl y 
spreading the m o n prepare d groun d i n ope n sunlight . Generally , ther e ar e larg e 
losses o f produc t du e t o dispersa l b y win d an d destructio n b y rodents , bird s an d 
domestic animals . Moreover , th e traditiona l dryin g metho d i s no t eas y t o contro l 
and overheatin g ca n occur , makin g insec t penetratio n easie r an d henc e hig h 
storage losses . Rewettin g an d overdryin g i n variabl e weathe r condition s ca n als o 
cause som e losse s an d reductio n o f th e qualit y o f th e product . 

In th e cas e o f maize , i t ha s bee n reporte d (Mood y 1980 ) tha t losse s increas e wit h 
time whe n maiz e i s lef t i n th e fiel d afte r maturing . Losse s o f u p t o 22 % afte r 
two months , increasin g t o 50 % afte r thre e month s hav e bee n reporte d i n th e 
humid tropics . I n orde r t o reduc e suc h losses , maiz e mus t b e harveste d a s soo n 
as i t mature s an d the n dried . 

In recen t years , attempt s hav e bee n mad e t o reduc e post-harves t losse s an d als o 
improve th e qualit y o f th e produc t b y using smal l scal e sola r dryin g devices . Fo r 
example, a  sola r ai r heate r ca n b e designe d t o suppl y war m ai r t o th e produc t 
placed i n a  safel y locke d cabinet . 

This pape r describe s theoretica l analyse s o f th e optima l specificatio n fo r fla t 
plate an d multilaye r sola r collectors . Tw o prototyp e dryer s wer e designe d wit h 
the expectatio n o f dryin g 90k g o f shelle d maiz e fro m 20 % t o 13 % moistur e 
content, we t basis , withi n on e day . 

The pape r outline s th e furthe r optimisatio n o f thes e cro p dryer s an d th e fina l 
prototype constructe d fo r us e b y farmer s i n Kimalewa , Bungoma , an d Hom a Bay . 
The choic e o f prototyp e desig n wa s governe d bot h b y performanc e 
characteristics an d th e nee d t o produc e a  desig n tha t i s simpl e fo r farmer s t o 
construct. 

ANALYSIS OF THE COLLECTORS 

A ver y large , an d henc e expensive , collecto r woul d b e capabl e o f dryin g a  smal l 
quantity o f grai n i n a  ver y shor t time . Th e ai m o f optimisatio n i s t o reduc e thi s 
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patio of collecto r siz e to quantity of grain by increasing th e efficienc y an d henc e 
decreasing the necessary size of the collector . 

Flat plate collector 

In orde r t o optimis e th e collecto r design , i t i s necessar y t o understan d th e 
processes o f hea t an d mas s transfe r insid e th e collector . Th e analysi s o f thes e 
processes i s complicate d du e t o th e constantl y changin g environmenta l 
conditions. However , i f som e simplifying assumption s ar e made , as discussed b y 
Othieno (1983) , hea t balanc e equation s ca n b e formulate d an d solve d 
analytically. Thes e equation s fo r a  simpl e fla t plat e collecto r (Figur e 1 ) ar e 
given below: 

For the transparent cover : 

(1) 

Sum of power 
lost b y convection 
to ambient and 
air strea m 

sum of power 
lost by radiation 
to sky and 
collector plat e 

solar power 
gained by 
the transparen t 
cover 

For air stream throug h the collector : 

(2) 

(3) 

The temperature s o f th e transparen t cove r (T g), th e ai r strea m (T a) an d th e 
black absorbe r plat e (T p) var y i n the directio n o f ai r flow . Therefor e th e abov e 
equations ca n onl y b e vali d fo r a  smal l sectio n o f th e collecto r o f 
length wher e the temperatures ca n be assumed t o be uniform . 

The solutions o f thes e equation s fo r a n optimise d fla t plat e collecto r ar e show n 
in Figur e 2 . Theoreticall y th e highes t ai r temperature s woul d b e achieved whe n 
the collecto r depth , d , i s clos e t o zero . However , i n practic e i f th e collecto r 
depth i s to o small , th e ai r significantl y cool s down whe n i t reache s th e cro p bin 
because o f th e availabl e larg e volum e fo r expansion . Furthermore , a s th e 
collector dept h i s reduced , th e ai r flo w patter n change s thereb y causin g a  dro p 
of ai r temperature . Thi s mean s tha t ther e i s a  minimu m collecto r dept h belo w 
which overal l hea t los s increase s s o fas t tha t efficienc y drops . I t ha s bee n 
suggested (Maced o and Alteman i 1978 ; Grainger e t al . 1981 ; Grainger 1982 ) tha t 
this depth should be about 5  cm. 

In thi s work , i t wa s confirmed tha t a  dept h o f 5  cm doe s no t allo w adequat e ai r 
flowrate throug h th e grain. Thu s the collector dept h should be more than 5  cm i f 
a reasonable amoun t o f grain i s to be dried withi n the desired period . 

For the bottom absorbe r plate : 

+ = 
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Collector efficienc y i s lo w du e t o th e hig h hea t losse s cause d b y hig h cove r an d 
absorber plat e temperatures . I t wa s therefor e necessar y to : 

(i) reduc e th e hea t losse s 

(ii) improv e hea t transfe r proces s t o th e ai r strea m 

(iii) increas e th e volum e flowrat e o f ai r 

These requirement s le d t o th e developmen t o f a  multilaye r sola r collector . 

Multilayer collecto r 

A multilaye r collecto r ha s tw o o r mor e ai r ducts . Th e ai r stream s ca n b e 
completely isolate d o r joine d b y perforation s i n th e partitionin g absorbe r plates . 
Many type s o f multilaye r collector s hav e bee n studie d (Othien o 1983) . Thi s 
paper report s studies , o n on e desig n wit h perforation s i n th e paralle l partitionin g 
absorber plate s a s show n i n Figur e 3 . Du e t o th e additiona l absorbe r plates , th e 
multilayer collecto r mus t b e deepe r tha n th e simpl e fla t plat e collector . Th e 
perforated laye r increase s th e hea t transfe r are a i n contac t wit h th e ai r strea m 
and henc e improve s th e hea t transfe r process . Consequently , th e temperature s 
of th e absorbin g surfac e includin g tha t o f th e transparen t cove r ar e lo w 
compared t o thos e o f a  simpl e fla t plat e collector . Thi s significantl y reduce d 
heat losse s fro m th e collecto r a s show n i n Figur e 4 . Thi s i s a  graphica l 
representation o f th e solution s t o th e mathematica l mode l develope d b y Othien o 
(1983) fo r a n optimise d multilaye r collector . 

Optimising a  multilaye r collecto r i s mor e complex . Th e numbe r o f perforate d 
absorber plates , an d henc e th e overal l dept h o f th e collector , depend s o n th e 
energy transmittanc e o f th e perforations . Thi s transmittanc e i s referre d t o her e 
as th e voi d factor , F v , t o distinguis h i t fro m tha t o f th e transparen t cover . Th e 
void facto r o f th e perforation s wa s measure d usin g tw o similarl y calibrate d 
pyranometers. On e measure d th e direc t unobstrate d sola r radiatio n whil e th e 
other measure d th e radiatio n unde r th e perforate d absorber . A t norma l 
incidence, thi s measuremen t wa s checke d b y calculatin g th e rati o o f th e are a o f 
the hole s t o th e tota l are a o f th e absorbe r plate . 

The optimu m gap , ,  betwee n adjacen t perforate d absorber s an d th e voi d 
factor, depen d o n th e effectiv e diamete r o f eac h perforatio n whil e th e optimu m 
number o f perforate d absorber s depend s o n th e voi d factor . Afte r severa l 
experiments, i t wa s establishe d tha t th e optimu m numbe r o f perforate d 
absorbers coul d b e estimate d usin g th e expression : 

(4) 

The bes t distanc e betwee n th e layers , , i s 3 D (5) 

Where D  i s th e effectiv e diamete r o f a  singl e perforation . Havin g determine d n 
and ,  the collecto r depth , d , ca n b e foun d fro m th e expression : 

(6) 

The widt h o f th e collecto r i s determine d b y th e tota l amoun t o f energ y require d 
to dr y th e grai n withi n th e desire d dryin g duration . Th e collecto r length , o n th e 
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other hand , i s determine d b y th e velocit y o f th e ai r passin g throug h i t an d th e 
maximum ai r temperatur e require d fo r th e dryin g process . Thi s lengt h ca n b e 
estimated experimentall y o r obtaine d fro m th e solution s o f th e mathematica l 
model. 

GENERAL DESIG N CONSIDERATION S 

In orde r t o desig n a  usefu l dryer , al l th e relevan t environmenta l condition s an d 
the dryin g requirement s o f th e we t produc t mus t b e known . I n thi s wor k a n 
optimised drye r wa s specificall y designe d t o dr y maize , bu t th e metho d ca n b e 
used t o desig n dryer s fo r an y othe r products . Th e informatio n neede d includes : 

i. environmenta l dat a (insolation , win d speed , ambien t ai r temperature , 
humidity). 

ii. th e initia l an d fina l moistur e content s an d th e quantit y o f grai n t o b e 
dried. 

iii. th e require d dryin g tim e (duration ) an d an y othe r limitations , fo r example , 
the saf e maximu m dryin g ai r temperatur e fo r th e particula r product . 

The dryin g rat e o f an y produc t i s generall y limite d b y th e diffusio n proces s o f 
water fro m insid e th e materia l t o th e surface . A t th e surface , th e dryin g 
process i s define d b y th e propertie s o f mois t air . Th e relationship s o f thes e 
properties ca n b e obtaine d fro m pyschorometri c chart s fo r th e particula r 
location. 

If th e dryin g proces s wa s no t limite d b y diffusio n processes , th e tota l energ y 
required fo r dryin g a  give n quantit y o f grai n coul d b e estimate d b y usin g th e 
basic energ y balanc e equation : 

The numerato r i s the energ y require d t o evaporat e a  mas s o f water , m w a s o a s t o 
reduce th e moistur e conten t o f th e grai n fro m th e initia l moistur e content , M i 
to th e desire d fina l moistur e content , Mf , we t basis . Th e denominato r represent s 
the energ y require d pe r da y t o evaporat e th e water . Th e dail y averag e 

d, shoul d tak e int o accoun t th e require d energ y t o remov e wate r 
efficiency, 
from insid e th e grai n t o th e surface . 

(7) 

(8) 

The dryin g duratio n i n day s an d th e widt h o f th e collecto r ar e relate d b y th e 
expression: 

(9) 

The mas s o f water , m wa' ca n b e estimate d fro m th e initia l an d fina l moistur e 
contents, M i an d M f respectively : 
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If i t wer e possible t o balance thi s equation,_th e tas k o f designin g a  drye r woul d 
be ver y simpl e an d straigh t forward . Bu t an d ar e not  know n before th e 
dryer i s designed. However , ca n be calculated fro m th e estimate d value s of 
the temperature s o f ai r enterin g an d leavin g th e grai n stac k i f grai n depth , 
moisture conten t an d dryin g tim e ar e known . Brooke r e t a l (1974 ) suggeste d a 
drying equation which relates all these parameters : 

Where 9  i s th e dimensionles s ai r temperature , y  i s th e tim e uni t an d d  i s th e 
grain depth factor . Fo r moistur e ration, MR, the relationship is: 

The grai n dept h facto r an d th e actua l grai n depth , dg , ar e relate d b y th e 
expression: 

Where t n i s the period o f hal f respons e fo r th e cro p at differen t initia l moistur e 
contents and for ai r temperatures . Th e equilibrium moistur e content , M d.eg an d 
equilibrium temperature , T a.eg. a t variou s relativ e humiditie s ca n b e obtaine d 
from dat a given by Brooker et a l (1974) for various cereals. 

Since the temperatur e o f ai r reaching the grain from th e collector i s known fro m 
the collector optimisation process, i t i s possible t o select a  suitabl e temperatur e 
for th e air leaving the grain so that a  suitable grain depth can be calculated fro m 
the drying Equation (12). Henc e daily averag e drying efficiency, ca n also de 
calculated. Obviously , knowing th e grain dept h an d th e quantit y o f grai n t o b e 
dried wil l make it possible t o determine th e cro p bin area. Fo r convenience , th e 
collector widt h shoul d b e equa l t o th e sid e o f th e bi n t o whic h th e collecto r i s 
connected. 

For a  natura l convectio n dryer , i t i s necessar y t o kno w th e buoyancy-induce d 
flow an d th e pressur e hea d create d abov e th e atmospheri c pressure . Th e 
bouyancy-induced pressur e which initiates the motio n of air throug h the dryer is: 

(13) 

As air flow s throug h th e dryer , it s pressur e decrease s du e t o wal l frictio n an d 
bends in the system. Fo r an indirect crop dryer, the largest pressur e drop occurs 
inside th e grai n stack . Th e magnitud e o f thi s pressur e dro p ca n b e estimate d 
from th e expression : 

(10) 

(11) 

(12) 
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Where K  (ug) i s th e pressur e dro p pe r uni t dept h o f grai n an d i s ai r velocit y 
dependent suc h tha t an y availabl e pressur e hea d abov e th e surroundin g 
atmospheric pressure will cause air-flow throug h the grain. 

Chimney height 

Airflow throug h th e drye r ca n b e enhance d b y th e Dresenc e o f a  chimney , 
carefully designe d fo r th e purpose . Chimne y desig n mus t conside r th e balanc e 
between force s whic h produc e th e flo w agains t thos e whic h retar d th e flow. A 
chimney woul d b e usefu l i f i t create s th e Bernoull i effec t t o suc k ai r int o th e 
dryer o r i f the air insid e the chimney is warmer tha n the air outside so that ther e 
is an upwar d pressur e dro p i n th e chimney . I n th e latte r situation , th e rat e a t 
which ai r i n th e chimne y cool s dow n t o ambien t temperatur e determine s th e 
maximum heigh t o f th e chimney . Fo r example , i f th e ai r cool s down to ambien t 
air temperatur e withi n l m height , the n th e chimne y heigh t shoul d no t b e mor e 
than lm . Fo r a  rectangula r chimney , thi s maximu m chimne y heigh t ca n b e 
determined fro m th e expression : 

However, i n natura l circulatio n dryers , th e ai r leavin g th e grai n stac k i s 
generally mois t an d almos t a s col d a s ambien t air , an d s o th e presenc e o f a 
chimney ma y not  hav e an y effec t (T ai T a e). I n thi s cas e ther e i s no need t o 
have a  chimney . Thi s ha s bee n experimentall y confirme d an d therefor e th e 
dryers have been built withou t a chimney (see Figure 1). 

Design checks (steps) 

The desig n o f th e whol e drye r i s complex . Th e procedur e recommende d her e 
enables the designer t o check the scal e and likel y operatio n whe n a specifi c cro p 
is t o b e dried . I t ha s been use d whe n designing a  numbe r o f cro p dryers . Th e 
following are the steps to be taken : 

1. Determin e sola r radiatio n a t th e location , maximu m safe temperatur e fo r 
the crop , initia l and fina l moistur e conten t o f th e crop , an d th e desire d 
drying duration of a known quantity o f crop. 

2. Estimat e ai r mas s flowrat e throug h th e cro p stac k an d th e widt h o f th e 
solar ai r heate r an d the n calculat e th e require d cro p dept h usin g 
Equations 10, 11 and 12. 

3. Sinc e th e quantit y o f th e cro p i s know n an d th e cro p dept h ha s bee n 
determined, th e cross-sectiona l are a o f th e cro p bi n ca n no w b e 
determined. 

4. Determin e th e average drying efficiency usin g Equation 10. 

5. Obtai n collecto r dept h fro m th e mode l analysi s a s outline d above , 
calculate ai r velocit y throug h th e collecto r an d determin e th e collecto r 
length require d t o hea t ai r t o th e maximu m saf e temperatur e fo r th e 
crop. 

(15) 

(14) 
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6. Calculat e th e efficienc y an d widt h o f th e collector . Us e Equatio n 9  t o 
calculate th e width . I f th e calculate d widt h i s no t numericall y clos e t o 
the estimate d width , tak e th e calculate d widt h an d repea t th e procedur e 
from ste p 5. I f the calculated widt h i s within 80% of th e estimate d width , 
take th e estimated widt h and calculate ai r velocity throug h the grain. 

7. Compar e th e buoyancy-induce d pressur e an d th e pressure drop across th e 
crop stack . I f pressur e drop across th e crop i s higher tha n th e buoyancy -
induced pressure , tak e a  ne w smalle r valu e o f ai r velocit y throug h th e 
crop, obtai n a  ne w ai r mas s flowrat e throug h th e cro p an d repea t th e 
procedure fro m ste p 2 . I f pressur e dro p throug h th e grain i s much lower 
than buoyancy-induce d pressure , tak e a  ne w large r valu e o f ai r velocit y 
through th e grain , obtai n a  ne w ai r mas s flowrate  an d repea t th e 
procedure fro m ste p 2 . I f buoyancy-induce d pressur e i s slightl y highe r 
than pressur e dro p throug h th e cro p the n th e obtaine d dimension s o f th e 
dryers are wel l matched and the dryers can now be constructed . 

Two dryers wer e constructed o n the basis of theoretica l analyses outlined above . 
In each case the specification wa s to dry 90kg of shelle d maiz e fro m 20 % to 13% 
of we t weigh t i n one day. I n practice, the dryer wit h a flat plat e collectors only 
achieved a  third th e expected drying rate . Th e second drye r wit h a  multilayere d 
solar collecto r achieve d highe r temperature s bu t th e grai n dryin g duratio n wa s 
not significantly reduced . 

The result s o f theoretica l analyse s an d experience s gaine d wit h th e tw o 
experimental dryer s wer e use d t o furthe r optimis e th e design s an d t o desig n a 
suitable prototyp e sola r cro p dryer . Prototype s wer e constructe d an d installe d 
for use by farmers i n Kimalewa, Bungona and Homa Bay. 

CONSTRUCTION O F THE DRYERS 

The sola r collecto r (ai r heater) , cro p bi n an d tw o tray s wer e al l separat e unit s 
which coul d b e easil y remove d fo r repai r o r replacement . Th e sola r collector s 
were mad e o f aluminiu m sheet s painte d wit h severa l coat s o f matt-blac k paint . 
In one case the collector plate was insulated a t th e back with a sheet o f plywood . 
In general the back an d sides of th e collecto r plat e shoul d b e insulate d wit h 5  to 
10 cm thic k goo d insulatin g materia l (e g diatomite) . Th e collector s wer e the n 
covered wit h tw o sheet s o f transparen t ultra-viole t resistan t polythene , leavin g 
an air gap of abou t 5  cm between th e cove r an d th e collecto r plate . Thi s size of 
air ga p ha d bee n previously foun d t o be th e optimu m fo r thi s typ e o f ai r heater . 
For thi s ai r gap , th e heate r shoul d b e abou t l m lon g s o as t o hea t ai r t o abou t 
60°C whe n the insolation i s about 1000 W m-2. Accordin g to the Kenya Bureau of 
Standards, grain drie d fo r huma n consumptio n shoul d no t b e heate d abov e 60° C 
during drying. However , since the grain temperatur e i s generally lowe r than the 
drying air temperature , i t i s safe t o use air temperature s up to about 70°C. Thu s 
the collector length woul d generally be longer than lm but  less than 3m. 

The air heater s wer e eac h coupled t o a  crop bin whic h could tak e up to 90 kg of 
shelled we t maize . Thus , th e cro p bi n had t o hav e a  volum e o f abou t 0.1 5 m 3 

with a thin layer (less than 15 cm) of grain t o allow unidirectional natural flo w of 
warm ai r throug h th e grain . Havin g determined th e widt h o f th e sola r collecto r 
that woul d provide enough energ y fo r th e require d dryin g duration, i t wa s simple 
to mak e th e cro p bi n widt h th e sam e a s tha t o f th e collector . Grai n dept h o f 
about 10 cm was found t o produce a pressure drop of about th e sam e value as th e 
pressure difference create d b y the hot air i n the heater . 
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Like th e ai r heater , th e cro p bi n shoul d generall y b e properl y insulate d t o 
minimise excessiv e los s of hea t fro m th e dryer . Th e dryer s constructe d i n thi s 
work wer e howeve r no t insulate d sinc e th e constructio n o f insulatio n chamber s 
would make the dryers too complicated fo r a n unskilled person to construct . 

Earlier, durin g th e experimenta l stage , observation s showe d tha t th e 
temperature o f ai r insid e th e grain stack and the actual temperatur e o f th e grain 
were higher at th e bottom o f th e stack tha n at th e top . Thu s the bottom laye r o f 
the grai n drie s muc h faste r tha n th e to p layer . Fo r thi s reaso n tw o trays wer e 
constructed t o facilitat e th e remova l o f th e botto m laye r a s soo n a s maiz e ha d 
dried dow n to the require d moistur e content . Th e to p tra y woul d the n be moved 
to the bottom positio n wit h fresh we t maiz e placed a t th e top . Thi s arrangemen t 
has mad e i t possibl e t o dr y mor e maiz e pe r da y tha n wa s originally considered in 
the design . 

The ai r heater , facin g Sout h a t Kimalew a an d Bungoma an d Nort h a t Hom a Bay 
was incline d a t a n angl e o f abou t 20 ° t o th e horizontal . Thes e collecto r 
orientations ha d bee n determine d a s th e bes t fo r th e latitude s an d tim e o f th e 
year. 

The sun' s ray s pas s throug h th e transparen t cove r an d ar e absorbe d b y the blac k 
plate whic h become s ho t an d heat s th e ai r abov e it . Sinc e th e ai r heate r i s 
inclined t o th e horizontal , th e ho t air , bein g less dens e tha n th e surroundin g air , 
rises along the ai r heate r an d so air flo w throug h th e syste m i s established . Th e 
temperature o f th e ai r leavin g th e collecto r depend s o n th e lengt h o f th e 
collector; the longer th e collector th e hotte r wil l be the air a t th e collecto r exit . 
However, th e ai r temperatur e i s no t a  linea r functio n o f lengt h sinc e th e hea t 
losses increase as the temperature increases . 

COST OF THE DRYER 

Apart fro m th e transparen t collecto r cove r an d th e suppor t legs , al l othe r 
exposed part s o f th e drye r wer e mad e ou t o f expensiv e meta l sheet s (e g 
galvanised iro n sheets) . Thi s was intentionally don e to ensure the long life o f th e 
dryers. Th e dryers are therefore expensiv e at approximately  shs . 300 0 (K£ 150). 

An example o f energ y calculation s showe d tha t th e energ y require d t o dry 90kg 
of maiz e fro m 20 % to 12.5 % moisture conten t we t basi s i s about 2 4 MJ. Thi s i s 
equivalent t o 0.5 2 k g o f liqui d oi l (Calorifi c valu e =  10,400 calorie s pe r gram) . 
Thus with a burning efficiency o f 50 % and drying efficiency o f abou t 80% , about 
1.3 k g o f oi l fue l woul d b e require d an d thi s woul d cos t i n 198 5 i n Keny a £0.7 5 
sterling. Th e cos t o f th e drye r ca n therefor e b e recovere d fro m oi l saving s i n 
about 2  to 3  years i f th e drye r i s used fo r a t leas t 6  months each yea r (9 0 kg of 
maize dried ever y 3  days). Wit h mino r repairs , th e drye r woul d normall y las t a t 
least 6  years . Thi s i s a  realisti c economi c advantag e whic h indicate s tha t thi s 
type o f drye r wil l have a  vita l rol e t o pla y i n th e rura l developmen t o f farmin g 
techniques. 

CONCLUSION 

One of th e aim s of thi s wor k was to simplify th e design of an efficient sola r cro p 
dryer so that unskille d farmer s ca n construc t efficien t dryers . But , drye r desig n 
remains a  comple x tas k whic h ca n onl y be accomplished b y technically qualifie d 
people. I t i s therefor e necessar y t o trai n th e farmer s t o desig n an d construc t 
dryers while a simpler desig n approach i s being sought. 
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The acceptanc e analysi s o f th e cro p dryer s whic h hav e bee n buil t i s stil l i n 
progress. However , i t i s hope d tha t th e farmer s wil l accep t the m o n th e basi s o f 
the followin g advantages : 

1. reduce d cro p losses . 

2. safet y fro m insects , rodents , domesti c animal s an d theft . 

3. controllabl e drying . 

4. hig h qualit y produc t especiall y whe n climati c condition s mak e traditiona l 
drying metho d difficul t t o achiev e withou t sever e losses . 

5. reduce d amoun t o f labou r compare d wit h traditiona l dryin g systems . 

6. reduce d lan d are a tha n normall y require d fo r traditiona l su n drying . 
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NOMENCLATURE 

Cp =  specifi c hea t o f ai r a t constan t pressur e ( J Kg- 1 K - 1) 

G =  sola r radiatio n ( W m- 2) 

H =  vertica l heigh t (m ) 
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h =  correctiv e hea t transfe r coefficien t ( W m- 2 K - 1) 

K =  therma l conductivit y ( W m -2 K - 1) 

m =  mas s (kg ) 

m =  mas s flowrat e (k g s - 1) 

M =  pe r cen t moistur e conten t we t basi s 

n =  numbe r o f perforate d absorbin g layer s 

p =  pressur e ( N m - 2) 

Q =  hea t flux  ( W m - 2) 

T =  temperatur e (K ) 

U =  hea t los s coefficien t ( W m - 2 K - 1) 

u =  velocit y ( m s -1 ) 

x =  distanc e alon g th e collecto r (m ) 

= absorptivit y o f a  surfac e 

= emmissivit y o f a  surfac e 

= Stefa n -  Boltzman n constan t =  5.67 x  10 -8 Wm -2 K -4 

= transmissivit y o f a  materia l 

= angl e o f incidenc e (deg. ) 

= densit y (k g m ~ ) 

= efficienc y 

S =  are a pe r uni t lengt h 

Subscripts: 

a =  ai r 

c =  collector/chimne y 

d =  dryin g 

e =  exit/effectiv e 

f =  fina l 

g =  transparen t cover/grai n 
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= initial/inle t 

1 =  laye r 

o =  ambien t 

p =  plat e 

s =  sky/surroundin g 

w =  we t grain 

wa =  wate r 
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FIGURE 1: Sola r crop dryer 
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FIGURE 2: Mode l solution for a  flat  plat e collecto r 
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FIGURE 3: Multilaye r solar air heater wit h perforated absorbin g layers 
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FIGURE 4: Mode l solution for multilaye r solar air heate r 
with two perforated absorbing layers 
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IMPROV1NG MAS S FLOW RATES IN FREE CONVECTIVE DRYER S 

Malcolm J  C  C  Whitfiel d 
Department o f Mechanica l Engineering , Foura h Ba y Colleg e 

University o f Sierr a Leone , Freetown , Sierr a Leon e 

ABSTRACT 

This pape r present s th e firs t result s o f specifi c experiments , conducte d t o desig n 
a low-cos t sola r drye r fo r smal l (les s tha n 50 0 kgs ) t o mediu m (abou t 100 0 kgs ) 
scale ric e farmin g operations . Dat a characterisin g weathe r conditions , an d th e 
operation an d performanc e o f th e drye r configuration s investigated , unde r no -
load an d loa d condition s ar e presented . Mas s flow  rate s o f dryin g ai r ca n b e 
improved by : i . adequat e sizin g o f chimne y diamete r an d cabine t insulation ; ii . 
proper desig n o f th e heate d airflo w pat h leadin g t o a  bette r outpu t (drie d grain s 
per uni t time ) pe r uni t o f glazin g area ; an d iii . replacin g purchase d importe d 
elements o f th e drye r wit h comparativel y inexpensiv e bu t superio r locall y 
available materials . 

INTRODUCTION 

The spirallin g cos t o f importe d fue l an d materials , th e developmen t an d us e o f 
such dryer s ha s becom e ver y unattractive . Thi s pape r report s th e developmen t 
of a  sola r cro p drye r whic h i s bot h fre e o f th e disadvantage s o f th e traditiona l 
sun dryin g metho d an d conservativ e i n us e o f energ y an d materials . A s a  resul t 
of investigation s reporte d here , tw o prototype s wer e designed . Th e performanc e 
of thes e prototype s o n a  no-loa d an d loa d base s ar e compare d wit h controls . 

EXPERIMENTAL APPARATU S 

The sola r cro p drye r use d fo r experimentatio n i s show n schematically , i n Figur e 
1. I t consist s o f a  sola r collector , dryin g cabinet , an d chimney . Th e ai r heate r i s 
constructed fro m galvanise d stee l shee t meta l 0.1 6 c m thick , plywood , 1. 2 c m 
thick an d glazin g 0. 3 c m thick . Th e shee t metal , painte d black , act s a s th e 
absorber plate . I t i s enclosed i n a  woode n fram e heavil y insulate d wit h glasswoo l 
of 1 0 c m thickness . Th e ai r ga p betwee n th e absorbe r plat e an d glas s cove r i s 4 
cm. 

Air enter s th e collector , whic h i s incline d a t 20 ° t o th e horizontal , throug h th e 
inlet a t th e lowe r end . Heate d ai r fro m th e collecto r flow s int o th e dryin g 
cabinet throug h a  heavil y lagge d throat . 

The dryin g cabinet , mad e o f plywood , ha s a n are a o f 9 0 x  9 0 cm 2 an d heigh t o f 
70 cm. U p to thre e woode n rack s insid e i t ca n carr y slidin g tray s wit h wir e mes h 
bases fo r loadin g th e crops . Al l th e cabine t panel s ar e insulate d wit h 7. 5 c m 
thick bag s fille d wit h dr y sawdust . Ther e i s a  chimne y o f adjustabl e heigh t an d 
diameter. 

Figure 1  show s th e locatio n o f th e copper-constanta n thermocouple s insid e th e 
dryer system . Thes e ar e connecte d t o a  dat a acquisitio n syste m (deployin g a 
temperature indicator , mode l 3167 1 Therm o electric ) t o monito r th e 
temperatures. Temperatur e reading s ar e correc t t o -  0.5°C . 

The flo w rat e (m 3/s throug h th e drye r i s monitore d usin g a n acces s por t (Figur e 
1) locate d midwa y alon g th e lengt h o f th e chimney . Thi s pos t i s close d betwee n 
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readings wit h a  cork . Th e prob e o f th e anemometer , T A 40 0 b y Ai r Flow , 
measures th e flowrat e i n a  cross-sectio n coplana r wit h th e thermocoupl e 
location T 7. 

The solar radiatio n o n the plan e o f th e collecto r i s measured usin g a solarimeter 
(solar 118 , Enercorp). Humidit y i s measure d b y dr y an d we t bul b readings o f a 
sling psychrometer . A  wind anemomete r measure d win d speeds in the vicinity of 
the dryers under test . 

EXPERIMENTAL PROCEDURES 

Experiment I 

Two simila r dryer s prototype s P I an d PI I wer e subjecte d t o th e sam e weathe r 
conditions t o study the effec t th e change s i n chimney diamete r o n the mas s flo w 
rate. P I wit h chimne y diamete r 1 5 c m wa s th e contro l an d PII , positione d i n 
parallel to PI , was fitted wit h a different chimne y diameter fo r eac h test . 

Experiment II 

Two dryers (PI and PII ) identical excep t tha t P I was not insulate d wer e subjecte d 
to the same insolation levels . 

Experiment III 

Two dryers P I and PII (Figure 2 ) were exposed t o the same weathe r condition s fo r 
data acquisition . P I carried a  tra y o f useabl e volum e 8 7 c m x  5 6 c m x  1 2 cm 
mounted 22. 5 c m fro m th e cabine t floor . PI I carrie d a  simila r tra y o f useabl e 
volume 7 7 cm x  55 cm x  12 cm havin g an air-flow slo t o f cross-sectiona l are a 5 
cm x 37 cm. 

Experiment IV 

On-load dat a measurement s fo r tw o dryer s P I an d PII , eac h wit h a  tray , wer e 
compared wit h tw o control , C1  an d C2 , ai r dryin g method s unde r th e sam e 
insolation levels . Th e tra y in PI and PI I was loaded wit h rice t o a height of 6  cm. 
Control, C1 , was a  ric e be d o n th e groun d containe d b y a  woode n fram e t o a n 
area an d heigh t equivalen t t o tha t o f th e be d i n PI . Control , C2 , had th e sam e 
quantity o f rice , a s i n C1 , sprea d thinl y o n th e groun d a s i n th e traditiona l 
method. 

Freshly cu t ric e wa s weighe d an d equa l quantitie s place d i n th e dryers , PI , PII , 
C1 an d C2 . Initia l sample s wer e the n take n fo r moistur e conten t tests . 
Temperatures wer e recorde d an d sample s o f ric e wer e take n fro m th e dryer s 
during the drying period a t regula r interval s of 3 0 minutes. Th e samples use d fo r 
the moistur e conten t determinatio n wer e take n afte r mixin g th e ric e i n th e 
dryers. 

Each sampl e o f ric e wa s weighe d an d the n place d i n a n oven , maintaine d a t 
110°C, for 2 4 hours. Th e weight of th e dried ric e wa s recorded an d th e moistur e 
content o n a dry basis established . 

During al l th e experiment s th e insolatio n ( I i n W/m 2, i n th e plan e o f th e 
collector) the temperatures , and the air flo w rat e (m/s ) a t th e measuremen t por t 
7 wer e recorde d a t 3 0 minut e intervals . Th e win d speed s i n th e vicinit y o f th e 
dryers wer e also monitored regularly . 
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RESULTS AND DISCUSSIO N 

The effect o f diamete r o f chimne y on mass flow  rate s in dryers under no-loa d 

The exhaus t ai r flo w rate s (m/s ) fro m th e dryer s wer e measure d usin g th e 
measurement por t locate d a t 7 , Figur e 1 . Thes e reading s wer e transforme d int o 
corresponding mas s flo w rate s unde r th e followin g assumptions : 

a. Th e densit y o f th e ai r a t 7  i s a  functio n o f temperatur e an d 
pressure a t tha t position . 

b. Pressur e a t 7  i s approximatel y equa l t o th e ambien t pressure , th e 
length o f ductin g fro m th e outle t o f chimne y t o tha t positio n bein g 
very short . 

c. Th e outle t ai r i s dry , thu s th e densit y o f th e ai r coul d b e obtaine d 
from publishe d dat a i n th e ASHRA E Handboo k 1981 . 

d. Th e equatio n o f continuit y applies . 

Typical value s fo r th e mas s flo w rate s obtaine d fo r variou s diameter s compare d 
against th e diamete r o f 1 5 c m (Control ) fo r differen t day s (meteorologica l 
conditions) ar e show n i n Figur e 3 . Th e genera l tren d i s tha t mas s flo w rat e 
increases wit h increasin g chimne y diameter . Thi s i s consisten t wit h th e 
reasoning behin d th e glazin g o f chimney s t o promot e gain s an d inhibi t losses . A s 
the losse s continu e t o ris e wit h increasin g diameter , th e mas s flo w rat e woul d 
tend t o a  pea k valu e wher e th e chimne y losse s matc h th e gains . Afte r thi s poin t 
no furthe r gain s i n th e mas s flo w rat e shoul d b e observed . I n th e prototyp e 
understudy thi s wa s achieve d wit h a  2 4 cm diamete r chimney . 

Effect o f adde d insulation on dryer mas s flow  rate s 

The insulate d drye r (PII ) ha d a  superio r mas s flo w rat e profile , compare d t o tha t 
of P I (Figur e 4) . Insulatio n promote s th e temperatur e differenc e betwee n th e 
hot colum n (heate d airflo w withi n th e dryer ) an d th e col d ai r colum n outsid e thu s 
increasing th e mas s flo w rate . Th e onl y limitatio n t o it s applicatio n woul d b e 
costs an d th e therma l protectio n i t offer s th e heate d ai r outpu t fro m collecto r 
without exposin g th e drye r mas s flow  rat e t o th e transient s o f therma l mas s an d 
ambient meteorologica l conditions . Stabl e drye r operatio n i s a  desig n objective . 

Effect o f interna l geometry o f flow  pat h on dryer mas s flow  rat e 

The differen t interna l geometr y di d no t resul t i n significantl y differen t mas s 
flow rate s whe n no t loade d wit h rice . Whe n loaded ther e wa s a  majo r differenc e 
in ai r mas s flo w rat e dependin g o n th e interna l flo w pat h geometry . (Figur e 5) . 

For th e flow  throug h be d desig n (PI ) th e dryin g ai r fro m collecto r i s passe d 
through th e entir e mass , acros s th e surfac e o f individua l grains . Fo r th e flow -
under-and-over be d desig n (PII ) onl y th e botto m an d to p layer s o f th e ric e be d 
are expose d t o dryin g air . Moistur e transfe r fro m grai n betwee n thes e tw o 
layers woul d occu r a s a  resul t o f vapou r migratio n betwee n soli d grain s a s 
opposed t o vapou r releas e fro m grain s t o heate d ai r i n th e flo w throug h be d 
configuration. S o th e mod e o f vapou r transfe r an d flow  pat h i s differen t fo r P I 
and PII . 
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While mor e detaile d test s ar e require d t o confir m th e efficienc y o f th e tw o 
designs, i t is , howeve r possibl e t o mak e certai n broa d generalisation s fro m th e 
results, Figur e 6 . Startin g fro m th e initia l moistur e conten t o f th e freshl y 
harvested ric e th e rankin g o f th e dryer s i s CII , CI , P I and PI I i n tha t order . A t n o 
insolation, e g overnight , th e ric e absorb s moisture . Th e change s i n moistur e 
content ar e no t smoot h bu t ther e i s a n overal l decreas e i n th e leve l o f thi s 
parameter wit h time , i n agreemen t wit h wor k alread y reporte d b y Bassey (1982) . 

Significance o f win d measurement s 

Meaningful reading s o f win d spee d coul d no t b e obtaine d a s an y prevailin g win d 
regime wa s ver y changeabl e -  win d gust s o f betwee n 1- 3 m/ s onl y laste d fo r a 
few secon d an d wer e fe w an d fa r apart . It s effec t i s expected , however , t o b e 
twofold: 

a. promot e improv e flo w rate s whe n drye r i s substantiall y aligne d i n 
its direction ; 

b. encourag e hea t losse s fro m th e dryer . I t i s note d tha t th e result s 
of thi s win d effec t ca n b e uncomplementary . 

CONCLUSIONS 

1. Th e analysi s o f performanc e o f dryer s i s quit e complex . A n averagin g 
technique relatin g th e averag e value s o f insolation , heate d ai r mas s flo w 
rate, temperatur e etc . i s neede d a s a  simpl e too l t o analys e th e 
interacting variable s relatin g th e drye r syste m t o it s loa d (dryin g rice) . 
This woul d "iro n out " th e proble m o f induce d irregularitie s du e t o therma l 
mass (insulation ) an d ambien t meteorologica l conditions . 

2. I t i s unrealisti c t o compar e th e traditiona l metho d o f dryin g ric e o n a 
virtually unlimite d are a t o othe r method s deployin g a  limite d area . Whe n 
drying are a become s a  premiu m an d alternative s (wit h superio r therma l 
properties) t o importe d purchase d material s ar e availabl e th e capita l cos t 
involved i n drye r desig n an d constructio n ca n b e drasticall y reduce d t o 
match ope n ai r dryin g o n a  limite d area . Th e resul t presente d suggeste d 
this wher e i t i s difficul t t o separat e PI , PI I an d C1  i n term s o f 
performance. 

3. Thre e evidentl y chea p way s o f improvin g dryin g ai r mas s flo w rate s i n 
free convectiv e dryer s ca n b e identified : 

a. Optimisin g chimne y diamete r -  th e result s o f Experimen t I . 

b. Adde d insulatio n b y switchin g ove r t o cheape r locall y availabl e 
materials wit h bette r propertie s e g mudbricks , cla y brick s an d 
mortar fo r constructio n o f dryin g cabinet . 

c. Reducin g th e resistanc e t o dryin g ai r flo w b y redesignin g flo w 
path. 

RECOMMENDATION 

Research mus t b e directe d toward s bette r an d firme r contro l o f drye r 
performance (dryin g ai r mas s flo w rat e an d temperature) . Th e us e o f simpl e 
shutters t o contro l th e ai r inflow s an d exhaus t shoul d b e explored . 
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FIGURE 1 : Diagra m o f d r y e r showin g g e n e r a l f e a t u r e s an d l o c a t i o n o f m e a s u r e m e n t s 



- 3 9 -

FIGURE 2: Diagra m showing internal geometry of P I & PII under load 
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FIGURE 3: Effec t o f chimney diameter on mass flow 
rates through dryer under no-load 
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FIGURE 4: Effec t o f insulating dryer cabine t on mass flow rate s 
for no-load condition 



FIGURE 5: Compariso n of mas s flow rates  for flow "through-bed" 
versus "flow-over-and-under bed " for loaded condition 
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FIGURE 6: Dryin g curves for variou s conditions using rice 
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DEVELOPMENT OF A MULTICRO P SOLAR DRYE R FO R SMALL HOLDER S 

Y K L Y u Wa i Ma n an d R  T Won g Too Yue n 
University o f Mauritiu s 

ABSTRACT 

This pape r describe s th e developmen t o f a  sola r cro p drye r whic h wil l mee t mos t 
of th e requirement s o f th e smal l holder . Hea t storag e ca n als o b e incorporate d 
if necessary . I t i s chea p an d use s locall y availabl e materials . Th e drye r i s 
designed t o operat e effectivel y throughou t th e yea r i n changin g climati c 
conditions an d i s suitabl e fo r dryin g a  rang e o f crop s includin g unshelle d maize , 
red chillis , rice , groundnuts , ginger , turmeric , onions , garli c an d variou s fruits . 

INTRODUCTION 

The Governmen t o f Mauritiu s ha s se t ou t productio n objective s fo r a  numbe r o f 
crops i n a  polic y o f self-relianc e (Tabl e 1) . Al l wil l nee d t o b e drie d an d stored . 
Some crop s ar e onl y harveste d a t particula r period s o f th e year , bu t th e harves t 
times o f al l thes e crop s i s spread throughou t th e yea r (Tabl e 1) . 

Large scal e producer s wil l normall y us e industria l dryin g processes . Th e 120 0 
small holder s wh o wil l b e calle d upo n t o contribut e thei r share , wil l no t b e abl e 
to affor d suc h processes . Mos t smal l holder s far m onl y on e fift h o f a  hectar e 
and cultivat e severa l crops . The y ar e scattere d widel y accros s th e island , an d i t 
is uneconomica l an d impractica l t o sen d thei r produc e t o a  centra l dryer . I t is , 
however, feasibl e fo r smal l holder s i n a  particula r are a t o for m cooperative s o r 
associations. 

Sun-drying i s currentl y th e onl y practica l approac h fo r smal l holders . Bu t ther e 
are severa l drawbacks , includin g th e inabilit y t o achiev e th e recommende d 
maximum saf e moistur e content . Fo r example , su n drie d maiz e ca n onl y reac h a 
minimum o f 14 % moistur e an d necessitate s furthe r artificia l dryin g t o 12 % a t 
the rat e o f M R 10 0 pe r tonne . 

This pape r therefor e describe s th e developmen t o f a  sola r drye r suitabl e fo r th e 
needs o f smal l holder s an d whic h ca n b e use d t o dr y al l thes e crop s an d utilise d 
throughout th e yea r i n Mauritius . 

DESIGN AND CONSTRUCTION O F AN EXPERIMENTAL PROTOTYP E DRYE R 

The desig n o f th e experimenta l prototyp e drye r wa s simila r t o th e on e develope d 
by Exel l (1980 ) fo r ric e dryin g a t th e Asia n Institut e o f Technology , Bangkok . 
However differen t material s wer e used . A  sketch o f th e drye r i s show n i n Figur e 
1. Th e drye r wa s mounte d o n 20 0 m m concret e blocks , whic h i n tur n stoo d o n a 
platform o f concret e cemen t 5 0 m m thick . Th e platfor m an d concret e block s 
enclosed a n insulatin g laye r o f ai r betwee n th e collecto r plat e an d ground . 

The sola r absorbe r wa s mad e o f 2 2 gaug e plai n galvanise d meta l sheet s coate d 
with mat t blac k painte . I t ha d a  collectio n are a o f 2 3 m 2. I t wa s fixe d an d 
supported b y a  horizonta l framewor k o f mil d stee l bars . Sixtee n clea r windo w 
glass pane s (1. 2 m  x  0.9 5 m  x  4  mm ) fitte d t o a  mil d stee l structur e incline d a t 
an angl e o f approximatel y 20 ° fro m th e horizonta l forme d th e cove r o f th e 
collector system . Th e join t betwee n th e windo w fram e an d glas s pane s wa s 
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sealed wit h meta l putty . Th e inle t ven t (4. 8 m  x 0. 1 m ) wa s a t th e botto m o f th e 
collector. 

The dryin g chambe r house d fou r meta l tray s (1. 2 m  x  1. 0 m  x  0. 3 m ) wit h a 
bottom o f fin e galvanise d wir e mesh . Th e side s wer e mad e o f a  doubl e laye r o f 
galvanised shee t meta l an d painte d black . Tw o meta l door s provide d fo r th e 
drying chambe r wer e insulate d wit h bitume n painte d particl e board . Th e 
chimney (0. 2 m  x  0.2 6 m  an d heigh t 1  m ) wa s mad e o f shee t meta l an d painte d 
black. 

Initial dryin g test s wer e carrie d ou t b y natura l convection , bu t late r th e drye r 
incorporated a  force d ventilatin g syste m provide d b y a  centrifuga l fan . Th e fa n 
was powere d b y a  12 0 watt , 240 V and 90 0 rp m moto r capabl e o f displacin g 2 5 m 3 

of ai r pe r minute . T o obtai n a  unifor m ai r flo w ove r a  sola r collecto r tw o shee t 
metal baffle s wer e installe d insid e a  plenu m o f cross-sectiona l area , 0.02 5 m 2 

(380 m m x  6 5 mm) . 

RESULTS AND  DISCUSSIONS OF EXPERIMENTA L PROTOTYP E 

Performance o f sola r collecto r 

Design studie s o n variou s type s o f sola r ai r heater s hav e bee n reporte d (Buelow , 
1961; Clos e 1963 ; Whillie r 1964 ; Bevi l an d Brand t 1968 ; an d Nile s e t al . 1978) . 
However, a  simpl e metho d o f calculatin g collecto r efficienc y i s t o tak e th e rati o 
of th e ne t rat e o f usefu l hea t energ y collecte d pe r uni t are a t o th e amoun t o f 
solar insolation : 

When empt y th e temperatur e ris e o f th e dryin g chambe r an d absorbe r plat e wer e 
respectively 35° C an d 40°C , an d th e relativ e humidit y wa s reduce d b y abou t 45 % 
below tha t o f ambien t air . Th e averag e ai r velocit y throug h th e dryin g be d wa s 
0.025 ms - 1 . Calculate d sola r collecto r efficiency , usin g th e abov e equation , 
showed tha t i t varie d fro m a  minimu m o f 34 % to a  maximu m o f 40% . 

where: =  collecto r efficiency ; =  useful hea t collected , K J h r _ 1 ; 
A =  are a o f collecto r absorber , m  ;  an d I  =  tota l insolatio n norma l t o th e 
collector, K J hr -1 m - 2 . 

By measurin g th e outle t collecto r temperatur e an d ambien t ai r inle t 
temperature, th e usefu l hea t outpu t pe r uni t are a o f collecto r i s obtained from : 

Qu =  G C p ( T o - T a ) 

where: G  = mass flow rat e o f air per uni t area o f collector surface , k g hr -1 

m-2; C p =  specific hea t o f air , K J kg -1 °C -1; T 0 =  air temperatur e leavin g 
collector °C ; and Ta =  ambient ai r temperature , °C . 

Efficiency i s therefore : 
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Performance o f drye r 

Dryer operatin g b y b y natura l convectio n 

Several dryin g test s o n batche s o f maiz e cob s an d groundnut s weighin g fro m 10 0 
kg t o 25 0 k g wer e carrie d ou t an d th e result s showe d a  temperatur e ris e o f 30° C 
and a  dryin g tim e averagin g 6  days . Th e moistur e conten t o f bot h maiz e an d 
groundnuts wa s reduce d b y 32 % an d 38 % respectivel y t o thei r require d storag e 
values o f 12 % and 9% . 

Drying curve s ( A an d B  i n Figur e 2 ) sho w tha t afte r a n initiall y hig h rat e o f 
drying, los s o f moistur e becam e progressivel y slowe r an d the n increase d a t th e 
final stag e o f drying . A  simple explanatio n o f thi s dryin g patter n i s tha t initiall y 
moisture a t th e surfac e o f th e grai n wa s muc h easie r t o remov e an d a s moistur e 
from th e interio r o f th e grai n move d t o th e surfac e th e proces s becam e slower . 
During th e fina l stag e mos t o f th e moistur e wil l hav e reache d th e surfac e wher e 
its remova l wa s faster . 

Drying rat e i s dependen t upo n bot h th e rat e o f ai r flow  ove r th e grai n an d th e 
temperature o f th e grain . Althoug h hig h ai r temperature s wer e easil y attaine d 
inside th e dryin g chambe r th e ai r flo w wa s relativel y slow . Thi s explain s th e 
rather lon g perio d neede d t o complet e drying . 

Dryer unde r force d ventilatio n 

Drying test s carrie d o n maiz e cob s indicate d tha t unde r force d ventilatio n ther e 
was a  temperatur e ris e o f 25° C an d an d th e dryin g tim e wa s reduce d a t leas t 
50%. Curv e C  i f Figur e 2  shows th e dryin g pattern . Fo r th e firs t fe w hour s th e 
moisture conten t droppe d b y mor e tha n 7% , an d thi s represente d a t leas t 50 % o f 
the moistur e t o b e removed . Fo r th e nex t eigh t hour s dryin g wa s partl y affecte d 
by overcas t period s an d th e moistur e conten t wa s reduce d b y onl y 2% . I n th e 
final stag e o f dryin g seve n hour s wer e require d t o achiev e th e 12 % moistur e 
content. 

The maiz e trial s wer e carrie d ou t i n summer . Trial s o n ric e wer e als o conducte d 
in winter . Th e highes t temperatur e ris e recorde d insid e th e drye r chambe r wa s 
20°C. Curv e D  i n Figur e 2  i s th e dryin g patter n fo r on e o f thes e trials . B y th e 
third da y th e moistur e conten t ha d droppe d fro m 30 % t o belo w th e 14 % require d 
level. 

System efficienc y 

The syste m efficienc y ca n b e calculate d usin g th e followin g formul a 

where W  = weigh t o f moistur e evaporated , kg ; L  =  laten t hea t evaporatio n o f 
water, K J kg - 1 ; I s =  insolatio n o n collecto r surface , K J hr - 1 m - 2 ; an d A  = 
Collector area , m 2. 

The result s obtaine d fro m th e dryin g experiment s showe d tha t wit h th e drye r 
operating o n natura l convectio n th e syste m efficienc y range d fro m 7 % t o 14% . 
When force d convectio n wa s employe d a  highe r valu e varyin g fro m 11 % to 18 % 
was obtained . 
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Economies 

The constructio n cos t o f th e prototyp e drye r wa s abou t M R 15,50 0 (value d a t 
1981) wit h maintenanc e cost s o f M R 20 0 pe r year . Maintenanc e include s 
cleaning o f th e glas s panes , th e interio r o f th e dryin g chambe r an d th e sola r 
absorber t o ensur e maximu m operatin g efficienc y an d repaintin g ever y fou r 
years. 

Table 2  gives th e annua l operatin g cos t calculate d o n th e drye r operatin g fo r si x 
months. I t i s assume d tha t th e drye r woul d las t fo r 1 5 years . A  10 % charg e fo r 
interest o n capita l investmen t i s allowe d t o cove r financin g costs . Th e electrica l 
energy require d t o powe r th e fa n i s evaluate d a s 1  Kw h pe r da y o f operatio n a t 
the rat e o f M R 1.4 0 pe r Kwh . 

The cos t o f dryin g maiz e i n a n industria l fue l powere d drye r i s M R 5 0 pe r tonn e 
for ever y pe r cen t moistur e conten t abov e 12% . I f th e averag e moistur e conten t 
of crop s sen t fo r dryin g i s 22% , the n th e charg e i s M R 50 0 pe r tonne . Tabl e 3  is 
the cos t benefi t analysi s fo r maiz e dryin g fo r differen t length s o f tim e o f 
operation annuall y whe n a n averag e o f 4  day s i s take n t o b e th e dryin g tim e fo r 
400 k g o f maize . 

The investmen t cos t coul d b e covere d fro m jus t ove r a  yea r t o abou t 4  year s 
depending o n th e perio d o f utilisatio n o f th e dryer . I n vie w o f th e relativel y hig h 
investment cost , smal l holder s ma y fin d i t advantageou s t o joi n themselve s i n 
cooperatives o r association s t o benefi t fro m suc h a  dryer . 

DEVELOPMENT OF AW IMPROVED PROTOTYP E 

Slope o f collecto r 

It ca n b e see n fro m Tabl e 4  tha t th e slop e o f th e collecto r ha s t o b e varie d 
constantly fro m -3 ° t o 43 ° throug h th e yea r i n orde r t o ge t th e maximu m 
insolation. Fo r fou r summe r month s th e optimu m angl e i s aroun d 1 o an d fo r th e 
four winte r month s abou t 39° . Onl y 2  months , namel y Marc h an d September , 
require th e averag e angl e o f 20° . 

Since a  multicro p drye r wil l b e use d throughou t th e yea r an d a  fixe d collecto r i s 
always preferable , th e bes t angl e ha s t o b e selected . I t mus t b e note d tha t an y 
inclination pu t o n th e collecto r wil l normall y resul t i n a  talle r an d therefor e les s 
practical an d economica l upwar d flo w dryer , unles s som e excavatio n i s mad e 
and/or a  slopin g sit e i s available . Als o th e talle r th e dryer , th e mor e vulnerabl e 
it i s t o cyclones . 

If th e averag e angl e o f 20 ° i s use d o n a  5  m  lon g collector , th e dryin g chambe r 
will hav e t o b e raise d 1. 7 m  abov e ground . An d t o b e practica l thi s drye r wil l 
need extr a accessorie s lik e a  platfor m an d staircases . Thi s woul d increas e 
further th e alread y highe r cos t o f a  talle r dryer . A t thi s angl e ther e wil l b e a 
decrease o f 6 % i n insolatio n i n bot h summe r an d winte r i e durin g 8  months o f th e 
year. An y advantage s associate d wit h suc h a n angl e i s therefore no t apparent . 

In winte r th e insolatio n i s lowest , an d i n addition , th e ai r temperature , humidit y 
and clou d cove r ar e a t thei r leas t favourable . I t i s therefor e mos t importan t t o 
use th e optimu m slop e o f 39 ° durin g thi s period , especiall y i f Ma y throug h 
August ar e th e majo r dryin g months . I n thi s case , ther e wil l b e a  los s fro m 
optimum o f 23 % i n th e summe r months , althoug h th e los s ca n b e offse t b y th e 



- 4 9 -

higher summe r insolatio n an d les s sever e climati c conditions . Suc h a  collecto r 
slope wil l resul t i n a n extremel y tal l drye r wit h al l it s disadvantages . Howeve r a 
more practica l an d les s expensiv e downwar d flo w drye r (Figur e 3 ) can b e used . 

A horizonta l collector , o n th e othe r hand , offer s th e lowes t cos t an d i s mos t 
practical. Althoug h o n averag e i t bear s a  reductio n o f 6 % insolatio n throughou t 
the yea r an d 23 % i n winter , n o reductio n a t al l wil l occu r i n th e fou r summe r 
months. In  an y event , th e decreas e i n insolatio n ca n b e mad e u p b y increasin g 
relatively th e surfac e are a o f th e horizonta l collector . A n enlarge d collecto r t o 
meet th e requirement s o f th e winte r month s wil l o f cours e resul t i n a n over -
design fo r al l th e othe r months . I t mus t als o b e adde d tha t th e glas s cover , 
which i s ofte n paralle l t o th e collecto r surface , wil l als o caus e som e losse s b y 
reflection i n winter . Therefor e enlargemen t o f th e horizonta l collecto r mus t 
also b e considere d t o mak e u p fo r th e loss . 

Thus, fo r a  multicro p drye r t o b e use d throughou t th e year , unles s th e sit e 
exceptionally lend s itsel f t o a  slopin g collector , a n enlarge d horizonta l on e 
should b e preferred . 

Optimisation o f throughpu t 

Most crop s tak e severa l day s t o dr y t o th e appropriat e moistur e content , eve n i n 
the bes t conditions . Thi s mean s tha t a  drye r wil l normall y remai n loade d wit h 
the sam e produc t fo r a  numbe r o f day s unti l dryin g i s over . Thi s wil l mak e th e 
drying proces s costl y fo r a  numbe r o f reasons . 

Firstly, eac h da y th e cro p harveste d ha s t o b e loade d i n a  separat e drye r o r se t 
of dryers ; thu s severa l unit s wil l b e neede d fo r on e crop , a s th e numbe r o f unit s 
needed wil l b e equa l t o th e numbe r o f day s o f drying . Further , i f th e dryin g i s 
shortened b y favourabl e conditions , n o advantag e ca n b e take n o f it . Bu t i f 
conditions becom e unfavourable , th e harves t schedul e wil l b e upset . Secondly , 
the drye r o r se t o f dryer s mus t b e enoug h t o hol d th e dail y harvest . Anythin g 
bigger o r smalle r wil l no t b e suitable . Als o i t implie s tha t onc e decided , th e 
volume harveste d itsel f canno t b e increased . 

The proble m ca n b e overcom e i f th e norma l pick-u p efficienc y o f 30 % ca n b e 
improved t o a s clos e a s possibl e t o 100% . Suc h a  hig h performanc e ca n b e 
achieved wit h a  tie r o f trays . Th e ai r leavin g a  norma l drye r i s stil l fairl y dr y 
and ca n b e utilise d again . Thi s principl e wa s use d t o develo p th e ne w dryer . 

Each se t o f on e o r mor e tray s i n th e tie r shoul d hav e a  capacit y t o contai n th e 
whole dail y harvest , an d therefor e th e numbe r o f set s require d wil l equa l th e 
number o f dryin g days . Thu s a t an y give n tim e al l th e tray s wil l b e full y loaded . 
Where th e capacit y o f th e se t ca n onl y contai n a  fractio n o f th e dail y harvest , 
the numbe r o f dryer s mus t b e increase d accordingly . 

The capacit y o f th e se t o f tray s i n fac t wil l b e limite d b y th e outgoin g relativ e 
humidity o f ai r whic h shoul d no t excee d th e wate r activity . Fo r som e products , 
a relativ e humidit y o f almos t 100 % leavin g th e dryin g chambe r ca n b e tolerated . 
Once th e moistur e absorptio n isother m i s known , a  simpl e laborator y experimen t 
using th e inle t ai r condition s ca n b e performe d t o determin e th e optimu m tota l 
bed thicknes s an d therefor e th e individua l tra y thicknes s an d it s capacity . 

Initially th e fres h produc t i s loade d i n th e las t se t o f tray s a t th e outle t o f th e 
drying chamber , an d everyda y followin g i t wil l b e move d on e ste p forwar d t o th e 
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inlet unti l th e require d numbe r o f dryin g day s ha s bee n reached . The n th e se t o f 
trays containin g th e adequatel y drie d produc t i s removed fro m th e botto m o f th e 
tier (fo r a n upwar d flo w dryer) , unloaded , refille d wit h fres h produc t an d pu t 
back o n th e to p an d th e whol e cycl e repeated . I n thes e conditions , th e dail y 
throughput o f th e drye r o r se t o f dryer s wil l mee t th e deman d o f th e dail y 
harvest. 

The numbe r o f tray s i n th e tie r ca n b e increase d o r decrease d dependin g o n th e 
drying condition s an d th e expecte d harvest . 

Heat storage 

As th e ambien t temperatur e fall s a t night , th e relativ e humidit y o f th e ai r 
increases. Whe n i t ha s reache d th e wate r activit y level , absorptio n o f moistur e 
in th e produc t wil l occur . However , i f th e drye r i s kep t airtigh t a t night , onl y 
minimal absorptio n o f moistur e fro m th e enclose d ai r wil l occur . 

More important , microbia l activit y wil l star t abov e certai n wate r activitie s an d 
thus spoi l th e product . Fo r exampl e abov e a  wate r activit y o f 0.8 0 mold s wil l 
start t o grow . I t ma y therefor e b e essentia l fo r certai n product s whe n dryin g 
takes mor e tha n a  day , t o maintai n a  relativ e humidit y o f th e ai r belo w 80 % b y 
preventing th e temperatur e t o fal l to o much . Thi s ca n b e achieve d b y 
maintaining th e drye r airtigh t afte r sunse t an d switchin g o n a  supplementar y 
artificial heater . Th e heater , presentin g a  numbe r o f drawbacks , ca n b e avoide d 
altogether i f a  hea t storag e syste m ca n b e incorporate d i n th e dryer . 

A collecto r surfac e ,  havin g a  hig h therma l inertia , serve s a s a  hea t stor e bu t 
unfortunately onl y durin g shor t cloud y period . T o b e usefu l th e hea t mus t b e 
stored belo w th e dryin g chambe r an d i n sufficien t quantitie s t o maintai n th e 
warmth o f enclose d ai r throughou t th e night . 

An assembl y o f blackene d concret e unit s (Figur e 4 ) wil l serv e th e purpose : 
concrete ha s a  hig h therma l inertia . Th e unit s mus t b e streamline d t o minimis e 
the rat e o f hea t absorptio n an d t o decreas e th e pressur e dro p an d therefor e th e 
need t o us e a  mor e powerfu l fan . 

The downwar d flow  drye r (Figur e 3 ) ca n als o b e adapte d t o provid e a  hea t 
storage system . Sinc e th e storag e materia l i s unde r an d therefor e afte r th e 
drying chamber , i t i s th e wast e hea t whic h i s utilised . Therefore , a s oppose d t o 
the upwar d flo w dryer , i t i s a  hig h rat e o f hea t absorptio n whic h i s desired . Fo r 
this purpose , properl y arrange d blackene d basal t boulder s offerin g minima l 
pressure dro p ca n b e used . Th e result s obtaine d wit h a  prototyp e ar e show n i n 
Figure 5 . 

A suitable multicro p drye r 

Figure 6  show s diagrammaticall y th e feature s o f a  multipl e cro p drye r suitabl e 
for smal l holders . Th e glas s cover s ar e slightl y incline d (1 % gradient) t o enabl e 
rainwater outsid e a s wel l a s condensatio n wate r insid e t o ru n off . Otherwis e a 
glass cove r paralle l t o th e collecto r wil l resul t i n a  bette r hea t transfe r 
coefficient. Th e sam e stee l framewor k an d galvanise d iro n sheet s ca n b e use d 
but th e investmen t cos t wil l b e lowe r tha n tha t o f th e experimenta l prototype . 
Other cheape r substitut e material s ca n b e use d t o cu t dow n th e cos t stil l more . 
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When crop s lik e unshelle d maiz e ar e t o b e drie d onl y th e tw o incline d tray s ar e 
used. Th e cove r o f th e dryin g chambe r i s firs t opene d the n th e uppe r tra y i s 
removed an d th e botto m tra y filled . The n th e uppe r tra y i s replace d an d fille d i n 
its turn . Whe n dryin g i s ove r th e door s ca n b e opene d an d th e crop s wil l 
immediately fal l int o th e awaitin g baskets . I n certai n cases , onl y th e botto m 
tray nee d b e used . 

If crop s lik e chilli s o r slice d frui t ar e t o b e dried , onl y th e horizonta l tray s ar e 
used. I n thi s cas e loadin g i s don e b y openin g door s o f th e dryin g chambe r an d 
sliding i n th e trays . Thes e shoul d fi t exactl y on e o n to p o f th e othe r t o ensur e 
that ai r goe s throug h th e bed s only . 

For crop s whic h ca n tolerat e direc t dryin g additiona l dryin g ca n b e obtaine d 
from th e glas s cove r o f th e dryin g chamber . Otherwis e screenin g ou t wit h a 
piece o f cardboar d wil l b e necessary . 
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TABLE 1: Productio n objectives i n the self-reliance polic y 
and harvest time s for key crops 

Crop Productio n Harves t time s 
objectives 198 7 Summe r Winte r 

(Tonnes) 
Nov De c Ja n Fe b Ma r Ap r Ma y Ju n Ju l Au g Se p Oc t 

Maize 15,00 0 X X X 
Groundnuts 250 0 X 
Garlic 45 0 
Turmeric 23 0 X  X  X 
Ginger 200 0 X 
Onions 430 0 

Beans & Peas 160 0 
Rice 600 0 
Coffee 8 0 
Chillies 22 5 X X X 

X 

X 
X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 
X 
X 

X 

X 

X 

X 
X 
X 
X 
X 

X 

X 

X X 
X X  X 
X X  X 
X X  X 
X X  X 

X X  X 

(Source: Whit e Pape r o n Agricultural Diversification , Governmen t o f Mauritius ) 

TABLE 2 : Maintenanc e ite m 

Maintenance ite m Cost/yea r 
MR 

Depreciation o f drye r 68 7 
Interest o n capital investmen t 155 0 
Annual maintenanc e cos t 20 6 
Electricity fo r 6 months 25 2 

Total annua l cos t 2695 
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TABLE 3 : Cos t benefi t analysi s o f sola r drye r 

Period o f 
utilisation 
(Months) 

4 
6 

12 

Annual 
operating 
cost (MR ) 

2611 
2695 
2947 

Returns 
(MR) 

6000 
9000 

18,000 

Profit 
(MR) 

3389 
6305 

15,053 

Payback 
period 
(Years) 

4.57 
2.46 
1.03 

TABLE 4 : Monthl y variatio n o f optimu m slop e angl e (facin g north ) 

Day o f Mont h Optimum Slop e Angl e 

14 Novembe r 
10 Decembe r 
17 Januar y 
16 Februar y 

SUMMER AVERAG E 

1 
-3 
-1 
7 

1 

15 Ma y 
11 Jun e 
17 Jul y 
16 Augus t 

WINTER AVERAG E 

39 
43 
41 
33 

39 

16 Marc h 
15 Apri l 
15 Septembe r 
15 Octobe r 

18 
29 
22 
10 

AVERAGE 20 
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FIGURE la : An experimental prototyp e 

Scale 1:50 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

T-section mil d stee l 
Sheet meta l structur e 
Glass pane s 4  mm thick 
Doors 
Chimney 
Trays 
Mild stee l bar s 
Thermocouples 
Fan 
Plenum chambe r 

Figure lb : An experimental prototyp e 



- 5 5 -

FIGURE 2: Dryin g curves (A) and (B) for maiz e and ground nuts, 
both under natural convection ; 

(C) and (D) for maiz e and rice, both under forced convectio n 
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FIGURE 3: Downwar d flow dryer with heat storag e 

FIGURE 4: Upwar d flow dryer with heat storag e 
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FIGURE 5a: Temperatur e wit h heat storage in downward flow  drye r 

FIGURE 5b: Temperatur e withou t hea t storage in downward flow  drye r 
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FIGURE 6a: A  suitable multicrop dryer 
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FIGURE 6b : Sectio n AA'  o f multicro p drye r 
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SOLAR DRYIN G O F TIMBER IN LIBERIA: DETERMINATIO N O F 
THE EFFICIENCY OF AN EXPERIMENTAL SOLAR DRYER BASE D ON 

TEMPERATURE MEASUREMENT S 

Isaac K  A Okoh, Assistan t Professo r o f Woo d Physic s an d 
Eric Eastman , Assistan t Professo r o f Agricultur e Engineering , 

College o f Agricultur e an d Forestry , Universit y o f Liberia , 
Monrovia, Liberi a 

ABSTRACT 

An experimenta l sola r drye r designe d an d constructe d a t th e Fores t Product s 
Research Laborator y o f th e Universit y o f Liberi a i s described . Th e drye r ha s a 
flat plat e sola r collecto r wit h transparen t eas t an d wes t facin g walls . Th e 
collector sectio n an d th e dryin g chambe r ar e a  singl e structure . Drye r 
temperatures an d ambien t temperature s ar e presente d fo r th e hour s o f 7:0 0 a m 
through 7:0 0 p m fo r typica l sunn y an d cloud y days . Result s fo r sunn y day s wer e 
used t o estimat e th e efficienc y o f th e sola r dryer . I t wa s calculate d that , o n 
average, i n thi s sola r drye r i t woul d tak e abou t 2 8 day s t o dr y 8  m 3 o f woo d o f 
0.5 specifi c gravit y fro m 55 % to 15 % moisture content . 

INTRODUCTION 

Traditionally, woo d i s drie d b y stackin g lumbe r i n a n ope n yard . Thi s i s ver y 
inefficient i n term s o f dryin g tim e an d qualit y o f th e drie d product . 
Conventional dr y kilns , powere d b y petroleum-base d fuel s o r othe r fuels , ar e 
very efficien t bu t ar e expensiv e t o instal l an d operate . Sola r dryin g ca n offe r a n 
alternative t o bot h ai r dryin g an d conventiona l kil n drying . I t i s mor e efficien t 
than ai r dryin g an d les s expensiv e tha n kil n drying . 

Two basi c type s o f sola r kil n design s hav e bee n develope d an d used . I n th e first , 
the sola r energ y collecto r portio n an d th e dryin g chambe r ar e combine d int o a 
single unit . A n alternativ e desig n ha s th e collecto r an d th e dryin g chambe r a s 
separate units . Bot h design s hav e advantage s an d disadvantages . Th e combine d 
system ha s a  majo r advantag e o f bein g simpl e an d relativel y inexpensive . Th e 
major advantag e o f th e separat e syste m i s tha t th e collecto r are a an d 
orientation i s usuall y fre e fro m th e constraint s impose d b y th e geometr y o f th e 
drying chamber . Thus , th e collecto r coul d b e mad e larg e enoug h t o optimis e 
heat outpu t an d th e dryin g chambe r coul d b e heavil y insulate d t o reduc e losses . 

The purpos e o f thi s stud y wa s t o desig n an d construc t a n experimenta l sola r woo d 
dryer t o asses s sola r dryin g possibilitie s i n Liberia . 

Energy analysi s o f sola r drying proces s 

In a  typica l sola r dryer , sola r radiatio n i s collecte d t o provid e energ y i n th e 
drying chambe r tha t ma y b e converte d int o usefu l wor k fo r drying . A  simplifie d 
energy equatio n ma y b e stated as : 

U =  E  +  L  (1 ) 

where U  i s th e tota l energ y inpu t int o th e system ; E  i s th e amoun t o f energ y 
available fo r th e dryin g process ; L  i s th e tota l energ y los s fro m th e system . 
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In the cas e o f a  solar dryer , th e tota l energy , U , i s mad e u p o f th e sola r energ y 
derived fro m th e tota l radiatio n reachin g th e sola r collector , th e indirec t 
radiation receive d fro m surroundin g groun d an d objects , an d radiatio n du e t o 
back reflections betwee n th e collector plat e and the solar screen . 

The amount of energy available fo r th e drying process, E, is given by: 

where: H v i s the hea t o f vapourisatio n o f wate r (cals/g) ; and W r i s the weigh t of 
water remove d from th e wood (kg). 

The heat losses , L, are mad e up of 

L =  s  +  r  +  v  +  q  (5 ) 

where: s i s the unavailabl e energ y du e t o absorption b y the sola r screen ; r  i s th e 
energy reflecte d b y th e sola r screen ; v  i s th e energ y los s throug h ventilation ; 
and q  i s th e energ y los s throug h th e wall , roo f an d floo r o f th e kil n b y bot h 
conduction, and conductive-convective mechanisms . 

Thus fo r a  given quantity o f lumbe r bein g dried i n a sola r dryer , th e energ y tha t 
will b e use d fo r th e dryin g process , E , wil l depen d mainl y o n th e differenc e 
between th e operatin g temperatur e o f th e drye r an d th e correspondin g outdoo r 
temperature a t an y given time . Th e efficiency o f a  solar dryer i s determined by 
what fractio n o f th e tota l inpu t energ y i s made available fo r th e dryin g process . 
However, th e valu e of E  in equation 1  is almost constan t fo r a  given dryer design 
and kiln load. I t i s possible, however , t o design a  sola r drye r whic h i s capable of 
absorbing a  greate r amoun t o f inpu t energy , U , and reducin g th e hea t losses , L, 
in which case the energy that wil l be made available fo r dryin g will be increased . 

THE EXPERIMENTAL SOLAR DRYER 

The sola r drye r buil t a t th e Fendel l Campu s o f th e Universit y o f Liberia , i s a 
wooden fram e wit h a  3/ 8 inc h plywoo d interio r wall . Th e exterio r wal l i s mad e 
of 2 6 gauge galvanised iro n sheets. Th e dryer ha s the followin g dimensions: 

E =  H 1 +  H 2 +  H 3 (2) 

H1 i s the energy required t o heat th e wood substance an d i s given by: 

H l
 =  W tCw

 ( Td -T a
) (3) 

where: W t i s the tota l weigh t o f th e we t woo d (kg) ; Cw i s th e specifi c hea t o f 
wet woo d (cals/g/°C) ; T d i s th e drye r temperatur e °C ; an d T a i s th e ambien t 
temperature. 

H2 i s the energ y require d t o overcom e hygroscopic forces , and it i s dependent on 
heat o f sorption o f wood . 

H3 is the energ y require d fo r heatin g and vapourising the moistur e removed fro m 
the wood , and i t i s given by: 

H3 =  H v W r (4) 
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Length (eas t t o west ) 5.1 m 
Width (nort h t o south ) 3.6 m 
Height (nort h wall ) 2.7 m 
Height (sout h wall ) 2.3 m 

The to p hal f o f bot h th e eas t an d wes t facin g wall s an d th e roo f ar e mad e o f 
6mm thic k glas s sheets . Th e 7 5 x  15 0 c m roo f pane l i s interconnecte d wit h 
moisture proo f silk a fle x masti c an d fitte d int o tongu e an d groov e woode n strips . 
The 4. 5 x  6.0 m foundatio n o f th e drye r i s concret e an d on e metr e abov e th e 
ground. 

The hea t absorbe r i s mad e o f blac k painte d corrugated , 2 6 gaug e galvanise d 
sheets fastene d t o a  woode n fram e an d suspende d a t abou t 3 0 c m belo w th e mai n 
roof. A  15c m ai r passag e ga p i s lef t betwee n th e hea t absorbe r an d th e sout h 
wall. Th e distanc e betwee n th e hea t absorbe r an d th e nort h wal l i s abou t 4 0 cm , 
which i s larg e enoug h t o facilitat e th e installatio n o f fan s t o provid e ai r 
circulation withi n th e dryer . 

All surface s insid e th e drye r ar e painte d blac k t o improv e th e tota l hea t 
absorbing capacit y o f th e entir e system . Th e tota l cos t o f material s fo r th e 
construction o f th e drye r (excludin g labour , supervision , etc» ) wa s abou t 
$3000.00. 

MEASUREMENTS OF DRYER TEMPERATURES 

The temperatur e insid e an d outsid e th e drye r wa s measure d ever y hou r fro m 
7:00 a m throug h 7:0 0 p m ove r a  1 0 wee k period . Thi s provide d enoug h dat a fo r 
clear (sunny ) an d cloud y (over-cast ) days . 

PRELIMINARY RESULT S 

Figures 1  and 2  show th e averag e drye r temperature s wit h respec t t o th e hou r o f 
the day , fo r a  typica l clea r an d over-cas t day , respectively . Th e averag e ris e i n 
temperature abov e ambien t temperatures , range d fro m abou t 5° C t o 22° C fo r 
clear (sunny ) days . Th e averag e ris e fo r cloud y day s range d fro m abou t 2° C t o 
16°C. 

On sunn y day s th e averag e drye r temperatur e durin g th e da y (7:0 0 a m throug h 
7:00 pm ) wa s abou t 49° C an d th e averag e ris e i n temperatur e i s about 20°C . 

These result s wer e use d t o determin e th e theoretica l efficienc y o f th e sola r 
dryer an d t o estimat e th e expecte d rat e an d schedul e o f dryin g fo r typica l har d 
wood specie s o f Liberia . 

THERMAL ENERGY OUTPUT 

The magnitur e o f energ y availabl e fo r dryin g fro m a  sola r drye r ca n b e 
determined o n th e basi s o f temperatur e ris e i n th e dryer , tha t is , th e difference s 
between th e drye r temperature s an d th e correspondin g outdoo r temperatures . I f 
the drye r i s considere d a s a  typica l hea t exchanger , th e therma l energ y outpu t 
from th e syste m i s given by : 

Q =  C  x  M  x  T 
P 

(6) 
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where: C p i s th e specifi c hea t o f th e medium , whic h i n thi s cas e i s air ; M  is th e 
mass flo w o f ai r fro m th e entir e volum e o f th e dryer ; T  i s th e operatin g 
temperature o f th e system . 

The ris e i n temperature s take s int o consideratio n hea t losse s fro m th e system . 
Hence i n calculatin g th e therma l energ y outpu t fro m th e drye r i t i s appropriat e 
to us e th e valu e o f th e differenc e betwee n th e drye r temperatur e an d th e 
ambient temperature . Hence : 

Q =  C  x  M  x  ( T d - T a )  (7 ) 

where: T d an d T a ar e drye r an d ambien t temperatures , respectively . 

The volum e o f th e sola r drye r i s approximatel y 46m 3. Th e specifi c hea t o f ai r i s 
0.24 cals/ g -  °C . Densit y o f air , ,  a t a  drye r operatin g temperatur e o f abou t 
50°C, i s 1.1 2 x  10 - 3 g/cm 3. Th e therma l energ y outpu t fro m th e drye r fo r a 
typical sunn y da y betwee n 7:0 0 a m an d 7:0 0 p m wa s thu s calculate d t o b e abou t 
35,000 k  cals . 

ENERGY REQUIRE D TO DR Y KIL N LOAD OF LUMBE R 

The tota l energ y require d t o dr y a  quantit y o f lumbe r tha t wil l constitut e on e 
load i n th e sola r drye r ca n b e determine d b y considering th e variou s element s fo r 
heat consumptio n indicate d i n equatio n 2 . Th e followin g dat a o r assumption s 
must b e considered . 

a. Th e capacit y o f th e sola r drye r fo r on e inc h lumbe r i s 350 0 b d f t 8m 3. 

b. I t wil l b e assume d tha t th e averag e initia l moistur e conten t o f th e lumbe r 
is 55% , an d tha t th e woo d coul d b e drie d t o a n averag e fina l moistur e 
content o f 15% . 

c. I t wil l agai n b e assume d tha t th e averag e specifi c gravit y o f a  typica l 
Liberian hardwoo d specie s i s about 0.50 , base d o n green volume . 

d. I t follows , therefor e tha t th e dr y weigh t W 0, o f 8  m 3 o f lumbe r i s 400 0 K g 
and it s we t weight , W t, i s abou t 620 0 Kg . 

The energ y require d t o hea t th e woo d substanc e (H 2) i s given b y Equatio n 3 . Th e 
energy require d t o overcom e hygroscopi c forc e i n dryin g th e woo d fro m fibr e 
saturation poin t t o 15 % moistur e conten t i s abou t 1 0 BTU/l b o r 5.5 5 cals/gm . 
Thus 

H2 =  22,20 0 k  cal s 

The energ y require d fo r heatin g an d vapourisin g th e wate r remove d fro m th e 
wood i s given by : 

where: H V, th e laten t hea t o f vapourisation , i s about 57 2 cals/ g a t th e operatin g 
temperature o f 50°C ; an d H 3 = 0.4 x  400 0 x  57 2 =  915,200 k  cals . 

The tota l energ y require d fo r dryin g th e quantit y o f woo d i n th e sola r drye r i s 
the su m o f al l th e above . 

H =  H  W 
3 v  p 
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E =  H 1 +  H 2 +  H 3 

E =  1,004,00 0 k  cals . 

CONCLUSIONS 

Energy outpu t fro m th e sola r drye r i s abou t 35,00 0 k  cal s pe r day , o n a  clea r 
sunny day . I t woul d tak e approximatel y abou t 2 8 days t o dr y 8  m 3 o f 25mm  thic k 
lumber, o f a n averag e initia l moistur e conten t o f 55 % t o a n averag e moistur e 
content o f 15 % in th e sola r dryer . 

This estimat e i s base d o n temperatur e measurement s fo r clea r (sunny ) day s only . 
For cloud y day s th e therma l energ y outpu t fro m th e drye r woul d b e muc h less . 
Preliminary dryin g experiment s conducte d wit h on e inc h board s o f Niango n 
(Tarrietia utilis , Sprague ) indicate d tha t suc h board s coul d b e drie d i n th e sola r 
dryer fro m a n averag e moistur e conten t o f abou t 60 % t o 15 % i n 3 5 days . I t 
takes abou t 9 0 day s t o dr y simila r board s o f th e sam e specie s i n th e ope n ai r 
under a  shed . An d i n a n electri c heate d dr y kil n o f 1  m 3 capacit y abou t 1 4 days . 

From thes e preliminar y result s i t appear s tha t sola r dryin g i s muc h mor e 
efficient tha n ai r drying . Eve n thoug h sola r dryin g di d no t appea r t o b e a s 
efficient a s th e electricall y heate d dr y kiln , th e cos t o f sola r dryin g i s muc h les s 
than kil n drying . 

However, thes e experiment s nee d t o b e repeate d t o obtai n mor e reliabl e dat a o f 
both th e efficienc y an d economi c viabilit y o f th e sola r dryin g process . 
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FIGURE 1: Averag e Temperatures Versus Time of Day for 
Clear (Sunny) Days 
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FIGURE 2: Averag e Temperatures Versus Time of Day for Cloud y Days 
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FIELD TEST OF A  TWO TON CAPACITY MAIZ E SOLAR DRYE R 

M Gnininvi, K  Amouzou an d B  Keri m 
Solar Energ y Laboratory , Universit y o f Benin , B.P . 1515 , Lome, Tog o 

ABSTRACT 

The desig n an d fiel d testin g o f a  tw o to n capacit y maiz e sola r drye r ar e 
described. Successfu l dryin g wa s achieve d bu t natura l convectio n reduce d th e 
energy efficiency . I t i s conclude d tha t th e seasona l short-ter m utilisatio n o f th e 
dryer doe s no t justif y th e financia l investment . 

INTRODUCTION 

Many paper s dea l wit h theoretica l studies , modellin g an d laborator y wor k o n 
solar dryin g (Kranzie r 1975 , Harri s 1976 , Midwes t Pla n Servic e 1980 , 
Muthweerappan 1978) . Durin g th e las t 6  year s ou r laborator y ha s designe d an d 
tested a  numbe r o f experimenta l scal e sola r dryers . Thes e includ e 5  kg capacit y 
solar dryer s (fo r wood ) an d 25 0 k g capacit y dryer s fo r maize , cassava , se a fish , 
and okra . Thre e sola r dryer s o f 2. 5 m 3 capacit y hav e no w bee n buil t fo r 
cooperative farmers . Thei r desig n an d constructio n details , an d th e result s o f a 
field tes t ar e describe d below . 

DESIGN AND CONSTRUCTIO N 

The sola r drye r wa s designe d fo r crop s o f abou t 20 % wate r conten t t o b e reduce d 
to 13 % according t o regiona l climati c dat a an d governmenta l regulation . 

It i s o f a  mixe d typ e o f desig n wit h a  hea t storag e system . Sola r energ y i s 
collected o n a  glaze d are a o f 8 1 m 2; 2 7 m 2 o n th e roo f (D 1, D 2) an d 5 4 m  fo r 
the indirec t hea t collectio n proces s (C 1, C 2) (Figur e 1) . Th e are a fo r indirec t 
collection i s twic e a s bi g a s tha t fo r collectin g sola r energ y directl y s o tha t th e 
temperature i n th e dryin g cabine t i s kep t highe r tha n th e ambien t temperatur e 
even a t night . 

Because th e latitud e o f th e locatio n i s lo w (6 ° -  7°N) , a  symmetrica l profil e i s 
adopted t o reduc e hea t losse s b y th e sid e wall s an d t o allo w eas y loadin g an d 
unloading o f th e crops . Th e wall s ar e insulate d b y a  10c m thic k laye r o f cotton . 
Two dryin g trays , 1.2 0 m  b y 1 2 m , ar e separate d b y a  corrido r o f 1  m  i n width . 
Below eac h tray , a  roc k pil e storag e syste m o f 0. 4 m  thicknes s help s t o kee p th e 
relative humidit y lowe r tha n 60 % eve n wit h a n ambien t valu e o f 100% . Th e 
thickness o f th e roc k pil e i s calculate d accordin g t o th e tim e o f hea t propagatio n 
from th e botto m t o th e to p o f th e bed . Th e diamete r o f th e rock s i s abou t 5  c m 
in orde r t o allo w eas y circulatio n o f th e ho t air . 

The lowe r ai r collector s hav e a  0.1 m thic k laye r o f rock s a s asborber , hea t 
exchanger an d inle t ai r filter . Th e resultan t highe r hea t exchangin g are a 
compensates fo r th e therma l inerti a o f th e rocks . Thes e rock s ar e commonl y 
used an d availabl e i n rura l villages . Th e roc k laye r i s painte d blac k an d 
supported b y a  fin e wir e mesh . Th e inle t ai r ha s t o cros s i t befor e flowin g int o 
the dryin g cabine t throug h th e storag e bed . 

In th e symmetri c profile , a  ro w o f collector s face s sout h an d a  secon d nort h 
(Figure 2) . 
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RESULTS OF FIELDS TRIALS 

Field trial s wer e conducte d wit h tw o ton s o f maiz e i n a  laye r o f 6  t o 8c m 
thickness. Figur e 3  show s th e temperature s an d relativ e humidit y withi n th e 
dryer durin g 5  day s operation . Mea n dail y insolatio n wa s 4  kwh/m 2/day. Th e 
temperature insid e th e drye r range d fro m 30° C t o 58° C a s th e ambien t 
temperature increase d fro m 21° C t o 35° C durin g a  day . Th e ai r temperatur e i n 
the dryin g cabine t i s abou t 16° C highe r tha n th e ambien t temperatur e an d i s 
sufficient fo r grai n drying . Th e relativ e humidit y varie d fro m 18 % t o 60 % 
against 60 % to 100 % fo r th e ambien t air . 

The ai r flow  wa s ver y wea k bu t th e moistur e conten t droppe d fro m 20 % t o 14 % 
in th e firs t da y (Tabl e 1 ) wit h a n overal l energ y efficienc y o f 15% . Th e secon d 
day reduce s th e moistur e t o 13 % followed b y th e usua l fluctuation  aroun d 12 % of 
the nex t tw o day s i n good agreemen t wit h th e genera l equilibriu m curv e o f maiz e 
and relativ e humidit y o f th e ambien t ai r (Figur e 4) . 

CONCLUSION 

Maize grai n ca n b e successfull y drie d i n th e sola r drye r i n tw o day s instea d o f 
four day s i n th e traditiona l ai r dryin g process . A  drop i n moistur e conten t fro m 
20% t o 14 % i s achieve d i n on e day . Thi s performanc e ca n b e furthe r improve d 
by increasin g th e ai r flo w t o 3m 3/min fo r on e m 3 o f maize . A s i n a n earlie r 
prototype, PV C duct s ca n b e installe d throug h th e storag e be d t o b e opene d o n 
the firs t da y an d close d late r on . 

Local materia l an d manpowe r wer e use d bu t th e cos t ($10,000 ) remain s hig h 
comparatively t o th e 4  to 6  weeks o f utilisatio n durin g th e year . 
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FIGURE 1: Cross-sectiona l diagram o f a  two ton capacity maiz e solar crop dryer 
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FIGURE 2: Symmetri c plan of two ton capacity solar drop dryer for maiz e 
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FIGURE 3: Temperature s and relative humidity within solar crop dryer 
during 5 days operation and the insolation, ambient air temperatur e 

and relativity humidit y 
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TABLE 1 : Moistur e conten t o f maiz e duri n urin g dryin g tim e 

FIGURE 4: Maiz e dehydration curv e 

Initial 
moisture 

Drying Time (days ) 
1 2 3 4 5 6 

Me 

Mo 
20% 14% 13.2% 12% 11.6% 12.1% 12.6% 
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EXPERIMENTS ON A N OPEN-CYCL E SOLA R REGENERATE D DESICCAN T 
BED GRAIN COOLIN G SYSTE M 

G R  Thorpe an d P  W  Fricke 
Agricultural Engineerin g Sectio n 

C S  I R  O Divisio n o f Chemica l an d Woo d Technolog y 
PO Bo x 26 , Highett , Victori a 319 0 

ABSTRACT 

Grain ca n b e protecte d fro m insec t attack , an d hav e it s propertie s preserve d b y 
cooling i t t o temperature s aroun d 15°C . I n temperat e climates , grai n ca n b e 
cooled effectivel y b y aeratin g i t wit h coo l atmospheri c air , bu t th e degre e o f 
cooling i s limite d b y th e hea t o f absorptio n release d a s th e grai n absorb s 
moisture fro m th e air . I n tropica l climate s thi s proble m i s compounde d b y th e 
generally hig h ambien t dry-bul b temperatures . Lowe r grai n temperature s ma y 
be achieve d b y reducin g th e enthalp y o f th e aeratio n air . Experiment s o n a 
single-stage an d a  two-stag e open-cycl e sola r regenerate d desiccan t be d grai n 
cooling syste m tha t reduce s th e enthalp y o f th e aeratio n ai r ar e described . Th e 
rate o f energ y los s fro m th e devic e wa s abou t 2 0 time s tha t o f th e electrica l 
energy supplie d t o th e system . Thi s compare s favourabl y wit h vapou r 
compression systems . 

INTRODUCTION 

Cereal grain s ar e harveste d seasonally , ye t the y ar e consume d continually , an d 
for thi s reaso n the y hav e t o b e stored . Durin g storage , sever e losse s ma y occu r 
because o f attac k b y insec t pests , infestatio n b y mould s an d mites , an d predatio n 
by bird s an d rodents . I n addition , grain s tha t ar e store d fo r prolonge d period s 
may suffe r a  reductio n i n qualit y a s indicate d b y a  los s o f see d germination , 
baking an d millin g characteristics , change s i n colou r an d s o on . Chemica l 
insecticides applie d t o improperl y store d grain s ar e likel y t o los e thei r toxicit y 
very rapidly . Coolin g grain , eithe r a s a n adjunc t t o chemica l pesticid e 
treatment, o r alon e improve s th e long-ter m storag e o f grai n (Thorp e 1980) . 

The simples t metho d o f coolin g bul k store d grai n i s b y blowin g throug h i t coo l 
atmospheric air . Th e effectivenes s o f natura l aeratio n i s limite d b y th e fac t 
that th e peripher y o f th e grai n stor e i s no t coole d sufficientl y t o contro l insec t 
pests. Furthermore , th e hygroscopi c natur e o f cerea l grain s generall y prevent s 
the grai n bein g coole d t o ambien t temperature , fo r reason s describe d below . 
Both o f thes e drawback s o f natura l aeratio n ma y b e overcom e b y refrigerate d 
aeration (Elde r e t al . 1983) . thi s require s th e grai n stor e t o b e thermall y 
insulated an d th e aeratio n ai r re-cycle d throug h mechanica l refrigeratio n units . 
This proces s involve s mor e capital.expenditur e tha n natura l aeratio n an d i t i s 
energetically mor e demanding . 

This pape r describe s a n open-cycle , stage-wis e sola r regenerate d desiccan t be d 
grain coolin g system , whic h embodie s simpl e technolog y an d ha s a  ver y lo w 
energy consumption . Th e syste m enable s grai n temperature s lowe r tha n ambien t 
to b e attained . 
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THE COOLING MECHANIS M 

The passag e o f ai r throug h a  packe d be d o f hygroscopi c materia l suc h a s cerea l 
grains involve s bot h hea t an d moistur e transfer . Thi s ha s profoun d consequence s 
on th e rat e a t whic h temperatur e wave s mov e throug h th e porou s matri x an d o n 
the temperature s attained . I n thi s pape r w e shal l discus s onl y th e bul k storag e o f 
grains, althoug h th e benefit s conferre d b y coolin g o n th e preservatio n o f grai n 
are independen t o f storag e method . 

Bulk grai n ma y b e coole d b y blowin g throug h i t ai r o f th e appropriat e conditions . 
Grain interact s wit h th e moistur e i n th e aeratio n (cooling ) ai r an d unde r norma l 
storage condition s mos t o f th e grai n wil l no t coo l t o th e ai r inle t temperature . 
The hea t an d moistur e transfe r phenomen a governin g grai n coolin g hav e bee n 
elucidated b y Bank s (1972 ) an d Suntherlan d e t al . (1971) . On e o f th e principa l 
conclusions arisin g fro m thei r wor k i s tha t th e temperatur e t o whic h mos t o f th e 
grain wil l coo l i s dependen t o n th e initia l grai n moistur e conten t an d th e wet -
bulb temperatur e o f th e aeratio n air . 

Using propertie s o f th e air-grain-wate r syste m presente d b y Sutherlan d e t al . 
(1971), w e fin d tha t aeratio n ai r a t 15° C an d 50 % relativ e humidit y (rh ) wil l coo l 
most o f a n initiall y 12 % moistur e conten t (mc ) grain bul k a t 30° C t o abou t 15°C . 
If th e grai n wer e initiall y 9 % m c i t woul d coo l t o abou t 23°C . I f th e aeratio n ai r 
is 15° C bu t 90° C relativ e r h th e correspondin g temperature s t o whic h mos t o f 
the initiall y 12 % an d 9 % store d grai n woul d coo l ar e abou t 19° C an d 27° C 
respectively. 

The spee d a t whic h coolin g wave s mor e throug h grai n i s about 2  x 10 - 3 time s th e 
superficial ai r velocity . A  secon d coolin g wav e als o travel s throug h th e grai n 
during whic h th e grai n become s i n hygroscopi c equilibriu m wit h th e aeratio n air . 
The spee d o f th e secon d wav e i s abou t 5  x  10 - 5 tha t o f th e superficia l ai r 
velocity. 

A DESICCANT BED GRAIN COOLING SYSTEM 

From th e abov e i t ma y b e inferre d tha t th e effectivenes s o f grai n coolin g i s 
enhanced b y reducin g th e enthalp y o f th e aeratio n air . A n effectiv e metho d o f 
doing thi s i s t o isothermall y reduc e ambien t ai r humidity . Thi s ca n b e achieve d 
by blowin g ambien t ai r a t nigh t throug h a  narro w be d o f desiccan t materia l s o 
the hea t o f sorptio n ca n b e readil y dissipate d t o atmospher e (Thorp e 1981) . Th e 
desiccant become s wet , bu t i t ca n b e drie d ou t durin g th e da y b y mean s o f sola r 
radiation fallin g o n th e desiccan t bed . Thi s metho d i s effective , bu t th e 
narrowness o f th e desiccan t be d o f porou s mediu m result s i n a  hig h pressur e dro p 
across th e system . 

A metho d o f overcomin g th e pressur e dro p i s t o carr y ou t th e dryin g an d coolin g 
of th e ai r i n a  stage-wis e process . Th e principa l element s o f on e suc h syste m i s 
shown i n Figur e 1 . Durin g th e ai r dryin g an d coolin g proces s nigh t ai r fro m th e 
aeration enter s th e firs t hea t exchanger , HE1 , an d som e o f th e hea t o f 
compression i s los t t o atmospher e b y convectio n an d radiatio n t o th e nigh t sky . 
The cool , humi d ai r the n enter s desiccan t bed , DB1 , wher e i t i s drie d iso -
enthalpically. A s a  consequenc e o f thi s proces s th e ai r increase s i n temperatur e 
and i t i s subsequentl y coole d i n th e secon d hea t exchanger , HE2 . Th e ai r i s 
further drie d i n th e secon d desiccan t bed , DB2 , before bein g finall y coole d i n th e 
third hea t exchanger , HE3 . 
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The desiccan t i s regenerate d b y designin g th e hea t exchanger s HE 1 an d HE 3 a s 
effective sola r collectors . Henc e durin g th e da y ambien t ai r leavin g th e fa n i s 
heated i n th e hea t exchangers , thu s reducin g it s relativ e humidit y s o tha t th e 
desiccant bed s ar e regenerate d fo r th e nigh t cycle . 

The underlyin g principle s o f operatio n o f th e stage-wis e syste m ca n b e 
understood fro m th e psychrometri c char t (Figur e 2) . Coo l ambien t ai r wit h a 
high relativ e humidit y stat e 1  i s compresse d b y th e fa n t o stat e 2 . I t i s thi s ai r 
that woul d normall y b e use d fo r ventilatin g grai n i n natura l aeratio n systems , bu t 
because o f it s hig h enthalp y i t ha s limite d coolin g capacity . I n th e desiccan t be d 
cooling syste m th e ai r i s coole d fro m stat e 2  t o stat e 3  i n th e firs t hea t 
exchanger, HE1 . Th e ai r o n enterin g th e firs t desiccan t bed , DB1 , leave s a t 
s tate 4 , whenc e i t i s coole d b y th e atmospher e t o stat e 5 . No w thi s represent s a 
reduction i n enthalp y compare d wit h natura l aeratio n systems , bu t a  furthe r 
reduction i s obtaine d b y passin g th e ai r throug h th e secon d desiccan t bed , DB2 , 
bringing i t t o stat e 6 , befor e finall y coolin g i t t o stat e 7 . I t i s thi s ai r tha t i s 
used t o coo l th e grain . 

AN EXPERIMENTA L SINGLE-STAG E 

In orde r t o asses s th e likel y performanc e o f th e abov e system , a  single-stag e 
consisting o f a  fan , hea t exchange r (HE1 ) an d desiccan t be d (DB1 ) wa s 
constructed, an d comprehensivel y instrumented . Th e layou t o f th e singl e stag e 
and it s associate d instrumentatio n i s shown i n figur e 3 . 

The hea t exchanger-cum-sola r absorbe r i s 1.14 m wid e an d 1.18 m long , an d th e 
desiccant be d rest s o n a  100 m wid e perforate d meta l shee t i n a  containe r 
integral wit h th e hea t exchanger . Thos e part s o f th e devic e no t directl y expose d 
to sola r radiatio n ar e thermall y insulate d wit h fibre-glas s wool . O n leavin g th e 
desiccant be d whic h ma y b e u p t o 200m m hig h th e ai r flow s throug h a  retur n le g 
before bein g expelle d throug h th e bas e o f th e stage . Thi s desig n wa s chose n s o 
that stage s coul d b e convenientl y place d sid e b y side i n series . 

The uni t i s comprehensivel y instrumente d t o allo w th e ai r flo w rat e an d 
thermodynamic state s t o b e determine d throughou t th e system . Th e inle t ai r 
state i s measure d b y wet - an d dry-bul b thermocouples , an d th e dry-bul b 
temperature o f th e ai r i s measure d afte r compressio n b y th e fa n jus t befor e i t 
enters th e sola r absorber . Radiation-shielde d thermocouple s measur e th e 
temperature o f th e ai r leavin g th e absorbe r a t fou r points , an d a s i t enter s th e 
return le g immediatel y afte r i t ha s passe d throug h th e desiccan t bed . Wet - an d 
dry-bulb thermocouple s measur e th e stat e o f th e ai r bein g expelle d b y th e unit . 
Electrically insulate d thermocouple s i n clos e contac t wit h th e uppe r an d lowe r 
plates o f th e absorbe r measur e surfac e temperatures , an d si x thermocouple s 
placed i n th e desiccan t be d measur e th e desiccan t temperature . A  samplin g 
probe allow s desiccan t t o b e remove d fro m an y dept h o f th e desiccan t be d a t th e 
front, middl e an d bac k o f th e bed , s o it s moistur e conten t ca n b e determined . 

The ai r flo w rat e i s measure d b y a n orific e plat e manufacture d accordin g t o 
British Standard s an d th e leve l o f radiatio n i s measure d b y a  sola r pyranomete r 
calibrated agains t a  CSIR O Divisio n o f Energ y Technolog y secondar y standard . 

The experiment s wer e carrie d ou t i n th e CSIR O Divisio n o f Energ y Technolog y 
solar simulato r (Procto r an d Pec k 1979) , whic h consist s o f a n arra y o f fourtee n 1 
kW compac t sourc e mercur y iodid e discharg e lamp s tha t accuratel y mimi c th e 
solar spectrum . 
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EXPERIMENTAL METHO D 

When simulatin g daytim e operatio n o f th e sola r coolin g stag e th e mercur y iodid e 
lamps wer e turne d o n togethe r wit h th e fan , an d th e ai r flo w wa s adjuste d t o th e 
required rate . A t th e beginnin g an d en d o f eac h experimenta l ru n sample s o f 
silica ge l wer e withdraw n fro m th e bottom , middl e an d to p o f th e desiccan t bed , 
and th e moistur e content s o f th e ge l wer e measure d b y a n ove n method . Th e 
thermocouples wer e scanne d b y a  Hewlett-Packar d 3421 A thirt y channe l dat a 
logger, an d th e temperature s wer e store d o n a  min i 12 8 kbyt e capacit y cassette . 
Mean value s o f th e intensit y o f sola r radiatio n wer e determine d b y averagin g th e 
radiation measure d a t twent y fiv e point s o n th e absorbe r surface . 

RESULTS AND DISCUSSIO N 

A serie s o f fiv e pair s o f coolin g an d be d regeneratio n experiment s wa s carrie d 
out wit h a n ai r flo w o f 0.01 4 kg/s . Thi s woul d b e sufficien t t o coo l u p t o 2 0 
tonnes o f grain . Th e coolin g run s wer e carrie d ou t i n a n enclose d buildin g durin g 
the day , henc e th e relativ e humidit y o f th e ambien t ai r i s somewha t lowe r tha n 
would occu r a t night , an d ther e wa s n o radiatio n hea t los s t o th e nigh t sky . 
Conditions durin g a  typica l coolin g ru n were : 

Ambient dr y bul b 15° C 

Air temperatur e leavin g fa n 17° C 

Absolute humidit y o f ambien t ai r 0.007 5 kg/k g 

Air temperatur e leavin g desiccan t be d 31° C 

Air temperatur e leavin g singl e stag e 21° C 

Absolute humidit y o f ai r leavin g singl e stag e 0.004 0 kg/k g 

These result s impl y tha t a s th e ai r passe s fro m th e entranc e o f th e desiccan t be d 
to th e en d o f th e hea t exchange r i t i s reduced i n enthalp y fro m 36. 5 kj/k g t o 31. 5 
kj/kg. Thi s woul d resul t i n th e dwel l temperatur e o f 11 % moistur e conten t 
wheat bein g reduce d fro m 20° C t o 17.5°C . Th e fa n wa s operate d fo r 6  hour s 
during th e coolin g cycl e an d th e averag e moistur e conten t o f th e ge l increase d 
from 6.5 % to 17% . 

A heatin g ru n performe d th e da y immediatel y afte r th e coolin g ru n wa s carrie d 
out unde r th e followin g conditions . 

Solar radiatio n intensit y 84 0 W/m 2 

Ambient dr y bul b 23° C 

Air temperatur e leavin g fa n 26° C 

Absolute humidit y o f ambien t ai r 0.0008 5 kg/k g 

Air temperatur e enterin g desiccan t be d 52° C 

Air temperatur e leavin g desiccan t be d 40° C 
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Absolute humidit y o f ai r leavin g desiccan t be d 0.017 5 kg/k g 

The mea n moistur e conten t o f th e desiccan t be d decrease d fro m 17.3 % t o a 
fairly unifor m 4.4% . Th e efficienc y o f th e sola r collecto r wa s 32% , a figur e tha t 
could clearl y b e improve d b y glazing . 

Pressure measurement s indicat e tha t wit h a n ai r flow  rat e o f 0.01 4 kg/ s th e 
pressure dro p acros s th e sola r collector/radiato r i s abou t 5  Pa , an d tha t acros s 
the desiccan t be d i s aroun d 5 5 Pa . Losse s i n th e ductin g an d acros s th e orific e 
plate wer e severa l hundre d Pascals , bu t i n commercia l system s thes e woul d b e 
readily engineere d out . 

EXPERIMENTS ON A TWO-STAGE SYSTEM 

In orde r t o asses s th e overal l performanc e o f a  two-stag e system , tw o o f th e 
single stage s describe d abov e wer e connecte d i n series . A s th e tw o stage s wer e 
too larg e t o b e irradiate d i n th e sola r simulator , experiment s wer e performe d 
under naturall y occurrin g ambien t conditions . Daytim e cycle s wer e o f th e orde r 
of fou r hour s an d nigh t cycle s ha d a  duratio n o f thre e hours . 

Results o f a  typica l nigh t ru n i n whic h th e ai r flo w rat e i s 0.01 4 kg/ s ar e show n 
in Tabl e 1 . Th e enthalp y o f ai r leavin g th e fa n i s reduce d b y th e syste m fro m 
29.7 kj/k g t o 13. 4 kj/kg . Thi s arise s principall y fro m a  reductio n o f humidit y 
from 0.006 8 kg/k g t o 0.001 3 kg/kg . Anothe r contributin g facto r i s a  reductio n i n 
the ai r dry-bul b temperatur e b y 2.2° C fro m 12.3° C suc h tha t i t leave s th e uni t 
with a  dry-bul b temperatur e lowe r tha n tha t o f ambien t du e t o radiatio n t o th e 
night sky . 

TABLE 1: Typica l operatin g conditions during night cycl e 

Ambient Afte r fa n Leavin g Leavin g 
1st stage 2n d stage 

Dry-bulb tem p ° C 10. 5 12. 3 13. 8 10. 1 

Humidity kg/k g 0.006 8 0.006 8 0.003 1 0.001 3 

Enthalpy kj/k g 27. 9 29. 7 21. 8 13. 4 

If ambien t ai r wer e t o b e use d fo r aeration , th e dwel l temperatur e o f 11 % 
moisture grai n woul d b e 16°C , wherea s ai r leavin g th e sola r coole r woul d b e 
capable o f coolin g th e grai n t o 6°C . Th e rat e o f hea t reductio n o f th e aeratio n 
air i s 22 8 W , whils t th e electrica l powe r requirement s i s o f th e orde r 3. 5 W . 
Assuming tha t th e desiccan t regeneratio n cycl e ha s a  duratio n twic e tha t o f th e 
cooling cycl e th e coefficien t o f performanc e (COP ) o f th e syste m base d o n th e 
electrical powe r inpu t i s ove r 20 . Thi s i s a n orde r o f magnitud e greate r tha n 
that o f mechanica l refrigeratio n sets . Base d o n tota l energ y input , includin g 
solar energy , th e CO P i s abou t 0.1 . 

The abov e result s ar e mos t encouragin g becaus e the y sho w tha t a  substantia l 
reduction i n th e enthalp y o f ambien t ai r ca n b e obtained , wit h a  smal l 
expenditure o f electrica l energy . However , furthe r researc h i s require d i n th e 
following areas : 
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i. I t i s importan t t o exten d th e rang e o f experimenta l variable s i n orde r t o 
assess performanc e unde r condition s o f hig h ambien t dry-bul b 
temperatures an d humiditie s whic h caus e considerabl e storag e problems . 
The effect s o f ai r flo w rat e o n performanc e shoul d als o b e investigated , 
as thi s determine s th e quantit y o f grai n tha t ca n b e cooled . 

ii. System s studies , bes t carrie d ou t usin g compute r simulations , ar e require d 
to matc h grai n coolin g system s t o th e grai n stores , an d t o determin e th e 
optimum operatin g schedule . 

iii. Th e effect s o f glazin g th e collector s fo r daytim e operatio n shoul d b e 
examined. I f ai r o f a  highe r temperatur e i s use d t o regenerat e th e 
desiccant bed , the n a  give n mas s flo w o f ai r ca n dr y ou t a  large r mas s o f 
desiccant. Hence , fo r a  give n dryin g dut y i t woul d b e necessar y t o expen d 
less energ y o n pumpin g th e ai r throug h th e desiccan t be d durin g th e day , 
improving furthe r th e coefficien t o f performanc e o f th e system . 

iv. Th e syste m woul d b e improve d i f th e dessican t be d wer e t o wor k 
isotherm ally, a s oppose d t o adiabatically , particularl y durin g th e coolin g 
cycle. Thi s coul d b e achieve d b y placin g hea t transfe r surface s withi n th e 
desiccant be d t o facilitat e th e los s o f hea t o f sorptio n t o th e atmosphere . 

CONCLUSIONS 

Experiments o n a  singl e stag e an d tw o stage s o f a  stage-wis e sola r regenerate d 
desiccant be d grai n coole r hav e show n tha t th e enthalp y o f ambien t ai r ma y b e 
reduced, thu s renderin g i t mor e suitabl e fo r th e aeratio n o f grain . Unde r th e 
conditions o f th e experimen t th e energ y remove d fro m th e ai r i s abou t 2 0 time s 
the electrica l energ y require d t o driv e th e system . 
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FIGURE 1: Component s of a  stage-wise solar re-generate d 
dessicant bed grain cooling system 
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FIGURE 2: Ai r states represented on a psychrometric char t 
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FIGURE 3: A n instrumented single stage absorber 
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DEVELOPMENT OF A THREE STAGE SOLAR DRYIN G SYSTEM FOR COFFE E 

D S Trim an d B  Brenndorfe r 
Tropical Developmen t &  Researc h Institut e 

Industrial Developmen t Departmen t 
Culham, Abingdon , Oxo n 0X1 4 3DA , Unite d Kingdo m 

ABSTRACT 

The traditiona l practic e o f su n dryin g arabic a coffe e o n table s i s provin g 
inadequate durin g th e pea k processin g period s i n som e cooperativ e factorie s i n 
Kenya. A  thre e yea r programm e t o develo p a  sola r dryin g syste m capabl e o f 
maintaining a  dail y throughpu t o f 3 t o f drie d parchmen t coffe e i s described . Th e 
system consist s o f thre e separat e stages : initia l ski n drying , intermediat e su n 
drying o n table s -  mandator y fo r Kenya n coffe e -  an d fina l drying . Th e ski n 
trying an d fina l dryin g stage s tak e plac e i n a  purpose-designe d buildin g whic h 
incorporates a  sola r collecto r withi n th e roof . Powe r i s provide d b y a  diesel -
driven engin e directl y couple d t o a n axial-flo w fa n capabl e o f maintainin g a n ai r 
flow o f 8  m 3 s - 1 . Wast e hea t fro m th e engin e i s use d t o hea t th e ai r thereb y 
enabling dryin g t o procee d i n al l bu t th e wors t weathe r an d a t night . Th e sola r 
collector performe d wel l withi n desig n specificatio n wit h a  collectio n efficienc y 
of nearl y 50% . I n routin e operatin g condition s system-drie d coffe e equalle d tha t 
of contro l batche s drie d b y th e traditiona l metho d unde r idea l conditions . 

INTRODUCTION 

Coffee ha s lon g bee n th e majo r cas h cro p an d expor t earne r fro m th e 
agricultural secto r o f Kenya . Curren t annua l productio n i s abou t 100,00 0 tonne s 
of clea n coffee . Smallholde r farmer s ar e member s o f cooperativ e societie s an d 
their produc e i s processe d i n communa l factories . Th e capacit y o f individua l 
factories varie s fro m 25 0 tonne s o f (coffee ) cherr y o r les s eac h yea r t o betwee n 
500 an d 100 0 tonne s pe r annum . On e tonn e o f cherr y yield s approximatel y 20 0 
kg o f drie d parchmen t which , i n turn , yield s abou t 16 0 k g o f clea n coffee . 

In th e factorie s th e coffee - i s processe d fro m freshly-picke d cherr y t o drie d 
parchment an d the n transporte d t o warehouse s fo r dehusking , sorting , gradin g 
and packagin g befor e sal e an d export . Th e factor y processin g operation s carrie d 
out includ e pulping/grading , fermentation , washin g an d drying . 

Traditionally we t parchmen t i s drie d o n wire-mes h tables . Ther e ar e tw o 
distinct part s t o thi s operatio n terme d skin-dryin g an d (fo r th e purpos e o f thi s 
paper) bulk-drying , th e dryin g o f parchmen t fro m ski n dr y t o full y dried . I n th e 
former operatio n we t parchmen t wit h a  moistur e conten t o f 50-55 % (al l moistur e 
contents quote d ar e o n a  wet-weigh t basis ) i s sprea d directl y o n t o wire-mes h 
tables an d su n drie d wit h frequen t stirrin g b y han d unti l skin-dry , a  moistur e 
content o f approximatel y 45% . I t i s the n sprea d o n hessia n sackin g o n bulk -
drying table s wher e i t remain s unti l dr y a t a  moistur e conten t o f 10-11% . Ski n 
drying ca n tak e fro m on e hou r t o on e da y an d bul k dryin g anythin g fro m 7-2 8 
days dependin g o n man y factor s includin g th e degre e o f loading , weather , an d 
amount o f han d stirring . Bot h operation s ar e labou r intensive . 

As wel l a s removin g th e moistur e fro m th e parchmen t th e tabl e dryin g operatio n 
is essentia l t o allo w th e exposur e o f th e parchmen t t o sunligh t fo r th e equivalen t 
of fou r (sunny ) day s (McCloy , 1979 ) an d henc e correc t flavou r development . 
Exposure t o ligh t i s especiall y importan t a t moistur e content s betwee n 20 % an d 
32% (Gibso n e t al . 1972) . 
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An appreciabl e numbe r o f cooperativ e factorie s experienc e operationa l 
constraints du e t o tabl e shortage s durin g th e pea k processin g period s (Whitake r 
and Ro e 1985) . I n thes e period s u p t o 40 % o f th e annua l intak e o f cherr y ca n 
occur i n a  singl e mont h whic h unfortunatel y invariabl y occur s withi n th e rain y 
season. Thi s perio d o f maximu m activit y als o coincide s wit h othe r farmin g 
operations an d th e farmer s fin d i t difficul t t o fulfi l thei r labou r commitmen t t o 
the factory . Thi s genera l shortag e o f labou r a t th e critica l tim e counteract s a 
seemingly obviou s solutio n -  tha t o f increasin g th e numbe r o f dryin g table s whic h 
in an y cas e woul d b e difficul t du e t o shortag e o f land . 

The estat e secto r face d simila r problems , bu t wit h greate r financia l an d 
technical resource s hav e i n man y case s investe d i n larg e scal e mechanica l dryer s 
over th e las t 10-2 0 year s (Ghos h 1966 , 1968 ; McCloy , 1979) . Suc h dryer s hav e 
been investigate d fo r thei r suitabilit y fo r cooperativ e factorie s (Kamau , 1980) . 
High capita l an d operatin g cost s an d technica l sophisticatio n ha s mean t tha t ver y 
few hav e bee n installe d a t cooperativ e factories . 

In recen t year s effort s hav e bee n successfull y directe d toward s increasin g th e 
smallholder productio n o f coffee . I n vie w o f th e potentia l escalatio n o f th e 
drying proble m alread y bein g experience d b y cooperativ e factories , th e (Kenyan ) 
Coffee Researc h Foundatio n (CRF ) i n collaboratio n wit h th e Tropica l 
Development an d Researc h Institut e undertoo k t o re-examin e th e problem . 

As a  firs t ste p abou t 2 5 factorie s wer e visite d an d i t wa s conclude d tha t an y 
improved dryin g syste m woul d hav e t o satisf y th e followin g requirements : 

i. A  daily throughpu t o f 3  tonnes o f drie d parchment . 

ii. Carr y ou t bot h skin-dryin g an d bulk-drying . 

iii. Accommodat e th e essentia l requiremen t o f exposur e t o ligh t durin g par t 
of th e dryin g proces s o n sun dryin g tables . 

iv. Independen t o f externa l powe r supplie s sinc e 90 % of cooperativ e factorie s 
are no t connecte d t o gri d electricity . 

v. Minimu m consumptio n o f fossi l fuels . 

vi. Tota l cos t o f th e syste m excludin g dryin g table s shoul d no t excee d 
300,000 Ks h (US $ 20,000 ) (a t Novembe r 198 2 prices) . 

vii. Du e t o th e genera l shortag e o f lan d th e syste m shoul d no t increas e th e 
area require d fo r drying . 

viii. Constructio n an d subsequen t operatio n shoul d b e a s simpl e a s possible . 
Construction shoul d b e carrie d ou t b y loca l contractor s usin g material s 
that ar e locall y an d easil y available . 

SYSTEM DESIG N FEATURE S 

Taking int o accoun t th e criteri a state d above , a  dryin g syste m wa s designe d wit h 
three distinc t stages : 

a. Ski n drying , i n whic h th e moistur e conten t o f th e we t parchmen t i s 
reduced fro m 50-55 % to 42-45% . 
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b. Tabl e drying , i n whic h th e ski n drie d parchmen t i s sprea d o n table s i n th e 
traditional manne r an d allowe d t o dr y i n th e sun . Th e controllin g facto r 
for thi s stag e o f dryin g i s th e perio d o f exposur e t o sunligh t rathe r tha n 
the tim e t o achiev e a  certai n reductio n i n moistur e content . However , 
after suc h a  perio d o f tabl e drying , parchmen t wil l hav e drie d t o 15-20 % 
moisture content . 

c. Fina l drying , i n whic h parchmen t i s drie d i n bin s t o 10-11 % moistur e 
content. 

Skin an d fina l dryin g ar e carrie d ou t withi n th e sam e buildin g a s show n i n 
Figure 1 . A  simple bar e plat e sola r roo f collecto r provide s th e principa l sourc e 
of heatin g durin g dayligh t hours . Additiona l hea t i s provide d continuousl y b y a 
moisture extractio n uni t (qv) . 

A diese l engin e directl y couple d t o a n axial-flo w fa n i s use d a s a n independen t 
power sourc e t o mov e ai r throug h th e fina l dryin g an d ski n dryin g bins . Th e 
engine an d th e fa n unit , collectivel y terme d a  moistur e extractio n uni t (MEU) , i s 
designed suc h tha t th e fa n draw s ai r ove r an d aroun d th e engin e bloc k thereb y 
further heatin g th e ai r an d coolin g th e engine . Th e heate d ai r i s utilise d twic e 
for maximu m utilisatio n o f it s dryin g capacity ; i t i s firs t use d fo r fina l dryin g 
and the n fo r ski n drying . 

With th e exceptio n o f th e MEU , th e syste m incorporate s n o mechanica l part s 
thus minimisin g risk s o f breakdown . N o instrumentatio n i s require d excep t fo r a 
thermometer. 

SYSTEM BUILDIN G 

The flo w o f ai r throug h th e syste m buildin g i s show n schematicall y i n Figur e 2 . 
Air ca n eithe r ente r a t on e en d o f th e collecto r an d b e draw n int o th e fa n hous e 
or i t ca n ente r th e fa n hous e directl y vi a th e ope n fa n hous e doors . I n bot h case s 
it the n passe s ove r th e ME U int o th e manifol d duc t fro m whic h i t i s directe d int o 
any o r al l o f th e fiv e fina l dryin g bins , o r b y mean s o f th e by-pas s duct , directl y 
to th e ski n dryin g bin . I n th e latte r th e air , afte r passin g up  throug h th e fina l 
drying bin s unde r th e bi n cover s t o th e ski n dryin g bin , passe s dow n throug h th e 
bed o f parchmen t befor e ventin g t o atmosphere . 

The qualit y o f parchmen t ma y b e impaire d a t temperature s abov e 35° . Henc e 
the temperatur e o f th e ai r t o th e fina l dryin g bin s i s controlle d b y openin g th e 
fan hous e doors . Thi s lower s th e ambien t ai r temperatur e i n th e fa n hous e an d 
reduced th e flo w o f ai r throug h th e collector . Ai r temperatur e i s measure d b y a 
filled-system thermomete r withi n th e manifol d duct . 

The bar e plat e sola r collecto r i s a n integra l par t o f th e roo f o f th e building . I t 
consists o f black-painte d corrugate d iro n sheetin g unde r whic h i s positione d a 
wood "ceiling " s o formin g a  wid e duc t runnin g th e lengt h o f th e building . Th e 
angle o f th e collecto r t o th e sun' s ray s an d th e orientatio n o f th e buildin g ar e o f 
obvious importanc e fo r optimisin g th e collecto r performance . A t CRF' s Ruker a 
farm nea r Ruiru , th e locatio n o f th e prototyp e system , th e su n i s t o th e sout h 
during th e pea k processin g perio d o f November-December . Th e collecto r wa s 
therefore designe d runnin g East-Wes t an d facin g du e Sout h wit h a  slop e o f 20° . 
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The flo w o f ai r throug h th e collecto r i s fro m end-to-en d rathe r tha n fro m side -
to-side becaus e o f th e inheren t difficultie s i n maintainin g a n eve n flow  o f ai r 
across a  ver y wid e duc t wit h a  fa n centrall y positione d alon g on e side . 

Buelow (1958 , 1961 , 1962 ) establishe d tha t a n increas e i n th e flo w o f ai r throug h 
a collecto r o f fixe d dimension s lead s t o a n increas e i n collectio n efficienc y (rati o 
of energ y gathere d b y th e ai r flowin g throug h th e collecto r t o th e insolatio n 
incident upo n th e collector ) bu t a  decreas e i n temperatur e elevatio n o f th e air . 
Some los s i n potentia l collectio n efficienc y ha s t o b e tolerate d therefor e i n orde r 
to obtai n a n ai r temperatur e tha t wil l ensur e a  satisfactor y dryin g rate . 
Collection efficienc y i s dependen t upo n th e hea t transfe r characteristic s o f th e 
system (Whillie r 1964) . Thes e i n tur n ar e a  functio n o f th e ai r velocit y throug h 
the collector . Th e velocit y fo r a  fixe d volumetri c flo w rat e i s inversel y 
proportional t o th e cross-sectiona l are a henc e th e maximu m collectio n 
efficiency woul d b e obtaine d wit h a  duc t o f minimu m cross-sectiona l area . 
However, th e greate r th e velocit y th e greate r th e pressur e dro p develope d i n th e 
duct an d th e mor e powerfu l th e fa n require d t o mov e th e ai r throug h th e 
collector. 

The dimension s o f th e collecto r ar e therefor e a  compromis e betwee n th e 
conflicting demand s o f th e collectio n efficiency , pressur e dro p an d temperatur e 
elevation. Fo r thi s applicatio n th e collecto r wa s approximatel y 27 m lon g and 7 m 
wide wit h a  spacin g o f 300m m betwee n th e roo f an d th e ceiling . 

There ar e fiv e fina l dryin g bin s withi n th e syste m buildin g positione d side-by-sid e 
alongside th e manifol d duc t (Figur e 1. ) Eac h bi n i s 2.75 m squar e an d 1.20 m dee p 
and wit h a  capacit y o f 4  t  (dry ) o f parchment . Th e bin s ar e rendere d concret e 
block an d hav e a  perforate d tra y o f wir e mes h supporte d o n woode n leg s affixe d 
to th e concret e bas e o f th e plenu m chamber . Th e flo w o f ai r t o eac h bi n throug h 
the inle t por t i s regulate d b y a  woode n shutte r raise d b y a  chai n fro m th e 
catwalk abov e th e manifol d duct . Th e bin s ar e covere d b y plywoo d sheetin g 
supported a t th e side-wall s o f eac h bi n bu t no t a t th e end-walls . Th e bin s ar e 
loaded fro m sack s throug h 0.9 m squar e opening s i n th e cover s close d b y woode n 
shutters. Th e parchmen t i s unloade d fro m th e bin s int o sack s vi a a  discharg e 
chute regulate d b y a  woode n shutter . 

The ski n dryin g bin , likewis e constructed , i s positione d a t on e en d o f th e lin e o f 
final dryin g bin s an d separate d fro m the m b y a  by-pas s duct . Th e bi n i s 6.40 m 
long an d 2.75 m wid e an d ca n als o hol d 4  t  o f parchment . Ai r enter s thi s bi n 
either fro m th e fina l drying s bin s and/o r th e by-pas s duc t an d flow s dow n throug h 
the parchmen t bed . Th e ai r vent s t o atmospher e vi a port s i n th e end - an d side -
walls belo w th e bi n floor . Loadin g o f th e bi n i s likewis e throug h opening s i n th e 
covers an d unloadin g throug h tw o discharg e chute s a s fo r th e fina l dryin g bins . 

The ME U i s a  commerciall y availabl e machin e ( R A  Liste r Far m Equipmen t Ltd , 
Cirencester, UK ) widel y employe d fo r th e dryin g o f tropica l crops . Th e uni t 
selected fo r th e syste m use s a  three-cylinde r diese l engin e wit h a  shaf t powe r 
output o f 1 8 kW . Th e fa n ca n provid e a n ai r flo w o f 8  m 3 s - 1 agains t a  pressur e 
of 50 0 Nm" 2. Th e ME U i s mounte d o n a  concret e plint h withi n th e fa n hous e 
(Figure 2) . Th e fa n casin g i s connecte d vi a a  canva s couplin g t o th e entranc e o f 
the manifol d duct . Sinc e i t i s imperativ e tha t th e exhaus t gase s d o no t 
contaminate th e parchmen t the y ar e pipe d ou t o f th e fa n hous e t o atmospher e a t 
roof level . 
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The roo f o f th e manifol d duc t als o act s a s th e catwal k fo r acces s t o th e dryin g 
bins. I n addition , a  concret e floor , i s lai d o n th e fa r sid e t o provid e a  clea n an d 
dry environmen t fo r unloadin g parchmen t an d als o a  temporar y storag e are a fo r 
full sack s waitin g t o b e take n t o th e dryin g table s o r store . 

To preven t contaminatio n o f parchmen t th e fue l drum s fo r th e ME U ar e 
positioned adjacen t t o th e fa n hous e wal l wit h th e fue l lin e runnin g throug h th e 
wall t o th e MEU . 

SYSTEM COMMISSIONIN G 

The syste m wa s commissione d ove r a  3 8 da y perio d i n whic h 2 3 batche s o f 
parchment wer e dried . We t parchmen t fro m th e washin g channel s wa s pumped , 
for reason s o f convenience , int o th e ski n dryin g bi n earl y i n th e mornin g an d 
dried fo r 20-2 2 hours . I t wa s the n manuall y loade d int o sack s an d take n t o th e 
drying table s an d remaine d ther e unti l th e necessar y tim e o f exposur e t o sunligh t 
had bee n achieved . I t wa s the n remove d fro m th e table s an d taken , agai n i n 
sacks, t o on e o f th e 5  fina l dryin g bin s wher e i t remaine d unti l dry . Th e fina l 
drying bin s wer e use d i n sequenc e thu s providin g a  5  day operatin g cycle . 

Control batche s o f approximatel y 10 0 k g wer e drie d o n table s i n th e traditiona l 
manner a s a  basi s fo r qualit y comparison . 

During commissionin g ai r temperatur e an d humiditie s a t pertinen t point s withi n 
the syste m buildin g wer e continuousl y monitore d usin g multi-poin t char t 
recorders (Anvill e Instrument s Ltd , Chertsey , UK) . Manometer s (Ai r Flo w 
Developments Ltd , Hig h Wycombe , UK ) wer e use d t o measur e th e duc t pressur e 
and pressur e dro p acros s th e bed s o f parchment . Insolatio n an d win d velocit y 
were logge d usin g a  sola r distromete r an d cu p anemomete r (Casell a Londo n Ltd , 
London, UK) , respectively . Whe n batche s wer e dry , sample s wer e take n fo r ove n 
moisture determination . Ever y batch , bot h syste m drie d an d contro l dried , wa s 
assessed fo r qualit y employin g standar d technique s b y th e Coffe e Boar d o f Keny a 
(CBK) afte r conditionin g i n sack s fo r 4- 5 weeks . 

RESULTS AND DISCUSSION S 

Thermodynamic performanc e 

Mean dail y insolatio n wa s 21. 9 M J day - 1 (compare d wit h th e seasona l mea n o f 
20.3 M J day - 1) an d ther e wa s a n averag e o f 7. 8 sunshin e hour s pe r da y (compare d 
with th e nor m o f 6. 4 hours) . Suc h weathe r condition s resulte d i n hig h ambien t 
air temperature s whic h necessitate d th e fa n hous e door s t o b e ope n fo r lon g 
periods, o n mos t day s fro m 11.0 0 t o 16.30 . Whe n th e door s wer e ope n th e flo w o f 
air throug h th e collecto r wa s reduce d b y 50 % t o 4. 0 m 3 s - 1 . Eve n thoug h th e 
collector outle t ai r temperatur e frequentl y ros e a s hig h a s 44°C , afte r mixin g 
with th e coole r ambien t ai r th e temperatur e o f th e ai r flowin g t o th e dryin g bin s 
was withi n th e require d limits . 

Table 1  summarise s th e collecto r performanc e ove r th e commissionin g period . 
Collection efficiencie s wer e lowe r whe n th e fa n hous e door s wer e ope n compare d 
with whe n al l th e ai r wa s draw n throug h th e collector . Thi s wa s t o b e expecte d 
since collectio n efficienc y increase s wit h increas e i n ai r flo w eve n thoug h 
temperature elevatio n ma y b e higher . 
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The ai r heatin g performanc e o f th e collecto r i s presente d i n Tabl e 2  an d meet s 
design specifications . I t i s reasonabl e t o conclud e tha t th e collecto r woul d b e 
able t o provid e sufficien t hea t eve n durin g period s o f mor e inclemen t weathe r 
likely t o b e experience d a t othe r times . Openin g o f fa n hous e door s prove d 
effective a s a  mean s o f regulating.th e ai r temperature . 

From th e dat a i n Tabl e 2  i t ca n b e calculate d tha t o n thos e day s whe n th e fa n 
house door s wer e close d throughout , th e collecto r provide d 180 0 M J durin g th e 
day tim e an d th e ME U 2400M J ove r 2 4 hours , togethe r supplyin g a  tota l dail y 
heat inpu t o f 420 0 MJ . I f a n equivalen t amoun t o f energ y wa s provide d b y 
electricity, a  5 0 k W heate r woul d b e required . Alternatively , i f a  direct-fire d oi l 
heater wa s use d the n approximatel y 12 0 litre s pe r da y o f diese l oi l woul d b e 
consumed; mor e i f fo r produc t qualit y reason s a n indirect-fire d heate r wer e 
used. 

Operating condition s fo r ski n dryin g ar e presente d i n Table 3 . Th e mea n inle t ai r 
temperature fo r th e 2 3 batche s drie d wa s 24.6° C an d th e outle t ai r temperatur e 
17.7°C. Th e outle t ai r wa s fo r th e mos t par t saturated , i e a t 100 % relativ e 
humidity (RH) , an d neve r les s tha n 90 % RH . Thi s indicate s tha t th e syste m wa s 
very effectiv e i n term s o f utilisin g th e capacit y o f th e heate d ai r t o absor b 
moisture fro m th e parchment . 

Mean temperatur e o f th e inle t ai r t o th e fina l dryin g bin s wa s 29.2° C an d th e 
outlet ai r temperatur e 24.8° C (Tabl e 3) . Ther e wa s relativel y littl e differenc e 
between th e temperature s o f th e inle t an d outle t ai r a t night . Thi s ca n b e 
attributed t o th e inherentl y larg e hea t capacit y o f th e system . Particularl y 
when a  batc h wa s almos t dr y th e outle t ai r temperatur e wa s sometime s a s hig h 
as 32 ° a t 180 0 hour s an d i t ca n b e take n tha t th e parchmen t temperatur e wa s 
only a  littl e lower . Durin g th e nex t fe w hours , eve n thoug h dryin g continued , 
albeit slowly , th e outle t ai r temperatur e wa s actuall y greate r tha n th e inle t ai r 
temperature, sometime s b y a s muc h a s 5°C , du e t o th e parchmen t an d bi n wall s 
releasing hea t absorbe d durin g th e day . 

The ME U prove d a  ver y efficien t an d reliabl e machine . I t wa s operate d fo r 
nearly 80 0 hour s wit h a n averag e fue l consumptio n o f 3.2 3 l.h" 1. Sinc e fue l 
consumption wa s somewha t greater , abou t 4. 0 l.h" 1, whe n th e ME U wa s bein g 
"run-in", i t woul d b e expecte d t o averag e 3. 0 l.h" 1 i n subsequen t operations . Fo r 
the mos t par t o f th e commissionin g perio d whe n al l th e bin s wer e full y loade d 
the ME U delivere d a  constan t ai r flo w o f 8. 0 m 3 s - 1 agains t a  pressur e o f 400-50 0 
Nm- 2 . 

The mea n weigh t o f th e 2 3 batches processe d wa s 2.9 4 tonne s althoug h ther e wa s 
considerable variatio n i n batc h siz e a s woul d b e expecte d i n an y cooperativ e 
factory. Ther e wer e thre e day s whe n parchmen t wa s no t available ; o n thes e day s 
the parchmen t alread y withi n th e ski n dryin g bi n wa s give n a n extr a da y o f 
drying. 

The mea n reduction s i n moistur e conten t achieve d fo r eac h o f th e thre e dryin g 
stages an d th e time s require d t o effec t thes e change s (Tabl e 4 ) ar e al l withi n th e 
system specifications . Th e mea n rat e o f evaporatio n o f moistur e durin g ski n 
drying wa s 4 9 kg h - 1 an d tha t durin g fina l dryin g approximatel y 1 5 k g h - 1 . Fro m 
these dat a th e pick-u p efficiency , th e rati o o f th e moistur e evaporate d durin g 
the dryin g t o tha t whic h th e ai r i s theoreticall y capabl e o f evaporatin g unde r 
adiabatic conditions , wa s calculated . Th e efficienc y o f th e syste m (61% ) i s 
satisfactory. 



- 9 1 -

Because o f th e hig h moistur e conten t moistur e evaporatio n o f the  ski n dryin g 
stage i s rapid . Thi s result s i n th e ai r becomin g saturate d befor e i t reache s th e 
bottom o f th e bed . Th e parchmen t therefor e tend s t o dr y fro m th e to p down . T o 
ensure eve n dryin g o f th e parchmen t i t i s necessar y t o thoroughl y tur n th e be d 
twice durin g th e day . Thi s simpl e bu t ver y importan t procedur e require d tw o 
men fo r 2 0 minute s fo r eac h turnin g an d prove d ver y effective . 

Because o f th e dr y an d sunn y weathe r experience d durin g commissionin g th e 
necessary 30-3 5 hour s o f exposur e o f parchmen t t o sunligh t o n th e table s wa s 
invariably achieve d withi n 5  days . Althoug h ther e wa s considerabl e variatio n i n 
the parchmen t loading s o n th e tables , 5.4-9. 4 k g m - 2 , th e rat e o f drying -
remained essentiall y constant . 

The syste m ha s th e in-buil t capacit y t o fina l dr y eac h an d an y batc h fo r abou t 
110 hour s ( 5 day s an d night s les s unloadin g an d loadin g times) . Th e mea n fina l 
drying tim e o f 8 3 hour s indicate s tha t th e syste m ha s sufficien t i n reserv e t o 
cope wit h les s favourabl e weather . However , slightl y bette r ski n dryin g 
performance wa s possibl e i f th e ai r inle t port s t o th e fina l dryin g bin s wer e 
closed a t nigh t an d th e ai r ducte d straigh t t o th e ski n dryin g bin . Fina l dryin g 
times fo r parchmen t wer e no t significantl y increased . I t wa s therefor e 
concluded tha t optimu m syste m performanc e i n thi s respec t woul d b e achieve d i f 
parchment i s fina l drie d continuousl y fo r 3  day s an d night s an d the n onl y durin g 
daylight hour s o f th e remainin g 2  days. 

A simila r procedur e woul d b e adopte d durin g rain y periods . O n rain y day s fina l 
drying woul d b e effectiv e unti l th e moistur e conten t reache d 12-13% . Durin g 
these period s i t i s recommende d tha t batche s tha t hav e ha d a t leas t 3  days (an d 
nights) o f fina l dryin g b e isolate d unti l th e rai n cease s an d th e ai r humidit y 
drops. Ski n dryin g ca n o f cours e b e pursue d unde r al l likel y weathe r conditions . 

Although a  moistur e gradien t withi n th e fina l dryin g bin s o f 1-29 6 fro m botto m t o 
top wa s initiall y establishe d i t graduall y decrease d a s dryin g proceeded . B y th e 
time moistur e content s o f 10-11 % wer e reache d th e moistur e gradien t ha d 
virtually disappeared . Ther e wa s n o evidenc e eithe r o f an y variatio n i n moistur e 
content acros s th e bed s thu s indicatin g tha t ai r flo w throug h th e bed s wa s evenl y 
distributed; a  fac t endorse d b y direc t measuremen t o f th e ai r flow . 

Product qualit y 

Regardless o f ho w thermodynamicall y efficien t th e syste m o r ho w fas t 
parchment drie s th e mos t importan t featur e fo r successfu l adoptio n o f th e 
system b y cooperativ e factorie s wil l b e th e qualit y o f th e drie d product . Ther e 
was n o significant differenc e i n qualit y betwee n th e syste m drie d coffe e an d th e 
control samples . However , th e syste m wa s commissione d ove r a  sunn y perio d 
which mean t tha t th e tabl e dryin g condition s fo r th e contro l batche s wer e ver y 
favourable. I t ca n b e sai d therefore , tha t th e syste m gav e a  produc t a s goo d a s 
that produce d unde r idea l su n dryin g conditions . Th e qualit y o f th e drie d 
parchment wa s no t exceptionall y goo d i n absolut e terms , Classe s 4  and 5 . (Th e 
lower th e clas s number , th e highe r th e quality. ) However , dat a fro m CB K 
indicated tha t withou t exceptio n thi s wa s no t attributabl e t o an y effec t o f th e 
drying proces s bu t t o shortcoming s i n pre-dryin g operation s suc h a s poo r pulpin g 
and fermentatio n operations . 
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System economic s 

From dat a gathere d fro m th e commissionin g an d fro m dat a o f traditiona l dryin g 
practices (Whitake r e t al . 1985 ) i t ha s bee n conclude d (Whitake r an d Ro e 1985 ) 
that nearl y 10 % o f al l cooperativ e factorie s i n Kenya , 5 5 i n total , woul d benefi t 
financially i f th e syste m wa s integrate d wit h thei r presen t dryin g facilities . 
These factorie s ar e mainl y thos e wit h a  shortag e o f dryin g table s whic h woul d 
have t o purchas e lan d t o buil d mor e tables . Th e numbe r o f factorie s benefittin g 
could wel l b e greater . Fo r thi s evaluatio n th e potentia l o f th e dryin g syste m t o 
prevent qualit y losse s unde r congeste d factor y condition s wa s ignore d becaus e o f 
the uncertaint y surroundin g th e exten t t o whic h thi s occurs . Also , th e 
convenience o f th e syste m wa s no t take n int o account . Furthermore , i n man y 
districts ther e i s a n upwar d tren d i n coffe e productio n i n th e cooperativ e secto r 
(Whitaker e t al . 1985 ) an d increasingl y mor e factorie s wil l b e experiencin g dryin g 
problems du e t o shortage s o f table s and/o r land . 

CONCLUSIONS 

It ha s bee n demonstrate d tha t th e dryin g syste m i s capabl e o f efficientl y dryin g 
3 tonne s o f parchmen t coffe e an d t o a  qualit y a t leas t equivalen t t o tha t 
obtained unde r idea l su n dryin g conditions . Th e syste m buildin g prove d eas y t o 
construct b y loca l artisan s an d labourers . Th e cos t o f th e buildin g an d th e ME U 
came withi n th e budge t specifications . Th e operatio n o f th e syste m prove d 
simple an d presente d n o problem s t o th e factor y staff . Th e economic s o f th e 
operation ar e suc h tha t ther e are , a t present , ove r 5 0 factorie s tha t coul d 
financially benefi t fro m th e system . Ther e ar e als o indication s tha t thi s figur e 
could increas e i f presen t productio n trend s continue . 
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TABLE 1:  Sola r Collecto r Performanc e 

Position o f 
fan hous e 
doors 

Open** 
Shut 

Insolation 

MJ m - 2 day - 1 

23.25 
18.25 

Daily ai r 
temperature 

rise*, ° C 

5.3 
5.4 

Collection 
efficiency 

% 

40.8 
49.7 

Mean ove r th e 1 2 hour perio d 06.00-18.0 0 
The fa n hous e door s wer e onl y ope n fo r par t o f eac h day , approximatel y 
11.00-16.30. 

TABLE 2 : Syste m Ai r Heatin g Performanc e 

Air Temperature , ° C 
Period* 

0800-1100 
1100-1630 
1630-1800 
1800-0600 

Position o f 
fan hous e 
doors 

Shut 
Open 
Shut 
Shut 

Ambient 

23.1 
28.9 
26.4 
18.7 

After 
collector 

29.5 
39.8 
29.5 
18.7 

Before 
MEU 

29.5 
34.4 
29.5 
18.7 

After 
MEU 

32.3 
37.1 
32.8 
23.1 

The perio d time s ar e approximate ; ther e wa s considerabl e variatio n i n th e 
times th e fa n hous e door s wer e ope n dependin g upo n th e weather . 

* 

* 
** 
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TABLE 3 : Syste m Ai r Temperature s 

Operation 

Skin dryin g 

Final dryin g 

Period* 

0600-1800 
1800-0600 
0600-1800 
1800-0600 

Air Temperature ° C 

Inlet Outle t 

27.1 
22.1 
34.3 
22.2 

18.7 
10.9 
25.3 
22.0 

The perio d times , particularl y fo r ski n dryin g ar e approximate ; ther e wa s 
variation dependin g o n th e availabilit y o f parchment . 

TABLE 4 : Syste m dryin g performanc e 

Operation 

Skin Dryin g 

Table Dryin g 

Final Dryin g 

Drying 
time, h 

21.2 

33.5* 

83.0 

Parchment 
moisture conten t 

%(wb) 

At s tar t A t finis h 

53.2 

42.6 

17.5 

42.6 

17.5 

10.6 

The tim e fo r tabl e dryin g i s th e perio d parchmen t wa s actuall y uncovere d 
on th e table s an d no t th e residenc e tim e o f parchmen t upo n th e table . 

* 

* 
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FIGURE 1: Parchmen t drying system buildin g 
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FIGURE 2: Ai r flow within system buildin g 
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DRYING O F ROBUSTA COFFE E IN UGANDA 
USING SOLAR HEATE D AIR 

Wilfred R  Odogola* , Sa m Oinya* * an d Uring i Okello** * 
* Agricultura l Engineer , (Researc h an d Development) , Nationa l Researc h Council , 

PO Box 6884 , Kampal a 
** Post-harves t Scientist , Nationa l Researc h Counci l o f Uganda . 

*** Biochemis t (Qualit y Controller) , Coffe e Marketin g Boar d o f Uganda . 

ABSTRACT 

This pape r discusse s th e us e o f low-temperatur e sola r heate d ai r fo r dryin g 
coffee berries . I n compariso n t o open-su n drying , thi s metho d afford s highe r 
drying temperature s whic h considerabl y reduce s th e lengt h o f th e dryin g period . 
Test results , usin g a  tra y typ e drye r ar e presented . A  natural-convectio n 
chimney aide d batc h typ e sola r dryer , i s proposed fo r th e typica l rura l setting . 

INTRODUCTION 

Coffee ha s bee n th e mos t importan t cash-cro p sinc e 1955 , o f lat e contributin g 
well ove r 95 % o f th e foreig n exchang e earning s o f th e country . Harvestin g o f 
the cro p i s sprea d throughou t th e yea r wit h harves t peak s i n November -
December an d January-Februar y fo r Robust a an d Arabic a respectively , th e tw o 
main coffe e varietie s grow n i n th e country . 

The pea k harvest s generall y coincid e wit h month s o f frequen t rainfal l an d thu s o f 
inclement weathe r conditions . Thi s ver y ofte n make s i t difficul t fo r th e farme r 
to harvest , handl e an d safel y dr y th e larg e volum e o f th e readil y perishabl e cro p 
("kiboko") fro m th e normall y hig h moistur e leve l o f u p t o 65-68 % (wb) , dow n t o 
the safe-storag e moistur e leve l o f 12 % (wb) . I n additio n t o climati c problems , 
common t o th e Robust a growin g area s i n E  Africa , labou r durin g thi s perio d i s 
scarce, bein g thinl y divide d betwee n numerou s othe r agricultural , far m an d 
household operations . 

This explain s wh y a  larg e portio n o f th e "kiboko " delivere d b y individua l farmer s 
to th e processin g factorie s usuall y ha s a  moistur e conten t a s hig h a s 1 3 t o 15 % 
(wb) (Cowi e 1963 ) an d durin g year s o f bumpe r harvest , u p t o 16 % moisture . Thu s 
further dryin g i s necessar y a t factories . Provisio n o f a  cheap , simpl e an d 
reliable artificia l dryin g technolog y a t th e grass-roo t level , woul d reliev e th e 
cooperative union s an d th e Coffe e Marketin g Boar d (CMB ) fro m th e tas k o f re -
drying th e fairl y hig h moistur e cro p received . 

CURRENT PROCESSIN G AN D DRYIN G PRACTICE S 

Wet processin g 

Coffee i s normall y eithe r wet - o r dry-processed . Processin g b y th e we t metho d 
starts b y selectively harvestin g th e cro p i n th e "red-ripe " stage (60-65 % moistur e 
wb) an d preliminar y gradin g o f berrie s b y sortin g an d "floating " i n water . Goo d 
red-ripe health y berrie s ar e subsequentl y pulped , fermented , washe d an d draine d 
before drying . Compare d t o dry-processe d crop , pulpe d an d washe d coffe e i s 
generally credite d fo r it s cleane r flavour , delicac y an d fineness , an d fo r freedo m 
from undesirabl e elements . However , wet-processin g require s capita l equipmen t 
and clea n wate r i n quantitie s normall y beyon d th e reac h o f a  smal l scal e farmer . 
In Ugand a wet-processin g has , therefore , unti l recently , bee n mainl y confine d t o 
the Arabic a cro p a t estates . 
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Robusta, representin g 90 % o f th e tota l coffe e cro p i n th e country , i s a n 
exclusively smal l holders ' crop . Harvesting , particularl y durin g th e pea k period , 
is stil l largel y indiscriminate : involvin g mer e strippin g o r "milking " o f th e 
bearing branches . Th e heterogenou s mixtur e o f coffe e berries , wit h a  moistur e 
range o f 30-65 % (wb ) i s the n traditionall y dry-processe d i n th e cherr y b y th e 
individual producer s themselves , quit e ofte n withou t an y sorting . 

During th e lat e 1960s , considerabl e attentio n an d encouragemen t wa s give n t o 
wet-processing o f th e Robust a cro p i n th e countr y (Ano n 1964 ; Krug , 1968 ) i n a n 
effort t o improv e it s marketin g powe r an d quality . Thes e effort s were , however , 
abandoned du e t o th e economi c situatio n prevailin g i n th e countr y durin g th e 
1970s. 

More tha n hal f o f th e coffe e bul k worldwide , bot h wet - an d dry-processed , i s stil l 
dried i n th e ope n su n (Haare r 1962) . Thi s proces s involve s spreadin g th e cro p 
thinly o n fir m bar e ground , o n mats/sack s simpl y lai d o n th e ground , o r a t best , 
on a  cemen t surfac e o r specia l raise d wire-bottome d woode n trays . 

Although th e proces s appear s cheap , i t call s fo r larg e area s o f dryin g spac e an d 
is extremel y labou r intensiv e an d slow . Drying , accordin g t o Cowi e (1963) , ca n 
take anythin g fro m 3  t o 5  week s t o complete , dependin g o n climati c conditions , 
the metho d o f dryin g an d th e car e taken . Ofte n wit h poo r handling , th e cro p i s 
exposed t o contaminatio n whic h taint s th e flavour . I t i s als o difficul t t o inhibi t 
the growt h o f mold s an d microorganisms . Th e "mustiness " cause d i s th e mos t 
serious tain t o f dry-processe d Robust a coffe e i n Ugand a an d ha s i n recen t year s 
been responsibl e fo r depreciatio n o f th e coffe e expor t fro m th e country . 

Mechanical dryer s 

When fossi l an d woo d fuel s wer e chea p an d plentiful , mechanica l dryer s usin g 
these fuel s gaine d acceptanc e i n th e coffe e industr y i n Uganda , fo r direc t o r 
indirect heatin g o f ai r fo r dryin g (Sivet z 1963 ; Ghosh 1966) . A t presen t da y cost s 
of thes e fuels , couple d wit h thei r scarcit y an d becaus e o f th e impracticabilit y o f 
employing electrica l dryer s i n rura l area s wher e coffe e i s produced , i t i s 
essential t o see k alternativ e energ y source s fo r dryin g coffe e (an d othe r 
perishable agricultura l crops) . 

This pape r discusse s th e applicabilit y o f sola r heate d ai r t o th e dryin g o f Robust a 
coffee i n Uganda . Literatur e review s (Alla n 1965 ; Ano n 1980 , 1982 ) indicat e 
that sola r energ y offer s majo r potentia l a s a n improve d an d chea p metho d o f 
crop drying , particularl y i n les s develope d countrie s o f th e tropic s wit h abundan t 
solar radiatio n -  a  cost-fre e sourc e o f energy . 

DESCRIPTION O F APPARATUS AN D INSTRUMENTATION USE D 

Experimental tes t ri g 

The experiment s reporte d her e wer e carrie d ou t durin g th e 1983-8 4 coffe e 
season, usin g a n indirec t tra y sola r dryer , designe d an d constructe d a t Kabanyol o 
University Farm , nea r Kampala . Th e tes t ri g (Figur e 1 ) consiste d o f a  four -
legged, box-like , woode n dryin g bi n housin g fou r independentl y movabl e wire -
bottomed tray s fo r th e crop . Th e roo f wa s o f iro n an d a  tal l chimne y aide d ai r 
flow throug h th e system . Th e dryin g tray s wer e serve d b y tw o flat-plat e sola r 

Dry-processing 
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collectors positione d symmetricall y alon g th e East-Wes t trajection , suc h tha t th e 
sun rise s o n on e side , passe s almos t verticall y ove r bot h collectors , an d set s o n 
the othe r side . Thi s arrangemen t i s onl y suitabl e fo r location s ver y clos e t o th e 
equator. 

Each o f th e collector s consiste d o f a  blackene d corrugate d iro n shee t (absorber ) 
suspended betwee n a  corrugate d shee t o f clea r fibr e glas s (hea t trap ) t o th e top , 
and a  50m m thic k coffee-hus k insulatio n sandwiche d betwee n tw o plywoo d sheet s 
to th e botto m 

The sola r drye r i s simpl e bot h t o manufactur e an d t o operate , an d th e mai n 
construction material s ca n b e obtaine d locally . Th e on e majo r componen t no t 
locally availabl e i s th e axia l flo w fan . Consequently , thi s i s th e mos t expensiv e 
single uni t o f th e system . Basi c drye r parameter s an d technica l dat a ar e give n 
below: 

Basic dryer parameter s 

1. Sola r drye r syste m 

- tota l length x width x height 

2. Sola r collector s (two ) 
- apertur e area : 2( 2 x  2.275 ) 
- optimu m til t angl e 
- predicte d mea n power rating 
- predicte d mean efficiency 

3. Dryin g tray s (four ) 
- lengt h x width x depth 
- max . volume : 4  x 0. 3 

4. Axia l flo w fan/electri c moto r 
- volumetri c flo w rat e 
- stati c pressur e 
- powe r ratin g 

Operation principl e 

During operation , lo w temperatur e ambien t ai r wa s forced , b y mean s o f a n axia l 
flow fa n drive n b y a  fractiona l horse-powe r electri c motor , throug h a  woode n T -
junction ai r ductin g unit . Th e ai r wa s the n force d throug h th e collector s wher e 
it wa s sola r heate d befor e goin g throug h th e cro p i n th e bin . Eac h o f th e 
collectors wa s optimall y tilte d fo r maximu m collectio n o f sola r radiate d energ y 
particularly durin g th e pea k harvesting/dryin g period . 

Instrumentation 

To asses s th e performanc e o f th e sola r drye r syste m throughou t a n experimenta l 
day, a s th e su n elevatio n an d azimut h var y an d weathe r condition s change , 
frequent an d continuou s observation s o f relevan t meteorologica l state s an d 
temperatures o f th e workin g flui d an d o f th e dryin g cro p wer e made . 

6.4 x  3.66 x  3.85m 

9.1 m 2 

15° 
7.5 kwh/day m2 

50% 

1.16 x  1.0 4 x  0.25 m 
1.2 m 3 

recommended/available 
950-1000 m 3/hr; (405 ) m 3/hr 
0.5-0.75" H 2 0 
0.75-1.0 kw ; (0.25) k w 
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Table 1  give s ten-yea r mea n value s o f th e variou s meteorologica l element s fo r 
Kabanyolo Universit y Farm . Th e drye r desig n wa s base d o n thes e data . Othe r 
important factor s i n th e desig n were : cro p type , chemica l composition , an d siz e 
of operation ; harves t season , quantitie s handled , e tc . 

EXPERIMENTAL PROCEDUR E AN D METHO D 

Coffee use d i n thi s experimen t wa s indiscriminatel y picke d b y far m workers . 
Prior t o eac h tes t run , therefore , th e heterogeneou s mixtur e o f berrie s wa s 
roughly sorte d int o tw o mai n moistur e groups , i e 30-55 % an d 55-65 % moistur e 
(wb). Th e latte r batc h wa s use d i n thes e studies . 

A 180-20 0 k g sampl e o f berrie s wa s cleane d o f al l extraneou s materia l an d 
divided int o fou r equa l sub-lot s fo r dryin g i n th e fou r wire-bottome d trays . A 
similar sampl e wa s uniforml y spread , singl e layer , o n a  cemente d dryin g floo r 
(barbecue) t o sun-dr y a s a  "control" . 

Each day' s tes t ru n normall y laste d fro m 8.0 0 o r 9.0 0 hour s t o 17.0 0 o r 18.0 0 
hours, dependin g o n weathe r conditions . Durin g tes t runs , variou s reading s wer e 
taken eithe r hourl y o r automaticall y recorde d i n grap h o r tabl e for m throug h 
instantaneous prints . Th e majo r parameter s recorded , includin g detail s o f 
locations an d instrumentatio n employed , ar e summarise d i n Table 2 . Th e fa n wa s 
turned of f wheneve r i t starte d raining . A t th e en d o f a  tes t day , tray s wer e 
unsealed an d th e coffe e i n eac h tra y thoroughl y stirre d prio r t o samplin g fo r 
moisture leve l determinatio n usin g a  standar d ove n metho d describe d i n Sivet z e t 
al. (1963) . 

RESULTS AND DISCUSSION 

Working fluid  temperatur e variation s 

Changes i n temperature s o f ai r withi n th e dryer , th e cro p an d ambien t ai r ar e 
shown i n Figur e 2  and 3  for a  typica l sunn y day . Figur e 2  represent s finding s fo r 
a typica l da y durin g whic h a  fa n wa s employed . Th e ambien t ai r temperatur e 
and a t variou s location s i n th e drye r system , wer e ver y similar . Tha t o f th e cro p 
bulk i n th e bin , o n th e othe r hand , wa s slightl y highe r tha n th e res t indicatin g 
that th e batch , afte r th e previou s day' s run , doe s no t totall y coo l dow n t o th e 
ambient ai r condition s a t night . 

As th e sola r radiatio n graduall y intensifie s durin g th e da y ai r temperature s i n al l 
parts o f th e syste m rise , reachin g thei r pea k a t approximatel y 13.0 0 hours . 
Thereafter, th e temperature s droppe d almos t symmetrically . Th e maximu m 
difference i n temperatur e betwee n th e ambien t an d th e ai r insid e th e collector , 
ranged fro m 15 ° t o 20°C , whil e tha t betwee n th e ambien t ai r an d th e cro p 
ranged fro m 8 ° t o 12°C . Th e latte r greatl y depende d o n th e dryin g stage : bein g 
lowest whe n th e cro p wa s wettes t (effect s o f sel f evaporativ e coolin g b y th e 
crop), an d vic e versa . 

Whenever th e fa n wa s no t employe d (du e t o powe r failure , fo r instance) , ai r 
temperatures insid e th e collecto r increase d t o nearl y 80° C fo r a  typica l ambien t 
air temperatur e o f 25°C . A t th e sam e time , th e cro p temperatur e ros e onl y 
slightly abov e th e ambient . Thi s suggest s tha t withou t th e fa n ver y littl e o f th e 
solar heate d ai r passe s throug h th e crop . Th e dryin g rate , consequently , wa s 
reduced mor e tha n two-fold , a s compare d t o no t usin g th e fan . 
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Collector performanc e 

Table 3  summarises th e performanc e o f th e collecto r durin g a  typica l sunn y day . 
In determinin g th e efficienc y o f th e collector , hourl y ambien t ai r temperatur e 
and mea n hourl y temperatur e rise s insid e th e collecto r wer e used . Wit h hourl y 
solar radiatio n value s known , th e tota l theoretica l energ y collecte d b y a 
collector o f know n apertur e area , wa s evaluate d hou r b y hour . Th e flo w rat e o f 
the fa n wa s take n t o b e approximatel y 95 % o f th e fa n flo w rating : th e 
difference accountin g fo r ai r leakage s throug h crack s an d joint s i n th e system . 
Collector efficienc y wa s the n determined , accordin g t o Mrem a (1982) , a s th e 
ratio o f extracte d energ y t o inciden t sola r energy , pe r uni t o f collector . 

For a  typica l sunn y day , durin g th e perio d o f pea k harvest , th e collecto r wa s 
found t o hav e a n efficienc y rangin g fro m 10 % a t th e star t o f th e day , t o 34 % a t 
peak performance ; th e mea n bein g 25% . Further , th e temperatur e ris e an d 
relative humidit y wer e wel l withi n th e require d limit s fo r a  singl e glaze d flat 
plate collector . O n a n overcas t an d cloud y o r rain y day , th e averag e collecto r 
efficiency wa s reduce d t o a  mea n o f les s tha n 10 % an d th e change s i n 
temperature an d relativ e humidit y wer e no t a s satisfactor y a s migh t b e desired . 
However, th e dryin g rat e wa s stil l bette r tha n fo r ope n sun-drying . Th e 
efficiency-time relationship s ar e show n i n Figur e 4 . 

Moisture removal pattern during drying 

Coffee wel l picke d an d drie d i n cherry , ha s a n initia l moistur e leve l o f 60-65% , 
as compare d t o th e 50-54 % moistur e (wb ) obtaine d i n coffe e pulped , fermented , 
washed an d drained . Whe n properl y dried , th e fina l moistur e o f th e parchment , 
in bot h cases , shoul d b e 12 % (wb) . Thi s reductio n o f moistur e unde r condition s 
which wil l no t har m th e inheren t qualitie s o f th e coffe e i s achieve d b y artificia l 
or su n drying . Figur e 5  shows th e aviatio n o f moistur e o f th e robust a crop , drie d 
in cherry . 

During th e initia l dryin g stage , we t coffe e readil y loose s moistur e t o th e dryin g 
air. Th e proces s proceed s a t a  mor e o r les s unifor m rat e unti l th e moistur e leve l 
of 25-20 % (wb ) whe n th e proces s graduall y slow s dow n toward s th e 12 % moistur e 
level. Th e gradua l slowin g dow n o f water-rat e los s occur s a s th e slimy , stick y 
mucilage tha t cover s th e seed , als o start s drying ; bein g muc h mor e impermeabl e 
to moistur e th e drie r th e coffe e becomes . 

For th e tes t run s carrie d ou t durin g th e 1983/8 4 coffe e season , th e perio d take n 
for th e 180-20 0 k g batche s t o dr y range d fro m betwee n nin e day s t o sixtee n days , 
each o f approximatel y 8  hours o f drying . 

Coffee quality ; it s relationshi p t o dryin g 

Coffee i s a  commodit y whic h suffer s fro m worl d over-production . Naturally , 
therefore, buyer s ca n affor d t o b e ver y selectiv e an d coffe e offere d fo r sal e 
must b e attractiv e wit h liquorin g attribute s positiv e enoug h t o readil y wi n 
consumer acceptability . 

Drying o f th e cro p i s amon g th e mos t importan t factor s contributin g t o quality . 
Too slo w a  dryin g rate , wit h poo r handling , cause s mustines s an d provide s 
opportunities fo r a  numbe r o f off-flavours . Dryin g th e cro p to o fas t an d a t 
temperatures highe r tha n 60°C , result s i n case-hardening , bleachin g o f th e 
berries t o chalky-white , an d brownin g o f th e roast , wit h consequen t los s o f 
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aroma. Failur e t o dr y th e cro p t o correc t moistur e levels , a  proces s typica l fo r 
traditionally drie d robust a crop , breed s numerou s handlin g an d storag e problems , 
resulting i n ver y rapi d deterioratio n o f wha t woul d eve n hav e bee n regarde d a n 
excellent coffe e product . 

In Ugand a a n individua l farme r handle s th e cro p fro m th e far m u p t o th e poin t o f 
hulling, eithe r b y a  co-operativ e unio n o r a  license d privat e processor , wh o the n 
sells th e cro p t o th e Coffe e Marketin g Boar d (CMB ) o f Uganda . A t th e board , 
the coffe e i s teste d for : moistur e level , "defective " count s an d siz e grades . 
Figure 6  gives th e mea n percentage s o f th e robust a coffe e receive d b y th e CM B 
(1979-1984) togethe r wit h respectiv e percentage-moistur e levels . I t i s note d 
that les s tha n 20 % o f th e cro p brough t t o th e boar d actuall y satisfie s th e 12 % 
moisture requiremen t b y th e board . Mor e tha n 55 % i s receive d wit h moistur e 
ranging betwee n 13-16% , wit h mea n moistur e level s highe r tha n 13% , prevailin g 
during period s o f pea k harvests . 

In a  bi d t o comba t thi s problem , th e boar d impose s a  monetar y penalt y o n al l 
coffee receive d a t exces s moisture , a s follows : 7,00 0 Sh/ton ; 10,00 0 Sh/ton ; 
17,000 Sh/to n an d 22,00 0 Sh/to n respectively , fo r moistur e level s o f 12-13% ; 13 -
14%; 14-15% ; an d 15-16 % (wb) . Thi s practic e ha s no t bee n abl e t o aver t th e 
problem particularl y durin g pea k harvest . 

Grading coffe e base d o n screen siz e 

Table 5  show s th e percentag e weigh t o f a n averag e far m coffe e produce d fro m 
each scree n siz e afte r th e processin g ha s bee n complete d i n th e CMB . Fro m th e 
table, i t i s note d tha t Uganda' s robust a cro p i s good , wit h th e advantag e tha t 
25% i s classe d a s "grad e A " quality, an d onl y 7 % being grade d a s triage . 

TABLE 5 : Gradin g throug h screenin g 

Grade Scree n siz e i n 64t h 
of a n inc h 

1 A  1 7 and abov e 
2 B  1 5 and 1 6 
3 C  12 , 1 3 and 1 4 
Triage Z  Belo w 1 2 

Grading base d "defective " count s 

Based o n defectiv e counts , Appendi x 1  shows th e gradin g o f coffe e receive d b y 
the CM B durin g th e 1983-198 4 coffe e season ; th e defective s bein g dominate d b y 
those du e t o poo r drying . I t i s note d tha t nearl y al l th e coffe e brough t t o th e 
board fall s withi n th e "fairl y averag e quality " (FAQ ) classification . Thi s stresse s 
the importanc e o f producer s an d owner s o f coffe e co-operativ e unions , improvin g 
their method s o f processing , particularl y harvesting , handling , dryin g an d storag e 
of th e crop . 

Liquoring qualit y 

Poor dryin g ha s negativ e effect s o n th e liquorin g qualit y o f coffee . Thi s i s 
normally detecte d b y smel l an d taste , an d togethe r wit h othe r coffe e attributes , 
determine th e pric e t o b e pai d t o theloca l marketin g agents . Afte r thes e hav e 
been pai d thei r monetar y dues , effort s ar e mad e b y th e boar d t o improv e th e 
liquoring qualit y throug h "bulking" , i e mixin g variou s grade s o f coffe e t o obtai n 
uniform appearanc e an d cu p tast e t o orien t th e cro p fo r a  particula r market . 

Percentage 
production 

25 
27 
21 
7 
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CONCLUSIONS 

As previousl y stated , weathe r condition s an d dryin g spac e ca n mak e sun-dryin g 
of coffe e wet - o r dry-processed , impractical . T o ensur e hig h produc e qualit y 
under thes e circumstances , farmer s an d estat e owner s wil l hav e t o conside r som e 
form o f artificia l drying . Th e us e o f sola r energ y fo r coffe e dryin g promise s a 
feasible answe r toward s improvemen t i n quality . 

Uganda robust a i s naturall y goo d wit h advantag e tha t approximatel y on e quarte r 
of th e cro p consist s o f bol d bean s retaine d b y scree n 17 . Th e coffe e whe n wel l 
dried an d standard-roaste d als o afford s a  brillian t unifor m roast , wit h ric h heav y 
body -  basi c characteristic s o f goo d cu p quality . I t i s therefore , u p t o th e 
grower an d processo r t o ensur e tha t thes e natura l qualit y attribute s o f Ugand a 
robusta ar e amplified , an d tha t b y improve d processin g methods , particularl y 
drying, th e cro p i s afforde d al l th e chance s fo r bette r competitio n i n th e no w 
discriminate an d congeste d worl d coffe e market . 
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FIGURE 1 : Tra y sola r drie r 
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FIGURE 2: Variatio n of temperature wit h time of day (fan employed ) 

FIGURE 3: Variatio n of temperature wit h time of day (fan not  employed) 
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FIGURE 4: Efficiency-tim e relationshi p 

FIGURE 5: Moistur e loss pattern 
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DESIGN CONSIDERATIONS AN D PROTOTYP E TESTS ON 
A PYRETHRU M FLO W SOLAR ENERG Y DRYE R 

F B  Sebbowa, Departmen t o f Mechanica l Engineering , 
University o f Nairobi , P O Bo x 30197 , Nairobi , Keny a 

ABSTRACT 

This pape r describe s a  prototyp e sola r energ y drye r specificall y designe d t o serv e 
the need s o f th e smal l scal e rura l farme r growin g pyrethrum . Thi s i s a  "mixe d 
type" sola r energ y drye r utilisin g a  fla t plat e sola r collecto r fo r ai r preheatin g 
and direc t sola r radiatio n o n th e crops . Prototyp e tes t result s gav e a  syste m 
crop dryin g efficienc y o f 25.8 % fo r th e perio d Octobe r 198 4 t o Februar y 1985 . 
The qualit y o f th e drie d cro p wa s a s goo d an d sometime s bette r tha n tha t o f 
crops drie d b y othe r methods . 

INTRODUCTION 

Pyrethrum i s a  majo r sourc e o f foreig n exchang e currenc y fo r Kenya . I t i s 
harvested a t a  moistur e conten t i n exces s o f 75 % (wb ) an d fo r saf e storag e an d 
subsequent processin g th e moistur e conten t mus t b e a s lo w a s 15 % (wb) . Th e 
energy require d fo r thi s typ e o f moistur e remova l i s substantia l sinc e Kenya' s 
average yea r productio n o f th e we t cro p i s about 56,00 0 tons . 

From th e 1983/8 4 pyrethru m yea r Kenya , a  non-oi l producin g nation , banne d th e 
use o f th e popula r oi l burnin g dryer s b y larg e scal e pyrethru m grower s du e t o th e 
high cos t o f oil . Sinc e th e availabl e electricit y suppl y i s alread y overstretche d 
by industria l an d domesti c demand s i t canno t b e diverte d t o cro p dryin g 
purposes. Ther e ar e onl y tw o alternatives : woo d fire d dryer s o r sola r dryers . 
The forme r ar e currentl y wel l exploited , despit e thei r fir e hazard s (Sebbow a 
1985). Bu t unles s sufficien t afforestatio n i s undertaken thes e ar e boun d t o suffe r 
the fat e o f th e oi l burnin g dryers . Ther e ar e stringen t regulation s agains t th e 
felling o f tree s an d th e pric e o f woo d fue l (presentl y a s muc h a s US$3 6 pe r to n i n 
some areas ) ma y i n th e futur e mak e woo d burnin g dryer s uneconomical . Thu s th e 
long-term solutio n lie s wit h sola r energ y dryers . 

The averag e annua l sunshin e hour s ove r mos t o f th e pyrethru m growin g are a o f 
Kenya i s 7. 2 hour s pe r da y (Onyang o e t al . 1981 ) an d averag e insolatio n i s ove r 
0.5 kW/m 2 (Sebbow a 1984) . I t i s thes e favourabl e condition s whic h le d t o th e 
design o f a  pyrethru m sola r drye r whos e desig n an d performanc e ar e reporte d i n 
this paper . 

Of significan t importanc e i n th e desig n procedur e wer e th e loca l constraints . 
Firstly, whethe r o r no t th e desig n woul d b e acceptabl e t o th e farmers . I t wa s 
established tha t th e mediu m an d larg e scal e producer s (wit h yearl y yield s o f ove r 
4000 kg ) tend t o accep t nove l idea s readil y an d stil l us e som e for m o f mechanica l 
dryer (Sebbow a 1985 ) 

Secondly, i t ha d t o b e establishe d whethe r th e prototyp e mad e economi c sense . 
In financia l term s th e smal l scal e farme r canno t benefi t fro m it . Alread y al l 
small scal e farmer s suppl y onl y drie d flower s t o thei r variou s cooperatives . 
However, fo r th e larg e scal e farmer s a  mechanica l drye r i s idea l t o avoi d 
congestion and/o r delaye d harvesting . Whe n pyrethru m i s harveste d lat e it s 
pyrethrins conten t (th e activ e ingredient ) i s lo w a s ar e th e financia l returns . 
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It i s desirabl e tha t locall y availabl e material s ar e sufficien t for . th e drye r 
construction t o sav e foreig n currency . And  becaus e o f th e typ e o f end-users , th e 
dryer whil e providin g job s i n th e fabricatio n ha d t o b e simpl e an d eas y t o 
assemble an d maintain . 

PYRETHRUM SOLA R DRYE R DESIG N 

The sola r dro p drye r i s show n i n Figur e 1 . I t consist s o f a  woode n drye r (2.25 m x 
2.3m an d 2.3 m height ) wit h a  0.004 m thic k "ordinar y windo w glass " roof . Th e 
cedar woo d drye r wall s ar e 0.02 m thic k an d goo d therma l insulators . Th e drye r 
floor i s mad e o f simila r woo d board s t o preven t downwar d hea t loss . Th e 
pyrethrum flowers  ar e drie d o n 1 0 trays stacke d fiv e hig h (tra y spacin g i s 0.07m) . 
Each tra y i s mad e o f a  woode n fram e (1.05 m x  1.9 m an d 0.115 m deep ) wit h 
galvanised wir e mes h (0.00 6 m 2 mes h size) . Ther e i s a  0.30 5 m 2 ai r inle t hol e 
and th e tw o outle t hole s ar e 0.8 m lon g b y 0.101 m wide . Otherwis e th e drye r i s 
airtight. 

To augmen t th e direc t hea t suppl y t o th e crop s fro m th e drye r roof , a  singl e 
cover fla t plat e sola r collecto r (th e ai r preheater ) i s use d t o pre-war m th e inle t 
air t o th e dryer . Th e 0.68 m b y 3.0 m collecto r consist s o f tw o ordinar y 
galvanised corrugate d iro n roofin g sheet s (Gaug e 3 0 BS ) aligne d wit h th e trough s 
of on e touchin g th e crest s o f th e other . Thi s configuration , adapte d fro m Gupt a 
and Gar g (1967 ) increase s th e ai r flo w turbulenc e an d henc e hea t transfer . Th e 
edges ar e seale d t o mak e a  leakproo f airduct . Th e collecto r plat e i s house d i n a 
galvanised iro n housin g fro m whic h i t i s insulate d b y glasswool (0.10 m thic k alon g 
the edge s an d 0.05 m thic k a t th e bottom) . Th e collecto r cove r plat e i s a n 
ordinary windo w glas s shee t (0.006 m thick ) secure d ont o th e housin g frame . Th e 
whole collecto r structur e i s incline d 6 ° t o th e horizonta l i n th e north-sout h 
direction. Suitabl e galvanise d iro n ductin g connect s th e mat t blac k painte d sola r 
collector t o a  1. 5 k W electrically drive n airblowe r an d th e drye r inle t (Figur e 1) . 

EXPERIMENTS 

The result s t o b e presente d cove r tw o areas . First , th e performanc e o f th e sola r 
collector a s gauge d b y th e temperatur e ris e o f th e ai r flowin g throug h it . 
Second, th e performanc e o f th e drye r (provide d wit h war m ai r fro m th e ai r 
preheater) gauge d b y th e tim e i t take s t o dr y a  give n batc h o f pyrethru m an d th e 
dryer efficienc y (TDR I 1984 ) fo r th e availabl e insolation . Al l result s wer e 
obtained unde r force d convectio n o f air . Althoug h th e recommende d flo w rat e i s 
0.1 kg/s , a  force d convectio n o f 0.0 1 kg/ s pe r uni t are a o f drye r be d wa s use d 
since i n th e long-ter m i t i s desire d t o us e a  lo w powe r airblower , i f no t 
completely natura l convectio n (Githinj i 1974) . 

Performance o f th e sola r air preheate r 

Ideally th e Whillier-Hottel-Blis s efficienc y equatio n suc h a s quote d b y McVeig h 
(1978) shoul d b e use d t o calculat e th e sola r collecto r efficiency . However , fo r 
quick practica l purpose s a  somewha t simple r relatio n ma y accuratel y indicat e 
the efficiency . Th e relatio n adopte d i n thi s wor k i s 
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where n c =  collector efficiency ; C p =  mea n specifi c hea t o f ai r flo w throug h 
collector; 9  = temperature ris e o f th e flowing air; m  = mass flow rate o f air; A c 
= collector surfac e area ; an d G  = insolation o n collecto r surface . Th e specifi c 
heat, Cp , is not linea r wit h temperatur e bu t i n the temperature rang e of interes t 
(15°C to 75°C) the variation i s no more than 4.4 J/kg/K o r 0.4%. 

The ris e i n temperatur e o f th e flowing  air , 9 , wa s measure d wit h mercur y i n 
glass thermometer s ever y 3  hours . Th e mas s flo w rat e wa s constan t a t 
0.0506kg/s. Th e insolatio n wa s measure d i n Langleys per da y by a "Global Dome 
Solarimeter" at th e national weather centr e i n Nairobi (5k m fro m th e prototype) . 
The collector efficienc y i s shown in Figure 2. 

Drying performance of the system 

Preliminary experiment s indicate d tha t a  pyrethru m flowe r loadin g o f abou t 12 0 
kg o f we t flower s le d t o mor e effectiv e dryin g whe n rain y spell s ar e likel y t o 
occur. Thu s wit h a n ai r flow  rat e o f 0.0506kg/ s thi s wa s th e loadin g usuall y 
adopted. Highe r loading levels resulted i n slow drying and often flowe r rottin g i n 
the middl e trays . 11 5 k g o f fres h we t flower s wa s evenl y sprea d o n th e te n 
trays, leavin g aside abou t 5k g to b e naturally su n dried o n an identica l tra y a s a 
control sample for dried produc t quality . 

To determin e th e progres s o f dryin g a  10 g sampl e wa s withdraw n fro m a 
representative numbe r o f tray s (Tra y Nos 1 , 3 , 8 and 10 ) every 3  hours and drie d 
under a  Ú V electri c bul b o n a  moistur e determinatio n balance . Dryin g time s 
ranged fro m 4- 5 days. 

The drye r performanc e wa s estimate d b y the dryin g efficiency D . I n thi s cas e 
the efficienc y D  give n b y TDRI (1984) was slightly modifie d t o account fo r th e 
roof direc t heating ; 

The dail y temperatur e ris e indicate d a s expecte d tha t betwee n th e hour s o f 
10 am an d 4  pm th e maximu m temperatur e ris e o f th e workin g ai r occurred . Th e 

where W  = weigh t o f moistur e evaporate d (kg ) durin g samplin g interval , L  = 
latent hea t o f evaporatio n o f wate r (kJ/kg ) a t mea n temperatur e o f dryer , G  = 
insolation (kJ/m 3). Durin g samplin g interval , A c =  sola r collecto r are a (m 3), 
AD =  dryer roo f area . 

The mea n temperatur e o f th e drye r wa s based o n th e averag e betwee n inle t t o 
and outle t fro m drye r temperatures . A  mor e precis e metho d woul d requir e a 
record o f th e actua l temperature s withi n th e dryin g flowers . Nonetheles s th e 
values given i n Table 1  are indicativ e o f th e dryin g efficiencie s o f th e prototyp e 
solar dryer . 

On completion o f th e dryin g of eac h batc h a  representativ e sampl e wa s analysed 
for pyrethrin s content (o r quality) by ultravoilet spectrogra m metry. A  sample of 
the "ope n air " sun-dried flowers  wa s treate d similarly . Tabl e 2  compares thes e 
samples wit h th e know n pyrethrins conten t o f flower s fo r th e sam e geographica l 
location. 

DISCUSSION 
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overall ris e wa s relate d t o variatio n i n climati c condition s particularl y clou d 
cover. Rai n apparently has less effect tha n cloud cover . 

The Whillier-Hottel-Bliss estimates o f collecto r efficienc y show n tha t efficienc y 
is highes t whe n th e insolatio n i s lowest . Bu t withou t a n accurat e recor d o f 
temperature acros s th e collecto r plat e an d accurat e monitorin g o f win d t o 
measure th e variou s losses , th e efficiencie s indicate d ar e ver y approximat e 
(McVeigh 1978). 

Results fo r th e dryin g capabilit y o f th e syste m confir m previou s finding s 
(Sebbowa 1984) . Th e dryin g tim e ( 4 t o 5  days) i s similar t o tha t reporte d whe n 
pyre thrum flowers  ar e su n drie d (PB K 1985) . Bu t th e average dryin g tim e (50. 4 
hours) is somewhat longer than the 35 hours previously reported . Th e 44% rise i s 
probably du e t o th e prolonge d clou d cove r especiall y fo r th e batc h drie d i n th e 
period 1.11.84/9.11.84 . Further , som e rewettin g occurre d du e t o rai n leakag e 
through th e drye r roo f fo r thi s particula r batch . Whe n this batch i s excluded th e 
average drying time i s 44 hours. 

Periods wit h th e leas t clou d cove r generall y yiel d th e shorte r dryin g periods . 
Initial moistur e content also affects dryin g time. Fo r example , one batch wit h a 
cloud cove r o f 55 % but a  lo w initia l moistur e conten t 76 % (wb ) ha d a  simila r 
drying tim e a s a  secon d whic h althoug h havin g les s clou d cove r durin g dryin g 
(31%) had a  higher initia l moistur e conten t 82 % (wb). Thu s while rain during the 
actual dryin g ma y b e les s significan t tha n clou d cove r i t i s importan t a t th e 
harvesting time since this is what determines the initial moistur e content . 

The dryin g syste m efficienc y averag e 25.83% , i s goo d whe n prevailin g weathe r 
conditions ar e considered . Not e agai n th e effec t o f clou d cove r fo r th e 
1.11.84/9.11.84 batch . I t mus t b e remembered tha t thes e efficiencie s ar e base d 
on availabl e insolatio n o n th e topsid e o f th e glas s cove r plat e fo r th e sola r 
collector plat e an d th e drye r roof . N o account i s taken o f th e glas s reflectanc y 
or th e glas s materia l absorption . Thes e woul d reduce th e available sola r energ y 
thereby raise , albeit marginally , the dryer system efficiency . 

The drie d flowe r qualit y i s comparabl e wit h th e averag e fo r th e 
Githunguri/Limuru areas . Th e seemingl y lowe r value s i n Tabl e 2(b ) ar e du e t o 
overburning whe n woo d fire d dryer s ar e used . Tha t i s excep t fo r th e Kisi i are a 
where the low value corresponds to a poor harvesting technique . 

CONCLUSION 

This wor k demonstrate s tha t a  fairl y simpl e sola r drye r designe d wit h th e 
aspirations o f th e pyr e thrum grower s o f Keny a i n min d i s quit e feasible . Th e 
drying time s o f 4  to 5  days during cloudy and sometimes rain y period s mak e th e 
system relativel y attractive . Thes e time s shoul d b e furthe r improve d wit h a n 
blacker sola r collecto r surface . Experiment s i n thi s directio n ar e alread y 
underway an d ma y be reported i n the nea r future . However , t o compensat e fo r 
the somewha t longis h dryin g time s durin g heav y clou d cove r an d rain y period s a 
hybrid syste m incorporatin g sola r energ y an d a  woo d fire d syste m migh t prov e 
best fo r commercia l farmers . However , presen t woo d fire d dryer s ar e ver y 
susceptible t o fire . A  recen t surve y (Sebbow a 1985 ) showe d tha t mos t o f th e 
wood fired dryer s have caugh t fir e a t on e tim e o r another . Perhaps  i n the end a 
solar energy system suc h as the on e described i n this pape r i s the onl y long ter m 
solution fo r pyrethru m drying . 
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TABLE 1:  Dr y efficiencies fo r th e prototype drye r 

Batch 

14.2.85/16.2.85 
23.1.85/28.1.85 
10.12.84/15.12.84 
27.11.84/2.12.84 
1.11.84/9.11.84 

Available 
insolation 

(mJ) 

644.35 
924.83 
788.88 
901.53 

1118.38 

Energy fo r 
evaporation 

(mJ) 

201.35 
212.72 
225.91 
240.91 
219.30 

Dryer 
efficiency 

(nd%) 

31.25 
23.0 
28.6 
26.7 
19.6 

TABLE 2(a): Quality (pyrethrins content o f flowers  drie d in prototype ) 

Pyrethrins content % 

Batch 

14.2.85/16.2.85 

23.1.85/28.1.85 

10.12.84/15.12.84 

27.11.84/2.12.84 

1.11.84/9.11.84 

Dryer 

1.670 

1.620 

1.626 

Control sampl e 
(Sun dried) 

1.680 
1.680 
1.640 

TABLE 2(b): Averag e nationa l quality (pyrethrins content ) of flowers 
(some flowers  firewoo d drye r dried, others sun dried) 

Pyrethrins content % 

1.65 (Supplie d firs t thre e sample s 

Locational are a 

Githungri 
Limuru 
Nakuru 
Meru 
Kisii 
Molo 

(1°S 37°E ) 
(1°S 37°E ) 
(0°N 36°E ) 
(0°N 37°E ) 
(0°N 35°E ) 
(0°N 36°E ) 

1.50 
1.49 
1.90 
1.20 
1.50 

(Supplied las t tw o samples ) 

(99% su n drying ) 
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FIGURE 1: Sola r crop drier system 

Solar air heate r 
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FIGURE 2: Insolatio n and collector efficiency v s day 
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DEVELOPMENT OF A SOLAR DRYING TECHNOLOGY FO R THE 
DEHYDRATION O F VEGETABLES IN ZAMBIA 

J M  M wale, Head , an d K  Doffour-Dapaah, Senio r Scientifi c Officer , 
Food Technolog y Researc h Unit , Nationa l Counci l fo r Scientifi c Research , 

PO Box CH-158 , Lusaka , Zambi a 

ABSTRACT 

A surve y o f traditiona l method s o f dryin g vegetable s indicate d a  nee d fo r 
improved dryin g facilitie s i n rura l areas . Laborator y test s identifie d th e 
optimum pretreatment s fo r cowpea , pumpki n an d delel e leaves , whe n usin g a n 
indirect sola r dryer . A  mode l fo r improvin g th e procedure s fo r dryin g thes e 
vegetables, wit h recommendation s fo r organisin g th e dryin g facilitie s i s 
presented. 

INTRODUCTION 

The practic e o f direc t sola r dryin g o f vegetable s an d th e utilisatio n o f drie d 
vegetable product s i s wel l establishe d i n Zambia . 

A preliminar y surve y wa s carrie d ou t t o identif y traditiona l dryin g technologies , 
the specifi c vegetabl e crop s t o whic h thes e technologie s ar e applie d an d th e use s 
of drie d products . Th e pilo t plan t surve y wa s confine d t o limite d location s 
within th e Southern , Eastern , Centra l an d Lusak a provinces . 

The result s o f th e surve y indicate d that : 

1. Dryin g wa s carrie d ou t toward s th e en d o f th e rain y seaso n an d t o 
overcome th e anticipate d seasone d shortage s i n th e dr y season . 

2. Drie d product s wer e store d ove r 2- 3 month s fo r us e i n th e lat e dr y season . 

3. Al l product s wer e subjecte d t o pretreatment s suc h a s blanching . 

4. Th e mos t commo n vegetable s fo r sola r dryin g (SD ) ar e pumpkin , cowpe a 
and delel e leaves . 

5. Occasionall y collectiv e dryin g wa s carrie d ou t usin g commo n dryin g site s 
(flat ston e surfaces ) bu t generall y dryin g capacit y wa s limite d b y lac k o f 
an adequat e an d organise d technology . 

The surve y suggeste d tw o area s tha t require d furthe r investigatio n wit h a  vie w 
to improvin g th e processe s fo r preservin g vegetables . Thes e wer e optimisatio n 
of pretreatmen t procedure s t o ensur e th e minimu m los s o f nutrien t value , and , 
second, a n improve d syste m fo r dryin g materia l base d o n a  sola r hea t collector . 
Since pumpkin , cowpe a an d delel e leave s wer e th e mos t commo n crop s preserve d 
in thi s wa y thes e wer e selecte d fo r furthe r investigation . 

OPTIMISING PRETREATMEN T PROCEDURE S 

The traditiona l pretreatments , includin g ho t wate r o r stea m blanching , mincin g 
and crushing , an d pressin g t o remov e exces s moisture , wer e evaluated . Th e 
effect o f suc h pretreatment s o n th e qualit y o f th e drie d produc t wa s measure d 
under laborator y conditions . 
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Blanching tim e wa s determine d an d optimise d usin g th e residua l polypheno l 
oxidase an d peroxidas e tests . Th e caroten e an d ascorbi c aci d conten t o f th e 
dried product s wer e evaluate d a s parameter s o f nutritiona l quality . Th e effect s 
of tw o level s (hig h an d low ) of : 

1. Water : Vegetabl e (W/V ) rati o 
2. Blanchin g tim e 
3. Dryin g temperatur e 

on caroten e an d ascorbi c aci d conten t o f th e drie d produc t wer e investigate d 
using a  fal l factoria l experimenta l design . 

The result s ar e show n i n Table s 1  an d 2 . Analysi s o f varianc e showe d tha t fo r 
pumpkin leaves , th e effec t o f W/V , blanchin g tim e an d dryin g temperatur e (a t 
the tw o level s tested ) ha d n o significant effec t o n th e ascorbi c aci d an d caroten e 
levels i n th e drie d product . I n cowpe a th e effect s o f blanchin g tim e an d dryin g 
temperature wer e significan t (p>0.05 ) i n th e cas e o f ascorbi c acid . 

Since th e effec t o f W/ V o n ascorbi c aci d an d caroten e retentio n wa s no t 
significant, wate r blanchin g coul d b e recommended , thoug h wate r blanchin g i s 
known t o resul t i n heavie r losse s o f wate r solubl e nutrient s suc h a s ascorbi c acid , 
than stea m blanching . 

Based o n enzym e inactivatio n studies , si x minute s wa s selecte d a s th e optimu m 
blanching tim e fo r bot h stea m an d wate r blanchin g o f th e lea f vegetable s unde r 
study. Th e effec t o f dryin g temperature , particularl y o n ascorbi c aci d conten t 
was dependen t o n th e leve l o f blanchin g time , a  lo w blanchin g tim e i n 
combination wit h lo w dryin g temperatur e bein g th e mos t ideal . 

DEVELOPMENT OF A SOLAR DRYE R 

Preliminary testin g o f a  tent-typ e sola r drye r resulte d i n heav y losse s o f ascorbi c 
acid an d poo r colou r retention . A n indirec t sola r drye r wa s constructed , 
consisting o f a  separat e sola r collecto r attache d t o a  dryin g chamber . Th e 
collector wa s constructe d o f corrugate d iro n sheet s painte d blac k an d covere d 
with a  singl e laye r clea r polythen e sheet . Th e collecto r chambe r wa s insulate d 
with drie d grass . Th e dryin g chambe r wa s constructe d fro m woode n plank s an d 
included fou r shelves , eac h capabl e o f takin g thre e trays , 96c m x  51c m x  5cm . 
The dryin g chambe r wa s provide d wit h a  chimne y fo r improve d convectiona l ai r 
flow. 

Drying test s wer e conducte d usin g cowpea , pumpki n an d delel e leaves . Delel e 
leaves ar e traditionall y no t blanche d du e t o thei r mucilaginou s natur e an d hig h 
water uptak e i n blanching . I n thes e test s unbleache d an d stea m blanche d 
samples o f delel e leave s an d bot h wate r an d stea m bleache d sample s o f cowpe a 
and pumpki n wer e used . 

Table 3  summarise s th e dryin g tim e an d temperatur e dryin g parameter s fo r th e 
three type s o f lea f materia l wit h a  maximu m tra y loadin g o f 1. 0 t o 1. 5 k g o f ra w 
vegetable. A  maximu m dryin g temperatur e o f 40-42° C wa s obtaine d i n th e 
drying chambe r o n clea r sunn y day s resultin g i n a n 18-20° C temperatur e ris e 
above ambien t temperatur e an d a  dryin g tim e o f 28-5 0 hr . 

Under cloud y conditions , maximu m chambe r temperature s wer e i n th e rang e o f 
24-34°C (10-14° C abov e ambien t temperature ) resultin g i n a n extende d dryin g 
time o f 50-6 0 hrs . 
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Pretreatment als o affecte d th e dryin g time . Stea m blanche d an d unblanehe d 
material drie d faste r tha n wate r blanche d materia l unde r th e sam e dryin g 
conditions. 

The drie d product s ha d goo d colou r retentio n an d rehydratio n properties , wit h 
steam blanchin g resultin g i n bette r rehydratio n tha n wate r blanchin g (Tabl e 4) . 
The caroten e conten t o f th e drie d product s wa s consistentl y hig h thoug h ascorbi c 
acid losse s appeare d t o b e highe r tha n i n traditionall y drie d product s du e possibl y 
to a  slowe r dryin g rat e (Tabl e 5) . 

Table 6  suggest s tha t th e recommende d dail y allowanc e o f caroten e (750 0 I U o f 
previtamin A  o r carotene ) i s provide d i n les s tha n hal f o f th e quantit y o f sola r 
dried materia l (pumpki n leaf ) tha n tha t require d o f traditionall y su n drie d leaves . 

CONCLUSION 

From th e surve y o f traditiona l method s o f dryin g vegetables , i t i s clea r tha t 
there i s a  nee d fo r improvement s i n th e dryin g facilitie s i n th e rura l area s i n 
order t o increas e th e outpu t an d improv e th e qualit y o f th e drie d produc t fro m 
both th e nutritiona l an d aestheti c point s o f view . 

Though i t wa s no t possibl e t o optimis e th e dryin g proces s throug h computatio n o f 
mathematical models , som e appropriat e inpu t variable s hav e bee n define d fo r 
constructing a  dryin g mode l suitabl e fo r us e i n rura l communities . 

The proposed model 

In designin g th e dryin g mode l tw o mai n input s ar e considered : blanchin g an d 
drying. 

a. Blanching : Bot h stea m an d wate r wil l b e use d bu t th e selectio n o f eithe r 
option wil l depen d o n th e condition s prevailin g o n a  particula r day . Fo r 
example, stea m i s propose d fo r blanchin g o n cold , cloud y day s whe n ther e 
is littl e sunshin e available . Onl y stea m i s propose d fo r blanchin g delel e 
leaves whic h ar e no t traditionall y blanche d owin g t o thei r mucilaginou s 
nature. Th e us e o f stea m wil l b e favoure d wher e ther e i s scarcit y o f 
water. Wate r wil l b e use d o n clear , sunn y day s fo r blanchin g vegetable s 
other tha n delel e leaves , an d fo r econom y th e minimu m necessar y t o 
completely immers e th e vegetable s wil l b e used . A  maximu m o f 6 
minutes an d a  minimu m o f 5  minute s blanchin g tim e i s propose d fo r al l 
vegetables. Ai r coolin g rathe r tha n wate r coolin g i s t o b e applie d afte r 
the blanching , especiall y o n a  cloud y day . 

b. Drying : A n indirec t sola r drye r i s t o b e use d an d a  temperatur e o f 30 -
50 C  i s expecte d i n th e dryin g chambe r dependin g o n weathe r condition s 
on a  particula r day . A  tray-loa d o f 1.0-1.5k g o f ra w material s wil l b e 
employed t o effec t satisfactor y drying . 

The mode l i s expecte d t o b e a  simpl e an d lo w cos t proces s fo r drying . T o thi s 
effect a s muc h a s possibl e o f th e basi c requirement s wil l b e procure d fro m th e 
locality. I f possibl e th e dryin g facilitie s wil l b e establishe d nea r t o a  stream o f a 
river t o facilitat e read y acces s t o a  wate r supply . Container s fo r blanchin g wil l 
be mad e fro m epox y painte d drum s o r othe r chea p larg e cookin g pots . Stea m 
will b e generate d b y boilin g wate r i n th e drum . Fuel , e g wood , fo r boilin g wate r 
will b e obtaine d locally . Th e drye r itsel f wil l b e constructe d fro m material s 
available i n th e locality . Th e dryin g chambe r t o b e bric k o r mud . 
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There exist s a  traditio n o f grou p o r communit y dryin g o n fla t ston e surfaces . 
This tradition wil l be exploited an d built upo n by encouraging vegetable dryin g on 
a cooperativ e basis . Presentl y onl y on e suc h cooperativ e ventur e exist s i n th e 
country -  th e Chikun i vegetabl e an d frui t grower s an d processor s cooperativ e i n 
the Southern Province . 

Some aspect s o f th e propose d mode l hav e bee n teste d i n the laboratory an d th e 
results ar e quit e encouraging . Highe r dryin g temperature s hav e bee n obtaine d 
than i n traditiona l su n drying. Ther e i s better nutrien t retentio n an d vegetable s 
are dried unde r mor e hygienic conditions . Th e materia l bein g dried coul d als o be 
left overnigh t i n th e drye r withou t ris k fro m rain , contaminatio n b y birds , 
insects, dust and others . 
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TABLE 5: Caroten e an d ascorbic aci d conten t i n traditionall y 
dried pumpkin leaf an d cowpea lea f fro m th e Norther n Provinc e 

Vegetable Caroten e Ascorbi c aci d 
mg/100g solids mg/100 g solid s 

Pumpkin 
Unblanched: 16. 2 47. 6 
Blanched: 18. 5 (32.7 % Rtn ) 34. 9 (5.5 % Rtn ) 

Cowpea 
Unblanched: 35. 6 (68.3 % Rtn ) 55. 9 (7.0 % Rtn ) 

TABLE 6: Amoun t o f fres h an d dried* vegetabl e necessar y t o 
provide th e equivalent o f 750 0 i.u . of caroten e 

Vegetable Fres h (gm) Traditionall y Sola r drie d 
sun dried (gm) (gm ) 

Pumpkin 
Unblanched: 52. 9 30. 2 
Water blanched : 26. 5 12. 5 
Steam blanched : -  11. 7 

Cowpea 
Water blanched : 57. 7 13. 7 11. 3 
Steam blanched : -  8. 2 

Delele 
Unblanched: 46. 4 -  13. 8 
Steam blanched : -  11. 7 

Assuming drie d vegetable s wit h 8 % moistur e content . 
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SOLAR DRYIN G O F SELECTED FOOD COMMODITIES IN ZIMBABWE 

C Mzezew a 
Ministry o f Energ y an d Wate r Resource s an d Developmen t 

PB 7758 , Causeway , Harare , Zimbabw e 

ABSTRACT 

A projec t t o develo p dryer s fo r smal l scal e dryin g an d relyin g o n natura l 
convection ha s bee n launched . Baselin e dat a regardin g th e sola r climat e o f 
Zimbabwe ha s bee n collected . Radiation , temperatur e an d relativ e humidit y 
data sho w tha t ther e i s a  goo d potentia l fo r sola r energ y applications . A  surve y 
of product s currentl y bein g drie d a s a  mean s o f preservatio n b y th e rura l peopl e 
in th e variou s region s o f th e countr y reveale d a  wid e rang e o f commodities , suc h 
as lea f vegetables , fish , mea t an d edibl e caterpillars . Th e projec t wil l evaluat e 
nutrient losse s o n traditionall y drie d frui t an d vegetable s wit h a  vie w t o improv e 
nutrient retentio n an d wil l als o investigat e way s o f reducin g harves t losses . 

INTRODUCTION 

The climat e o f Zimbabw e i s characterise d b y on e rain y seaso n extendin g fro m 
mid-November t o mid-Marc h wit h th e res t o f th e yea r dry . 

The cultivatio n o f majo r crop s an d vegetable s tend s t o b e limite d t o th e we t 
season. Th e availabilit y o f thes e foo d commoditie s ten d t o follo w th e 
seasonality determine d b y th e rai n cycl e -  bein g over-abundan t durin g th e rain y 
season an d scarc e o r unavailabl e durin g th e res t o f th e year . Th e availabilit y o f 
other foo d commoditie s (suc h a s fish ) als o follow s a  seasona l pattern , albei t t o a 
lesser degre e an d fo r differen t reasons . 

Food preservatio n i s essentia l t o protec t agains t spoilag e du e t o th e actio n o f 
bacteria, fungi , enzyme s an d chemica l actio n an d t o mee t deman d durin g th e 
rest o f th e yea r whe n th e fres h produc t i s no t available . 

Various technologie s exis t fo r th e preservatio n o f foo d stuffs : canning , 
refrigeration an d dehydration , t o mentio n a  few . Dryin g o r dehydratio n i s th e 
longest establishe d an d th e mos t commo n metho d o f foo d preservatio n i n rura l 
Zimbabwe. Th e rang e o f commoditie s bein g preserve d i s ver y wide : grai n crop s 
(eg maize) , lea f vegetable s (e g cowpe a leaf) , fis h (e g kapenta) , mea t an d man y 
others. Sundryin g i n whic h th e commodit y t o b e drie d i s simply sprea d i n th e su n 
(after varyin g pretreatments ) i s th e leas t sophisticated . 

PROBLEMS WITH CURRENT DRYING TECHNIQUE S 

(a) Whe n crop s ar e lef t i n th e fiel d t o dr y losse s occu r fro m th e actio n o f 
vermin an d fro m possibl e rottin g cause d b y re-wettin g fro m rain . A 
survey (Wella n 1972 ) showed tha t losse s a s hig h a s 10 % are common . 

(b) Su n dryin g i s slo w an d inefficient . Ther e i s a  rea l dange r tha t th e produc t 
can spoi l befor e i t dries . Thi s i s especiall y problemati c wit h fish , an d an y 
unfavourable weathe r ca n resul t i n a  bi g catc h goin g bad . 

(e) Direc t exposur e t o th e sun , normall y th e practice , result s i n considerabl e 
loss i n nutritiona l valu e o f som e commoditie s lik e vegetables . A n analysi s 
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on som e traditionall y drie d vegetable s i n Harar e carrie d ou t b y th e Foo d 
Science Departmen t o f th e Universit y o f Zimbabw e showe d tha t ther e i s a 
marked dro p i n nutrient s (vitamin s an d proteins ) durin g th e dryin g process . 
Yet drie d vegetable s continu e t o constitut e a  significan t proportio n o f th e 
diet i n rura l area s durin g th e dr y season . 

The nee d fo r th e artificia l dryin g i n orde r t o reduc e post-harves t losse s an d t o 
improve th e quality , thus , become s immediatel y obvious . Th e critica l shortag e 
of firewoo d an d th e hig h price s o f othe r fuels , leav e sola r energ y a s th e cheapes t 
energy source . However , harnessin g o f sola r energ y fo r cro p dryin g i s a  fairl y 
new technolog y especiall y i n developin g countries . 

SOLAR ENERG Y FO R CROP DRYIN G 

Solar dryers , mostl y o f th e roo f sandwic h type , hav e bee n constructe d an d teste d 
for th e dryin g o f maize , tobacco , lucern e an d coffe e (Radajewsk i 1979 , Johnsto n 
1979). Sinc e thes e dryer s emplo y electricall y drive n blower s t o forc e th e ho t ai r 
through th e dryin g commodity , the y wer e considere d unsuitabl e fo r rura l area s 
for th e followin g reasons : 

(a) electricit y i s no t readil y availabl e i n mos t o f rura l Zimbabwe , 

(b) mos t farmer s i n th e rura l area s ar e poo r an d canno t affor d (individually ) 
the hig h capita l an d runnin g costs , tha t woul d b e involve d i n a  schem e o f 
this nature , 

(c) dryin g i n rura l area s i s generally don e o n a  smal l scale . 

A project directe d specificall y a t th e poo r rura l farme r i n whic h dryer s fo r smal l 
scale dryin g an d relyin g o n natura l convectio n ar e envisage d ha s bee n launched . 
The projec t ha s th e followin g objectives : 

(a) T o evaluat e th e nee d fo r an d th e technica l feasibilit y o f sola r dryin g i n 
order t o conserv e an d exten d th e foo d suppl y t o mee t th e deman d whe n 
the fres h commoditie s ar e no t available . 

(b) T o design , fabricate , tes t an d develo p a  simpl e sola r ai r heate r tha t i s 
efficient, inexpensiv e an d eas y t o construct . Th e sola r collecto r mus t b e 
made fro m locall y availabl e materia l wher e possibl e an d mus t hav e lo w 
maintenance. Th e drye r mus t rel y o n natura l convectio n fo r it s operation . 
Modification an d adaptation s wil l b e mad e o n som e drye r model s trie d 
elsewhere. 

(c) T o develo p dryin g method s an d appl y thes e t o a  rang e o f product s selecte d 
after som e pre-screenin g tests . Th e metho d whic h mus t b e simpl e an d 
result i n maximu m retentio n o f foo d nutrient s durin g dryin g an d a  produc t 
with a  lon g storag e life . 

(d) T o disseminat e th e optimise d drye r model s an d dryin g technolog y t o th e 
rural area s o f Zimbabwe . 

PROJECT STAGES 

The projec t ha s bee n envisage d i n thre e phases : 
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Phase I 

Resources bas e identificatio n an d evaluation . Thi s includes : 

(i) evaluatio n o f availabl e l i terature . 

(ii) compilatio n an d evaluatio n o f climati c dat a o f Zimbabwe : sola r radiation , 
temperature, relativ e humidity , e tc . 

(iii) identificatio n an d evaluatio n o f existin g dryin g technologies , product s 
being drie d an d problem s met . 

(iv) seasonalit y o f crops , e tc . 

Phase II 

Experimental works : 

(i) Developmen t an d optimisatio n o f drye r models , dryin g method s an d 
storage methods . 

(ii) Qualit y evaluatio n o f th e drie d commodities . 

(iii) Fiel d testin g o f optimise d drye r mode l i n selected locations . 

Phase III 

Extension an d follow-up . 

REVIEW OF PROGRESS ON THE PROJEC T 

(a) A  collaborativ e networ k o f th e Governmen t Ministrie s o f Energy , 
Agriculture, Communit y Developmen t an d Rura l Developmen t an d wit h 
the Universit y o f Zimbabw e ha s bee n established . Th e Universit y o f 
Zimbabwe wil l pla y a  vita l rol e i n th e technica l aspect s o f th e projec t b y 
providing laborator y facilitie s fo r physica l evaluatio n o f dryer s an d fo r 
biochemical analysi s o f th e drie d commodity . Th e othe r Governmen t 
Ministries wil l giv e fiel d suppor t i n th e experimenta l a s wel l a s th e 
extension stage s o f th e project . 

(b) Dat a o n th e climat e o f Zimbabw e ha s bee n collecte d an d evaluated . Th e 
results ca n b e summarise d a s follows : 

(i) Th e mea n annua l dail y tota l o f radiatio n ove r Zimbabw e i s abou t 
20MJ/m2 pe r da y an d fo r 27 5 day s o f th e yea r ther e i s brigh t 
sunshine fo r si x t o eigh t hour s pe r day . Th e summe r value s o f 
radiation ar e a s hig h a s 24MJ/m 2 pe r da y an d winte r 16MJ/m 2 pe r 
day. 

The Victori a Fall s -  Bing a -  Karib a regio n receive s th e highes t 
radiation followe d b y th e souther n low-vel d (Buffal o Range , 
Chiredzi, Beitbridge) . Lowes t radiatio n i s receive d i n th e Easter n 
Border Region s o f th e country . 
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(ii) Mea n annua l temperature s var y aroun d 18-19° C a t 1,400 m abov e 
sea level , wit h highes t value s (23°C ) i n th e low-vel d 
(Kariba -  Victori a Fall s an d Buffal o Rang e -  Beitbridge) . Cooles t 
temperatures (15°C ) are experienced i n the Eastern Districts . 

(iii) Th e wester n hal f o f th e countr y experience s th e dries t weather , 
recording th e lowe r averag e relativ e humiditie s i n th e country . 
The mos t humid weathe r i s experienced i n the Eastern Districts . 

Minimum relativ e humiditie s ar e experience d i n 
September/October an d maximu m value s i n February. O n a diurnal 
scale, maximum relativ e humiditie s are experienced aroun d 1 4 hrs. 

From th e above , i t ca n b e conclude d tha t Zimbabwe , wit h th e exceptio n o f th e 
Eastern Borde r regions which receive minimu m radiatio n an d experience s highes t 
relative humidity , ha s a  ver y goo d potentia l fo r us e o f sola r energ y fo r cro p 
drying. Temperatur e fluctuation s ar e no t severe and there i s no serious threa t o f 
frost. 

(c) A  survey wa s carrie d ou t t o identif y product s currentl y bein g dried, thei r 
regional, seasona l distributio n an d als o curren t dryin g practices . A 
questionnaire wa s prepared whic h solicited fo r th e following information : 

(i) nam e of produc t 

(ii) ho w the product i s prepared fo r drying , eg cleaning, shredding, etc . 

(iii) dryin g season 

(iv) metho d of dryin g 

(v) ho w long the produc t take s to dry on average 

(vi) ho w much of th e product i s dried a t an y one time 

(vii) ho w the dried product i s stored fo r late r us e 

(viii) fo r ho w long the produc t ca n keep before deterioratin g 

(ix) ho w the product i s prepared fo r eatin g 

(x) problems , comments, etc. 

The result o f the survey can be summarised a s follows : 

(i) Th e range o f product s bein g dried wa s found t o vary little fro m on e 
region t o anothe r excep t fo r fis h whic h ar e fro m th e Lak e Karib a 
shores or the Zambez i River . 

(ii) Th e dryin g seaso n range d fro m lat e Decembe r t o May/Jun e (i e th e 
rainy season). 
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(iii) Dryin g practice s involve d mainly : 

spreading th e produc t i n th e su n (o r shade ) afte r cleaning , 
shredding an d (sometimes ) boiling ; 

in fe w cases , steamin g followe d b y direc t exposur e t o th e sun . 

(iv) Th e drie d produc t wa s use d mostl y fo r ow n consumptio n excep t fo r 
fish, cowpe a leaves , okr a an d edibl e caterpillar s whic h wer e fo r 
both ow n consumptio n an d fo r sale . Th e tendenc y t o produc e fo r 
sale i s greate r aroun d bi g town s wher e a  read y marke t i s foun d 
from th e townspeople . 

(v) Ther e wa s littl e mentio n o f th e majo r grai n crops , e g maize , fro m 
the lis t o f product s bein g drie d fo r preservation . Perhap s thi s wa s 
because th e harves t tim e fo r maize , (April/May/June ) come s a t th e 
end o f th e rain y seaso n an d relativel y fewe r problem s ar e 
experienced i n havin g thes e dr y tha n fo r th e othe r commodities . 
However, recently , a  reques t fo r artificia l dryin g o f sorghu m s o th e 
crop ca n b e harveste d earlie r an d protecte d fro m bird s -  bird s 
being th e bigges t threa t t o maturit y o f sorghu m -  ha s bee n made . 

(d) Visit s hav e bee n mad e t o potentia l fiel d testin g site s a t Mrondera , Gwebi , 
Chiredzi an d Nyang a an d forma l preparation s ar e underwa y fo r settin g u p 
experimental drye r units . 

FUTURE ACTIVITIE S 

Future programme s i n th e projec t ca n b e summarise d i n th e followin g broa d 
tasks: 

(a) settin g u p o f experimenta l dryer s unit s followe d b y developmen t an d 
optimisation o f th e same . 

(b) developin g an d optimisin g dryin g method s an d qualit y developmen t o f 
dried products . 

(c) disseminatin g th e optimise d drye r model s an d dryin g method s t o th e rura l 
areas wit h assistanc e fro m extensio n agents . 

CONCLUDING REMARK S 

The climat e o f Zimbabw e i s generall y suitabl e fo r activ e utilisatio n o f sola r 
energy fo r cro p drying . Traditionally , dryin g a s a  mean s o f preservin g foo d i s a n 
established practice . Th e tas k o f thi s projec t i s t o introduc e faste r an d bette r 
drying method s i n orde r to : 

(a) reduc e harves t losses , e g throug h earl y harves t o f sorghu m 

(b) improv e o n nutrien t retentio n o f th e drie d produc t especiall y vegetable s 

(c) generall y exten d availabilit y o f protei n an d vitami n food s int o th e dr y 
season s o a s t o improv e th e die t o f th e people . 
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REPORT OF TESTS ON USE OF SOLAR-TENTS 
FOR FISH DRYING I N THE GAMBIA 

A E Nja i 
Senior Fisherie s Officer , Fisherie s Departmen t 
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ABSTRACT 

A substantia l amoun t o f th e tota l annua l landing s o f fis h i n th e Gambi a i s 
sundried an d thi s pape r discusse s th e us e o f sola r dryer s fo r thi s purpose . Solar -
tent dryer s appea r t o hav e considerabl e promis e particularl y i n term s o f cost s 
when loca l an d low-cos t material s ar e use d fo r thei r construction . But , furthe r 
work shoul d b e carrie d ou t t o improv e durabilit y o f th e dryer , increas e th e 
loading capacit y an d improv e it s dryin g efficiency . 

INTRODUCTION 

The mai n proble m tha t prompte d researc h o n th e us e o f sola r dryer s fo r dryin g 
fish i n th e Gambi a i s th e exten t t o whic h losse s ar e encountered . Althoug h 
attempts hav e neve r bee n mad e t o systematicall y quantif y losses , numerou s an d 
various observation s sugges t losse s appea r t o b e quit e hig h an d insec t infestatio n 
prevalent, particularl y durin g th e rain y season . 

Fish dryin g i s a n age-ol d traditio n i n th e Gambi a a s i n man y Africa n countries . 
Fish ar e commonl y fermente d prio r t o sun-dryin g o n lo w woode n racks , th e 
ground o r rocks . Saltin g an d dryin g ar e use d i n conjunction , bu t ther e ar e severa l 
problems an d th e product s obtaine d ar e o f lo w qualit y an d shor t storage-life . 

In a n attemp t t o alleviat e problem s associate d wit h losse s i n drie d fis h 
production th e us e o f sola r dryer s ha s bee n investigated . Thi s researc h i s seen t o 
directly correspon d wit h government' s developmen t priorities , especiall y thos e 
aimed a t increasin g foo d production , an d i n particular , protei n -  foo d 
supplements, b y wa y o f preventin g post-harves t losses . 

Dried fis h productio n ha s considerabl e potentia l i n th e country . I n 1983 , abou t 
500 tonne s o f cure d fis h wer e exporte d t o neighbourin g countrie s an d Asia . 
About hal f o f thi s wa s dried-salte d fis h an d fisher y products . Th e Catc h 
Assessment Surve y o f th e Fisherie s Departmen t ha s indicate d tha t a  tota l o f 
8455.5 tonne s wer e lande d i n 198 3 b y 'marine ' (Atlanti c Coas t an d low r river ) 
artisan fishermen , Demersa l specie s accoun t fo r 1952. 2 tonne s o f thi s tota l o f 
which i t i s assume d tha t al l th e cassav a fis h (Otolithu s typus ) shark s an d ray s 
were sun-dried . Th e estimate d tota l weigh t o f cassav a fis h lande d wa s 296. 1 
tonnes an d o f shark s an d ray s 376. 9 tonnes . I t i s als o assume d tha t 45-50 % o f th e 
balance o f 1656. 1 tonne s o f lande d demersa l fis h woul d hav e bee n sun-drie d 
within th e year . Sinc e onl y a  smal l amoun t o f thi s catfis h (Ariu s Spp. ) i s 
normally smoke d fo r loca l marketing , i t i s estimate d tha t a t leas t 609 6 o f th e 
765.5 tonne s lande d i n 198 3 wa s sun-drie d mainl y fo r expor t t o neighbourin g 
countries. Sea-snail s ar e sun-drie d al l yea r roun d bu t dat a o n th e amoun t i s no t 
available. 

This probabl y underestimate s production . Larg e quantitie s o f drie d fis h an d 
fishery product s ar e suspecte d t o leav e th e countr y unrecorde d eac h year . 
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This projec t ha s bee n undertaken , wit h a  vie w t o improvin g fis h dryin g 
technology b y usin g sola r dryer s constructe d wit h low-cos t an d locall y availabl e 
materials t o reduc e losse s i n cure d fis h production . 

OBJECTIVES 

The objective s o f th e researc h ar e bot h short-ter m an d long-term . 

(a) Th e short-ter m objectiv e i s t o conduc t investigation s o n th e us e o f solar -
tents fo r dryin g fish , usin g low-cost , locall y availabl e material s t o preven t 
infestation an d reduc e losses . 

(b) Th e long-ter m objectiv e i s t o carr y ou t essentia l extensio n service s 
whereby th e us e o f sola r dryer s wil l b e demonstrate d t o loca l processor s 
and fisherme n wh o wil l b e encourage d t o us e suc h facilitie s throughou t 
the country . 

PROJECT ACTIVITIE S 

The researc h programm e encompasse s th e constructio n o f sola r dryers ; dryin g 
fish o f differen t specie s an d performin g subsequen t laborator y analysis , (i e 
moisture, ash , lipi d an d protei n contents) . 

At th e inceptio n o f work , sola r tent s o f variou s dimension s wer e constructe d bu t 
all ha d th e sam e design : 2 m (h ) x  2 m (L ) x  2.5 , (w) ; 2.5 m (h ) x  4 m (L ) x  3 m (w) ; 
and 2.5 m (h ) x  6.3 m (L ) x  6.3 m (w) . Th e forme r wa s capabl e o f dryin g abou t 15 -
20 kg ; th e secon d abou t 40-4 5 k g an d th e thir d 400-50 0 kg . Dryin g tim e fo r a 
satisfactorily drie d produc t wa s abou t 3  days fo r al l th e dryers . 

All fis h sample s wer e obtaine d froze n fro m factories , gutte d an d brine d fo r 
about 1 6 hours . A s brinin g i s note d t o b e mor e effectiv e tha n sprinklin g sal t o n 
fish, i t wa s th e onl y saltin g metho d applie d durin g th e trials . Th e specie s use d 
were mostl y demersa l fis h an d includ e th e familie s Sciaendae , Polynemidae , 
Scrombidae an d Pomadasydae . 

Laboratory analysi s o f we t an d sola r drie d sample s wer e performed , bu t th e sola r 
dried sample s teste d wer e al l obtaine d fro m th e ten t wit h th e smalles t 
dimensions. 

Various kind s o f locall y availabl e material s wer e trie d i n a n attemp t t o reduc e 
cost and/o r t o improv e th e durabilit y o f th e dryers . Importe d woo d wa s use d fo r 
the constructio n o f th e firs t ten t an d 'rhun ' pal m stick s fo r th e secon d an d third . 

Initially, official s o f th e Departmen t wer e solel y involve d i n th e trials , washing , 
gutting, descaling , saltin g an d dryin g fish . Afte r obtainin g som e result s an d 
scaling u p th e desig n o f th e tent s mor e fis h wa s neede d t o loa d th e dryer s full y 
and a t thi s stag e loca l processor s wer e integrate d int o th e project . 

The technica l staf f comprise d o f a  Senio r Fisherie s Officer , Fisherie s Fiel d 
Assistants an d a  carpenter . Ther e wa s n o writte n timetabl e a s fis h wer e 
obtained periodicall y fro m factories , an d later , fro m artisana l fishermen , drie d 
for 2- 3 day s an d store d a t roo m temperatures . Experiment s wer e conducte d fo r 
a perio d o f 6  month s usin g th e smalles t siz e dryer , an d afte r tha t time , extensio n 
services wer e launche d involvin g loca l fisherme n an d processor s thereb y 
examining som e possibl e approache s mos t appropriat e i n technolog y transfe r o f 
this kin d t o th e Gambia n fishin g communities . 
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No techno-economi c feasibilit y studie s wer e carrie d ou t bu t experienc e ha s s o 
far hinte d tha t thi s typ e o f ventur e ca n b e viabl e mainl y because : 

(a) Product s ca n b e drie d withi n a  shor t perio d allowin g mor e t o b e produce d 
than whe n sun-drying . 

(b) Th e numbe r o f individua l piece s i n a  give n batc h fo r sola r dryin g remain s 
the sam e a t th e en d o f th e dryin g time , whereas , th e sun-dryin g th e 
number o f individua l piece s starte d wit h i s reduce d a t th e en d o f th e 
drying tim e du e t o sever e infestatio n b y maggots . 

(c) Th e sola r tent s ar e chea p an d eas y t o construc t (cos t o f on e i s abou t 
D200-D300) an d tak e onl y a  fe w hour s wit h littl e labou r t o construc t onc e 
the material s ar e availabl e o n site . 

PROBLEMS WIT H THE SOLAR-TENT DRYE R 

(a) Procuremen t o f appropriat e material s suc h a s U V resistan t polythen e i n 
developing countrie s lik e th e Gambi a i s difficul t a t times . 

(b) Th e polythen e coverin g th e tent s i s delicat e an d extrem e car e mus t b e 
taken alway s durin g operation s t o preven t damage . Thunderstorm s ar e 
potential hazard s t o th e dryers . 

(c) Durabilit y o f th e dryer s need s improvemen t especiall y th e nettin g o n th e 
air vents . Thes e ten d t o tea r easil y afte r contac t wit h 'salt y air ' fro m th e 
sea. 

(d) Th e positio n o f th e dryin g rack s o n th e side s o f th e tent , beneat h whic h li e 
the blac k collectors , ma y caus e sun-ray s reachin g th e fis h spreadin g o n 
the rack s befor e reachin g th e collector s below , an d henc e reduc e th e 
efficiency o f th e dryers . Thi s situatio n migh t hav e contribute d t o case -
hardening problem s encountere d durin g trials . 

(e) Loca l processor s mus t b e educate d t o us e th e facilit y correctl y b y 
ensuring tha t th e air-vent s ar e utilise d properl y durin g operation s t o giv e 
enough ventilatio n a t th e initia l dryin g stag e an d hel p reduc e case -
hardening problems . 

RESEARCH METHOD S AND ANALYTICAL PROCEDURE S 

Various specie s o f fis h wer e descaled , gutted , brine d an d drie d i n sola r tents . 
From eac h specie s 5- 7 gm s o f fles h wa s remove d fro m representativ e sample s 
and th e laborator y analysi s fo r moistur e content , as h an d lipi d wer e carrie d out . 
It i s worth y t o not e tha t sample s teste d durin g thes e laborator y exercise s wer e 
obtained fro m th e solar-ten t wit h th e smalles t dimension . Al l th e exercise s 
could no t b e performe d fo r al l th e specie s du e t o lac k o f certai n apparatu s an d 
chemicals. 

Determination o f moistur e conten t 

(a) Moistur e dishe s wit h a  laye r o f acid-washe d san d i n th e botto m wer e lef t 
to dr y overnigh t i n a n ove n a t 105°C . Remove d fro m ove n an d place d i n a 
dessicator fo r 3 0 min s t o cool . The n weighe d o n a n analytica l balanc e 
(W1). 
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(b) Abou t 2.5 g of representativ e sampl e o f flesh  wa s homogenised an d place d 
in dishe s an d re-weighe d (W 2). Al l sample s wer e i n duplicate . Dishe s 
were returne d t o th e ove n an d lef t overnight . The y wer e the n remove d 
from th e ove n an d agai n dessicate d fo r abou t 3 0 min s t o coo l an d re -
weighed (W3). 

(c) Percentag e moistur e calculated thus : 

Ash determination 

(a) Abou t 1.5k g o f sampl e wa s weighed an d place d i n labelled crucible s which 
were pre-weighed whe n empty. 

(b) Th e content s wer e charre d unde r bunse n burne r flam e an d place d i n a 
furnace. 

(c) Afte r 3 0 minutes th e sample s wer e place d i n et dessicator fo r abou t 20-3 0 
minutes. 

(d) Crucible s wer e re-weighed an d the percentage as h content calculated : 

Lipid determinatio n 

'Soxhlet' extractio n metho d wa s used . 

Protein determinatio n 

'Kjeldahl' metho d wa s applie d bu t onl y a  singl e tria l wa s performed du e t o lac k o f 
chemicals. 

RESULTS 

TABLE 1 : Chang e i n % moisture conten t durin g solar dryin g 

Drying 
times i n O. 

hrs 

0 
7 

14 
20 
28 

senegalensis 
(Ngouka) 

79.3 
51.4 
32.9 
25.2 
19.1 

P. jubelin i 
(Sompat) 

79.9 
43.3 
30.0 
23.3 
20.0 

Species 
Epinephelus 
sp (Choff ) s p 

78.9 
42.6 
31.4 
24.1 
20.5 

Cranx 
(Sacca) 

72.2 
47.6 
34.8 
27.3 
22.3 

Scomber 
sp (Njunna ) 

76.6 
52.2 
36.6 
27.3 
22.3 

Sardinella 
spp (Yaboi ) 

75.1 
26.9 
21.5 
21.5 
13.3 
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TABLE 2: Change s in weight (kg) during solar drying 

Drying 
time in 

hrs 

0 
7 

14 
20 
28 

Ngouka 

0.27 
0.20 
0.13 
0.14 
0.12 

Sompat 

0.30 
0.19 
0.17 
0.15 
0.12 

Species 

Choff Sacc a 

0.43 
0.38 
0.21 
0.19 
0.17 

0.40 
0.30 
0.25 
0.22 
0.20 

Njunna 

0.79 
0.69 
0.49 
0.36 
0.27 

Yaboi 

0.13 
0.08 
0.06 
0.06 
0.05 

TABLE 3: Chemica l composition of we t fish sample s 

Species 

Ngouka 
Sompat 
Choff 
Sacca 
Njunna 
Yaboi 

% 
Moisture 

79.3 
79.9 
78.9 
72.2 
76.6 
75.1 

% 
Ash 

1.54 
1.72 
1.60 
1.60 
1.99 
1.97 

% 
Lipid 

0.97 
0.44 
1.02 
1.14 
2.07 
3.69 

% 
Protein 

-
-
-
-
-
-

TABLE 4: Chemical  composition o f solar dried samples 

Species 

Ngouka 
Sompat 
Choff 
Sacca 
Njunna 
Yaboi 

% 
Moisture 

19.1 
20.0 
20.5 
22.3 
22.5 
13.8 

% 
Ash 

20.1 
15.5 
14.9 

-
19.3 

_ 

% 
Lipid 

-
2.5 
3.2 
-

6.08 
_ 

% 
Protein 

-
-
-
-

43.0 
_ 



- 14 0 -

DISCUSSION 

As indicate d i n th e dat a provided , th e as h an d lipi d content s o f eac h specie s 
increased afte r drying . This , however , i s assume d t o b e a  relativ e increas e a s 
the tota l amoun t o f thes e compound s remai n unchanged . A s a  substantia l 
amount o f wate r wa s remove d durin g dryin g thi s relativ e increas e wa s observed . 
The increas e i n as h conten t i s als o a  resul t o f additiona l mineral s take n int o th e 
fish fles h durin g brining . 

Due t o th e deficienc y i n laborator y equipment , chemical s an d othe r material s al l 
intended analysi s coul d no t b e carrie d out . Th e brine-strengt h wa s no t measure d 
because o f lac k o f hydrometers . 

Samples tha t wer e selecte d fo r storag e trial s wer e kep t unde r ambien t 
temperatures. Som e wer e package d i n seale d plasti c bags , other s wer e lef t 
exposed. Thos e i n th e plasti c bag s wer e brittl e bu t stil l o f goo d edibl e qualit y 
after 6  month s storage . Th e mackere l (Njunna ) an d sardinell a (Yaboi ) had , 
however, develope d a  somewha t ranci d tast e durin g storage . Th e expose d 
samples wer e mould y an d wer e infeste d wit h Dermeste s beetles . 

Apart fro m th e sardinell a al l th e othe r sample s wer e slice d int o piece s o f variou s 
sizes. Th e sardinell a sample s wer e lef t a s whol e fis h becaus e thes e wer e smal l 
size individuals . Thi s migh t hav e contribute d t o th e achievemen t o f lo w 
moisture content , a s lo w a s 20 % withi n 28-3 0 hour s i n thes e species , becaus e th e 
thinly slice d o r smal l whol e fis h hav e larg e surfac e are a relativ e t o thei r masses , 
and a s such , thi s wil l spee d th e rat e o f diffusio n b y decreasin g th e distanc e fro m 
the centr e o f th e fis h flesh  t o it s surface . 

Observations hav e show n tha t th e "Fallin g rat e perio d o f drying " (i e th e phas e a t 
which th e rat e o f movemen t o f moistur e t o th e surfac e o f th e fis h i s reduce d an d 
the dryin g rat e become s slower ) i s significantl y shortene d whe n th e sola r tent s 
were used . Thi s cause d a  tremendou s reductio n i n th e overal l dryin g tim e 
especially whe n th e smal l siz e fis h wer e use d i n th e trials . 

Although som e limitation s hav e bee n observe d i n th e us e o f solar-ten t dryers , 
results obtaine d fro m thes e trial s hav e bee n encouraging . Th e interna l 
temperatures o f th e drye r ar e usuall y letha l t o flie s whic h occasionall y enter , 
and product s obtaine d ar e o f good , clea n an d well-drie d quality . Durin g th e 
trials onl y a  fe w maggot s wer e observe d infestin g th e fis h sample s i n th e dryers . 
However, becaus e th e sampl e deal t wit h throughou t th e trial s wa s les s tha n a 
kilogram, th e absenc e o f heav y insec t infestatio n coul d b e understoo d no t onl y a s 
a resul t o f th e effectivenes s o f th e dryer , bu t als o tha t smal l quantitie s o f we t 
fish at trac t fewe r flies . Mor e maggot s wer e observe d i n fis h i n th e large r dryer s 
but thes e di d no t caus e significan t losses . 

The majo r limitation s i n th e us e o f solar-ten t dryer s fo r fis h dryin g are : 

1. Clea r UV-resistan t polythen e an d plasti c mes h ma y b e difficul t t o procur e 
in developin g countrie s lik e Gambia , an d t o improvis e substitute s migh t 
not b e a n eas y thin g t o do . 

2. Th e constructio n technique , particularl y i n claddin g th e structure , need s 
improvement t o improv e th e durabilit y o f th e dryers . 

3. Car e mus t b e take n a t al l tim e durin g operation s a s th e plasti c i s delicate . 
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This repor t concede s tha t despit e thes e problems , th e us e o f solar-ten t dryer s fo r 
fish coul d b e a  vita l facto r i n th e developmen t o f ou r traditiona l dryin g 
technology. Acknowledgin g tha t abou t 35-75 % o f th e we t fis h lande d b y 
artisanal fisherme n ge t spoil t o r stal e a t landin g o r befor e reachin g intende d 
markets; an d tha t al l thes e spoil t fis h mus t b e drie d t o preven t furthe r losses , 
the us e o f sola r dryer s a s a n improve d technolog y shoul d b e highlighted . 

It i s a  generall y accepte d vie w tha t th e introductio n o f an y ne w technolog y i n 
developing countrie s i s usuall y me t wit h problem s an d constraint s tha t ar e 
fundamentally socio-economic . Fo r instance , traditiona l fis h processor s ar e 
especially obsesse d wit h th e weigh t o f thei r product s an d prefe r drie d fis h wit h 
some amoun t o f moistur e enoug h t o giv e mor e weigh t an d mor e mone y whe n 
marketed o n wholesal e basis . Hence , i t i s difficul t t o persuad e processor s t o 
leave thei r fis h i n th e dryer s t o dr y t o lo w moistur e content s (i e a s lo w a s 20%) . 
Consequently, i f th e applicatio n o f sola r dryer s fo r fis h i s t o fulfi l it s objective s 
under thes e circumstances , advic e o n improvemen t o n packagin g an d storag e 
methods usin g locall y available , low-cos t material s shoul d b e th e follow-u p t o 
solar dryin g exercise s t o hel p preven t losse s afte r processing . 

It canno t b e urge d tha t th e sola r ten t i s no t th e ultimat e desig n fo r a  fis h sola r 
dryer. But , s o far , i t ha s show n considerabl e promis e an d shoul d b e give n tim e 
and though t fo r modificatio n t o increas e it s capacity , efficienc y an d durability . 

CONCLUSION 

The result s o f thi s researc h programm e wil l b e use d b y official s o f th e 
department a s a  basi s fo r givin g prope r advic e t o loca l processor s an d promotin g 
the us e o f sola r tent s i n traditiona l fishin g communities . 

As th e tent s ar e chea p an d eas y t o buil d th e prospect s fo r socio-economi c cost -
effectiveness ar e brigh t an d shoul d b e investigate d in-dept h t o gi v a  broade r 
perspective o f sola r dryin g i n th e Gambia . I t i s though t tha t onc e durabilit y i s 
enhanced th e sola r ten t woul d becom e mor e attractiv e t o loca l processor s wh o 
may the n inves t i n procurin g th e facilit y wit h th e assistanc e o f th e Department . 

Even thoug h peopl e hav e realise d th e effectivenes s o f th e dryer , especiall y whe n 
used durin g th e rains , mos t o f the m ma y no t conside r i t worthwhil e t o searc h fo r 
materials an d inves t i n on e becaus e othe r essentia l material s suc h a s th e U V 
resistant polythen e an d plasti c mes h ar e no t readil y availabl e i n th e country . I t 
is importan t t o not e that , alon g th e marin e coas t fisher y wome n ar e th e mai n 
persons engage d i n fis h dryin g an d thei r presen t socio-economi c statu s doe s no t 
provide the m wit h strengt h an d fund s t o b e abl e t o procur e al l th e neede d 
materials an d contrac t a  carpente r t o buil d th e dryers . I n thi s case , i t i s though t 
that th e Fisherie s Departmen t shoul d b e intimatel y involve d i n assistin g 
processors t o set-u p dryin g yard s wit h relate d facilitie s an d thereb y arrang e wit h 
these end-user s t o remi t th e cos t incurre d i n instalment s a s agree d b y th e 
parties. 

The socia l compatibilit y o f th e facilit y fo r th e intende d end-user s i s 
unquestionable. However , th e peopl e wil l als o b e mor e responsiv e t o th e ide a i f 
assistance i s give n t o the m b y organisin g the m int o smal l association s a t eac h 
site; providin g th e facilit y i n th e for m o f a  fence d drying-yar d wit h fe w tents , a 
platform fo r gutting , descalin g an d cleaning ; a  tan k fo r saltin g an d fermentin g 
fish, an d a  small-siz e store . This , i t i s envisaged , wil l rende r th e peopl e a  goo d 
sense o f belongin g an d a  chanc e t o d o somethin g ne w an d differen t o n a 
collective basi s t o improv e thei r lot . 
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RECOMMENDATIONS 

Experiments o n packagin g an d storage , usin g locall y available , low-cos t 
materials t o reduc e beetl e infestatio n an d subsequen t losse s shoul d b e 
conducted t o alig n wit h improvemen t i n dryin g technology . 

As transportatio n problem s ar e no t uncommo n i n th e country , drie d fis h 
products destine d fo r upcountr y marketin g o r expor t shoul d b e 
appropriately package d an d store d t o avoi d losses . 

In lin e wit h Government' s polic y t o improv e th e nutritiona l standar d o f 
Gambians an d generat e mor e financia l benefit s withi n th e artisana l 
sector, thi s projec t ha s bee n see n a s a  potentia l sourc e o f boostin g th e 
cured fis h trade ; diversif y th e developmen t strategie s fo r th e artisana l 
fisheries sector , an d amongs t othe r things , provid e employmen t 
opportunities fo r nationals , especiall y th e women . 

To thi s end , i t appear s tha t ther e i s a  pressin g nee d fo r mor e cooperatio n 
between th e Gambi a an d participatin g countries ; provisio n o f fund s an d material s 
not onl y t o construc t dryers , but , t o als o buil d accompanyin g facilitie s suc h a s 
platforms etc , an d b e abl e t o purchas e smal l amount s o f fis h t o demonstrat e t o 
intended end-user s ho w t o us e th e facilitie s an d preven t losses . 
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SOLAR FIS H PRYING PROJEC T IN MOPTI (MALI) 

Mobido Dicko , Cheickn a Traor e 
Solar Energ y Laborator y 
P O  134 , Bamako, Mal i 

INTRODUCTION 

In Mali , fishin g i s a  traditiona l occupatio n fo r mor e tha n a  hundre d thousan d 
people livin g o n th e bank s o f th e river s Nige r an d Senegal . Fishin g productio n 
attains 100,00 0 ton s pe r year . Becaus e o f th e lac k o f mean s o f refrigeratio n t o 
store fres h fis h o r transpor t it , mos t o f th e fis h i s drie d o r smoked . Th e 
traditional dryin g proces s consist s o f layin g fis h o n san d o r stra w o n th e bank s o f 
the rive r an d lettin g i t dr y unde r direc t sunshine . Thi s proces s i s length y ( 5 day s 
or more ) an d leave s fis h vulnerabl e t o insec t attac k an d dust . Fis h losse s durin g 
this proces s ca n b e a s hig h a s 50-60% ! 

In orde r t o improv e hygieni c condition s o f thi s dryin g proces s an d reduc e fis h 
losses, th e Sola r Energ y Laborator y o f Bamak o (LESO ) an d a  fishin g developmen t 
organisation calle d "Operatio n Pech e Mopti " (OPM ) se t u p a  projec t t o introduc e 
improved sola r drying . Thi s projec t ha s receive d suppor t fro m th e "Internationa l 
Development Researc h Centre " (IDRC ) fro m Canada . A  surve y wa s initiall y 
conducted i n fishin g village s t o determin e needs . Thi s surve y resulte d i n th e 
definition o f thre e type s o f dryer s requeste d t o mee t th e need s expressed : a 
natural convectio n stationar y drye r fo r permanen t fishin g villages , a  natura l 
convection mobil e drye r fo r temporar y fishin g villages , an d a  force d convectio n 
dryer fo r th e OP M office . Afte r thi s surve y a  researc h programm e wa s se t u p 
and resulte d i n th e developmen t o f a  ten t dryer , a  TAO S drye r an d a  15 0 k g 
forced convectio n dryer . Thes e prototypes , afte r ful l testin g a t laborator y level , 
have bee n installe d a t th e OP M offic e an d tw o fishin g villages . Fiel d monitorin g 
was performed , an d a s a  result , th e ten t drye r wa s abandoned , improvement s 
were don e o n th e TAO S drye r t o preven t dus t settlin g o n th e fish , an d th e force d 
convection drye r prove d t o b e usabl e fo r othe r purposes , suc h a s reprocessin g o f 
wet smoke d fish . Result s o f laborator y testin g an d fiel d monitorin g ar e give n i n 
the paper . 

CHOICE OF SYSTEMS 

The choic e o f system s i s base d o n ou r ow n experienc e an d o n tha t o f th e 
neighbouring countries ' researc h centre s (primaril y Senegal) , a s wel l a s o n 
technical an d economi c criteria . 

For permanen t fishin g villages , w e hav e chose n a s dryer , th e dryer-ten t inspire d 
by model s teste d b y th e Institut e o f Foo d Technolog y a t Daka r (Figur e 1) . Thi s 
was motivate d b y th e simplicit y o f th e system , th e possibilit y o f usin g loca l 
materials (fo r example , bamboo ) an d th e lo w cost . 

For temporar y fishin g villages , ou r choic e wa s th e sola r drye r TAOS , mad e b y 
GATE (GTL ) an d whic h ha s mainl y bee n teste d i n Lati n America . Thi s drye r i s 
simple an d small , whic h ease s transpor t fro m on e plac e t o anothe r b y pirogu e 
(fishing boat ) fo r example : tha t i s wha t justifie s th e choice . I n addition , i t ca n 
be easil y copie d b y pirogu e builder s usin g woode n plank s (Figur e 2) . 
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For OPM' s hea d office , w e hav e chose n a  sola r drye r equippe d wit h a n electri c 
ventilator. Thi s i s place d i n th e roo f t o avoi d an y problem s o f shadows . Th e 
ventilator ha s a  flo w shutte r whic h ca n effec t th e temperatur e o f th e interio r o f 
the dryin g cabi n (Figur e 3) . Th e drye r ha s a  capacit y o f 15 0 k g and ca n easil y b e 
doubled u p t o mee t th e estimate d OP M need s o f u p t o 30 0 kg . Th e possibilit y o f 
regulating th e interio r cabi n temperatur e throug h flow  rat e adjustment s mean s 
that th e drye r coul d b e use d fo r treatmen t o f drie d o r rehumidifie d smoke d fish . 
At th e moment , OP M use s archai c ovens , whic h bur n a  grea t dea l o f wood . 

LABORATORY TESTIN G 

The laborator y test s ar e mainl y concerne d wit h force d convectio n drying , a s w e 
found plent y o f experimenta l dat a o n th e othe r tw o systems : th e dryer-ten t an d 
the TAO S dryer . 

Description o f th e force d convectio n drye r (SCF ) 

The initia l diagra m o f th e SC F i s give n i n Figur e 3 . Th e roo f pane l i s mad e o f 9 
collectors (3  serie s o f 3) . Eac h collecto r ha s a  workin g are a o f 1.55m 2, whic h 
means th e entir e pane l ha s a  workin g are a o f 13.95m 2. Figur e 4  give s th e 
collector diagram . Ai r circulate s abov e an d belo w th e absorbe r befor e enterin g 
the isolate d dryin g cabin . Tw o ventilator s wit h shutter s upstrea m o f th e cabi n 
vary th e rat e o f flo w fro m 638.27m 3/h t o 1,485.71m 3/h. 

Test procedur e 

Tests ar e carrie d ou t i n outdoo r condition s o n severa l consecutiv e days . Th e 
thermocouplings wer e place d i n differen t section s o f th e drye r (Figur e 3 ) an d th e 
temperatures wer e rea d fro m 8.30 h t o 17.30h , a t on e hou r intervals , b y a n 
Omega Dat a Logger . 

The sola r radiatio n o n th e collecto r surfac e wa s measure d an d integrate d b y a 
Haenni pyranomete r an d integrator . 

The test s wer e ru n unde r no - and full-loa d conditions . 

Results and discussion s 

Test unde r no-loa d condition s 

Figure 5  give s th e curve s o f temperatur e variatio n a t differen t point s i n th e 
dryer o n a  typica l day . Th e averag e temperatur e i n th e cabin , T 4 m , i s obtaine d 
by addin g th e differen t value s measure d o f T 4 an d dividin g the m b y th e numbe r 
of time s measured . Th e averag e temperatur e increas e i n th e collecto r (T 3 -
T2)m, i s obtaine d b y addin g th e difference s (T 3 -  T 2), an d dividin g the m b y th e 
number o f time s measured . Fro m th e globa l radiatio n o n th e collecto r surface , 
given i n Wh/m 2, th e averag e strengt h o f th e globa l radiatio n wa s obtaine d i n 
Wh/m2 b y dividin g thi s amoun t b y the lengt h o f tim e o f th e sola r intensity . 

Thus, fro m th e experimenta l data , w e wer e abl e t o sho w (Figure s 6  an d 7) , th e 
variation o f T 4 m  and o f (T 3 -  T 2)m wit h respec t t o th e averag e intensit y o f th e 
solar radiatio n (Figur e 6 ) and wit h respec t t o th e rat e o f flo w (Figur e 7) . 

It ca n b e see n tha t th e averag e temperatur e i n th e drye r an d th e averag e 
temperature increas e i n th e collecto r ris e wit h th e averag e intensit y o f th e sola r 
radiation an d lowe r whe n th e rat e o f flo w increases . 
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Test unde r full-loa d condition s 

For th e ful l loa d testing , 5 0 k g o f scale d heade d an d eviscerate d fis h wer e place d 
in th e dryer . Th e test s too k plac e fro m 8 h t o 18 h an d periodicall y th e 
temperatures wer e take n an d fis h weighed . Th e amoun t o f inciden t o f sola r 
radiation wa s measure d b y a  Haenn i pyranomete r couple d t o a n integrator . Th e 
fish staye d i n th e drye r overnigh t wit h th e ventilator s closed . 

The tes t laste d 4  days. Th e fina l weigh t o f th e fis h wa s 15.8 9 kg , tha t i s 32 % o f 
the initia l weight , whic h i s withi n th e limi t o f 25-35 % recognise d b y th e OPM . 
Figure 8  gives th e dryin g curve . 

During th e test , w e notice d th e developmen t o f maggot s o n th e fis h fro m th e 
second t o th e thir d day . However , o n th e fourt h day , du e t o intens e sola r 
radiation producin g temperature s o f mor e tha n 50°C , th e maggot s wer e 
removed. Th e dryin g ha d take n plac e withou t an y previou s chemica l treatmen t 
of th e fish . 

This prove d tha t th e force d convectio n drye r wa s suitable fo r fis h drying . 

TESTS ON SITE 

For th e test s o n site , a  dryer-ten t an d tw o TAO S dryer s wer e installe d i n th e 
fishing villag e o f Sens e nea r Mopti , an d a  force d convectio n drye r wa s place d i n 
the fishin g por t o f Mopt i a t th e OP M hea d office . Th e followin g result s wer e 
obtained: 

Dryer-tent 

The dryer-ten t coul d no t b e use d b y th e fisherme n becaus e o f tear s i n th e 
transparent polyethylen e cove r cause d durin g installatio n b y ver y stron g wind . 
The drye r wa s finall y destroye d b y tornadoes . 

Following thi s unfortunat e experience , i t wa s decided t o abando n tha t system . 

TAOS dryer 

After installation , th e TAO S dryer s wer e use d dail y b y th e fishermen : abou t 6 0 
kg o f fis h wer e drie d pe r wee k pe r dryer , i n spit e o f th e shortag e o f fis h i n th e 
area. Th e Sens e Fis h Inspecto r regularl y conducte d performanc e test s o n th e 
dryers. Figur e 9  give s a  typica l dryin g curv e produce d b y th e Inspector , whic h 
indicates th e followin g benefit s fro m TAO S dryers : 

shorter dryin g time ; 
better qualit y o f drie d fish ; 
no insec t attack ; 
increased quantit y o f drie d fis h i n compariso n t o dryin g i n ope n ai r (les s 
loss durin g drying) . 

The Inspecto r did , however , underlin e th e negativ e effecto f dust-bearin g win d 
which blow s int o th e drye r an d settle s o n th e fish . 

The fisherme n wer e satisfie d wit h th e dryers : i n fac t th e fis h drie d ther e wa s o f 
greater quantit y and , abov e all , i s a  produc t whic h sell s quickl y becaus e o f it s 
good quality . However , the y di d no t approv e o f th e smal l capacit y o f th e dryer . 
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The Inspecto r the n teste d th e transportatio n o f th e drye r b y pirogue . Th e tes t 
showed tha t th e drye r coul d easil y b e pu t o n th e roo f o f th e pirogue ; however , 
the fisherme n ha d wante d a  drye r whic h coul d b e completel y dismantled . 

Forced convection drye r 

Installed a t th e OP M hea d office , thi s drye r wa s mainl y fo r us e i n re-dryin g drie d 
or smoke d fis h whic h arrive d a t th e por t o f Mopti . Durin g stockin g an d 
transport, th e drie d o r smoke d fis h reabsorbe d humidit y an d re-dryin g wa s 
necessary befor e selling . Equall y thi s destroy s th e maggot s o n th e fish . 

OPM ha s hithert o use d oven s whic h bur n a  grea t dea l o f woo d fo r re-drying , 
something o f increasin g scarcit y i n th e are a o f Mopti . A  tes t ru n wit h gas-oi l 
oven faile d becaus e o f cos t an d poo r performanc e (fis h breakin g an d smellin g o f 
gas-oil). 

Figure 1 0 give s th e curv e obtaine d durin g re-dryin g o f a n experimenta l loa d 
consisting o f 31.3 2 k g o f drie d humi d fis h an d 10.5 7 k g o f smoke d humi d fish . 
The re-dryin g laste d 3  days . Th e weigh t los s wa s 17 % for th e drie d fis h an d 25 % 
for th e smoke d fish . Th e fis h wa s completel y clea r o f maggots , an d wa s 
considered t o b e o f ver y goo d qualit y b y th e OP M agents . 

CONCLUSIONS 

The mai n conclusion s whic h ca n b e draw n fro m th e wor k carrie d ou t a s describe d 
earlier, ar e a s follows : 

a) th e transparen t polyethylen e availabl e i n Mal i i s no t sufficientl y stron g 
for th e climati c condition s there , whic h limit s th e possibilit y o f usin g 
dryer-tents, i n spit e o f thei r lo w cost ; 

b) th e TAO S dryer s ar e wel l adapte d t o th e need s o f th e fishin g villages ; 
they produc e ver y goo d qualit y drie d fis h i n a  shorte r perio d o f tim e 
without los s o f weigh t du e t o insects ; i n additio n the y ca n b e transporte d 
by pirogu e whic h make s the m suitabl e fo r travellin g fishermen ; th e 
problem o f dus t ca n b e solve d b y turnin g dow n th e ai r inle t an d outle t t o 
protect the m fro m th e wind : thi s i s i n th e proces s o f bein g tested ; 

c) th e force d convectio n drye r i s a s goo d fo r dryin g a s fo r re-dryin g o f fish ; 
by usin g it , th e OP M coul d sav e th e woo d use d u p t o no w fo r re-drying ; 
the us e o f photovoltai c basket s t o provid e electri c energ y fo r ventilator s 
makes thi s syste m completel y independen t o f th e norma l source s o f 
energy, s o i t ca n b e use d i n areas withou t electricity . 
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FIGÜRE 1: Close d dryer 
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FIGURE 2 : TAO S drye r 
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FIGURE 3: Sectio n of forced convection dryer 
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FIGURE 4: Section s through a hot air recepto r 
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FIGURE 5: Typica l temperature variations in dryer over operating day 



- 1 5 2 -

FIGURE 6 : Variatio n i n the averag e temperatur e i n th e drye r an d 
average temperatur e increas e i n th e recepto r du e t o sola r intensit y 

FIGURE 7: Variatio n in the average temperature in th edryer and 
average temperature increas e in the receptor due to the rate of flow 
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FIGURE 8: Dryin g curve of fresh fis h in the forced convectio n dryer 

FIGURE 9: Dryin g curve of fresh fis h i n the TAOS dryer 

FIGURE 10: Re-dryin g curve of dried fish (full treatment ) or smoked fis h 
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ABSTRACT 

Research o f renewabl e energ y i s capita l intensive . Man y importan t researc h 
tools ar e ou t o f th e reac h o f man y researcher s i n developin g countries . Thi s 
paper discusse s som e researc h equipmen t an d technique s whic h ca n b e acquire d 
and implemente d a t relativel y lo w cost . 

INTRODUCTION 

The oi l crisi s o f 197 3 produced , amon g othe r things , a  tremendou s upsurg e i n 
research o n renewabl e energ y sources , particularl y sola r an d win d energy . 
Although th e initia l impetu s ha s somewha t abated , muc h researc h i s currentl y i n 
progress i n man y countrie s o f th e world , includin g th e developin g countries . 
However, researc h i s capita l intensiv e an d som e o f th e importan t researc h tool s 
and equipmen t lik e sola r simulators , computin g centre s an d dat a acquisitio n an d 
processing system s ar e ofte n beyon d th e limite d facilitie s o f som e researcher s i n 
developing countries . 

In thi s paper , example s ar e give n o f lo w cos t researc h undertake n i n th e area s of : 
solar collecto r behaviou r an d testin g o n a  sola r simulator ; dat a acquisitio n an d 
processing; an d computing . 

SOME EXAMPLES OF LOW-COST RESEARC H 

Small-scale sola r collecto r an d simulato r 

The sola r simulato r i s used t o determin e th e parameter s o f a  sola r collecto r o r t o 
obtain qualitativ e answer s regardin g tes t procedures , contro l strategy , e tc . Th e 
analytical equation s whic h describ e th e temperatur e histor y o f th e sola r 
collector an d tan k indicat e tha t th e energ y gai n o f a  system , pe r uni t collecto r 
area, i s independen t o f th e siz e o f th e system . Therefore , wher e th e tes t i s no t 
to determin e th e parameter s o f a n actua l syste m th e collector , henc e th e 
simulator, ma y b e reduce d b y a  facto r o f a t leas t 10 , resultin g i n th e reductio n 
of equipmen t cost s b y a  facto r o f abou t 100 . Furthermore , a  specia l laborator y 
would no t b e required . 

The small-scal e sola r collecto r syste m describe d b y Munro e (1982 ) consist s o f a 
square coppe r plat e 0.0 9 m 2 i n are a an d abou t 0. 8 m m thick , t o whic h wa s 
soldered a s hea t exchange r a  serpentin e patter n o f thin-walle d coppe r tubin g o f 
internal diamete r 0.3 2 cm . Th e plat e wa s painte d matt-blac k o n th e hea t 
exchanger sid e an d house d i n a  shallow woode n bo x 3 3 x  3 3 x  3. 8 cm . Th e glazin g 
on th e fron t o f th e collecto r consiste d o f clea r perspe x 0.1 6 c m thic k an d th e 
insulation o n th e bac k 1. 0 c m thic k seale d polystyren e foam . 

The storag e tan k consiste d o f a  4-litr e capacit y plasti c container , whic h wa s 
insulated b y placin g i t i n a  large r cardboar d bo x an d fillin g i n th e space s wit h 
styrafoam chips . A  furthe r lengt h o f thin-walle d coppe r tubing , woun d int o a 
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helix, served a s a hea t exchange r i n the tank . A  small electricall y drive n pum p 
(of th e typ e use d b y model aeroplane enthusiast s t o pump fuel) wa s used to pump 
water i n a  close d loo p betwee n th e hea t exchanger s i n th e collecto r an d tank . 
Clear plasti c tubin g wa s use d t o connec t th e pum p and hea t exchanger s i n th e 
loop. 

Thermocouples inserte d int o th e flo w monitore d th e temperatur e o f wate r 
entering an d leavin g th e collector . Thre e furthe r thermocouple s monitore d th e 
temperatures a t th e to p an d botto m o f th e storag e tan k an d th e ambien t 
temperature. Th e volume flow rat e of wate r throug h th e collector wa s measure d 
using a  smal l digita l flo w rat e mete r o f th e typ e markete d fo r measurin g fue l 
consumption rate s i n cars . Th e outpu t o f th e flow  rat e mete r wa s a  trai n o f 
pulses with frequency proportiona l t o flow rate . 

The sola r simulato r consiste d o f a  single , hig h intensit y lam p (Thor n OM1000 , 
CSI, 100 0 watts) . Thi s provide d a  unifor m intensit y o f abou t 96 7 w/m 3 a t a 
distance of about 1.5 m away . Tabl e 1  shows a breakdown o f cost s fo r th e small -
scale system an d simulator . 

Work done using the small-scale system an d briefly discusse d belo w include: 

1. Validatio n o f a n equivalent electrica l circui t mode l of th e flat-plate sola r 
water heatin g system (Munro e 1980). 

2. Transien t testin g of th e flat-plat e sola r collecto r (Munro e 1983). 

3. A  method o f determinin g th e tim e constan t o f a  flat-plat e sola r collecto r 
(Munroe 1981). 

Equivalent electrica l circui t mode l 

In orde r t o evaluat e th e performanc e o f sola r collectors , i t i s first necessar y t o 
establish th e criteri a o f performance . Thes e ar e base d o n th e mathematica l 
model o f th e collector . Th e bes t know n mode l i s tha t b y Hotte l an d Whillie r 
(1955). Th e mode l assume s zer o therma l capacitanc e fo r th e collecto r an d 
expresses th e energ y outpu t i n terms o f th e inciden t radiation , th e differenc e i n 
temperature betwee n th e collecto r an d th e ambien t air , an d th e collecto r hea t 
loss coefficient . 

The basi c mode l o f Hotte l an d Whillie r wa s extended b y Close (1967) to include a 
single therma l capacitanc e fo r th e collector , reference d t o th e mea n 
temperature o f th e collecto r plate . A  transien t mode l fo r th e collecto r b y 
Munroe (1981 ) assume s a  singl e therma l capacitanc e fo r th e collector , 
referenced t o th e mea n temperatur e o f th e collecto r liquid . Th e transien t 
energy balance equation fo r th e collector ma y then be expressed a s 

(1) 

The energy balance of th e storage tank on a unit collecto r are a basi s wil l be 

(2) 

If a n artificia l hea t transfe r coefficien t U 3 i s introduced , define d a s th e mea n 
heat transfe r coefficien t betwee n th e collecto r an d storage tank , such tha t 
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(3) 

substituting (3 ) i n (1 ) an d (2 ) an d re-arrangin g i n matri x for m an d takin g Laplac e 
transforms, give s 

(4) 

A solutio n t o equatio n (4 ) fo r th e specia l cas e wher e I  i s a  constan t o r ste p 
function, a s obtain s o n a  sola r simulato r ca n b e expresse d a s 

(5) 

where A 0, A 1, A 2, B 0, B 1 , B 2 , and  ar e constants . On e advantag e o f 
equation (4 ) i s tha t i t ca n b e use d t o deriv e a n equivalen t electrica l circui t fo r 
the syste m b y inspection . 

An equivalen t electrica l circui t fo r th e typica l close d loop , force d circulation , 
flat-plate sola r wate r heatin g syste m i s show n i n Figur e 1 . A  differentia l 
temperature controlle r ha s bee n adde d fo r completeness . I n th e equivalen t 
circuit, voltag e i s analagou s t o temperatur e an d curren t i s analagou s t o hea t 
flow. Syste m simulatio n i s reduce d t o determinin g th e respons e o f th e circui t t o 
any chose n time-dependen t curren t input . 

Transient collecto r tes t 

A transien t tes t fo r sola r collector s require s a  transien t mode l fo r th e collecto r 
and equatio n (1 ) i s use d fo r tha t purpose . Th e transien t efficienc y equatio n i s 
given b y 

(7) 

where k  =  U 1/C1 

steady-state collecto r line , wit h intercep t o n th e axi s an d slop e (-U 1). T o 
use equatio n (7)  a s a  basi s fo r transien t tests , i t i s necessar y t o determin e th e 
value o f k , th e rati o o f hea t los s coefficien t t o therma l capacity . Thi s ma y b e 
obtained fro m a  coolin g test . I f th e collecto r cool s fro m a n initia l temperatur e 
T1(i) t o a  fina l valu e T 1(f) i n tim e t  (wit h th e circulatio n pum p turne d off) , the n 
from Newton' s la w o f coolin g 

(8) 

which ma y b e re-arrange d t o giv e 

The grap h o f is a  straigh t lin e simila r t o th e 
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A transient tes t wa s carrie d ou t o n th e smal l tes t collector , connecte d u p t o th e 
storage tan k i n th e conventiona l configuratio n use d fo r wate r heating . Th e 
result o f th e tes t indicate s tha t th e syste m i s linea r an d th e grap h o f 
ln( T / T 0) VS . t  i s a  straigh t lin e wit h slop e k . Thi s valu e o f k  i s substitute d 
in equatio n (7 ) an d th e grap h o f collecto r efficienc y vs . (T 1-
Ta)+kdT1/dt i s a  straigh t lin e wit h in tercepte d on th e 1  axi s an d slop e (-U 1). 

Collector tim e constan t 

Equations (5)  an d (6)  indicat e tha t th e time-dependen t behaviou r o f th e collecto r 
and storag e tan k i s determine d b y tw o tim e constants , an d .  Th e 
time constan t o f th e collecto r i s ,  wher e i s a  functio n o f th e parameter s 
not o f th e collecto r only , bu t al l th e othe r parameter s o f th e flat-plat e sola r 
water heatin g system . Thi s dynami c collecto r tim e constan t ca n b e show n t o 
influence onl y th e ver y short-ter m minutes ) behaviou r o f th e collector . 
The transien t behaviou r o f th e collector , however , i s dominate d b y th e dynami c 
time constan t o f th e system , ,  whic h i s of th e orde r o f severa l hours . 

The dynami c tim e constan t o f th e collecto r i s directl y proportiona l t o th e 
thermal capacit y o f th e collector , bu t furthe r simulatio n studie s indicat e tha t 
collector capacitanc e ha s ver y littl e effec t o n th e dail y o r long-ter m 
performance o f th e sola r wate r heatin g system . 

Computing facilitie s 

Most computin g centre s hav e mainfram e computer s wit h a n extensiv e librar y o f 
subroutines i n Fortra n whic h ar e readil y accessibl e t o user s an d thi s ca n provid e 
formidable suppor t i n an y researc h project . I n th e cas e o f som e developin g 
countries, computin g facilitie s ma y b e ver y limite d o r entirel y absent . 

For thos e researcher s wh o d o no t min d learnin g anothe r compute r language , i e 
basic, an d ar e willin g t o develo p thei r ow n program s i n basic , the n ther e exist s a 
range o f relativel y inexpensiv e "home " computer s whic h ca n provid e som e 
research support . 

Two low-cos t microcomputer s whic h ca n b e discusse d fro m firs t han d experienc e 
are th e Sinclai r ZX8 1 an d th e Sinclai r Z X Spectrum . Th e ZX8 1 i s a t th e lowe r 
end o f th e compute r marke t an d a  machin e wit h 1 6 kilobyte s (16k ) o f memor y 
sells fo r abou t £70 . A  machin e wit h 64 k o f memory , th e maximu m possibl e fo r 
an 8-bi t computer , sell s fo r abou t £95 . Progra m storag e i s b y ordinar y cassett e 
recorder, althoug h specia l compute r grad e cassette s ar e available . Suitabl e 
cassette recorder s ar e availabl e a t abou t £25-£30 . 

If printou t o f result s i s required, the n th e ZX8 1 ca n b e interface d t o mos t o f th e 
commercially availabl e printers . Th e printe r currentl y availabl e fo r th e ZX8 1 a t 
the lowes t possibl e cost , calle d th e Alphaco n 32 , sell s fo r abou t £70 . A  smal l 
computing syste m incorporatin g man y o f th e mathematica l function s o f large r 
computers an d wit h storag e an d printou t ca n b e assemble d a t a  cos t o f les s tha n 
£200. A n ordinar y UH F televisio n se t i s require d t o monito r th e inpu t an d outpu t 
of th e computer . Wit h thi s included , th e tota l cos t i s abou t £250 . 

The ZX8 1 i s however , no t withou t it s drawback s whic h include : 

(9) 
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1. ver y slo w compare d wit h th e mainframes ; computin g time s ar e measure d 
in minutes , rathe r tha n second s 

2. no t ver y man y off-the-shel f program s ar e availabl e fo r scientifi c 
computing; progra m mus t b e develope d b y th e use r 

3. doubl e precisio n no t availabl e 

4. hig h resolutio n graphic s no t available ; wit h th e exceptio n o f ba r charts , 
good qualit y graph s canno t b e draw n o n th e monito r 

5. poo r keyboard . 

Some o f th e drawback s o f th e ZX8 1 ma y b e overcom e b y usin g a  Z X Spectrum . 
The 16 k machin e cost s abou t £9 0 an d th e 48 k machin e cost s £130 . Mas s storag e 
using flopp y disc s ar e availabl e fro m abou t £24 0 fo r 200 k o f storag e t o abou t 
£280 fo r 800k . Th e Spectru m ha s it s ow n inexpensiv e mas s storag e uni t -  th e 
microdrive whic h start s a t abou t £15 0 fo r 100 k o f storage , bu t thi s ma y no t b e 
suitable i n al l cases , since th e storag e uni t ma y b e damage d i f turne d o n wit h th e 
disc i n position . Th e compute r ca n als o b e connecte d t o a  wid e rang e o f printers . 
A 16 k syste m wit h microdriv e an d Alphaco m printe r woul d thu s cos t abou t £310 . 
The Spectru m offer s ver y goo d hig h resolutio n graphic s an d ha s th e advantag e 
over th e ZX8 1 tha t i t ca n stor e th e result s o f a  progra m withou t havin g t o stor e 
the entir e progra m -  a  worthwhil e featur e whe n larg e volume s o f dat a ar e t o b e 
stored. Th e Spectru m i s stil l muc h slowe r tha n th e mainfram e compute r an d 
does no t offe r th e doubl e precisio n facility . A n additiona l plu s fo r th e abov e 
microcomputers i s tha t ther e ar e severa l magazine s devote d exclusivel y t o the m 
which giv e goo d subroutines , hint s o n programing , e tc . 

The lis t o f suitabl e microcomputer s ha s o f cours e no t bee n exhauste d an d ha s 
been confine d s o fa r t o th e lowe r en d o f th e compute r market . On e o f th e mor e 
popular up-marke t machine s i s th e Appl e II , wit h price s fo r a  48 k machin e wit h 
disc driv e an d printe r startin g a t mor e tha n £1000 . Wher e researc h fundin g i s 
not a  seriou s constraint , thi s categor y o f machin e ma y b e considered , sinc e ther e 
is a  wide r rang e o f off-the-shel f compute r program s availabl e an d th e machin e 
can b e programe d i n Fortra n an d Pascal , a s wel l a s i n Basic . 

All th e computations , simulations , analysi s o f collecto r tes t results , e t c b y th e 
author whic h hav e bee n reference d i n thi s pape r wer e carrie d ou t o n on e o r 
another o f th e thre e above-mentione d microcomputers . I n addition , th e autho r 
has serve d a s conveno r o f a  subcommitte e whic h dre w u p th e initia l 
specifications fo r a  microcomputin g centr e a t th e Federa l Universit y o f 
Technology, Owerri , Nigeria . Th e centre , consistin g o f a  networ k o f eigh t Appl e 
II microcomputers , i s presentl y use d i n teachin g a  secon d yea r compute r cours e 
in Basi c an d Fortra n a t th e University . Thi s facility , intende d t o serv e unti l a 
mainframe compute r i s acquired , i s likel y t o b e expande d t o includ e mor e 
microcomputers i n th e network . 

Data acquisitio n an d processin g 

Data acquisitio n an d processin g i s ye t anothe r are a i n whic h reasonabl y goo d 
equipment ca n b e acquire d a t relativel y lo w cost . I f a  smal l numbe r o f 
measurements ar e t o b e taken , e g a  se t o f temperature s ever y te n second s fo r a 
period o f abou t on e hour , the n th e equipmen t require d i s relativel y simpl e an d 
much o f i t availabl e off-the-shelf . Fo r thi s typ e o f measurement , th e autho r 
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uses a  ZX8 1 wit h a n eigh t inpu t analog-to-digita l (A/D ) converter . Th e A/ D 
converter presentl y i n us e wa s purchase d fro m Thurnal l Electronics , Manchester , 
at abou t £50 . 

Where a  larg e numbe r o f measurement s ar e t o b e take n ove r a n extende d perio d 
of tim e th e abov e syste m i s no t adequate , sinc e additiona l equipmen t woul d b e 
required t o contro l th e cassett e recorder , th e onl y presentl y availabl e mas s 
storage uni t fo r th e ZX81 . Th e simpl e syste m woul d thu s no t b e suitabl e fo r sa y 
a dat a managemen t syste m fo r sola r o r win d energy . Th e Z X Spectru m i s mor e 
suited t o thi s purpose , sinc e i t ca n directl y contro l a  mass-storag e device , suc h 
as th e Z X microdrive , a  dis c driv e o r on e o f th e severa l high-spee d cassett e 
drives. A n A/ D converte r i s require d fo r th e Spectru m an d thoug h thi s i s likel y 
to b e availabl e off-the-shelf , th e autho r i s currentl y assemblin g one . Th e fina l 
cost o f thi s ite m i s no t include d here , bu t wil l b e reporte d a t a  late r date . I n 
fact, a  complet e dat a managemen t system , incorporatin g dat a acquisition , 
analysis, reductio n an d storag e i s presentl y unde r construction . Th e syste m i s 
being buil t aroun d th e Spectru m microcompute r an d whe n completed , woul d b e 
used t o monito r sola r an d win d energ y parameters , i t i s describe d i n mor e detai l 
in th e followin g paper . 

CONCLUSIONS 

This pape r ha s attempte d t o sho w tha t som e research , thoug h limite d i n scope , 
can stil l b e carrie d ou t o n a  smal l researc h budget . I t als o demonstrate s tha t 
computing facilitie s nee d no t alway s b e i n th e for m o f a  large , mainfram e 
computer. Th e ne w rang e o f "home " computers , thoug h smal l an d slo w b y 
comparison, ca n stil l provid e adequat e facilitie s a t reasonabl e cost . 
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TABLE 1: Estimate d cost of small-scale collector system and simulator 

Item 

Solarimeter 

Simulator (Thor n OM1OOO , CSI Lamp, 100 0 W ) 

Circulation pum p 

Flow rat e mete r 

Solar collecto r 

Miscellaneous (clea n plasti c tubing , plasti c 
tank, insulatio n etc.) 

Total 

Estimated Cos t (£) 

200 

250 

6 

25 

15 

5 

511 
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FIGURE 1 . 
An electrical equivalen t circui t o f th e flat-plate  sola r wate r heatin g system . 
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SOLAR WATE R DISTILATIO N PLAN T 

Y A Jimoh, Departmen t o f Mechanica l Engineering , 
College o f Scienc e an d Technology , Kadun a Polytechnic , 

PBM 2021 , Kaduna, Nigeri a 

ABSTRACT 

The pape r describe s th e developmen t o f a n effectiv e an d economica l sola r wate r 
distillation plan t t o produce , i n commercia l quality , distille d wate r o f hig h purit y 
as i s require d b y pharmaceutical , chemical , foo d industries , etc . Th e plat e i s 
currently undergoin g a  serie s o f performanc e tests . Initia l result s sho w tha t th e 
improved uni t ca n produc e large r quantitie s (u p t o 3 0 litre s pe r day ) o f hig h 
quality distille d water . Th e proces s ca n als o b e adapte d t o suppl y potabl e wate r 
to rura l area s wher e th e wate r availabl e i s no t suitabl e fo r drinking . 

INTRODUCTION 

The objectiv e o f thi s projec t i s th e developmen t o f a  smal l scal e sola r distillatio n 
plant t o produc e economicall y pur e wate r o f th e hig h qualit y require d fo r 
different purpose s i n variou s industrie s suc h a s pharmaceutical , chemistr y an d 
food industrie s an d fo r moto r batteries , laboratorie s an d hospitals . Sola r wate r 
distillation ca n b e ver y economica l i f wel l designe d especiall y i n countrie s suc h 
as Nigeri a wit h abundan t sunshin e al l th e yea r round . 

HISTORICAL BACKGROUN D 

In 198 2 tw o experimenta l sola r still s o f galvanise d mil d stee l bod y an d glas s pan e 
covers wer e constructe d a t Kadun a Polytechnic , Kaduna . Eac h uni t ha d a  tra y 
area o f 2.1m 2 fo r heatin g wate r b y sola r radiatio n an d produce d o n averag e 8. 6 
litres o f distille d wate r pe r da y o r abou t 4. 1 litre s pe r m 2. Th e productio n 
gradually decline d t o 2. 5 litre s pe r m 2 pe r da y i n Apri l 1984 . 

In laborator y analysi s o f sample s o f distille d wate r collecte d i n Januar y 1982 , th e 
pH wa s 7.0 , electrica l conductivit y wa s 1 7 micr o mho s an d trace s o f calcium , 
magnesium an d sodiu m wer e withi n internationa l standards . Th e maximu m 
temperature o f wate r i n th e tra y reache d 68° C wit h a n ambien t temperatur e o f 
39°C an d correspondin g outpu t o f 1 2 litre s o n 6t h Apri l 1982 . Durin g th e tw o 
years operation , th e unit s wer e overhaule d twic e an d durin g th e secon d overhau l 
it wa s discovere d tha t on e o f th e unit s ha d corrode d badl y wit h man y pi t hole s i n 
the bas e plate . 

Initially th e unit s wer e no t lagge d an d henc e los t a  lo t o f hea t energ y t o th e 
surrounding atmosphere . Scale s formin g o n th e bas e o f th e tra y covere d th e 
black coatin g an d considerabl y reduce d th e therma l efficienc y an d th e dail y 
production. 

AN IMPROVED UNIT 

Based o n th e experienc e describe d abov e i t wa s decide d t o desig n a n entirel y ne w 
solar wate r distillatio n proces s plan t (Jimo h an d Gupt a 1984) . Thi s proces s 
incorporates pre-treatmen t o f th e wate r b y sedimentatio n an d filteration , 
preheating o f th e filtere d wate r usin g a  sola r collector , an d multi-stag e 
distillation b y a  seria l arrangemen t o f still s (Figur e 1) . 
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The stil l i s 1.75 m x  1.22 m an d mad e o f stainles s steel . I t ha s a  coppe r shee t 
base, a  glas s pan e cove r an d i s insulate d wit h 50m m thic k polyurathan e foa m 
enclosed i n plasti c coate d stee l sheets . Th e inclinatio n o f th e glas s pan e i s 12 ° 
to th e East-Wes t horizonta l plan e t o allo w condense d droplet s t o ru n alon g th e 
glass pan e t o th e V-shape d channel s leadin g t o th e plasti c tube s carryin g th e 
distillate t o th e storag e plasti c container . 

Water i s supplie d automaticall y throug h a  floa t valv e t o th e filte r tan k fitte d 
with fou r filte r element s mounte d directl y o n th e suppl y tank . Th e filte r wate r 
is supplied throug h a  plasti c hos e pip e an d a  leve l contro l floa t valv e t o th e still . 
Preheating o f th e sola r collecto r wa s rejecte d a s thi s ha d ver y littl e effec t 
especially wit h th e introductio n o f a  wate r leve l contro l floa t valv e whic h onl y 
released th e suppl y wate r a s droplet s int o th e still . 

The entir e proces s function s automaticall y an d require s onl y on e attendan t t o 
dust th e glas s pane s dail y an d t o collec t th e distillate . 

OBSERVATIONS 

Performance test s ar e stil l bein g carrie d ou t o n th e ne w installatio n whic h wen t 
into operatio n i n Decembe r 1984 . Th e followin g preliminar y observation s hav e 
been made : 

1. Th e averag e dail y quantit y o f distille d wate r produce d fo r th e mont h o f 
December 198 4 wa s abou t 3 0 litre s a t averag e ambien t temperatur e o f 
30°C makin g abou t 14. 3 litres pe r m 2. 

2. Th e maximu m wate r temperatur e o f 68° C wa s recorde d o n 22n d Februar y 
1985 wit h ambien t temperatur e o f 38°C . 

3. Th e firs t analysi s o f th e distillate , carrie d ou t o n 6t h Decembe r 1984  b y 
the soi l laborator y o f th e Departmen t o f Irrigation/Agricultur e 
Mechanisation gav e th e followin g results : 

pH =  6. 8 
EC x  10 6 =  4.3 5 micr o ohm/c m a t 25° C 
CO3 =  Non e 
HCO3 =  0. 3 meg/ 1 
CA+ + =  2. 4 pp m 
MG++ =  Non e 
C1- =  Non e 
Ma++ =  Non e 
K+ =  Non e 

Water colourles s an d odourless . 

The wate r i s bein g collecte d temporaril y i n plasti c container s an d th e permanen t 
distillate tan k i s t o b e installe d later . 

CONCLUSION 

The 400 % increas e i n averag e dail y productio n fro m 4. 5 litre s pe r m 3 t o abou t 
143 litres pe r m 3 i n th e improve d sola r stil l i s stil l bein g investigated , bu t ca n b e 
attributed to : 
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1. th e initia l pretreatmen t o f th e suppl y reducin g th e sedimen t considerably ; 

2. th e automati c leve l contro l float  valv e maintainin g a  constan t wate r leve l 
(presently abou t 25m m hig h i n th e tray) ; 

3. th e us e o f a  coppe r tra y whic h increase s th e rat e o f energ y absorbe d b y 
the water ; 

4. th e insulatio n o f polyurathan e foa m whic h prevent s hea t los s t o th e 
surrounding atmosphere . 

Further experiment s ar e bein g planned . 
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FIGURE 1: Solar water distillation process diagram 
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PERFORMANCE OF FLAT PLATE COLLECTORS IN RELATION 
TO CORROSION PROBLEM S 

B W Zingano 
Ministry o f Work s &  Supplies 

Blantyre, Malaw i 

ABSTRACT 

The performanc e o f fou r type s o f plat e collector s i s discusse d i n term s bot h o f 
instantaneous efficienc y an d th e overal l efficienc y o f th e complet e sola r energ y 
water heatin g system . Th e influenc e o f corrosio n o n th e durabilit y an d 
performance o f thes e collector s i s discussed . 

INTRODUCTION 

The Whillie r an d Hotte l equatio n lay s ou t a  mode l fo r analysin g th e performanc e 
of fla t plat e sola r collectors . However , result s o f instantaneou s performanc e 
tests d o no t necessaril y relat e closel y t o th e performanc e o f a n installe d system . 

To gai n a  realisti c vie w o f th e relativ e performanc e o f sola r wate r heater s 
therefore require s consideratio n no t onl y o f th e efficienc y o f th e sola r collecto r 
in capturin g sola r energy , bu t als o th e efficienc y o f th e whol e syste m i n term s o f 
heating wate r unde r norma l operationa l conditions . Th e lif e spa n o f th e syste m 
is als o a n essentia l criteri a fo r selectin g a  sola r wate r heatin g system . Agai n 
this ca n onl y b e assesse d throug h operatin g th e syste m fo r a n extende d perio d o f 
time. 

As par t o f a  long-ter m sola r energ y researc h programm e (Zingan o 1983) , th e 
performance an d durabilit y o f variou s plat e collector s an d sola r wate r heater s 
was tested . Al l collector s an d heatin g system s wer e availabl e an d constructe d i n 
Malawi. Instantaneou s collecto r performanc e tests , detail s o f whic h ar e no t 
provided here , an d performanc e o f th e syste m unde r typica l sk y condition s ar e 
discussed. 

TYPES OF FLAT PLATE COLLECTOR S 

Four collector s wer e teste d whic h fal l int o thre e categorie s o f sola r collectors : 

Type A . Sandwic h Type : Thi s collecto r wa s constructe d ou t o f tw o plate s 
of 0.5m m galvanise d stee l an d separate d b y 4m m wid e silicon e 
rubber block s t o for m th e wate r channel . Th e plate s wer e coate d 
with a  blac k acryli c pain t an d seame d o n al l edges . Th e cove r wa s 
3mm crow n glas s lai d i n section s o f 23 0 x  225m m an d 8m m abov e 
the absorbe r surface . 

Type B. Gri d Type : Ther e wer e tw o version s o f thi s typ e o f collector : 

Type Bl : Thi s collecto r wa s constructe d ou t o f 13m m galvanise d 
pipes a s th e gri d wit h a  19m m diamete r manifol d a t bot h to p an d 
bottom. Th e singl e riser s o f th e gri d wer e hal f wrappe d i n 0.5m m 
plates o f galvanise d stee l painte d a s i n typ e A . Th e cove r wa s 
4mm glas s fixe d a t 100m m abov e th e absorbe r plate . Rise r spacin g 
was 100mm . 
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Type B2 : Thi s collecto r wa s constructed a s Type B l bu t th e gri d 
risers wer e space d a t 100m m finne d i n 0.5m m galvanise d plate s 
measuring 150mm across . Th e cover wa s 3mm fibreglass . 

Type C. Snak e Type : Thi s collecto r wa s simila r t o th e grid design , but  th e 
water channe l wa s a  continuou s loope d coppe r tub e 19m m i n 
diameter strappe d t o a  0.5m m galvanise d stee l plate . Th e cove r 
was 4mm glass at 75m m above the absorber surface . 

SOLAR WATER HEATING SYSTEMS 

Five systems were tested . 

System A. Collecto r typ e A  was coupled t o a  storage tan k wit h a  built i n ball 
valve and was a normal symphonic system. 

System B. Collecto r typ e B was coupled t o a  similar storag e tan k a s in A, but 
as a once-through system . I n this arrangement th e pressure o f th e 
incoming mai n wa s regulate d b y a  pressur e reducin g valve . Th e 
automatic inle t regulatin g valv e wa s speciall y develope d fo r thi s 
purpose. I t wa s regulated b y a  therma l valv e whic h wa s designed 
to respon d t o radiatio n intensity . Thu s th e valv e wa s activate d a t 
an irradianc e leve l o f 150Wm~ 2. A t thi s intensit y th e wate r 
trickled throug h th e collecto r an d droppe d int o th e storag e tank . 
The minimu m temperatur e wa s 40°C . Th e wate r di d no t 
recirculate an d therefore wa s not exposed t o furthe r hea t losses . 

System C. Collecto r typ e Bl wa s connected t o a  vertica l tan k an d th e system 
worked in a normal syphonic circulation . 

System D. Collecto r typ e B 2 was connected t o a  horizontal storage tan k wit h 
a side make up tank and a ball valve. Thi s was a syphonic system. 

System E. Collecto r typ e C  was connected t o storage tan k bu t wit h a n option 
of mountin g th e tan k horizontall y o r vertically . Agai n thi s syste m 
was syphonic. 

TEST SITE AND SYSTEM TEST PROCEDURE 

Collectors an d system s wer e teste d o n th e roo f o f a  laborator y abou t 3 m abov e 
the groun d an d facin g north . Th e test s wer e carrie d ou t between Apri l and Jul y 
which ar e winte r month s i n Malawi . Fo r maximu m norma l sola r insolatio n th e 
collectors wer e fitte d a t 14 ° from horizontal . A n eppley solarmeter wa s used t o 
record th e insolatio n an d th e ambien t temperatur e wa s recorde d a t a  nearb y 
Stevenson Screen . Th e win d spee d wa s monitore d an d throughou t th e test s thi s 
did not exceed 5kmh -l. 

Systems wer e lef t i n operatio n fo r a  whol e da y withou t drawin g of f an y water . 
The temperature of wate r i n the main s was recorded befor e sunris e each day. A t 
that tim e th e storag e tank s wer e checke d t o mak e sur e tha t the y wer e ful l o f 
water. 

After sunse t whe n exi t temperatur e i s th e sam e o r lowe r tha n th e inle t 
temperature (Tf e Tfi ) al l th e wate r i n th e tan k wa s draw n of f i n 14. 5 litr e 
buckets. Thi s unit wa s chosen becaus e i t i s the volum e o f a  common vessel used 
for ho t baths in Malawi. 



- 1 7 1 -

An extensive statistica l surve y establishe d tha t wha t i s commonly terme d a  "hot 
bath" i s only 40°C. Th e temperature o f eac h bucke t wa s carefully recorde d unti l 
the storage tan k wa s completely empty . 

On each da y the sk y conditions wer e recorde d an d the cloud cover wa s expressed 
as a  fractio n o f eigh t hours . Thu s 0/ 3 wa s a  clea r da y an d 8/ 8 represente d a n 
overcast day . 

RESULTS 

Instantaneous efficiency tes t 

The result s o f th e instantaneou s performanc e tes t ar e show n i n Figure 1 . T h eX 
and Y  intercepts o f the graphs and the extracted F U values are given in Table 1 . 

Systems efficiency tes t 

By extendin g th e Whillie r an d Hotte l equatio n t o cove r th e collector , 
transmission pipes , and th e storag e tank , th e fina l equatio n woul d b e a s follow s 
(explanations o f symbols are given in the appendix to this paper). 

(1) 

The useful energ y obtained b y the system wa s integrated a s follows: 

(2) 

The result s o f th e system s tes t wer e plotta d against  th e clou d cove r record 
(Figure 2) . Efficienc y decline d a s th e cloud - cove r increased . 

Rating o f collecto r system s based o n the"hot t bath " (40 0)temperature criteri a 

The minimu m temperatur e o f ho t wate r require d b y a  use r wa s take n to  b e 40 0C. 
As a  furthe r assessmen t o f efficiency , th e amoun t o f waite r abov e 40 0C obtaine d 
by eac h syste m wa s calculated . Tabl e 3  compare s th e five  system s i n t e rm s of f 
the volum e o f wate r produce d ove r 6  day s b y each sya t em at o r above  40°C,an d 
expressed a s a  percentag e o f th e ho t wate r stroag e tank. 

This merel y provide s a  guidelin e t o th e use r sinc e the  system s wer e bein g sol d i n 
these sizes . A  purel y scientifi c comparison s woul d hav e take n int o accoun t th e 
collector apertur e t o storag e tan k ratios , an d the m the storag e tan k surfac e are a 
to volum e ratio s i n orde r t o normalis e th e comparison . 

The average days efficiency ca n then be obtained from th e following equation : 

(3) 

The results of thi s test ar e shown on Table 2 . 

Relation of cloud cover to system efficienc y 
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DISCUSSÏON 

According t o th e instantaneou s efficienc y tes t alon e th e mos t efficien t typ e o f 
collector i s th e sandwic h on e whil e th e snak e typ e i s th e least . Th e forme r ha s a 
very shor t hea t path , i e absorbe r t o wate r whil e th e latte r ha s a  somewha t longe r 
path, i e absorbe r t o pip e an d the n t o water . 

However, th e sandwic h typ e collecto r ha s th e highes t hea t los s factor . Thi s ma y 
be relate d t o th e desig n an d th e widt h o f th e ai r ga p betwee n th e absorbe r 
surface an d th e transparen t cover . I n thi s typ e o f collecto r th e therma l 
insulation abov e th e collecto r i s therefor e no t a s good a s i n th e others . 

Based o n performanc e test s o f th e overal l system , syste m B  i s th e bes t whil e 
system D  is th e wors t o f th e fiv e systems . Althoug h collecto r typ e B 2 performe d 
better tha n collecto r typ e C  an d B 1 i n th e instantaneou s efficienc y tes t thi s di d 
not hol d tru e i n performanc e testin g o f th e syste m unde r norma l operation . 

Flat plat e collector s an d corrosio n 

The performanc e o f sola r collector s i n term s o f efficienc y i s onl y on e paramete r 
of th e economi c effectivenes s o f th e device . Th e othe r paramete r i s th e lif e o f 
the devic e onc e i t ha s bee n installed . Basso n (1980 ) ha s outline d material s fo r 
construction o f thes e device s whic h combin e goo d performanc e an d lon g lif e a t 
an effectiv e cost . 

Corrosion i s mainl y cause d b y constituent s presen t o r absen t i n th e water . 
Campbell an d Turne r (1983 ) hav e evaluate d an d investigate d th e mai n cause s o f 
corrosion i n metal s i n general . Mos t o f thei r finding s agre e wit h th e experienc e 
of th e autho r wit h installe d sola r collector s i n Malawi . Generally , corrosio n i s 
more pronounce d i n th e absenc e o f furrin g o f th e wate r channels . Th e calcit e 
deposition protect s th e meta l fro m corrosion . 

Dissolved salt s i n wate r for m "nodules " scale s a t hig h electricit y curren t 
densities bu t "eg g shell " scales i n lo w electricit y current . Modula r scale s forme d 
of temperature s abov e 60° C diffe r fro m thos e forme d a t roo m temperatures , an d 
have mor e circula r crystals . Th e principa l salt s i n th e scale s ar e fro m sulphate s 
and carbonate s o f sodiu m an d calcium . 

In th e absenc e o f electrolyti c corrosio n th e presenc e o f chlorides , chlorine , 
excessive dissolve d oxyge n an d i n genera l th e element s whic h becom e cathodi c 
stimulants lea d t o corrosion . I n tw o case s th e autho r ha s analyse d sola r collecto r 
failures an d i t ha s bee n foun d t o b e relate d t o th e presenc e o f thes e agent s an d a 
function o f th e sourc e o f th e water . 

Solar collecto r corrosio n i s mor e pronounce d i f th e sourc e o f th e wate r i s 
underground. Thi s phenomeno n ha s bee n attribute d t o th e absenc e o f a 
"prohibitor" (Campbel l an d Turne r 1983) . Thi s prohibito r i s no w believe d t o b e 
colloidal an d th e heavie r th e molecul e th e bette r i s it s prohibitin g influence . 
Thus surfac e wate r i s a  likel y mediu m t o contai n thi s prohibitor . Thi s ha s bee n 
the observatio n i n Malaw i too . Sola r collecto r installation s drawin g wate r fro m 
rivers hav e laste d longe r tha n thos e drawin g wate r fro m lake s an d th e latte r i n 
turn hav e laste d longe r tha n thos e drawin g wate r fro m boreholes . A n analysi s o f 
the wate r ha s onl y indicate d increase d dissolve d salt s i n th e orde r o f rive r water , 
lake wate r an d groun d water . 
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"Egg shell " scale formatio n i s t o b e preferre d t o "nodular " scal e formation . Th e 
former spread s acros s th e meta l surfac e bette r tha n th e latte r an d therefor e 
protects th e metal . O n th e othe r han d th e latte r narrow s th e wate r channe l 
faster an d leave s pit s wher e th e meta l i s stil l expose d t o th e corrosiv e agents . 

The basi c constructio n o f th e collecto r ha s som e effect s o n furrin g u p o f th e 
water channels . Thu s althoug h th e sandwic h sola r collector s ar e mor e efficien t 
the scal e formatio n narrow s th e passag e faste r an d increase s bot h th e therma l 
and hydroli c resistances . 

CONCLUSION 

Generally th e intrinsi c efficienc y o f a  sandwic h sola r collecto r i s highe r tha n 
that o f a  gri d o r snak e type . Howeve r thi s advantag e ca n b e los t i f th e syste m 
installation i s no t th e righ t one . I n al l type s o f sola r syste m installation s th e 
efficiency drop s inversel y proportiona l t o increase d clou d cover . 

To ensur e a n extende d lif e o f a  collecto r i t i s advisabl e t o trea t al l wate r t o hav e 
a compositio n clos e t o tha t o f rive r wate r i n term s o f organi c matte r content . I t 
is bette r t o hav e wid e wate r channel s i n collector s o f th e sandwic h typ e an d thi s 
is where th e gri d typ e ha s a n advantage . 
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NOMENCLATURE 

Ac =  apertur e o f collecto r 

Ap, A t =  surfac e are a o f transmissio n pipe s an d storag e tan k 
respectively 

C p =  specifi c hea t o f wate r 

F =  drai n facto r 

I =  intensit y o f irradianc e 

Igt =  tota l globa l radiatio n o n a  horizonta l surfac e 

Qu =  usefu l hea t gaine d 

Q u t =  tota l usefu l hea t gaine d 

T a =  ambien t temperatur e 

Tj =  initia l temperatur e 

T f w ' T f i
 =  exi t and  inle t temperature s respectivel y 

T m =  averag e o f exi t an d inle t temperature s 

T m c , T m t , T m p =  mea n wate r temperatur e i n collector , storag e tan k an d 
transmission pipe s 

Tsupply =  temperatur e o f mai n wate r 

Uc' U p, U t =  hea t los s facto r fo r collection , transmissio n pipe s an d 
storage tan k 

= produc t o f absorptio n an d transmissio n factor s 

= syste m efficienc y 

= averag e syste m efficienc y 

= collecto r efficienc y 
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TABLE 1 : Performanc e characteristic s o f fou r flat  plat e collector s 
and thei r aperture s 

TABLE 2 : System s performance fo r si x day s 

Collector 
Type 

Type A 
Type B 1 

Type B 2 

Type C 

Zero radiatio n 
efficiency 

(F (  )  x 10 0 

90 
54.3 
57.3 
55.7 

Heat los s 
factor 

FU (Wm-2c-l ) 

10 
5.3 
9.9 
9.9 

Zero efficienc y 
temperature 

(°C) 

113.3 

122.0 
79.3 
80.3 

Aperture 

(m2) 

1.86 

0.86 
1.53 
1.31 

Test No . 

1 
2 
3 
4 
5 

Total irradianc e 
lgt (MJ/M -2) 

17.58 
13.06 
17.37 
15.66 
16.74 

A 

21 
48 
39 
56 

48.9 

System efficienc y 

B 

26 
57 
39 
53 
45 

C 

1.9 
19 
20 
25 
19 

D 

2.3 
6.7 

18 
24 
23 

E 

8.6 
25 
31 
40 
35 

Cloud conditio n 

5/8 
3/8 
2 5/ 8 
1/8 
3/8 
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FIGURE 1: Grap h of efficiency fo r the four collector s - 1 7 7 -



- 1 7 8 -
FIGURE 2: Grap h of system efficienc y agains t average cloud cover 
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SOLAR WATE R HEATE R DEVELOPMEN T IN NIGERI A 

Y A Jimoh, Departmen t o f Mechanica l Engineering , 
College o f Scienc e &  Technology, Kadun a Polytechnic , PM B 2021 , Kaduna, Nigeri a 

ABSTRACT 

Electricity suppl y i s limite d an d it s cos t i s als o increasin g steadily . Sola r energ y 
is abundan t an d i t ma y b e economicall y utilise d a s a  supplemen t t o electri c 
power, i f appliance s suc h a s sola r wate r heaters , ai r heaters , dryers , ai r 
conditioners et c ar e mad e availabl e a t lo w cost . S o i t i s importan t t o develo p 
methods an d technolog y fo r th e utilisatio n o f sola r energy . A  solar wate r heate r 
has bee n designe d an d fabricate d fo r domesti c an d industria l use s whic h ca n b e 
commercialised. While  carryin g ou t thi s projec t w e als o aime d a t developin g 
awareness an d skill s i n usin g locall y availabl e material s i n efficien t an d 
economical ways , thu s becomin g independen t o f imports . 

The typica l sola r wate r heate r consist s o f a  fla t plat e sola r collector , a n 
insulated ho t wate r storag e tan k an d th e pipin g system . A  prototype, 1.1m 2 fla t 
plate sola r collecto r wa s fabricate d fro m locall y availabl e material s ( Y A  Jimo h 
1983). I t wa s teste d i n a  thermosipho n wate r heatin g syste m connecte d t o a  6 2 
litres insulate d storag e tank . 

Performance test s wer e carrie d ou t ove r a  perio d o f on e year . Th e result s wer e 
quite satisfactor y wit h th e ne t absorbe d powe r being , o n average , abou t 250 W 
per squar e metr e collecto r are a (considerin g a  da y o f 8  hour s fro m 8.0 0 a m t o 
16.00 pm) . Th e rang e varie s fro m 0  t o 600 W pe r m 2 dependin g o n th e intensit y 
of sola r radiation . 

The cos t o f th e complet e sola r wate r uni t a t th e tim e o f constructio n CJanuar y 
1983) wa s 50 0 Naira . A t present , th e cos t i s estimate d t o b e abou t 1,00 0 Naira . 
Further wor k t o increas e th e efficienc y o f th e sola r wate r heate r involve d 
improvement t o bot h th e collecto r an d th e insulate d storag e tank . Progres s wil l 
be reporte d i n du e time . 

INTRODUCTION 

Researchers a t Kadun a Polytechnic , Kaduna , Nigeri a hav e bee n designin g an d 
developing a n appropriat e an d efficien t sola r collecto r usin g locall y availabl e 
materials an d skill s a s fa r a s possible . Th e sola r collecto r wil l b e used  supp y 
the newl y constructe d studen t cantee n wit h al l it s ho t water . Th e initia l capita l 
investment i s expecte d t o b e offse t b y th e savings mad e i n th e runnin g cost. 

This pape r describe s th e desig n and  evaluatio n o f th e performanc e o f a  pnototyp e 
collector. 

SOLAR COLLECTO R DESIG N 

Solar collector s exis t i n variou s form s an d type s bu t fior  ou r sola r wate r heate r 
project flat  plat e collector s wer e selecte d becaus e of f thei r simpl e geometrica l 
form, whic h make s fo r simpl e constructio n from . locall y availabl e materials . 
They als o hav e comparatiwel y goo d performance . 
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The mai n component s o f a  fla t plat e sola r collecto r ar e th e absorber , th e hea t 
exchanger, insulation , an d th e fram e an d cover . Thes e ar e discusse d i n th e 
following sections . 

The absorber-heat exchange r 

Because o f cos t constraint s an d th e leve l o f technolog y i n Nigeria , th e absorber -
heat exchange r wa s fabricate d fro m galvanise d mil d stee l plat e an d coppe r pipes . 
Aluminium sheet s an d pipe s wer e considered , bu t aluminiu m pipe s ar e no t 
available locally . 

The fina l selectio n o f a  combinatio n o f mil d stee l platin g an d coppe r tubin g ha s 
sufficient therma l efficienc y an d i s a n optimu m economi c solution . Efficienc y 
can b e furthe r improve d b y doubl e glazing , hone y combing , etc . 

The absorber-hea t exchange r wa s constructe d usin g 12.5m m coppe r rise r pipe s 
spaced a t 125mm . Rise r pipe s wer e joine d t o 25m m coppe r headers . A  2m m 
thick galvanise d mil d stee l plat e wa s cu t t o fi t th e space s betwee n th e coppe r 
pipe an d headers . Th e whol e uni t wa s coate d i n mat t blac k paint . 

The insulatio n 

Initially, a  combinatio n o f chipboar d an d glas s fibr e wa s use d a s insulatio n fo r 
the collecto r an d th e storag e tank . I t ha s no w bee n replace d wit h polyurathan e 
foam whic h ha s a  ver y lo w therma l conductivit y (0.02 6 W/m°k ) an d i s abundantl y 
available locally . 

The fram e 

The collecto r i s enclose d b y a  galvanise d mil d stee l frame , lagge d fo r lon g lif e 
and durability . Th e fram e i s 1230m m b y 925m m an d include s a  glas s cove r 
selected fo r durabilit y agains t advers e weathe r conditions , goo d transmittance , 
low absorbance , dimensiona l stabilit y an d availabilit y i n th e loca l market . 

WATER STORAGE TANK AN D PIPING 

The ho t wate r storag e tan k use d i n th e test s o f performanc e o f th e sola r wate r 
heater wa s a  6 2 litr e rectangula r mil d stee l tan k lagge d wit h 10m m thic k glas s 
fibre an d enclose d i n a  chipboar d box . Thi s tan k remaine d abov e 40° C overnight . 
This i s no w t o b e replace d wit h a  10 0 litr e tan k whic h i s doubl e walle d wit h 
polyurathane foa m lagging . 

COST 

The complet e sola r wate r heate r installatio n comprisin g 1.1m 2 collector , 6 2 
litres ho t wate r tank , piping , fram e fittin g an d woode n support s cos t N50 0 i n 
1982. Th e cos t ca n stil l b e considerabl y reduce d i f unit s ar e mas s produced . 

PERFORMANCE TES T 

During performanc e test s th e collecto r wa s connecte d t o a  6 2 litr e storag e tan k 
by lagge d galvanise d stee l pipe s an d fitting s i n a n ope n circui t thermosipho n 
system. Th e collecto r fram e wa s incline d a t a n angl e o f 12 ° t o th e horizontal , 
towards th e sout h a s Kadun a i s situated a t abou t 12° N latitude . 
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Thermometers wer e installe d a t th e entr y an d th e outle t o f th e collector . 
Provision wa s als o mad e fo r measurin g th e temperatur e o f wate r i n th e tank . 
Readings take n included : (i ) ambien t temperatur e T A i n °C ; (ii ) collecto r inle t 
temperature T 1 i n °C ; (iii ) collecto r outle t temperatur e T 2 i n °C ; (iv ) th e 
temperature o f th e wate r i n storag e tan k T 3 i n ° C wer e recorde d dail y o n hourl y 
basis fro m 8  am t o 3  pm. 

Table 1  shows typica l dail y temperatur e recording s fro m 8.0 0 t o 18.0 0 hour s an d 
the calculate d powe r outpu t P  i n watt s o f th e collector . 

OBSERVATIONS 

With th e ful l capacit y o f 6 5 litre s o f wate r i n th e thermosipho n system , th e 
collector outle t temperatur e wa s 55°C , collecto r inle t temperatur e 49° C an d 
water temperatur e i n th e storag e tan k 50° C o n a  cloudy , wind y day . Th e highes t 
water temperatur e wa s achieve d i n th e storag e tank , 78°C , wa s recorde d o n 
April 5t h 198 3 a t 13.0 0 hour s o n a  da y wit h a n ambien t temperatur e o f 38°C . 

The mea n ne t powe r outpu t o f th e collecto r determine d fro m th e hea t energ y 
gained b y wate r whe n th e temperatur e i n al l part s o f th e syste m i s almos t equa l 
is 265 W pe r squar e metr e collecto r area . Bu t th e powe r outpu t o f th e collecto r 
varied betwe n 0  an d 60 0 W  per m 2 durin g th e da y dependin g o n th e intensit y o f 
solar radiation . 

The powe r outpu t ca n b e considerabl y improve d fo r norma l wate r heate r 
operation wher e wate r i s take n ou t an d th e sam e quantit y i s automaticall y adde d 
in domesti c an d industria l installations . A  large r capacit y tan k wil l improv e th e 
thermal efficiency . 

SUGGESTIONS FOR IMPROVEMEN T 

1. Th e desig n i s t o b e modifie d b y eliminatin g th e coppe r pipe s an d makin g a 
thin bo x wit h a  coppe r absorbe r plat e o n th e to p an d a  stee l plat e behin d a 
100mm polyurathan e foa m lagge d ho t wate r storag e tank . 

2. Th e fram e ca n b e mad e o f seasone d an d painte d wood . Thi s woul d exten d 
the lif e o f th e uni t an d improv e th e insulatio n o f th e absorbe r plate . 

3. Th e us e o f foa m a s insulatio n wil l reduc e cos t an d weight . 

4. Th e storag e tan k i s t o b e installe d nea r t o th e collecto r t o reduc e hea d 
loss du e t o friction . Installatio n o f a  sola r energ y powere d pum p wil l 
further improv e th e therma l efficienc y o f th e unit . 

CONCLUSION 

Experience gaine d fro m thi s prototyp e ha s indicate d tha t efficien t sola r wate r 
heaters fo r domesti c an d industria l application s i n Nigeri a ca n b e successfull y 
developed an d produce d a t les s cos t tha n importe d ones . Encouragement s an d 
incentives shoul d b e provide d fo r th e developmen t o f thes e type s o f impor t 
substitution projects . 
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TABLE 1 : Typica l dail y temperatur e record s an d hourly powe r absorbe d 

Total capacit y o f wate r i n th e syste m :  6 5 litre s 

Date 

8.3.84 

Time 

8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 

T A 

27 
29.5 
31.5 
32 
36 
38 
39 
39 
38 
36 
34 

T l 

26 
41 
45 
49 
55 
60.5 
66 
72 
72 
62 
52 

T2 

26 
43 
50 
56 
62 
60 
73 
76 
74 
69 
53 

T 3 

48 
48 
50 
56 
61 
57 
72 
74 
73 
68 
65 

T4 

0 
0 
2 
6 
5 
6 
5 
1 

-1 
-5 
-3 

Power outpu t 
P-Watts 

0 
0 

152 
456 
380 
456 
380 

76 
-76 

-380 
-228 

TA 

T l 

T2 

T 3 

T4 

Ambient temperatur e 
Collector inle t temperatur e 
Collector outle t temperatur e 
Temperature o f ho t wate r i n storag e tan k 
Hourly differenc e o f T 3 
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A CASE STUDY O N FIELD TESTING O F WINDPUMP S IN INDIA 

A R  Venkatanarayana , Win d Energ y Project , Nationa l Aeronautica l Laboratory , 
Bangalore, Indi a 

ABSTRACT 

This pape r describe s a  simpl e approac h t o th e testin g o f appropriat e technolog y 
design windpump s an d som e earl y experienc e i n operatio n o f a  relativel y simpl e 
field test . Thi s fiel d tes t include s comparativ e assessmen t unde r identica l 
conditions, a n impartia l recor d o f maintenanc e requirements , an d generate s 
performance dat a t o predic t th e quantit y o f wate r likel y t o b e lifte d o n gros s 
monthly basi s a t differen t places . 

INTRODUCTION 

There i s considerabl e interes t i n designin g lo w cos t win d pump s fo r th e irrigatio n 
of smal l farms . I n 1976-7 7 a  projec t wa s initiate d t o desig n a  sail-typ e windmil l 
of 10 m diamete r (late r reduce d t o 7.5m ) couple d wit h a  rotar y pump . Tw o 
prototypes wer e monitore d i n a n ope n fiel d a t th e Nationa l Aeronatucia l 
Laboratory (NAL) . Performanc e wa s monitore d b y hourl y an d dail y aggregat e 
output measurin g averag e wit h hub-heigh t win d speeds . 

Multivane windmill s o f appropriat e technolog y typ e hav e als o bee n develope d b y 
other institutions . Fiel d performanc e dat a i n respec t o f thes e design s wer e no t 
available an d extrapolate d claims , calculate d apparentl y o n th e basi s o f shor t 
term tests , seeme d optimistic . 

If decisio n maker s ar e t o mak e th e bes t choic e betwee n th e availabl e technology , 
it i s essentia l t o substantiat e claim s o f cost-effectivenes s throug h appropriat e 
and comparabl e test s o f performance . I t wa s therefor e decide d t o 
simultaneously operat e severa l differen t windpump s i n th e sam e fiel d unde r 
identical conditions . 

A numbe r o f sophisticate d fiel d test s ar e use d i n severa l industrialise d countrie s 
for testin g win d electri c generators . Mee l an d Oldenkam p (1984 ) repor t a  singl e 
example a t Eindhove n i n th e Netherlands . 

This pape r describe s a  relativel y simpl e approac h t o measurin g performanc e 
which woul d b e suitabl e fo r an y developin g countr y withou t externa l assistance . 

A TENTATIVE METHODOLOG Y FOR WINDPUM P TESTING 

1. Emphasi s o n shallo w wells : A s state d earlier , th e fiel d testin g discusse d 
in thi s pape r i s primaril y fo r th e us e o f windpump s fo r irrigatio n i n smal l 
farms fro m shallo w ope n wells . Therefore , thi s activit y reflect s 
performance measuremen t i n th e rang e o f tota l hea d no t exceedin g 8 
metres. 

2. Emphasi s o n gros s performanc e data : On e aspec t o f thi s programm e ha s 
been t o pu t mor e stres s o n comparativ e gros s performanc e o f windpump s 
under identica l conditions . I t i s als o envisage d t o generat e performanc e 
data o n 1 0 minut s average s a s wel l a s analysi s o f win d distributio n a t th e 
site recorde d b y mean s o f a n anemograph . 
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Therefore, performanc e a t site s o f differen t win d distributio n ca n b e 
extended later . 

However, win d velocit y distributio n dat a ar e availabl e onl y i n 3 7 location s 
in India . Monthl y mea n win d spee d dat a ar e availabl e fo r 317  locations . 
Therefore, a s a  firs t approximation , gros s performanc e ove r 2 4 hour s an d 
aggregated performanc e ove r a  perio d o f a  mont h an d longe r hav e bee n 
used. 

3. Emphasi s o n extende d testing : Enduranc e testin g o f th e prototype s i s 
carried ou t i n th e fiel d t o determin e th e fal l i n performance , i f any , ove r 
time an d obtai n a n ide a o f maintenanc e requirements . Thi s i s essentia l i n 
respect o f appropriat e technolog y design s du e t o lac k o f standardisation . 

4. Measuremen t o f roto r powe r coefficient : A s a  sid e study , powe r 
coefficient o f th e roto r wa s determine d treatin g a  rotodynami c pum p a s a 
calibrated load . Th e pum p wa s teste d i n th e laborator y t o determin e it s 
input powe r requiremen t a t differen t rotationa l speed s fo r selecte d stati c 
heads. B y measurin g pum p speed an d hub-heigh t win d speed s unde r stead y 
wind condition s o f 5-1 0 secon d duration , i t wa s possibl e t o estimat e powe r 
drawn b y th e pum p an d thereb y th e powe r coefficien t o f th e roto r 
inclusive o f gea r trains . Thi s wa s possibl e onl y i n respec t o f th e NA L sai l 
windmill whic h ha s a  rotar y driv e trai n couple d t o a  rotodynami c pump . 

EARLY EXPERIENC E WIT H SAIL WINDMILL TESTING 

NAL sail windmil l 

While th e developmen t o f thi s windmil l i s no t th e subjec t o f thi s paper , aspect s 
which hav e a  bearin g o n it s fiel d testin g wil l b e described . Thi s windmil l consist s 
of a  low-cos t sai l roto r o f 7.5 m diameter . Initially , sail s wer e triangula r i n shap e 
typical o f Gree k designs . Afte r developmen t o f a  nove l spoile r typ e regulation , 
the pla n for m o f blade s wer e change d t o trapezoida l sinc e manua l furlin g fo r 
which triangula r shap e i s mor e convenient , wa s n o longer required . Thi s windmil l 
is intende d t o operat e rotar y an d rotodynami c pump s kep t a t th e groun d level . 
There i s a  vertica l driv e shaf t supporte d a t th e to p an d th e botto m o f th e towe r 
(Figures 1  an d 2) . Th e housing s a t th e to p an d lowe r en d consis t o f mas s 
produced beve l an d hypoi d gear s whic h als o provid e th e necessar y roto r spee d 
step-up require d fo r th e pump . 

Since 197 8 prototyp e testin g o f th e NA L sai l windmil l ha s bee n carrie d ou t o n a 
well expose d fiel d situate d i n th e campus . However , sinc e prototype s hav e als o 
been undergoin g developmenta l changes , th e testin g ha s no t alway s bee n 
continuous. A  flo w mete r wa s place d i n th e retur n deliver y lin e fo r takin g 
advantage o f th e fac t tha t discharg e fro m rotar y an d rotodynami c pump s wa s no t 
of intermitten t nature . I n th e absenc e o f a  goo d sourc e o f wate r supply , th e 
testing wa s carrie d ou t b y devisin g a  recirculator y arrangemen t simulatin g a 
total stati c hea d o f 6- 8 metres . 

Almost uninterrupte d flo w mete r dat a ar e availabl e fro m a t leas t on e o f th e tw o 
prototypes durin g th e las t tw o years . Measurement s wer e carrie d ou t onc e a  da y 
on wate r mete r an d cu p counte r anemometer . A  plo t o f 24-hourl y discharg e 
against win d spee d indicate d fairl y goo d correlation . Thi s wa s confirme d i n mor e 
recent test s i n whic h th e rotar y van e pum p wa s replace d b y regenerativ e turbin e 
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pump an d prototype s ha d eithe r triangula r sail s o r rectangula r sail s (Figur e 3) . 
Correlation o f performanc e wit h Weibul l parameter s i s planned fo r th e future . 

Determination o f roto r power coefficient s 

Wind spee d wa s measure d b y mean s o f a n electrica l cu p anemometer . Th e spee d 
of rotatio n o f th e pum p shaf t wa s continuousl y recorde d b y a  tachogenerator . I n 
this manner , pum p spee d an d win d spee d correlatio n wer e establishe d b y 
selecting onl y stead y record s o f 5-1 0 secon d duration . Observation s whic h 
represented condition s unde r whic h th e roto r appeare d t o b e i n th e proces s o f 
orienting wit h th e directio n o f th e win d wer e rejected . Als o peak s representin g 
instantaneous gust s wer e no t considered . 

The measure d rotationa l spee d o f th e pum p wa s interprete d i n term s o f powe r 
absorbed b y th e pump . Thi s wa s possibl e fro m variabl e spee d pum p 
characteristics determine d o n a  tes t benc h i n th e laboratory . Car e wa s take n t o 
match th e tota l stati c hea d i n bot h laborator y an d fiel d conditions . 

Figure 4  giv e th e powe r coefficien t o f th e roto r (whic h include s losse s i n gea r 
trains an d shafts) . Th e detail s o f th e tes t ar e provide d Rames h (1985) . 

Extended testin g o f component s 

Four additiona l win d pump s wer e fiel d teste d usin g thre e type s o f sai l material , 
namely, mediu m an d heav y qualit y canva s (50 0 gm/m 2 an d 75 0 gm/m 2) an d 
woven polypropylene . Th e pump s wer e operate d fo r 2- 3 year s period . Syntheti c 
material wa s onl y 18-2 4 months . 

Initially th e windmil l wa s designe d aroun d a  commerciall y availabl e swinging -
vane rotar y pum p (Figur e 5) . Thi s pum p appeare d scientificall y matche d wit h a 
medium solidit y windmil l roto r sinc e i t doe s no t loa d th e latte r unti l i t ha s 
picked u p some spee d (Tewar i e t a l 1978) . 

During fiel d operation s thi s pum p showe d significan t amount s o f wea r o n th e tip s 
of th e vanes . Thi s wa s primaril y attribute d t o th e hig h coefficien t o f frictio n 
between bras s an d aluminiu m i n th e presenc e o f water . I n addition , earlie r 
prototypes di d no t hav e roto r spee d regulatio n whic h resulte d i n increase d 
contact pressur e du e t o centrifuga l forces . 

Experiments wer e mad e wit h bonde d rubbe r tip s o n bras s vane s bu t thes e neede d 
replacing ever y month . Thes e finding s sugges t tha t thi s pum p require s 
significant developmen t fo r us e wit h windmill s an d i t wa s experimentall y 
replaced b y a  rotodynami c pump . 

Due t o th e absenc e o f automati c regulation , th e desig n win d spee d an d roto r 
speed depende d largel y o n ho w timel y manua l furlin g coul d b e effecte d i n th e 
event o f a  sudde n storm . Therefore , choic e o f gea r strengt h an d fatigu e lif e wa s 
somewhat arbitrary . While  rotar y van e pum p powe r characteristic s di d no t 
create problem s fo r gears , th e occasiona l hig h load s a t pum p spee d beyon d it s 
rated valu e whic h i s typica l o f centrifuga l pump s result s i n prematur e gea r 
failurs. Thi s proble m wa s resolve d b y usin g stronge r gear s an d th e developmen t 
of a n automati c techniqu e fo r roto r spee d regulatio n (Tewar i an d Rames h 1983) . 
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In earl y gea r bo x design s th e arrangemen t fo r lubricatio n wa s no t adequat e i n 
field testing . Subsequently , greate r car e wa s take n t o ensur e flo w an d retentio n 
of lubrican t i n bearing s an d a t gea r contacts . 

TESTING OF OTHER WINDPUMP S 

Two multivan e windpump s ar e bein g teste d i n identica l condition s a t NA L 
campus a s show n i n Figure 6 . 

At presen t wate r i s bein g lifte d b y windpump s fro m shallo w sump s o f abou t 3 m 
depth. Th e pum p lift s wate r b y a n additiona l 2  t o 5 m dependin g o n th e design . 
Figure 7  shows th e recirculator y arrangemen t throug h a  watermeter . 

While extende d testin g i s necessary , preliminar y finding s sugges t a  significan t 
decline i n performanc e o f thes e lo w cos t appropriat e technolog y desig n 
windpumps (Figur e 8) . Th e pum p bein g use d i s no t constructe d fro m non -
corrosive metal . Ther e wa s n o rigorou s attemp t t o matc h it s part s an d i t wa s a 
very chea p mode l fo r it s siz e (15c m diameter , 25c m stroke , tw o ai r chamber s 
costing 150 0 India n rupees) . 

CONCLUSIONS 

From th e studie s conducte d i t i s possibl e t o recommen d tha t simpl e an d 
inexpensive fiel d testin g o f windpump s ca n provid e ver y usefu l informatio n fo r 
the developmen t an d evaluatio n o f low-cos t appropriat e technolog y design s 
primarily intende d fo r irrigatio n i n smal l farm s fro m shallo w wells . 
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FIGURE 1: NA L sail windmill with triangular sail s 
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FIGURE 2: Schemati c arrangement o f NA L sail windmill 
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FIGURE 3: 24-hourl y discharge and average windpseed correlatio n 
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FIGURE 4 : Roto r powe r coefficien t show n agains t ti p spee d rati o 
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FIGURE S: Schemati c diagram of swinging vane rotary pump 
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FIGURE 6: A  view of the windpump test field in the campus of NAL 
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FIGURE 7: Schemati c arrangement of wate r lifting in the test field 



- 1 9 8 -

FIGURE 8: Plo t of daily system efficiency agains t daily mean wind speed 

The data ar e categorise d o n a  weekl y basi s an d identifie d b y th e numbe r o f th e 
particular wee k rangin g fro m 1  to 1 0 shown on 1  m/s interval s (1.5-2.5 , 2.5-3.5, 
etc). A  clear tren d regardin g fal l i n perforamnc e i s observed . Th e informatio n 
is in respect o f a  low cost piston pump (Venkatanarayana an d Samaraj 1985) . 
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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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A LOW-COST MICROPROCESSO R CONTROLLE D MONITO R 
FOR WIN D WATER PUMPIN G 

Dr K  R S Devan, Senio r Lecturer , Departmen t o f Physics , 
University o f Botswan a 

ABSTRACT 

A simpl e syste m for  monitorin g win d wate r pumpin g performanc e whic h i s 
suitable fo r a  developin g countr y i s described . I t i s develope d aroun d a  low-cos t 
microprocessor system , Microprofesso r I B o f Multitec h Industria l Corporation , t o 
monitor th e win d speed , wate r flo w an d pum p strokes . I t ha s lo w initia l an d 
running costs , i s eas y t o operat e an d maintain , require s minimu m manua l 
attention an d ha s lo w an d simpl e powe r requirements . 

INTRODUCTION 

Wind energ y i s frequentl y use d fo r pumpin g water . Th e choic e o f th e windmill , 
the pum p an d th e volum e o f th e reservoi r depend s o n th e "win d regime " an d th e 
hydrogeological conditions . Therefore , t o determin e th e bes t system , a  pumpin g 
test wit h measurement s o f windspeed , pum p strokes , an d wate r outpu t ha s t o b e 
carried out . A  continuous monitorin g o f thes e parameter s is , in mos t cases , ver y 
appropriate an d sometime s necessary . I t i s usefu l t o kno w bot h th e distributio n 
of win d spee d an d th e averag e spee d a s a  functio n o f time . Sinc e th e powe r 
available fro m th e win d i s proportiona l t o th e cub e o f it s spee d (L e Gourie'res ' 
1982) knowledg e o f distributio n o f win d spee d i s ver y importan t t o estimat e th e 
available power . However , knowledg e o f win d spee d distributio n alon e i s no t 
sufficient t o full y understan d th e "win d regime" . 

A commo n metho d i s t o measur e th e win d spee d distributio n wit h a  compilato r 
(McGowan 1984) . Thi s sort s ou t th e win d spee d accordin g t o it s magnitud e an d 
stores th e informatio n i n "bins " a s th e numbe r o f tim e intervals . Thi s generate s 
a histogra m o f win d spee d distributio n fro m th e site . Eac h ba r o f th e histogra m 
represents th e amoun t o f tim e th e win d ble w wit h a  spee d i n eac h spee d rang e 
(bin). Fo r example , bi n n o 0  counts al l minute s whe n th e win d wa s blowin g wit h a 
speed i n th e rang e 0- 2 kmh - 1 , bi n n o 1  count s minute s i n th e rang e 2- 4 kmh - 1 

e tc . Th e las t bi n represent s th e numbe r o f minute s durin g whic h th e spee d wa s 
above a  certai n limit . Th e weaknes s o f thi s metho d i s tha t i t doe s no t tel l us , a t 
what tim e o f da y o r o n wha t da y o f th e week , th e win d spee d wa s maximum , 
minimum, productive , unproductive , e tc . Therefor e i t i s desirabl e t o hav e a n 
instrument whic h ca n recor d bot h th e win d spee d distributio n histogra m an d th e 
average spee d a s a  functio n o f time . 

A nationwid e networ k o f monitorin g stations , a s se t u p i n Botswana , i s 
sometimes necessar y t o gathe r th e dat a fo r th e prope r plannin g an d utilisatio n o f 
wind energ y o n a  nationa l scale . Th e instrumentatio n t o acquir e reliabl e dat a 
with minimu m leve l o f manua l attentio n ca n b e ver y expensive , especiall y fo r a 
developing country . Th e powe r requirement s o f th e dat a acquisitio n system , 
maintenance, dat a retrieva l an d analysi s ca n als o b e difficul t problems . 

Therefore, i t i s importan t t o choos e a  monitorin g syste m meetin g th e followin g 
criteria: 

1. Lo w initia l an d runnin g cos t 



- 21 0 -

2. mus t b e eas y t o operat e an d maintai n 
3. require s onl y a  minimu m leve l o f manua l attention , an d 
4. lo w an d eas y powe r requirement . 

Various low-cos t microprocesso r system s (lik e hom e computers) , whic h requir e 
only a  ver y lo w leve l o f power , ar e no w available . Suc h a  microprocesso r syste m 
along wit h a  fe w easil y availabl e IC s ca n mee t mos t o f th e above-mentione d 
criteria. 

An exampl e o f a  monito r buil t aroun d a  low-cos t microprocesso r system , 
Microprofessor MP F I B (Multitec h Corporation ) i s describe d here . Thi s desig n 
can b e adapte d t o othe r Z80  microprocesso r system s lik e th e Sinclai r Spectru m 
without muc h difficulty . Specia l car e i s take n t o minimis e th e numbe r o f 
components an d t o us e easil y availabl e ICs . Th e numbe r o f channel s ar e limite d 
to thre e (whic h ca n b e increase d i f necessary) , t o monito r win d speed , pum p 
stroke an d rat e o f flo w o f water . 

The softwar e (detail s availabl e fro m th e author ) provide s histogram s fo r eac h 
parameter a t ever y fourt h interva l wit h a  samplin g interva l o f on e second . Thi s 
has th e advantag e o f continuou s monitorin g t o giv e th e averag e dat a a s a 
function o f time , whil e providin g a  detaile d histogra m o f th e distribution . A t 
this rate , a  C9 0 audi o cassett e (on e side ) ca n ru n fo r abou t a  mont h withou t an y 
attention. A s indicated late r i n thi s paper , th e softwar e ca n easil y b e change d t o 
have an y convenien t histogra m an d samplin g intervals . 

Following a  genera l descriptio n o f th e system , th e hardwar e an d th e softwar e o f 
the syste m ar e discussed . Thi s i s followe d b y a  descriptio n o f th e loadin g o f th e 
program, dat a acquisitio n an d retrieva l an d th e powe r requirement s o f th e 
system. Finally , th e initia l an d runnin g cos t estimate s ar e presented . 

DESCRIPTION O F THE SYSTEM 

Figure 1  show s a  bloc k diagra m o f th e system . Th e sensor s use d i n th e presen t 
system are : a  cu p anemomete r fo r win d speed , a  flo w mete r fo r th e wate r 
output, an d a  microswitc h fo r th e pum p stroke . Th e cu p anemomete r ha s a  ree d 
switch operate d b y a  se t o f fou r magnet s rotatin g wit h cups . Th e switchin g "on " 
and "off " o f th e switche s withi n al l th e thre e sensor s ar e converte d int o standar d 
TTL pulse s b y Schmid t triggers . Th e numbe r o f pulse s produce d i n a  give n tim e 
interval i s proportiona l t o th e magnitud e o f th e paramete r monitored . Thre e 
separate 8-bi t binar y counter s coun t th e pulse s fo r a  pre-determine d interva l o f 
time (on e secon d i n th e presen t case ) referre d t o her e a s th e samplin g interval . 

At th e en d o f thi s interval , th e count s ar e transferre d t o som e temporar y storag e 
called "buffer" . Withi n a  fe w microseconds , th e counter s arecleare d an d 
counting start s again . I n th e meantime , th e microcumpute r read s th e buffers , 
one afte r th e othe r (an d onc e i n th e samplin g interval) , an d increment s th e 
content o f a n appropriat e "bin " whos e positio n represent s th e magnitud e o f th e 
parameter monitored . Eac h "bin " i s assigne d t o tw o successiv e byte s o f th e 
memory, s o tha t th e maximu m numbe r eac h bi n ca n hol d i s 65,636 . A  block o f 6 6 
memory location s ar e reserve d fo r eac h parameter , representin g 3 3 bins . I f th e 
magnitude o f th e paramete r i s greate r tha n 3 2 count s pe r second , i t wil l als o b e 
registered i n bi n N o 32 . 

The dat a recorde d i n bin s 0-3 2 thu s represen t a  histogra m o f th e distribution . 
The histrogra m dat a fo r th e thre e parameter s ar e recorde d automaticall y o n a n 
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audio cassett e tap e a t regula r interval s o f t ime . Thi s interval , denote d i n th e 
text a s "histogra m interval" , i n th e presen t setu p i s 4  hours . Afte r thi s interva l 
the memor y i s cleare d an d a  ne w histogra m i s recorded . I n thi s way , a 
continuous recor d i s obtained , whil e keepin g th e advantag e o f histogra m records . 
The cassett e recorde r switche s o n automaticall y onl y si x second s befor e th e 
recording an d switche s of f whe n th e recordin g i s over , t o sav e o n power . 

HARDWARE 

Figure 2  show s a  detaile d circui t diagra m o f th e monitorin g system . Th e outpu t 
of IC I (7413 ) i s counte d b y tw o 4-bi t binar y counter s (7493 ) i n serie s formin g a n 
8-bit counter . Th e clear/coun t contro l signe d i s provide d b y PA O -  bi t 0  of Por t 
A o f th e Z80  PI O chip . Th e outpu t o f th e 8-bi t counte r i s latche d b y th e 
respective tri-stak e buffe r -  I C 4 , 5 , o r &  (74LS373) a t th e en d o f th e samplin g 
interval. Th e latchin g i s don e b y th e signa l fro m PA L Th e tri-stat e buffer s ar e 
enabled b y th e contro l signal s fro m PA2 , PA3 , an d PA 4 on e afte r th e other . Th e 
data o n the dat a bu s ar e rea d b y th e microprocesso r fro m Por t B  of th e Z8 0 PI O 
chip. Contro l signa l fro m PA 5 control s th e powe r suppl y switc h o f th e tap e 
recorder throug h a n opto-isolato r IC 7 an d a  relay . 

Microprofessor MP F I B i s th e microcompute r controllin g al l th e operation s an d 
storing th e dat a temporarily . I t i s a  simpl e syste m base d o n th e micr o -processo r 
Z80 an d havin g 2 K RAM , 2 K ROM , a  hexadecima l keyboar d (wit h som e functio n 
keys), an d a  si x digi t read-out . Th e 2k-RO M hold s a  sophisticate d monito r 
including routine s fo r tap e writ e an d read . A  complet e listin g o f thi s progra m i s 
available wit h th e system . Th e Syste m als o ha s socket s fo r a  EPROM , th e Z8 0 
counter-timer I C (CTC) , an d th e Z8 0 Paralle l Input/Outpu t I X (PIO) . Th e CT C 
and PI O ar e daisy-chaine d wit h th e CT C havin g th e highe r interrup t priority . 
The CT C an d PI O signal s ar e accesse d throug h th e edg e connecto r P 2 o n th e 
system board . 

The functio n o f th e Z8 0 CT C i n thi s desig n i s t o interrup t th e micro - processo r 
at regula r interval s o f time , t o perfor m th e Interrup t Servic e Routin e (ISR ) 
which acquire s th e dat a fro m PI O Por t B  an d increment s th e coun t o f a n 
appropriate bi n (two-byt e memor y locations) . Th e CT C ha s fou r independen t 
channels whic h ca n operat e eithe r i n th e counte r mod e o r time r mode . I n th e 
counter mode , th e CT C accept s an d count s pulse s fro m a n externa l source . Th e 
CTC ca n b e se t t o interrup t th e microprocesso r afte r a  certai n numbe r o f count s 
have occured . I n th e time r mode , th e CT C count s th e pulse s fro m th e syste m 
clock. I n th e presen t design , channe l 2  i s programme d t o operat e a s a  time r an d 
channels I  presen t an d 0  respectively . Channe l 0  send s th e interrup t signal s t o 
the microprocessor . Th e interrup t perio d (samplin g interval ) is , thus , give n b y 
(system cloc k period ) x  (Pr e Pascala r o f channe l 2 ) x  (Tim e constan t o f channe l 
2) x  (Tim e constan t o f channe l 1 ) x  (Tim e constan t o f channe l 0) ; in thi s progra m 
one second . 

The Z8 0 PI O ha s tw o bi-directiona l ports , Por t A  an d Por t B . I n th e desig n 
described here , Por t A  i s se t i n th e contro l mod e an d Por t B  i n th e inpu t mode . 
Only 6  out o f 8  available contro l signal s fro m Por t A  (PA0-PA5) ar e use d here . 

SOFTWARE 

As mentione d befor e i t i s desirabl e t o kno w bot h th e distributio n an d th e averag e 
value o f a  paramete r a s a  functio n o f time . Th e softwar e describe d her e i s a 
compromise betwee n thes e tw o requirements . I t sample s th e dat a ever y secon d 
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and store s i t a s a  histogram . A  ne w histogra m i s generate d ever y fou r hours . 
Adding thes e histograms , i t i s possibl e t o ge t th e distributio n fo r a  day , a  wee k 
or a  month . Th e averag e valu e o f eac h distributio n als o provide s win d spee d a s a 
function o f time . Bot h th e sampin g interva l an d histogra m interva l ca n b e 
changed easil y t o sui t a  situatio n wher e on e o f th e abov e mentione d 
requirements become s mor e important . 

The progra m consist s o f thre e parts : 

1. Initialisatio n routin e 
2. Interrup t servic e routin e 
3. Th e routin e fo r recordin g o n a n audi o tape . 

Initialisation routin e 

This routin e reside s i n memor y location s 1800 H -  1 8 3 8 H , whe n th e progra m i s 
loaded int o th e machine . Th e firs t par t o f th e routin e allocate s memor y space s 
for th e thre e "compilators " -  win d (1A00 H -  1A40H) , pum p stroke s (1A44 H -
1A84H), and wate r flo w (1A88 H -  1AC8H) . Memor y location s 1A00 H an d 1A01 H 
are assigne d a s th e lo w an d hig h byte s o f bi n 0  o f th e win d compilator , 1A02 H 
and 1A03 H a s th e lo w an d hig h byte s o f bi n 1  of th e sam e compilato , e tc . 

The secon d par t specifie s th e samplin g interval , histogra m interva l an d th e en d 
of th e tape . A  software solutio n t o detec t th e en d o f th e tap e i s preferre d her e 
over a  hardwar e solution , a s i t i s safe r an d reduce s th e componen t count . B y 
changing th e samplin g locatio n (on e secon d here ) th e histogra m interva l an d th e 
total tim e fo r a  singl e ru n wil l als o b e changed . Fo r example , i f th e samplin g 
interval alon e i s change d t o 0.5s , th e histogra m interva l wil l b e reduce d t o 2 
hours an d th e tota l tim e fo r a  single ru n wit h a  C9 0 tap e wil l b e abou t 1 5 days . 

Interrupt service routin e 

This par t o f th e routin e scan s th e counter s o f th e wind , pum p strok e an d 
waterflow channel s an d receive s th e data . I f a  dat a ite m i s no t les s tha n 32 , a 
value o f 3 2 i s assigne d t o it . Th e processo r use s thi s numbe r «32 ) t o fin d a 
corresponding se t o f location s (bin ) an d increment s it s conten t b y one . Eac h bi n 
is 2-byt e wid e s o tha t i t ca n hol d u p t o 25 6 x  25 6 =  65,536 . Afte r readin g th e 
wind channel , i t passe s o n t o pum p strok e channe l an d the n waterflo w channel . 
During th e operation , th e counter s ar e stil l counting . Th e counter s sto p countin g 
only fo r a  fe w micr o second s betwee n th e instructions . Th e IS R i s repeate d 
every secon d (o r th e samplin g time) . 

Tape routin e 

When th e dat a counte r reache s zero , i e afte r 14,40 0 samplin g interval s =  4h , th e 
tape routin e take s over . Th e powe r o f th e tap e recorde r i s switche d o n an d th e 
system the n wait s fo r 6 s t o stabilise . A  fil e numbe r i s automaticall y assigned . 
The firs t fil e numbe r i s th e initia l settin g o f th e D E register-pair , 18 0 i n th e 
present case . Th e nex t fil e numbe r wil l b e 17 9 an d s o on . Instruction s fro m 
18FCH t o 1907 H specifie s th e memor y are a t o b e copie d o n t o th e tape . Th e 
program the n call s a  sub-routin e fro m th e Microprofesso r monito r (instructio n a t 
191H) t o recor d th e dat a o n t o th e tape . Afte r copyin g th e thre e histograms , th e 
tape recorde r switche s of f automaticall y an d th e memor y are a i n th e micr o 
computer i s cleared . I t the n return s t o perfor m anothe r four-hou r run . Durin g 
tape-recording whic h last s abou t 1  min, th e counter s sto p counting . 
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PROGRAMME ENTR Y 

The machin e cod e i n hexadecima l notatio n i s firs t loade d manually , usin g th e 
hexadecimal key s o f Microprofessor . (Fo r detail s o f loadin g a  program , refe r t o 
the Microprofesso r User !s Manual. ) Onc e th e whol e progra m i s type d int o th e 
memory o f th e system , i t ca n b e copie d ont o a  cassett e tape . Sinc e ther e i s a n 
extra socke t provide d fo r a n EPRO M o n th e syste m board , th e progra m ca n b e 
copied an d store d permanentl y i n a n EPRO M IC . 

DATA ACQUISITIO N AN D RETRIEVA L 

After loadin g th e progra m fro m th e tape , alteration s necessar y t o assig n 
sampling interval , histogra m interval , an d tap e length , ca n b e mad e b y enterin g 
the appropriat e number s i n th e location s mentione d earlier . Th e dat a acquisitio n 
can b e stoppe d a t an y tim e b y pressin g th e rese t ke y an d th e store d dat a 
examined. Th e dat a recorde d o n th e tap e ca n b e rea d bac k int o th e memor y o f 
the system , on e fil e a t a  tim e (on e histogra m fo r eac h channel ) an d displaye d b y 
the six-digi t rea d out . A  low-cos t therma l printe r (PRT-MPF-1 ) i s availabl e 
from th e manufacture r o f Microprofesso r t o obtai n a  printou t o f th e data . A 
more efficien t metho d i s t o communicat e th e dat a directl y int o th e memor y o f 
another compute r (use d fo r analysis ) throug h a n interfac e betwee n th e Z8 0 P1 0 
and th e use r por t o f th e microcomputer . 

POWER SUPPLY 

Microprofessor require s onl y unregulate d powe r o f betwee n 7  an d 24V . Th e 
interface need s 5 V regulated powe r whic h i s obtaine d fro m th e sam e unregulate d 
power suppl y o f 7  t o 24 V usin g th e circui t show n i n Figur e 3 . Therefore , th e 
whole syste m ca n b e powere d fro m a  12 V ca r batter y whic h ca n b e charge d b y 
solar cells . Th e tap e recorde r require s a n additiona l 6 V source. 

CONCLUSION 

The complet e system , excludin g th e batter y an d th e audiocassett e recorde r 
weighs onl y abou t a  kilogra m an d ha s a  simpl e powe r requirement . Th e 
maximum curren t draw n i s 0.5A . Thes e factor s mak e th e syste m idea l fo r fiel d 
use. Th e component s use d ar e minimu m an d easil y available . Th e initia l an d 
running cost s ar e ver y lo w (Tabl e 1) . Wit h a  prope r housing , i t ca n accumulat e 
data fo r severa l week s withou t th e attentio n o f a n operator . A  prototype o f thi s 
system wa s buil t an d foun d t o ru n fo r severa l week s unde r laborator y conditions . 
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TABLE 1 : A n estimate o f initia l cost s 

£ 
Microprofessor MPF-I B 10 0 
ICs, Connector s an d Cabl e 2 5 
Tape recorde r wit h tape , an d recordin g cabl e 3 5 

Total £16 0 

(Anemometer, flowmete r an d batter y ar e no t include d i n th e abov e 
estimate) 

An estimate o f runnin g cos t 

No runnin g cos t i s expecte d othe r tha n th e cos t o f cassett e tape s an d chargin g o f 
batteries. 
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FIGURE 1 : Bloc k diagra m o f th e monito r 
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FIGURE 2: Circui t diagra m o f th e monito r 
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FIGURE 3: Powe r supply for th e monito r 
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WIND ENERGY RESEARC H AN D APPLICATION I N MAURITIU S 

Y Boodhoo, Meteorologica l Service , Vacoa s 

INTRODUCTION 

As par t o f th e Governmen t o f Mauritiu s pla n t o diversif y it s us e o f alternativ e 
energy sources , th e Mauritiu s Meteorologica l Offic e (MMO ) initiate d a 
programme t o evaluat e bot h th e win d an d sola r energ y potentia l o f Mauritius . 
This pape r describe s th e attempt s t o asses s win d power . 

A numbe r o f problem s wer e encountered , i n particula r th e us e o f anenogram s 
which mean t tha t compilatio n o f hourl y mean s wa s ver y tim e consuming . 
Secondly initia l sitin g o f station s i n agricultura l area s raise d doubt s a s t o 
whether thi s woul d provid e a  comprehensiv e pictur e o f th e windpowe r potentia l 
of Mauritius . Thu s followin g initia l wor k usin g dat a collecte d i n 1980 , th e 
Government agree d t o suppor t a  UND P projec t t o mak e a  prope r evaluatio n t o 
conclude al l th e windies t site s i n Mauritius . 

Following a  brie f explanatio n o f th e calculatio n o f win d power , thi s pape r 
decribes th e dat a obtaine d i n 198 0 fro m th e origina l weathe r stations . Finall y 
the preliminar y finding s fo r th e comprehensiv e evaluatio n no w i n progres s wil l b e 
presented. 

As suggested b y Ren e (1981) , power i n th e win d ca n als o b e expresse d b y 

WIND POWER 

The theor y behin d win d powe r i s simpl e (Goldin g 1976) . Th e kineti c energ y o f 
the ai r i n motio n i s expressed b y 

(1) 

Where M  is the mas s an d V , th e velocit y o f th e ai r parcel . I f D  i s th e densit y o f 
air passin g throug h a  cross-sectiona l are a o f A  the n th e mas s o f tha t ai r i n uni t 
time i s given b y 

M =  DAY 

hence th e kineti c energ y pe r uni t tim e i s given b y 

D ca n b e compute d fo r th e standar d atmospheri c pressur e 100 0 Hp , absolut e 
temperature 290°K , usin g th e ga s equatio n i n th e for m 

(3) 

Putnam (1984 ) suggeste d 35 % a s th e maximu m factio n o f powe r i n th e win d 
which coul d b e extracted . Goldin g (1976 ) ha s show n tha t thi s efficienc y ca n b e 
increased t o 59.3% . Wit h thi s efficiency , equatio n (3 ) become s 

(4) 

P = 0.593 KAV 8 (5) 

(2) 
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Where C  i s numbe r o f win d spee d classes , F j th e frequenc y o f occurrenc e o f 
winds i n th e jt h class , an d V j th e media n win d spee d o f th e jt h class . Th e ba r i n 
equation (6 ) indicate d averag e values . Wit h hourl y win d speed s available , Ren e 
asserts tha t th e powe r potentia l availabl e i n th e win d i s simply expresse d b y 

(6) 

P =  0.955 DV 3 (7) 

Equation (7 ) can b e use d upo n th e assumptio n tha t th e frequenc y distributio n i s a 
Rayleigh one . 

ANALYSIS OF 198 0 DAT A 

Raw dat a fro m anenogram s fo r seve n station s wer e use d t o obtai n hourl y mean s 
which ca n b e use d t o comput e simpl e statistica l dat a require d t o estimat e 
available win d powe r an d win d speed , treate d her e simpl y a s a  scala r quantity , 
and th e atmospheri c pressure . 

Raw dat a fro m anenmogram s fro m seve n station s wer e use d t o obtai n hourl y 
means whic h ar e the n use d t o comput e simpl e statisca l parameter s lik e 
correlation coefficient s an d standar d deviations . Th e seve n station s considere d 
are mostl y inlan d th e the y ar e al l th e sa m standar d heigh t o f 1 0 metre s abov e 
ground level . Medine , Plaisanc e an d Digu e Sech e ar e respectivel y 1 , 2  and 3  k m 
from th e se a shore . Vacoa s i s a t th e sit e o f th e Mai n Meteorologica l Office , 
whereas Plaisanc e i s locate d o n th e premise s o f th e airport . Tabl e 1  give s th e 
mean monthl y win d speed s a t eac h station . 

To fin d th e frequenc y o f anticyclone s passin g nea r Mauritiu s i n 1980 , 
atmospheric pressur e a t 160 0 hours , loca l time , o f on e station , Plaisanc e wa s 
plotted agins t day s o f th e year . I t shoul d b e note d tha t th e pressur e fluctuation 
at an y poin t ove r th e islan d woul d giv e th e sam e resul t sinc e th e islan d i s smal l 
compared t o a  synopti c scal e o f a n anticyclone . Change s i n atmospheri c 
pressure a t an y on e poin t woul d b e fel t almos t anywher e withi n minutes . Th e 
pressure vairation , couple d wit h th e variatio n o f th e mea n 1 0 minute s win d spee d 
at th e sam e synopti c hour , give s a n indicatio n o f th e meteorologica l situation . 

The criteri a fo r determinin g th e exi t o f a n anticyclon e an d th e entr y o f anothe r 
one are : 

(a) a  win d spee d o f les s tha n 2. 5 m/se c fo r tw o days , and/o r 

(b) a  fairl y stee p fal l paralle l t o th e lo w wind . 

Daily synopti c chart s fo r thi s are a hav e bee n consulte d t o bac k u p th e 
conclusions reache d above . Th e frequenc y o f anticyclone s affectin g Mauritiu s 
has bee n foun d t o b e 11. 4 days . Ou t o f thes e 3  ar e lul l day s o n a n average . 
Using th e abov e criteri a a  bac k u p system mus t b e mad e read y fo r 3  out o f ever y 
11.4 day s (Boodho o 1984) . 

The result s ar e displaye d i n th e for m o f a  win d energ y ma p i n Figur e 1 . Contrar y 
to expectation s an d assumption s lon g establishe d a t th e Meteorologica l Offic e o f 
Mauritius, ver y promisin g result s hav e bee n foun d alon g th e Nort h Eas t coas t o f 
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Mauritius, wherea s formerl y i t wa s take n fo r grante d tha t th e win d spee d wa s 
greatest ove r th e hig h ground s an d t o th e sout h east . Thi s findin g ha s bee n 
confirmed b y the mor e extensive survey described below . 

UNDP WIND ENERGY EVALUATION 

As mentioned i n the introduction , th e positionin g o f weathe r station s use d in the 
1980 survey di d no t cove r al l th e potentiall y importan t area s o f th e island . Th e 
UNDP finance d programme , implemente d b y the Meteorologica l Servic e i s being 
conducted t o loo k mor e comprehensivel y a t th e feasibilit y o f utilisin g win d 
resources t o supplemen t existin g electrica l generatio n an d a s fa r a s possibl e t o 
meet futur e increase d electri c powe r needs in Mauritius . 

Ten sites (Figure 2 ) were selected wher e anenometers wer e erected. Thes e were 
mostly alon g th e south , sout h eas t an d nort h easter n coast s an d a  fe w ove r th e 
Central Plateau . Thes e site s ha d bee n shortliste d fro m mor e tha n 3 0 site s 
chosen accordin g t o meteorologica l characteristics . A t on e location , Bigara , 
four sensor s wer e installe d alon g a  20 0 metr e towe r a t th e 10 , 30 , 7 2 and 12 2 
metre levels . Th e aim her e wa s to fin d th e win d profil e inlan d as any generato r 
installed woul d mos t certainl y b e abov e th e standar d 10-metr e leve l a t whic h 
anenometers are generally installed . 

The instrument s i n th e fiel d consis t o f a  cu p anenomete r an d win d van e 
combination manufacture d b y Weathe r Measur e Corporatio n (Mode l W20 0 SP) . 
The anenometers wer e brought t o Mauritiu s already calibrated b y the contractor , 
the Battelle Memoria l Institute i n Washington State, USA. Eac h anenomete r wa s 
connected t o a  dat a fiel d uni t (th e Win d Prospector' s Instrument , abbreviate d 
WPI) which perform s fiel d processin g o f th e dat a an d store s th e result s (Figur e 
3). 

The dat a ar e collecte d fro m th e site s eac h mont h althoug h th e storag e capacit y 
of th e WP I is abou t 4 0 days . Th e dat a extracte d fro m th e WP I is stored o n a n 
audiocassette tape . Processin g i s greatl y simplifie d sinc e th e WP I die s a 
considerable amoun t o f processing . Th e instrumen t acquire s win d spee d an d 
direction dat a onc e ever y 1. 5 seconds . Thes e dat a ar e average d ove r a  6  min 
interval, then processed by the WPI to yield the following win d statistics: 

(a) Win d speed frequency histogram . 

(b) Join t distributio n o f win d speed versu s wind direction. 

(c) Join t distributio n o f win d speed versu s time of day . 

(d) Join t distributio n o f win d direction versu s time of day . 

(e) Turbulenc e intensit y frequenc y histogra m (usin g standar d 
deviations based on the 1. 5 second sampling). 

The WPI also records the peak gust speed (between dat a extractions) . 

For fina l analysi s audiocassette s ar e rea d throug h a  demodulato r int o th e 
graphics termina l o f a  Hewlett-Packar d bot h a t Battell e an d a t th e 
Meteorological Office . 



- 2 2 2 -

RESULTS AND CONCLUSION S 

Table 2  give s som e o f th e mai n characteristic s ove r th e perio d Augus t 198 3 -
June 1984 . Figur e 2  present s th e sam e result s i n th e for m o f a n energ y map . 
Coastal area s ar e b y fa r th e windies t place s o f Mauritiu s wit h th e southern , 
eastern an d eve n nort h easter n coast s receivin g th e mos t win d energ y flux . A s 
mentioned earlier , thi s i s contrar y t o wha t ha s bee n assume d a t th e Mauritiu s 
Meteorological Office . Formerl y i t wa s take n fo r grante d tha t th e sout h eas t 
coast whic h fall s directl y unde r th e prevailin g sout h eas t trad e wind s an d th e 
high ground s ar e th e windiest . However , th e trad e wind s strikin g th e islan d 
which act s a s a n obstacle , ar e deflecte d sideway s thu s deprivin g th e highe r 
central area s o f th e islan d o f mos t o f it s wind s (Figur e 4) . 

The win d profil e a t Bigar a show s tha t frictio n greatl y reduce s th e win d clos e t o 
the ground . However , abov e 3 0 metre s win d spee d become s mor e o r les s 
constant (Figur e 5 ) a t nearl y twic e th e spee d measure d a t th e 1 0 metr e level . 
Since win d energ y i s directl y proportiona l t o th e cub e o f th e speed , th e win d 
power wil l b e man y time s highe r a t 3 0 tha n 1 0 metre s level . A t th e 1 0 metr e 
level th e windies t site s ar e alon g th e coast s wher e th e investigatio n i s bein g 
carried on . Bu t th e result s a t Bigar a ar e importan t becaus e mos t generator s ar e 
located aroun d th e 3 0 metr e level . Bigar a coul d als o b e th e bsa t candidat e sit e 
as i t carrie s th e leas t percentag e o f cal m period s (betwee n 3  an d 4 % o f th e 
time). 

Although th e surve y demonstrate s considerabl e potentia l fo r a  win d energ y 
exploitation programm e i n Mauritius , a  numbe r o f point s nee d t o b e born e i n 
mind. 

a. Th e investmen t cos t i s extremel y hig h an d an y generato r shoul d repa y th e 
investment i n no t les s tha n 2 0 years . Thi s applie s particularl y t o a  cas e 
like Mauritiu s wher e 99 % of th e lan d i s electrified . 

b. I t mus t b e mad e certai n tha t th e ver y hig h wind s an d gust s experience d 
during tropica l cyclone s wil l no t damag e th e generators . S o fa r ver y few , 
if any , generator s eve n a t th e famou s tes t centr e i n Colorado , US A hav e 
been expose d t o an d resiste d gust s o f th e orde r o f 8 1 m/se c a s 
experienced durin g cyclone s i n Mauritius . 

If win d generator s ar e installed , thes e shoul d b e limite d t o mediu m capacit y an d 
used fo r subsidiar y purposes , e g pumpin g wate r o r caterin g fo r th e need s o f smal l 
enterprises. Howeve r i f a  suitabl e cyclone-proo f (o r nearl y so ) syste m become s 
available, win d energ y coul d b e use d t o suppl y betwee n 5 % and 10 % o f th e tota l 
energy need s (whic h amount s t o aroun d 10 0 Meg a Watt s a t present ) o f Mauritius . 

RODRIGUES 

A simila r investigatio n ha s bee n conducte d o f th e win d regim e ove r th e islan d o f 
Rodrigues. A s a  resul t a  smal l 2. 5 K w generato r ha s bee n installe d a t Ans e 
Quitor. Th e performanc e o f thi s generato r ha s bee n ver y encouraging . Th e 
Government o f Mauritiu s i s no w considerin g th e feasibilit y o f installin g fou r 
similar generator s a t Por t Su d Est , Ans e Ally , Rivier e Coco , an d Le s Graviers . 
Wind speed s ar e relativel y highe r (Tabl e 3 ) than ove r Mauritius . 

Unlike Mauritiu s th e terrai n o f Rodrigue s i s s o varie d tha t despit e it s smal l siz e 
(roughly 10 9 km 2) electrification , whic h i s extremel y expensive , i s confine d t o 
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only th e mai n areas . Henc e win d ma y hav e a n importan t rol e i n supplyin g energ y 
on thi s island . Th e win d pum p a t Ans e Quito r wa s primaril y intende d t o pum p 
water fro m borehole s t o a  reservoi r fo r distributio n t o households . S o 
encouraging ar e th e result s tha t th e wate r storag e capacit y ha s bee n doubled . 
Even so , ther e i s a  surplu s o f electrica l energ y whic h i s shortl y t o b e distribute d 
to a n agglomeratio n o f abou t 1 8 house s i n Ans e Quitor . Th e tota l pumpin g 
system outpu t fro m th e dat e o f commissionin g o n 2 4 Ma y 198 3 u p t o th e en d o f 
April 1984  wa s approximatel y 1. 7 millio n gallon s o f wate r pumpe d ove r a  perio d 
of 178 8 hour s o f operation . Thes e figure s hav e mor e tha n double d u p t o th e 
present. 

CONCLUSION 

The surve y o f Mauritiu s ha s show n a  majo r potentia l fo r exploitin g win d energ y 
at variou s sites . However , th e win d energ y programm e need s t o conside r it s 
exploitation i n relatio n t o th e energ y resource s an d capita l investmen t costs . 
The cas e fo r exploitin g win d energ y i s muc h cleare r fo r Rodrigues , wher e 
electricity generatio n b y othe r mean s i s less universall y available . 

This win d energ y programm e i s stil l i n progres s an d dat a presente d her e ar e onl y 
the preliminar y findings . However , th e change s shoul d b e s o smal l a s no t t o 
substantially affec t th e conclusions . 
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TABLE 1: Correlatio n matrix for daily mean speed for 1980 

TABLE 2: Standar d deviation values 

Stations 
Plaisance 
FUEL 
D Seche 
Mon Deser t Alm a 
Medine 
Pamplemousse 

Vacoas 
0.79 
0.31 
0.29 
0.32 
0.31 
0.29 

Plaisance 

0.30 
0.31 
0.33 
0.18 
0.23 

FUEL 

0.51 
0.63 
0.61 
0.66 

D Seche 

0.82 
0.44 
0.76 

MDA 

0.52 
0.83 

Medine 

0.67 

Station 
Standard 
deviation 

Vacoas 

0.65 

Plaisance 

0.87 

FUEL 

1.82 

D Seche 

1.42 

MDA 

1.37 

Medine 

1.23 

Pamplemousse 

1.28 
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TABLE 4: Win d characteristics ove r Mauritius , Augus t 198 3 - Jun e 198 4 

Four anenometer s wer e installe d o n a  tal l towe r a t Bigar a o n th e 32 , 100 , 
240 an d 40 0 f t levels . 

Area 
Anse All y 
Les Gravier s 
Port Su d Es t 
Riviere Coc o 
Pointe Cano n 

Mean wind speed (m/s ) 
4.7 
5.9 
9.5 
6.4 

10.2 

* 

TABLE 5: Wind s over Rodrigue s 

Station 

Grand Bassi n 
Bois Chér i 
Gris Gri s 
St Feli x 
B Ombr e 
U Par k 
G Por t 
Palmar 
St Antoin e 
MGI 
Bigara* (3 2 ft ) 
Bigara (10 0 ft ) 
Bigara (24 0 ft ) 
Bigara (40 0 ft ) 

Mean 
speed (m/s ) 

5.14 
3.6 
6.07 
4.11 
5.0 
3.68 
5.38 
4.66 
5.21 

3.95 
3.24 
6.15 
7.57 
8.1 

Standard 
deviation 

1.96 
1.68 
2.55 
2.0 
2.62 
1.89 
2.72 
1.72 
2.23 

1.94 
1.82 
2.15 
2.98 
3.36 

Mean Energy 
flux (w/ m ) 

112.65 
44.0 

216.77 
74.53 

154.6 
54.7 

199.4 
82.9 

151.82 

72.58 
140.24 
184.42 
384.35 
570.66 

Calm ( % of tim e 
wind speed 2  m/s ) 

6.87 
19.37 

3.17 
18.11 
22.02 
24.44 
18.70 
8.9 

12.55 
30.23 

3.00 
4.02 
4.97 
4.23 
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FIGURE 1: Locatio n of anenometers for the Meteorological Service 
Isochrone of wind power (W/m2) for 1980 



- 2 2 8 -

FIGURE 2: Locatio n of new sites 
Isochrone of wind power (W/m2) based on UNDP financed programme 
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FIGURE 3: Th e system - it s parts 
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FIGURE 4: Relie f ma p of Mauritiu s in feet &  metre s 

Shaded areas show high wind energy potential . 
Arrows show probable deflection o f wind . 
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FIGURE 5 : Win d profile o f Bigar a 
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FIGURE 6: Rodrigue s - physica l an d politica l 

Location o f actua l win d generato r 
Proposed site s fo r th e installatio n o f 4  additional generator s 
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PYROLYSES OF WOODSHAVING S AN D SAWDUST -
A REVIEW OF THE DEMONSTRATION PROJEC T IN GHAN A 

Essel Benjami n Haga n Jn r 
Research Officer , Buildlin g &  Road Researc h Institut e 

University P  O  Box 4 0 
UST, Kumasi , Ghan a 

ABSTRACT 

A demonstratio n pyrolyti c conversio n plan t whic h produce s oil , cha r an d 
combustible gase s fro m sawdus t an d woodshaving s ha s bee n i n operatio n i n Ghan a 
since 1980 . Th e pape r review s th e experience s an d th e genera l result s o f th e 
project. 

INTRODUCTION 

The developmen t an d applicatio n o f loca l renewabl e energ y resource s i s 
becoming increasingl y importan t i n severa l developin g countries . A s th e 
economy o f Ghan a i s largel y base d o n agricultur e an d forestry , ther e i s grea t 
potential fo r usin g biomas s a s a  renewabl e sourc e o f energ y fo r bot h domesti c 
and industria l applications . 

Agricultural an d forestr y wastes , fo r exampl e sawdust , ric e stra w an d husk s an d 
oil pal m wastes , whic h hav e hig h potentia l fo r collectio n fo r energ y conversion , 
are show n i n Tabl e 1  (Chiang e t al , 1976) . Sawdust , i n particular , i s produce d i n 
large quantitie s b y severa l sawmill s i n th e Kumas i are a an d a  fe w othe r town s i n 
the fores t zone . It s disposa l ofte n present s problems . 

Most- of thes e wast e material s ma y b e converte d int o alternativ e liquid , soli d o r 
gaseous fuel s fo r us e i n existin g domesti c stoves , industria l kiln s and , i n som e 
cases, i n engines . On e suc h conversio n proces s i s pyrolysis ; th e therma l 
decomposition o f organi c materials . 

A pyrolyti c conversio n plan t wa s se t u p i n 198 0 i n Kumasi , Ghana , t o 
demonstrate th e feasibilit y o f pyrolysi s o f organi c waste s a s a n economi c energ y 
conversion proces s i n Ghan a an d othe r developin g countries . Th e plan t currentl y 
produces cha r o r powdere d charcoal , oil , an d combustibl e gase s fro m sawdus t an d 
woodshavings. I t wa s locate d nea r th e demonstratio n bric k factor y o f th e 
Building an d Roa d Researc h Institut e wit h th e primar y ai m o f providin g 
alternative fue l oi l fo r th e bric k kiln . 

PROJECT DESCRIPTIO N 

Project funding  an d plant fabricatio n 

The Pyrolyti c Conversio n Demonstratio n Plant , administere d b y th e Buildin g an d 
Road Researc h Institut e (BRRI) , wa s se t u p wit h fund s provide d b y th e Ban k o f 
Ghana an d th e Unite d State s Agenc y fo r Internationa l Developmen t (USAID) . 
Some previou s wor k o n pyrolysi s ha d bee n don e i n th e US A b y th e Georgi a 
Institute o f Technolog y (GIT ) (Knigh t e t al , 1974) . Th e Buildin g an d Roa d 
Research Institut e (BRRI ) mad e a  reques t t o th e USAI D fo r assistanc e t o se t u p 
the Demonstratio n Plan t a s par t o f th e researc h an d developmen t effor t t o fin d 
alternative fue l oi l fo r bric k kilns . 
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Feasibility studie s wer e conducte d jointl y b y personne l fro m GIT , BRR I an d th e 
Technology Consultanc y Centr e (TCC ) o f th e Universit y o f Scienc e an d 
Technology, Ghana . I t wa s recommende d tha t a  six-tonn e pe r da y labour -
intensive pyrolysi s plan t b e se t up . Usin g basi c design s provide d b y th e Georgi a 
Institute o f Technology , TC C i n collaboratio n wit h th e BRR I an d visitin g 
engineers fro m th e GIT , fabricate d a  prototyp e pyrolyti c reacto r an d teste d it , 
using sawdus t a s feed . Followin g desig n modifications , fou r pyrolyti c reactor s 
and ancillar y equipmen t wer e fabricate d locally , installe d an d commissioned . 
The onl y item s whic h ha d t o b e importe d wer e ga s blowers , measurin g 
instruments an d a n electri c transformer . 

The pyrolysi s proces s and plan t 

Pyrolysis essentiall y involve s th e therma l decompositio n o f a n organi c materia l 
in th e absenc e o f ai r t o produc e charcoa l an d gases , par t o f whic h ma y b e 
condensed t o recove r som e oil . Figur e 1  show s a  simpl e flo w diagra m o f th e 
pyrolytic conversio n process . 

The demonstratio n plan t consist s o f fou r cylindrica l stee l reactor s an d tw o fee d 
dryers. Eac h reacto r i s fitte d wit h a  proces s ai r blower , condenser , demister , 
gas suctio n fan , thermocouple s an d pressur e gauges . A  mixtur e o f sawdus t an d 
woodshavings ar e drie d i n th e drye r an d fe d manuall y a t regula r interval s int o 
the reactors . Th e proces s ai r blowe r supplie s limite d quantitie s o f ai r fo r 
combustion o f th e botto m par t o f th e reacto r charge , t o provid e th e hea t fo r th e 
pyrolysis o f th e remainin g charge . Eac h reacto r i s equippe d wit h a  manual -
operated agitato r whic h i s periodicall y turne d t o remov e cavitie s i n th e reacto r 
contents. 

Powdered charcoa l o r cha r i s collecte d int o barrel s beneat h th e reacto r whils t 
the oi l i s draine d a t regula r interval s fro m th e condense r an d demister . Th e 
incondensible gase s ar e burne d t o provid e hea t fo r th e fee d dryers . Th e fee d 
dryer i s th e fixed-be d typ e wher e th e sawdus t an d woodshaving s ar e pile d o n a 
perforated plat e belo w whic h ho t gase s ar e passe d t o ris e throug h th e bed . 

The temperatur e o f th e ga s strea m a t th e inle t o f th e condense r generall y 
provides a  goo d indicatio n o f th e pyrolysi s condition s insid e th e reactor . Durin g 
plant operation , thi s temperatur e i s monitore d an d manua l adjustment s o f th e 
process ai r flo w valv e ar e mad e t o maintai n i t withi n th e recommende d rang e o f 
120-180°C. 

PROJECT RESULT S 

Plant performanc e 

The desig n capacit y o f th e demonstratio n plan t i s si x tonn e sawdus t pe r 3-shif t 
day o r fou r tonn e pe r 2-shif t day , wit h oi l an d powdere d charcoa l yield s o f 1 8 an d 
25% (base d o n dr y weigh t o f feed ) respectivel y (Malva r e t al , 1960) . T o dat e th e 
best performanc e o f th e plan t i s th e conversio n o f 2. 6 tonne s o f dr y 
woodshavings i n a  2-shif t da y t o produc e 26 0 litre s o f oi l an d 32 0 k g of powdere d 
charcoal (Hagan , 1982) . Th e oi l an d powdere d charcoa l yield s rang e fro m 6  t o 
13%, dependin g o n th e moistur e conten t o f th e fee d an d ho w efficientl y th e 
reactor temperatur e i s controlled . 

The generall y lo w yield s o f th e oi l an d powdere d charcoa l ma y b e attribute d t o 
inefficiencies i n dryin g o f th e sawdus t an d manua l proces s control . I t ha s bee n 
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recommended tha t fo r hig h oi l yield s th e moistur e conten t o f th e fee d shoul d b e 
10% o r less . Bu t th e fixe d be d drye r ha s prove d unsuitabl e fo r dryin g o f sawdus t 
because th e fin e natur e o f th e sawdus t restrict s th e fre e passag e o f ho t gases . 
Woodshavings hav e bee n drie d satisfactoril y i n th e dryer , an d s o currentl y th e 
reactor fee d consist s mainl y o f woodshaving s wit h som e smal l amount s o f 
sawdust. However , woodshaving s ar e produce d b y onl y a  fe w woo d factorie s an d 
are no t a s readil y availabl e i n larg e quantitie s a s sawdust . Ther e i s therefor e a 
great nee d fo r th e drye r t o b e modifie d t o improv e th e dryin g o f sawdust . 

While locate d nea r a  potentia l user , th e BRR I bric k factory , th e plan t i s ove r 
7 k m fro m th e neares t sourc e o f woodshaving s o r sawdust . Transpor t problem s 
have cause d irregularitie s i n th e suppl y o f plan t fee d an d increase d th e cost s o f a 
hitherto chea p o r relativel y fre e wast e material . 

The combinatio n o f inefficien t fee d drying , irregula r suppl y o f we t feed , lo w 
product yield s an d lac k o f fund s fo r majo r repair s hav e mad e i t impossibl e fo r 
the plan t t o produc e sufficien t quantitie s o f th e pyrolyti c oi l fo r utilisatio n b y 
the bric k factory . 

Application o f product s 

Pyrolytic oi l 

Some o f th e propertie s o f pyrolyti c oi l ar e compare d wit h thos e o f heav y fue l oi l 
in Tabl e 2  (Hagan , 1982) . Th e generall y lo w oi l yields , it s acidi c an d tarr y 
nature, lowe r calorifi c valu e an d highe r flas h point , d o no t sugges t tha t th e 
pyrolytic oi l wil l compet e favourabl y wit h petroleu m fue l oils . It s tarr y an d 
acidic properties , i n particular , mak e i t unsuitabl e fo r conventiona l oi l burner s 
and necessitat e th e us e o f expensiv e corrosio n resistan t storag e tanks . 

However, th e pyrolyti c oi l ha s ver y goo d prospect s a s a n alternativ e woo d 
preservative. I n preliminar y fiel d test s b y Dinse y (1982) , tw o type s o f pyrolyti c 
oil, a  dens e typ e an d a  lighte r on e wer e compare d wit h dieldrin , a  standar d 
termiticide. Woo d block s wer e treate d b y th e immersio n metho d an d expose d t o 
subterranean termite s an d fung i fo r nin e months . Block s wer e inspecte d a t thre e 
month intervals , an d mea n percentag e weigh t los s o f th e block s cause d b y th e 
attack ar e presente d i n Table 3 . 

The test s indicate d n o significan t difference s betwee n th e level s o f protectio n 
against termit e an d funga l attac k offere d b y th e dens e pyrolyti c oi l an d 0.5 % 
dieldrin. Furthe r fiel d test s ar e i n progress . 

Detailed chemica l analysi s o f th e pyrolyti c oi l ar e ye t t o b e undertaken , bu t th e 
analysis o f simila r product s b y Adamcza k (1973 ) indicate d tha t th e dens e 
pyrolytic oi l ma y consis t o f phenols , carboni c acids , tar-oil s an d tar-coke . 
Currently mos t o f th e pyrolyti c oi l fro m th e demonstratio n plan t i s sol d a s woo d 
preservative a t ¢  22.0 0 (U S $  0.45 ) a  litre . Considerin g it s calorifi c valu e th e oi l 
may no t b e easil y markete d a s fue l a t mor e tha n US $ 0.2 0 a  litre . 

Powdered charcoa l 

Powdered charcoa l ha s bee n teste d fo r domesti c cookin g i n a n adapte d sawdus t 
stove (Figur e 2) . Th e calorifi c valu e o f th e powdere d charcoa l i s 23,50 0 kJ/kg , 
compared wit h 25,00 0 kJ/k g fo r ordinar y charcoal . Howeve r i n compariso n wit h 
the conventiona l charcoa l stov e i n Ghana , calle d "coa l pot" , th e hea t efficienc y 
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of th e powdere d charcoa l stov e wa s muc h lower . Furthe r desig n modification s 
need to be made. 

The powdere d charcoa l ha s bee n successfull y converte d t o briquette s usin g 
cassava starch , pyrolyti c oi l o r natura l gum s (fro m a  tropica l tree , Acaci a 
Senegal) as binders . Thes e had satisfactory burnin g properties , high compressiv e 
strength an d considerabl e resistanc e t o abrasio n an d t o shatte r whe n droppe d 
from a  height . Th e briquette s mad e wit h cassav a starc h seeme d mos t suitabl e 
for domesti c cooking , th e othe r binder s producin g a  lo t o f smok e an d a n 
unpleasant odou r durin g burning . Som e o f th e propertie s o f th e charcoa l 
briquettes mad e wit h cassav a starc h a s binde r ar e compare d wit h thos e o f 
ordinary charcoal in Table 4 (Hagan, 1982). 

The briquette s mad e wit h pyrolyti c oi l o r tre e gum , however , hav e potentia l 
industrial applicatio n b y direct combustio n i n lime kilns and steel furnaces , o r by 
gasification t o generate produce r gas . Th e producer ga s ma y be used directly i n 
industrial kiln s o r a s alternativ e fue l fo r stationar y engines , fo r example , fo r 
water pumpin g an d electricit y generation . Preliminar y gasificatio n test s o f 
briquettes mad e wit h pyrolyti c oi l an d o f ordinar y charcoa l hav e bee n done in a 
locally fabricate d down-draugh t gasifie r (Hagan , 1985) . Th e compositio n o f th e 
producer ga s from th e tw o types o f charcoa l ar e shown in Table 5 , in comparison 
with typica l value s fo r ga s fro m charcoa l a s reporte d i n th e literatur e 
(Kjellstrom, 1980) . Othe r result s fro m th e preliminar y test s ar e summarise d i n 
Table 6. 

The calorifi c valu e o f th e ga s produce d fro m th e charcoa l briquette s i s 
comparable t o tha t o f th e ga s fro m ordinar y charcoal . Bot h value s were , 
however, lowe r tha n th e typica l valu e o f 4. 1 MJ/Nm 3 fo r charcoa l reporte d b y 
Kjellstrom (1980) . Thi s may be attributed t o the low carbon monoxid e and higher 
carbon dioxid e content s o f th e gas in the preliminary tests . I t ma y be possible to 
upgrade the calorifi c valu e of th e gas by finding th e optimum balanc e o f ai r an d 
fuels flo w an d the mos t suitable physica l size of the briquettes . 

The lower calorifi c valu e of th e gas , certain gasifie r desig n factor s an d th e fue l 
quality ma y accoun t fo r th e rathe r lo w overal l efficienc y o f th e gasifier , 
compared wit h th e typica l gasifie r efficienc y o f 70 % reporte d b y Kjellstro m 
(1980). However , ther e i s som e scop e fo r improvin g th e gasifie r performance , 
for example , by modifications o f th e heart h an d grate zones . Th e gasifie r test s 
were onl y preliminar y an d furthe r test s ar e require d t o demonstrat e th e rea l 
potential o f charcoa l briquette s fo r th e generatio n o f produce r ga s o f 
satisfactory quality . 

Project administration 

A preliminar y economi c analysi s b y Haga n (1982 ) indicate d tha t th e pyrolyti c 
conversion o f sawdust an d woodshavings could be profitable i f th e Demonstratio n 
Plant wer e efficientl y manage d t o operat e fo r a  minimu m o f 30 0 days per yea r 
on 2  shifts (1 6 hours ) eac h day , an d th e oi l an d charcoa l sol d a t marke t prices . 
The paybac k perio d wa s projecte d t o b e abou t 3  years an d th e interna l rat e o f 
return was 45%. 

However, owin g t o th e budge t constraint s an d th e administrativ e set-u p o f th e 
research institute , i t ha s not been possible to manage the Demonstration Plan t t o 
be self-sustaining. Th e plan t i s frequently shu t dow n as a  resul t o f lack of fund s 
for majo r plan t modifications , fo r exampl e o f th e fee d dryer , fo r majo r plan t 
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repairs, an d fo r th e read y transpor t o f plan t fee d an d shif t worker s t o th e plan t 
site. I t ha s therefor e no t bee n possibl e t o demonstrat e th e economi c viabilit y o f 
the pyrolysi s o f sawdust , whic h coul d hav e enhance d th e disseminatio n o f th e 
technology. 

The administratio n o f demonstratio n project s o f thi s natur e shoul d involv e 
potential commercia l users , fo r exampl e larg e privat e bric k factories , o r som e 
other industria l interes t group , fo r example , sawmills . Thes e bodie s coul d assis t 
in th e provisio n o f fund s an d profitabl e managemen t o f th e plant , whils t th e 
research institut e provide s th e technica l skill s fo r monitorin g th e plan t 
performance an d fo r necessar y desig n modifications . 

CONCLUSIONS 

Considering th e foregoin g result s an d observation s o f th e Pyrolyti c Conversio n 
Demonstration Project , th e followin g conclusion s ar e made : 

i. Th e concep t tha t th e pyrolyti c oi l i s th e mos t importan t produc t o f 
pyrolysis a s a n alternativ e industria l fue l ma y hav e t o b e revised , sinc e it s 
properties ma y no t enhanc e read y competitio n wit h commercia l 
petroleum fue l oils . Mor e emphasi s ma y hav e t o b e accorde d t o charcoa l 
which ma y b e briquette d wit h par t o f th e pyrolyti c oil . Th e briquette s 
may b e gasifie d t o generat e produce r ga s fo r industria l kiln s an d furnaces , 
or use d directl y fo r th e sam e purpose s b y direc t combustion . Furthe r 
gasifier experiment s ar e neede d t o establis h th e gasificatio n o f th e 
briquettes a s a n economica l energ y conversio n process . 

ii. I t woul d see m mor e practica l an d economica l t o marke t th e pyrolyti c oi l 
primarily a s a  woo d preservative . I t i s therefor e necessar y t o undertak e 
laboratory analysi s o f th e oi l t o identif y it s significan t constituents , an d 
also t o explor e othe r possibl e applications . 

iii. Som e aspect s o f th e manua l operatio n o f th e plan t nee d t o b e reviewe d t o 
ensure highe r produc t yield s an d quality , an d uninterrupte d production . I n 
this regard , certai n vita l operation s o f th e plan t shoul d b e mechanised . 
These includ e th e reacto r chargin g an d charg e agitation . Fo r bette r 
control o f reacto r temperatures , a  modes t automati c syste m fo r th e 
control o f air/fee d rati o ma y b e worthwhile . 

iv. Th e pyrolyti c conversio n o f sawdus t coul d b e profitabl e i f th e plan t i s 
managed o n a  commercia l basis , wit h th e product s bein g sol d a t marke t 
prices an d wit h fund s readil y availabl e fo r plan t repair s an d suppl y o f ra w 
materials. I n thi s effort , a  sawmil l o r a  woo d preservativ e marketin g 
company, wh o ar e potentia l user s o f th e pyrolysi s technology , ma y b e 
requested t o participat e i n th e demonstratio n project . 

Future wor k 

The followin g activitie s ar e t o b e undertake n o n th e Pyrolyti c Conversio n 
Demonstration Project : 

i. Seriou s effor t t o increas e produc t yield s throug h bette r proces s contro l 
and necessar y plan t modifications . 

ii. Furthe r studie s o n charcoa l briquettin g an d gasificiation . 
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iii. Laborator y analysi s o f th e pyrolyti c oi l t o identif y importan t constituent s 
and othe r possibl e uses . 

iv. Laborator y pyrolysi s experiment s o n wast e fro m differen t Ghanaia n wood s 
and othe r agricultura l wastes . 

v. Furthe r developmen t wor k o n th e powdere d charcoa l stove . 
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TABLE 1 : Availability o f Forestr y an d Agricultura l Waste s i n Ghan a 

Waste materia l 
Quantity generate d Majo r source s 

tonnes/year i n Ghan a (regions ) 

Reforestation wast e 
Coconut wast e 
Rice stra w an d husk s 
Logging wast e 

Sawdust 

Oil pal m wast e 

1,000,000 
686,000 
517,700 
403,000 

25,500 

23,000 

All nin e region s 
Western Centra l 
Northern, Uppe r 
Western, Ashanti , 
Brong-Ahafo 
Western, Eastern , 
Ashanti, Brong-Ahaf o 
Western, Easter n 

TABLE 2 : Comparison o f pyrolyti c oi l wit h heav y fue l oi l 

Property Pyrolyti c Oi l Heav y Fue l Oi l 

Calorific valu e (kJ/kg ) 
Flash poin t (°C ) 
Specific gravit y 

23,900 
104 

1.19 

41,000 
66 

0.94 

TABLE 3 : Mean percentag e weigh t los s o f treate d woo d block s 
exposed t o termite s an d fung i 

Treatment 

% Weigh t los s o f block s 
3 month s 6  months 9  month s 
exposure exposur e exposur e 

Dense pyrolyti c oi l 
Light pyrolyti c oi l 
0.5% dieldri n solutio n 
Untreated 

7.7 
6.7 
5.7 

.20.6 

9.8 
25.6 

8.4 
61.9 

16.8 
55.5 
17.1 
89.8 
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TABLE 4 : Properties o f charcoa l briquette s 
(with cassav a starc h a s binder ) compare d wit h ordinar y charcoa l 

Property Charcoal briquette s Ordinar y charcoa l 

% pure carbo n conten t 9 0 
% volatil e matte r 1. 0 
% ash conten t 10. 0 
% moistur e conten t 3. 4 
Compressive strength , m  Pa 2. 3 

95 
0.7 
4.7 
0.2 
3.7 

TABLE 5 : Composition o f produce r ga s fro m charcoa l briquette s 
and ordinar y charcoa l 

Gas Ga s compositio n Typica l ga s 
composition fro m compositio n 

from ordinar y fro m charcoa l 
briquettes charcoa l (fro m literature ) 

% %  % 

co2 
CO 
H2 
CH4 

4.0 
7.8 
1.6 
1.6 

6.0 
16.6 

3.8 
1.2 

3.0 
28.7 

3.8 
0.2 

TABLE 6 : Summary o f gasifie r tes t result s 

Average feedin g rate , kg/h r 
Average ga s discharg e rate , Nm 3/min 
Calorific valu e o f gas , MJ/Nm 3 

Rate o f energ y production , MJ/h r 
Efficiency o f gasifier , % 

Gasification 
of charcoa l 
briquettes 

10.4 
0.23 
2.84 

39.2 
16 

Gasification 
of ordinar y 

charcoal 

8.4 
0.23 
2.83 

39.2 
18 
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FIGURE 1 : Flow diagra m o f pyrolysi s syste m 

FIGURE 2 : Sketch o f powdere d charcoa l stov e 



- 2 4 5 -

DEVELOPMENT AND TESTING OF OVENS USING SAWDUST AS FUEL 

Joseph G  M  Massaquoi, Departmen t o f Mechanica l Engineering , 
Fourah Ba y College , Universit y o f Sierr a Leone , Freetown , Sierr a Leon e 

and 
Michael W  Bassey , Internationa l Developmen t Researc h Centr e 
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ABSTRACT 

The developmen t an d laborator y testin g o f a  prototyp e "hole-throug h -  sawdust " 
type burne r an d ove n i s described . Fou r model s o f th e ove n wer e fiel d teste d t o 
obtain socio-economi c dat a o n use r reactio n an d it s potentia l fo r futur e use . Th e 
oven produce s temperature s comparabl e t o standar d electri c an d ga s setting s b y 
appropriate loadin g o f th e sawdus t burne r an d ca n maintai n thes e range s o f 
temperatures t o enabl e bakin g t o b e carrie d out . I n fiel d trial s carrie d ou t i n 
four home s th e ove n wa s generall y accepte d bu t effort s mus t b e mad e t o reduc e 
the amoun t o f smok e produced . Th e ove n ma y b e ver y usefu l t o peopl e wh o bak e 
cakes a t hom e fo r dail y distributio n t o institutions . I n such applications , ther e i s 
substantial saving s i n th e cos t o f fuel , compare d t o ga s an d electricit y operate d 
ovens. Th e oven' s cos t i s less tha n one-fourt h th e cos t o f electri c an d ga s ovens . 

INTRODUCTION 

Sawdust i s on e o f severa l alternativ e source s o f renewabl e energy . Basse y (1980 ) 
estimates th e amoun t o f sawdus t availabl e i n Sierr a Leon e a t abou t 200 0 
m3/month. Th e calorifi c valu e o f th e fue l depend s o n th e moistur e conten t an d 
the specie s o f tre e fro m whic h th e sawdus t i s obtained . Bu t a  generalise d 
estimate i s a  calorifi c valu e o f abou t 16,00 0 kJ/k g a t a  moistur e conten t o f 
about 20 % (dr y basis) , whic h correspond s t o ope n ai r dryin g unde r loca l 
conditions (Basse y 1980) . 

A metho d o f burnin g sawdus t i n "hole-throug h sawdus t burners " ha s bee n 
extensively studie d b y Basse y (1977 , 1983) . Th e purpos e o f thi s articl e i s t o 
describe th e design , developmen t an d testin g o f tw o prototyp e oven s usin g 
sawdust a s a  fue l i n "hole-through-sawdust " burner s an d tha t practica l 
application i n househol d baking . 

OVEN DESIG N 

The burne r 

The burne r (Figur e 1 ) consist s o f a  containe r havin g a  bas e are a 4 0 x  4 0 cm 2 an d 
20 cm high , mad e o f 0.0 6 c m thic k galvanise d iro n shee t metal . Nin e holes , 2  c m 
in diamete r an d situate d abou t 1 0 c m apar t i n th e bas e o f th e containe r serv e a s 
the ai r inle t holes . Thi s configuratio n wa s derive d fro m genera l equation s 
developed b y Basse y (1977 , 1983) , i n orde r t o achiev e a n ove n siz e comparabl e t o 
existing electri c o r ga s one s an d a  burnin g tim e o f mor e tha n tw o hours . Th e 
generalised equation s fo r designin g burne r siz e ar e a s follows : 

(2) 

(1) 
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where m f i s mas s o f sawdus t consume d i n t  minute s i n g ; d  an d D B ar e burne r 
hole an d ai r inle t hol e diameter s i n cm ; an d C 1 , C 2 , C3 , C4 ar e constants . 

The burne r i s charge d b y placin g cylindrica l rods , wit h diameter s slightl y les s 
than Dg , throug h th e hole s an d packin g th e sawdus t aroun d the m tightl y b y hand . 

The rod s ar e the n carefull y withdraw n leavin g vertica l hole s throug h th e sawdus t 
which ar e li t t o produc e heat . Dependin g o n th e amoun t o f hea t needed , on e t o 
nine burne r hole s ar e lit . 

Ovens I and D 

Prototype I  i s show n i n Figur e 2 . I t i s mad e fro m 0.0 6 c m thic k galvanise d iro n 
plate wit h doubl e walls , betwee n whic h i s place d 5  c m thic k fibreglas s woo l 
insulation. A n as h tra y i s situate d belo w th e burne r an d th e doo r i s insulated . 
The chimne y passe s throug h th e bakin g spac e an d exhaus t gase s als o hea t u p thi s 
space. Uppe r an d lowe r ove n space s ar e create d b y a  removabl e shel f mad e o f 
galvanised iro n sheet . T o shiel d th e ove n spac e fro m th e burne r compartment , 
an ai r ga p ( 8 c m thick ) sandwiche d betwee n tw o plate s wa s create d wit h a  flap 
opening fo r ai r t o enter . Th e chimne y i s 6 0 c m lon g an d 8  c m i n diameter . 
Dimensions o f th e ove n spac e ar e abou t 4 0 x 4 0 x 3 0 c m 3 . 

Prototype I I i s identica l t o prototyp e I , excep t tha t th e botto m plat e sandwichin g 
the ai r ga p betwee n th e burne r an d ove n spac e wa s removed . Ho t gase s thu s 
come int o direc t contac t wit h th e botto m o f th e plat e separatin g th e burne r are a 
from th e bakin g space . 

Instrumentation 

Chromel-alumel (typ e K ) thermocouples , connecte d t o a  therm o electri c digita l 
electronic temperatur e indicator , ELP H 4  model , wer e locate d a t fiv e point s i n 
the ove n a s show n i n Figur e 2 . Durin g test s th e oven s wer e place d o n a  scal e s o 
as t o measur e th e decreas e i n mas s o f th e fue l du e t o combustion . 

EXPERIMENTAL PROCEDUR E 

The firs t se t o f experiment s wer e don e usin g prototyp e I  wit h 2c m diamete r 
burner ai r inle t holes . Seve n burne r hole s wer e packe d t o a  heigh t H . Th e whol e 
burner wa s weighe d an d th e hole s wer e the n li t b y burnin g pape r o r woo d 
shavings i n th e holes . Whe n th e sawdus t wa s glowin g uniforml y throughou t th e 
height o f th e holes , th e burne r place d i n th e ove n an d th e whol e equipmen t 
weighed. 

Temperatures an d th e weigh t o f th e ove n wer e recorde d a t interval s o f betwee n 
5 and 1 5 minute s unti l th e sawdus t wa s completel y burned . Thi s wa s indicate d b y 
a temperatur e dro p i n th e combustio n chambe r an d reductio n i n smok e fro m th e 
chimney. I n severa l tests , burne r hole s wer e loade d t o a  heigh t o f 8 , 10 , 1 2 an d 
14cm. Th e dampe r wa s usuall y full y ope n bu t som e test s wer e carrie d ou t wit h 
the dampe r bein g 1/ 2 an d 1/ 8 open . 

The abov e procedur e wa s repeate d wit h ove n II . I n thes e experiments , th e 
parameters use d wer e 5  o r 7  burne r holes , D B=2 c m an d H=6 , 8 , 10 , 1 2 cm . I n 
each cas e th e dampe r wa s full y open . 
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All th e sawdus t use d durin g th e test s ha d a  moistur e conten t o f 23 % (dr y basis) . 
The densit y o f packing , abou t 20 0 kg/m 3, wa s maintaine d durin g th e 
experiments. 

RESULTS AND DISCUSSIO N 

Relative temperature s i n Oven I 

The amoun t o f hea t transferre d fro m th e combustio n chambe r t o th e ove n spac e 
depends o n th e relativ e magnitude s o f temperatures . Typica l temperatur e 
variation wit h tim e ar e show n i n Figur e 3 . Ho t gase s i n th e burne r chambe r 
attain maximu m temperature s o f aroun d 300-320° C an d i n th e ove n space s u p t o 
150°C. Temperature s ar e u p t o 40° C lowe r i n th e burne r chambe r owin g t o th e 
metal shel f separatin g th e lowe r an d uppe r ove n spaces . Temperature s i n th e 
chimney ar e generall y highe r tha n thos e i n th e ove n spac e bu t dro p belo w th e 
values fo r th e lowe r ove n spac e a s a  resul t o f hea t losse s durin g th e fina l stage s 
of combustio n o f th e fuel . Thi s indicate s th e abilit y o f th e ove n t o conserv e 
useful hea t i n th e bakin g space . Temperature s i n th e ove n doo r typicall y rang e 
between 3 0 t o 100° C durin g th e operatio n o f th e oven . 

Effect o f heigh t o f packin g on temperatures i n Oven I 

Results showin g th e effect s o f increasin g th e heigh t o f packin g o n th e tempora l 
variation o f temperature s ar e show n i n Figur e 1 . Combustio n chambe r 
temperatures ar e dependen t o n th e valu e o f H  bu t th e maximu m temperatur e 
does no t excee d 400°C . Simila r trend s ar e observe d fo r th e lowe r ove n spac e 
temperatures, wher e workin g temperature s o f betwee n 15 0 an d 160° C ar e 
possible afte r 4 0 t o 18 0 minute s dependin g o n th e heigh t o f packing . Durin g 
baking i t i s necessar y t o maintai n a  relativel y constan t temperatur e an d i t ha s 
been take n tha t a  temperatur e 5° C belo w th e maximu m o f th e lowe r spac e i s a 
working rang e o f temperatures . 

Temperatures i n th e uppe r ove n spac e als o depen d strongl y o n th e valu e o f H  bu t 
they ar e substantiall y lower . Thes e result s indicat e tha t th e shel f ca n b e usefu l 
for bakin g foodstuf f requirin g differen t temperature s a t th e sam e time . 

The tim e take n t o reac h th e maximu m rang e o f temperature s ar e no t unrealistic . 
Oven I  ha s a n ai r spac e sandwiche d betwee n tw o galvanise d fro m plate s an d 
temperatures i n th e bakin g spac e ca n b e increase d b y removin g th e plat e 
immediately abov e th e burner . 

Consumption o f sawdus t i n oven I 

The amount s o f sawdus t use d i n th e burne r durin g variou s test s ar e show n i n 
Figure 5  fo r Ove n I . Th e linea r variatio n o f M f i s consisten t wit h result s o f 
Bassey (1983) . Fo r a  burne r wit h N=7 , D B=2 cm , Basse y (1983 ) estimate d th e 
consumption t o be : Mf/ H =  2.05 t . Fro m ou r result s w e estimate d Mf/ H =  1.4 7 t , 
or 28 % lower tha n Bassey' s estimat e fo r sawdus t consumption . Thi s i s possibl e a s 
the ove n ha s mor e flo w resistance s causin g a  slowe r combustio n o f th e sawdus t 
compared t o th e ope n burne r use d b y Basse y (1983) , i n whic h th e onl y flo w 
resistance wa s du e t o th e ai r inlet , DB. 



- 24 8 -

Temperature contro l i n oven I 

Setting th e ai r inle t flap  full y open , hal f ope n o r one-eight h ope n ha d virtuall y n o 
effect o n th e burne r an d th e lowe r ove n spac e temperature s an d th e inle t fla t 
does no t serv e an y significan t purpose . Th e natur e o f th e packe d be d burne r 
makes i t difficul t t o contro l it s burnin g rat e b y usin g flaps . I t i s propose d tha t 
control o f temperature s shoul d b e achieve d b y a  variatio n o f H  and N . 

Development o f ove n II 

Testing o f ove n I  suggeste d tha t th e galvanise d plat e betwee n th e ga p an d th e 
burner migh t no t b e necessar y a s th e temperatures , bot h i n th e combustio n 
chamber an d i n th e ove n space , wer e no t excessive . A  secon d ove n wa s 
therefore constructe d an d teste d a s mentione d earlier , wit h th e modification s 
described above . Th e fla p wa s lef t full y ope n durin g al l tests . 

Performance o f ove n II 

Temperatures i n ove n I I ar e show n i n Figur e 6  fo r N= 7 an d H=6 , 1 0 an d 1 2 cm . 
These result s ar e simila r t o thos e discusse d fo r ove n I , th e differenc e bein g tha t 
the temperature s i n ove n I I are higher . 

Typical comparison s betwee n th e ove n temperature s an d th e amoun t o f fue l use d 
are show n i n Figure s 7 a an d b , and i n Table 1  for th e maximu m temperatures . 

Temperatures ar e u p t o 40° C highe r i n ove n I I compare d t o ove n I  becaus e th e 
removal o f th e plat e abov e th e burne r permit s th e ho t ga s t o com e int o direc t 
contact wit h th e bas e o f th e oven . Anothe r facto r increasin g th e temperature s 
in ove n I I i s th e sligh t increas e i n mas s o f fue l consume d wit h tim e (Figur e 7b) . 
The increas e i n fue l ma y b e du e t o les s restrictio n i n th e flow  o f combustio n ai r 
as a  resul t o f removin g th e plat e abov e th e burner . 

Performance dat a fo r ove n II , simila r t o thos e fo r ove n I  ar e show n i n Tabl e 2 . 
The maximu m temperature s an d th e time s take n t o attai n the m ar e quit e 
encouraging. Ther e i s clearl y a  possibilit y o f controllin g ove n temperature s b y a 
combination o f H  and N . 

PRACTICAL APPLICATIO N 

Baking temperatures an d equivalent setting s 

Oven I I perform s bette r tha n ove n I  an d wa s use d i n experiment s relatin g th e 
result obtaine d t o real-lif e bakin g conditions . B y manipulatin g value s fo r H  an d 
N, temperature s equivalen t t o standar d setting s o f househol d ga s an d electri c 
ovens wer e determine d (Tabl e 3) . 

With th e exceptio n o f th e ver y coo l rang e o f temperature s fo r whic h dat a wer e 
not available , combination s o f H  an d N  coul d produc e workin g temperature s 
equivalent t o thos e i n gas an d electri c ovens . 

Use o f ove n I I for bakin g cake s 

Many household s us e ga s t o bak e cake s o n a  dail y basi s fo r sal e i n variou s 
supermarkets an d institutions . Tabl e 4  gives burne r configuration s correspondin g 
to recommende d temperature s fo r bakin g a  lis t o f cakes . 
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FIELD TRIALS OF SAWDUST OVEN 

Method 

Four familie s wer e give n a  sawdus t ove n wit h severa l sack s o f sawdust . Detaile d 
instructions wer e give n o n th e operatio n o f th e ove n an d o n th e adjustmen t o f 
maximum attainabl e temperature s b y a  combinatio n o f H  and N . Th e trial s wer e 
carried ou t ove r a  tw o wee k perio d a t th e en d o f whic h eac h participan t wa s 
requested t o complet e a  questionnaire . Frequen t visit s wer e mad e t o th e 
households durin g th e fiel d tria l t o hel p wit h an y problems . 

The background s o f eac h part ic ipant , ident i f ie d b y a  number , wer e a s fol lows : 

1. Commercia l user ; dail y baking ; use d ga s ove n costin g 300 0 Leones ; ha d a n 
energy problem ; monthl y fue l cos t 3 0 Leones . 

2. Commercia l user ; dail y baking ; use d charcoal/wood ; woo d ove n cost s 
Le50; n o fue l problem ; monthl y fue l cos t Le32 . 

3. Domesti c use r (househol d o f 10) ; bakin g onc e a  week ; electri c ove n 
costing Le3000 ; energ y problem ; monthl y cos t Lel0 . 

4. Commercial ; bakin g onc e a  week ; electri c ove n costin g Le3000 ; energ y 
problem; monthl y cos t Le15 . 

Results 

The individual s involve d wit h commercia l bakin g use d domesti c oven s fo r bakin g 
small cake s an d cookie s fo r school s an d othe r institutions . Al l o f th e 
participants use d conventiona l ga s o r electri c oven s excep t on e wh o use d woo d i n 
a crud e ove n consistin g o f a  close d containe r heate d ove r a  three-stone-open-fir e 
stove. 

Responses t o severa l question s were : 

Oven operatio n 

(a) I s burner difficul t t o load ? 

(b) Doe s lightin g o f burne r tak e to o long ? 
(c) I s operation o f ove n messy ? 
(d) I s smoke excessive ? 
(e) I s th e as h a  problem ? 

Baking tim e an d temperatur e 

(f) I s warmin g u p time to o lon g 
(g) Doe s ove n coo l dow n to o quickl y 
(h) I s oven temperatur e to o hig h 
(i) I s oven temperatur e to o lo w 

Yes (0); 
Yes (1); 
Yes (2) ; 
Yes (4); 
Yes (0); 

Yes (4) ; 
Yes (0) ; 
Yes (0) ; 
Yes (0); 

No (4) 
No (3) 
No (2) 
No (0) 
No (4) 

No (0) 
No (4) 
No (4) 
No (4) 
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Cake qualit y 

(j) Doe s produc t ris e well ? Ye s (4) ; N o (0) 
(k) Doe s produc t tast e well ? Ye s (4) ; N o (0) 
(1) Doe s produc t smel l o f smoke ? Ye s (0) ; N o (4) 
(m) Di d produc t ge t burnt ? Ye s (4) ; N o (0) 
(n) Overal l ar e yo u happ y wit h product ? Ye s (3) ; N o (1) 

The ove n performe d satisfactorily , althoug h ther e wer e problem s suc h a s exces s 
smoke, an d som e complaint s abou t th e burnin g o f th e produc t whic h shoul d b e 
investigated further . 

Users 1  to 4  mad e saving s o f 22 , 24 , 4  and 9  Leones pe r mont h repsectively . (Th e 
only cos t incurre d fo r th e sawdus t wa s fo r transportation. ) Participant s 1  and 2 , 
doing dail y commercia l bakin g mad e th e highes t savings . Considerin g tha t th e 
estimated cos t o f th e ove n i s 65 0 Leones , thi s applianc e ha s a  potentia l fo r us e i n 
the country . Furthe r attempt s shoul d b e mad e t o asses s th e viabilit y o f usin g 
less expensiv e constructio n material s suc h a s bricks , s o a s t o lowe r th e capita l 
cost o f th e oven . 

CONCLUSIONS 

A stud y ha s bee n carrie d ou t i n whic h sawdus t ha s bee n use d t o produc e hea t 
energy i n a n ove n fo r domesti c use . Th e conclusion s whic h ca n b e mad e are : 

(a) A n ove n suitabl e fo r us e i n home s ha s bee n develope d an d full y 
tested. 

(b) Th e temperature s whic h ca n b e obtaine d i n th e ove n b y usin g 
combinations o f th e heigh t o f packin g an d numbe r o f hole s i n th e 
burner, ar e comparabl e t o thos e specifie d fo r conventiona l ga s an d 
electric cookers . 

(c) Result s o f fiel d test s indicat e tha t th e technica l performanc e o f 
the ove n an d produc t qualit y ar e acceptabl e t o potentia l users , bu t 
the smok e produce d durin g operatio n shoul d b e reduced . 

(d) Th e ove n cost s les s tha n a  quarte r th e pric e o f a  ga s o r electri c 
oven an d substantia l fue l saving s ca n b e mad e wit h it s use . 

(e) Th e sawdus t ove n i s a  technolog y whic h shoul d b e encourag e a s i t 
has a  potentia l fo r us e i n smal l scal e commercia l baking . 
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TABLE 1 : Compariso n o f maximu m temperature s fo r oven s I  and I I 
for variou s operating condition s (D g =  2 cm, N  = 7) 

TABLE 2 : Maximu m temperature s fo r ove n II  fo r variou s value s 
of heigh t o f packing , H(D B =  2 cm ) 

Height o f 
packing 
H, cm 

8 

10 

12 

Oven 

I 

II 

I 

II 

I 

II 

°C 

156 

176 

195 

213 

218 

250 

Temperature i n Oven 

Tmax Rang e 
(°C) 

151-156 

171-176 

190-195 

208-213 

213-218 

245-250 

Time take n 
to attain , 

(min) 

130 

95 

146 

100 

116 

135 

Time spen t 
in range , 

(min) 

55 

30 

45 

46 

39 

40 

Height 
of Packing , 

H, cm 

6 

6 

8 

8 

10 

10 

12 

12 

No of 
Holes 

N 

5 

7 

5 

7 

5 

7 

5 

7 

°C 

156 

169 

162 

176 

200 

213 

210 

250 

Temperature i n Oven 

Tmax rang e 
(°C) 

151-156 

164-169 

157-162 

171-176 

195-200 

208-213 

205-210 

245-250 

Time take n 
to attain , 

(min) 

130 

100 

100 

85 

105 

73 

105 

135 

Time spen t 
in range , 

(min) 

45 

35 

25 

35 

40 

46 

50 

40 
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TABLE 3: Equivalen t temperature settings betwen gas, 
electric and sawdust oven II 

TABLE 4: Burne r configurations for baking cakes in oven H 

Temperature 
Description 

Very coo l 

Cool 

Warm 

Moderate 

Fairly hot 

Hot 

Very hot 

Electric Oven 

110°C/225°F 
120°C/250°F 
140°C/275°F 

150°C/300°F 

160°C/325°F 

180°C/350°F 

190°C/375°F 
200°C/400°F 

220°C/425°F 

230°C/450°F 
240°C/475°F 

Gas Thermosta t 

1/4 
1/2 

1 

1-2 

3 

4 

5 
6 

7 

8 
9 

-
-
-

-

-

-

-
-

-

-
-

mark 
mark 
mark 

mark 

mark 

mark 

mark 
mark 

mark 

mark 
mark 

Oven II 

H, cm N 

6 5 

8 6 
6 7 

8 7 

10 5 
10 5 

10 7 

12 5 
12 7 

Type 
of 
cake 

Plain Cakes ; 
Small 
Large 

Rich Cakes : 
Small 
Large (e.g. 
fruit) 

Sponge Cakes : 
Large 
Sandwich 

Biscuits/ 
Cookies 

Burner for Oven 

H, N 
(cm) 

10 
8 

10 
8 

8 
10 

8 

7 
7 

5 
7 

7 
7 

7 

Time to wait 
before bakin g 

(min) 

75 
85 

105 
85 

85 
75 

85 

fil 

15-20 
25 

15-20 
25 

25 
9-12 

25 

Comments 

not recommende d fo r 
cakes large r tha n 0.25kg . 

not recommende d fo r 
cakes larger tha n 0.12 5 kg. 

it 
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FIGURE 1 : Schemati c diagra m o f th e hole-through-sawdus t 
type burne r wit h a  singl e hol e 

FIGURE 2 : Cross-sectiona l vie w o f ove n I  showing relativ e dimension s an d 
location o f thermocouple s 
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FIGURE 3: Cros s sectional view of oven I 
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FIGURE 4: Diagra m of oven I showing relative dimensions 
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FIGURE 5 : Variatio n o f mas s o f sawdus t use d wit h tim e fo r ove n I 

FIGURE 6 : Effec t o f increasin g sawdus t packin g heigh t 
on the temperatur e i n oven I I 
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FIGURE 7 : Compariso n betwee n (a ) temperature s i n ovens I an d II an d 
(b) sawdust us e over tim e 
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THE SUITABILITY O F EUCALYPTUS SAWMILLING AN D LOGGING 
WASTES FOR CHARCOAL IN ZAMBIA 

Winnie M  Musonda 
Minor Fores t Product s Researc h Officer , 

Forest Department , Divisio n o f Fores t Product s Research , 
PO Bo x 20388 , Kitwe , Zambi a 

ABSTRACT 

The us e o f logging , thinnin g an d othe r type s o f waste s fro m large-scal e industria l 
plantations o f Eucalyptu s grandi s an d E . cloeziana fo r charcoa l productio n i s 
discussed. Charcoalin g experiment s wer e carrie d ou t usin g a  portabl e meta l kil n 
and a  smal l rectangula r bric k kil n usin g Eucalyptu s wast e woo d i n th e for m o f 
roundwood an d slabwood . Averag e yield s wer e 21.4 % fo r th e bric k kil n an d 
19.7% fo r th e stee l kiln . Th e absolut e yield s fro m th e stee l kiln , however , wer e 
considerably lowe r whe n usin g slabwoo d tha n roundwood . Th e as h conten t o f 
charcoal wa s ver y lo w 1-2% , volatil e matte r conten t 15-25% , carbo n conten t 
70% an d bul k densit y 16 0 kg/m 3, o n average . Th e bul k densit y wa s a  littl e lowe r 
than tha t fo r charcoa l fro m indigenou s specie s (22 0 kg/m 8). A  preliminar y 
survey indicate d tha t i t i s general acceptabilit y t o domesti c users . 

INTRODUCTION 

In Zambia , fuelwoo d an d charcoa l productio n account s fo r 85 % of th e tota l woo d 
consumption. I t i s estimate d tha t 75 % o f th e tota l populatio n (5.4 8 millio n i n 
1980) rel y o n energ y fro m woo d fo r domesti c cookin g an d heatin g (Brown , 1980) . 
Wood i s preferre d t o othe r fuel s becaus e i t i s readil y availabl e ofte n a t minima l 
cost excep t fo r th e collectio n time . Charcoa l a s oppose d t o firewoo d i s mos t 
popular amon g th e low - an d medium-incom e group s i n urba n area s o f Zambia . I t 
has bee n estimate d tha t abou t 88 % of urba n household s i n Zambi a us e fue l i n th e 
form o f charcoa l (Weerakoon , 1982) . 

Nearly al l th e charcoa l i s produce d fro m th e indigenou s fores t resources . 
Indigenous specie s ar e mixe d an d referre d t o a s "indigenou s charcoal" . Charcoa l 
burners ar e allocate d coupe s ( 6 h a o f forest ) b y th e Fores t Departmen t a t a  fe e 
of K 6 (K l =  0.483 U S Dollars , Februar y 1985 ) pe r m 3 o f woo d extracted . Othe r 
sources o f ra w materia l fo r charcoa l burner s includ e tsets e fly  contro l cuttin g 
areas (approximatel y 20,00 0 m 3 wer e cu t i n 1980) , agricultura l clearin g area s 
and industria l fores t plantations , whic h involve s 350 0 h a o f indigenou s fores t 
being cleare d ever y yea r (FAO , 1981) . Al l charcoa l i n Zambi a i s produce d b y 
traditional earth-clam p kiln s usin g th e stac k method . I t i s estimate d tha t a t 
least 435,00 0 t  o f charcoa l wer e produce d i n Zambi a i n 198 3 (Manacas , 1984) . 
The wort h o f thi s charcoa l t o consumer s wa s estimate d t o b e K8 7 million . 

Studies ar e i n progres s t o reduc e dependenc e o n indigenou s specie s fo r charcoa l 
production an d t o includ e loggin g an d sawmillin g waste s (Musonda , 1984) . 

MATERIALS AND METHOD S 

Raw materia l 

Charcoaling experiment s wer e carrie d ou t t o tes t th e us e o f loggin g an d 
sawmilling waste s i n charcoa l production . Th e specie s investigate d wer e 
Eucalyptus grandi s an d E . cloeziana , eithe r a s singl e specie s o r mixe d togethe r i n 
the proportio n o f 1:1 . Th e latte r i s referre d t o a s "Eucalyptu s charcoal" . Th e 
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wood densit y o f E . grandis an d E  cloeziana ar e estimate d a t 47 0 kg/m * an d 79 0 
kg/ma (dr y weigh t basis ) respectively . 

The loggin g waste s include d firs t thinning s an d othe r log s discarde d a t sa w milling 
because o f eithe r deformit y o r badl y attacke d b y insect s an d fungi . Thes e wer e 
cross-cut int o billet s o f 0. 5 m  an d 1  m  lengths . Th e diameter s o f th e billet s 
ranged fro m 5  c m t o 3 0 cm . Fo r th e sawmil l wastes , slabwoo d wa s th e mai n 
material, 2-1 0 c m thic k an d 1  m  long . Th e moistur e conten t varie d fro m 15 % to 
37% (dr y weigh t basis) . 

Kilns used 

An eart h kil n (commonl y use d throughou t th e country) , a  portabl e stee l kil n 
(steel kiln ) an d a  smal l rectangula r bric k kil n (bric k kiln ) wer e used . Th e latte r 
two kiln s ar e o f Tropica l Institut e design . 

The billet s cross-cu t int o length s o f 0. 5 m  and 1  m were use d i n th e stee l kil n an d 
brick kil n respectively . Fo r th e eart h kil n 1  m lengths wer e used . 

Earth kiln s ar e usuall y buil t fro m approximatel y tw o cord s (4.2 4 m s) o f woo d 
covered wit h eart h tur f an d slowl y carbonised . 

The stee l kil n consist s o f tw o interlockin g cylindrica l section s an d a  conica l 
cover. Th e cove r i s provided wit h fou r equall y space d stea m releas e port s whic h 
may b e close d of f wit h plug s a s required . Th e kil n i s supporte d o n eigh t ai r 
inlet/outlet channels , arrange d radiall y aroun d th e base . Durin g charring , fou r 
smoke stack s ar e fitte d ont o alternat e ai r channel s (Paddo n an d Harker , 1980) . 
It ha s a  capacit y o f 7  m s o f wood . 

The bric k kil n consist s o f a  bric k chambe r fo r carbonisin g th e wood , a  smok e hol e 
and a  chimney . Th e chambe r ha s ai r vent s an d a n entranc e whic h i s seale d wit h 
bricks a s required . Th e kil n ha s a n earthe n floo r an d a  roo f mad e fro m mil d stee l 
sheets. Th e sheet s ar e suspende d fro m a n externa l woode n framewor k t o preven t 
them saggin g durin g th e operatio n o f th e kil n (Paddo n an d Robinson , 1984) . Th e 
capacity o f th e bric k kil n i s 1 4 m 3 o f wood . 

Carbonisation perio d and yiel d 

The carbonisatio n perio d i s th e tim e fro m ignitio n t o baggin g o f coole d charcoal . 
The charcoa l yiel d i s determine d fro m th e formula : 

Burning propertie s wer e teste d i n a  brazie r usin g lump s o f charcoa l o f 2.5 m 
diameter o r more . A  50 0 g  sampl e o f charcoa l wa s ignited . Afte r te n minute s 

Physical propertie s 

Bulk densit y 

Charcoal wa s loosel y packe d i n a  woode n containe r o f 1  m 3 capacit y an d th e 
weight recorde d i n orde r t o determin e th e bul k densit y o f th e charcoal . 

Burning an d hardnes s propertie s o f charcoa l 
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the tim e take n t o boi l 200 ml of wate r wa s recorded. Fres h pot s wit h th e sam e 
volume o f wate r wer e pu t ont o th e brazie r unti l i t coul d n o longe r brin g th e 
water t o boilin g point . Th e averag e tim e take n t o brin g wate r t o th e boi l wa s 
calculated and charcoal residue was recorded. 

To test th e hardnes s of charcoal , fiftee n 500 g bags of charcoa l piece s suffientl y 
large t o b e retained o n a 2.5c m x  2.5cm wir e mes h wer e dropped fro m a  heigh t 
of 2m five times . Th e amount o f charcoa l retained wa s recorded as a percentag e 
of th e original 500g. 

Calorific valu e 

The procedur e o f th e Internationa l Organisatio n fo r Standardisatio n (ISO ) wa s 
followed. 

Chemical propertie s 

The chemica l propertie s tha t wer e teste d includ e th e as h content , carbo n 
content an d volatil e matter . As h wa s analysed t o determin e it s compositio n o f 
phosphorus (P) ; Sulphu r (S) ; Silica (Si ) an d iro n (Fe) . Th e IS O procedure s wer e 
applied in determining chemical properties . 

Survey on the use of Eucalyptus charcoal for domestic purposes 

Questionnaires wer e sen t t o 100 0 charcoa l user s i n Kitw e a s a  preliminar y 
investigation on the acceptability o f Eucalyptu s charcoal . 

Indigenous charcoal 

For compariso n purpose s th e physica l an d chemica l propertie s o f charcoa l mad e 
from indigenou s species in traditional earth kiln s were determined . 

RESULTS AND DISCUSSION 

Indigenous charcoal 

The properties of charcoal from indigenou s species are presented i n Table 1 . 

This method of charcoa l production ha s several advantages: th e process i s labour 
intensive; i t require s n o additiona l equipmen t excep t fo r han d tools , an d n o 
foreign exchange ; and it i s already familiar t o a large number o f people . Bu t th e 
disadvantages include : lo w yield s (7-10 % o n dr y weigh t basis) ; longe r 
carbonisation period s (3- 5 weeks ) an d littl e o r n o contro l o n carbonisation . 
Studies hav e show n tha t a  10 % increase i n moistur e conten t o f woo d o r eart h 
turf lower s charcoal yield by 2%. 

Eucalyptus charcoal 

Carbonisation perio d an d yield 

The carbonisatio n period s fo r th e eart h kil n wa s 1 4 days an d fo r th e bric k an d 
steel kilns , 3 and 6 days depending on the moistur e content o f th e wood. 

Charcoal fro m th e eart h kil n wa s generally contaminate d wit h soil , roots , leaves 
etc., becaus e th e woo d raw materia l i s covered i n tuf f (sods ) befor e lightin g fo r 
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carbonisation. Ther e wa s greater los s du e t o ashin g i n th e eart h kil n tha n th e 
other two , owin g t o littl e o r n o control o f aeratio n durin g carbonisation . Thu s 
yields in the earth kil n are the lowest. Th e yields of th e thre e kiln s are show n in 
Table 2. 

Eucalyptus cloezian a ha d th e highes t percentag e yiel d in all kilns. I t i s a heavier 
timber. Slabwoo d produce d bette r result s i n the bric k kil n tha n i n the othe r tw o 
kilns while logging wastes are better utilise d i n the steel kiln . 

The bric k kil n i s th e mos t efficien t kil n fo r bot h loggin g an d sa w milling waste . 
But fo r substitutio n i n th e presen t system , th e stee l kil n i s bes t becaus e o f it s 
mobility. Th e brick kil n however would be suitable fo r larg e sawmills. 

Physical propertie s 

Eucalyptus cloezian a ha s th e highes t bul k density o f 19 0 kg/m'; th e average fo r 
E. grandis an d mixe d wa s 16 0 kg/m' . Thi s i s a  littl e lowe r tha n charcoa l fro m 
indigenous species. 

The burnin g an d hardnes s propertie s ar e presente d i n Table 3 . Ther e wa s littl e 
difference i n thes e properties , an d al l type s o f charcoa l produce d woul d b e 
suitable fo r domesti c and industrial purposes . 

The result s o n calorifi c valu e ar e presente d i n Tabl e 4 . Ther e ar e marke d 
differences i n th e hea t energie s (calorifi c values ) an d thi s ma y b e du e t o 
differences i n the rate of burning during carbonisation . 

Chemical propertie s 

The chemical properties are given in Tables 5 and 6 . 

The chemica l propertie s see m t o b e comparabl e an d i n th e rang e o f th e 
requirements o f charcoa l fo r industrial  use , fo r exampl e i n copper refining . As h 
composition i s also quite comparabl e excep t fo r silic a whic h i s quite hig h i n th e 
case of th e earth kil n because of contamination wit h soil. 

Survey on the use of Eucalyptu s charcoal fo r domesti c purpos e 

The results showed tha t 65 % of th e user s did not lik e E . grandis charcoa l becaus e 
it wa s ver y ligh t an d burn t to o quickly . Eucalyptu s cloezian a an d mixe d 
Eucalyptus charcoa l wer e mor e favourabl y receive d an d 70 % o f user s felt  i t 
could be substituted fo r indigenou s charcoal . 

CONCLUSIONS 

A greate r par t o f th e Zambia n populatio n wil l continu e t o us e firewoo d an d 
charcoal fo r thei r domesti c need s fo r a  lon g tim e t o come . A  potentia l t o 
increase th e use of charcoa l in industry exists . 

In order t o ensure a continued supply o f fuelwoo d i n Zambia fast-growin g specie s 
of Eucalyptu s hav e t o b e establishe d an d th e us e o f loggin g an d sawmil l waste s 
for charcoa l productio n shoul d b e encourage d becaus e th e propertie s o f thi s 
charcoal ar e a s goo d a s charcoa l fro m indigenou s species . Th e surve y o f 
charcoal user s indicated tha t Eucalyptu s charcoal i s generally acceptable . 



- 2 6 3 -

The presen t metho d o f charcoa l productio n (b y eart h clamps ) wil l nee d t o b e 
replaced wit h mor e efficien t method s suc h a s portabl e stee l kiln s an d bric k kilns . 
Financial assistanc e t o encourag e charcoa l burner s t o emplo y th e ne t metho d 
must b e made . 
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TABLE 1: Physica l and chemical propertie s o f indigenou s 
charcoal produce d by earth kiln s 

Properties 

Physical 

Bulk densit y 

Hardness assessmen t 

Burning (boilin g time ) 

Calorific valu e 

Chemical 

Carbon conten t 

Volatile matte r 

Ash conten t 

Phosphorus 

Sulphur 

Silica 

Iron 

Values 

220 kg/m 3 

90% 

2.00 mi n 

31,350 KJ/k g 

74% 

23% 

3.0% 

1.5% 

0.2% 

1.0% 

1.2% 



Type o f woo d 

Logging wast e 

E. grandi s 

E. cloezian a 

Mixed 

Slabwood 

E. grandi s 

E. cloezian a 

Kiln 

Earth Stee l Bric k 

7.1 17. 5 16. 0 

9.6 20. 0 19. 4 

8.5 19. 7 18. 4 

2.9 10. 6 17. 4 

6.0 15. 3 29. 6 

Mixed 4.1 13.9 21.4 
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TABLE 2: Charcoa l yield s (%) from earth , steel an d brick kiln s 
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TABLE 3: Burnin g and hardness tests 

TABLE 4: Calorifi c valu e (KJ/kg ) of Eucalyptu s charcoa l 

Type o f woo d 

Logging wast e 

E. grandi s 

E. cloezian a 

Mixed 

Slabwood 

E. grandi s 

E. cloezian a 

Mixed 

Kiln 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Burning properties 

Boiling 
time 
(min) 

2.94 
2.95 
2.97 

2.99 
2.90 
2.96 

2.64 
2.65 
2.67 

2.80 
2.83 
2.86 

2.90 
2.93 
2.97 

2.89 
2.91 
2.93 

Residue 
Weight 

(g) 

114 
118 
121 

127 
120 
125 

118 
111 
112 

118 
122 
128 

112 
117 
120 

118 
126 
128 

% 

23 
24 
24 

25 
24 
25 

24 
22 
22 

24 
24 
25 

23 
24 
23 

24 
25 
26 

Hardness assessmen t 

Weight 
retained 

(g) 

338 
367 
305 

406 
400 
403 

366 
364 
365 

340 
370 
325 

408 
400 
410 

407 
409 
410 

% 

68 
73 
61 

81 
80 
81 

73 
73 
73 

69 
75 
62 

83 
84 
87 

81 
82 
82 

Type of woo d 

Logging wast e 

E. grandi s 
E. cloezian a 
Mixed 

Slabwood 

E. grandi s 
E. cloezian a 
Mixed 

Earth 

28,440 
28,510 
28,480 

28,000 
28,230 
28,130 

Kiln 
Steel 

30,900 
29,470 
29,750 

30,560 
29,060 
29,350 

Brick 

30,390 
29,640 
29,900 

30,080 
29,490 
29,260 
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TABLE 5: Chemica l properties of Eucalyptus charcoal 

TABLE 6: As h Composition (%) 

Chemical propertie s (% ) 
Type of woo d Kil n As h Carbo n Volatil e matte r 

Logging waste 
E. grandis Eart h 1. 9 7 0 2 1 

Steel 1. 6 7 0 1 9 
Brick 1. 5 7 2 1 9 

E. cloeziana Eart h 1. 8 7 1 1 7 
Steel 1. 0 7 0 1 7 
Brick 1. 0 7 3 1 5 

Mixed Eart h 1. 6 6 9 1 8 
Steel 1. 3 7 0 1 5 
Brick 1. 2 7 0 1 4 

Slabwood 
E. grandis Eart h 2. 9 6 9 2 7 

Steel 2. 5 7 0 2 4 
Brick 2. 3 7 1 2 5 

E. cloezian a Eart h 1. 7 6 8 2 6 
Steel 1. 2 7 0 2 0 
Brick 1. 0 6 9 1 8 

Mixed Eart h 2. 3 7 0 2 5 
Steel 1. 9 7 0 2 2 
Brick 1. 6 7 0 2 1 

Type of woo d 

Logging wast e 
E. grandi s 

E. cloezian a 

Mixed 

Slabwood 
E. grandi s 

E. cloezian a 

Mixed 

Kiln 

Earth 
Steel 
Brick 
Earth 
Steel 
Brick 
Earth 
Steel 
Brick 

Earth 
Steel 
Brick 
Earth 
Steel 
Brick 
Earth 
Steel 
Brick 

P 

1.7 
1.5 
2.6 
1.7 
3.3 
3.1 
1.7 
2.6 
2.9 

1.6 
1.5 
2.0 
1.5 
1.7 
2.9 
1.6 
1.7 
2.1 

S 

1.4 
3.9 
1.5 
2.6 
2.1 
1.9 
1.9 
3.0 
1.6 

1.3 
3.7 
1.6 
2.3 
2.9 
1.7 
1.8 
3.3 
1.6 

Si 

12.4 
10.6 
9.3 

10.3 
7.5 
4.8 

10.4 
9.8 
8.0 

17.0 
11.3 
10.5 
12.7 

8.5 
6.1 

15.4 
9.6 
7.9 

Fe 

1.6 
1.3 
1.1 
2.2 
1.2 
1.2 
2.0 
1.2 
1.1 

2.9 
1.4 
1.0 
3.0 
1.3 
1.2 
2.9 
1.2 
1.1 
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DETERMINATION OF TECHNO-ECONOMC VIABILITY, 
RELIABILITY AMD DURABILITY OP A CHARCOAL RETORT PROTOTYPE 

Dr F D Yamba, 
School of Engineering , 

University of Zambia , Box 32379, Lusaka, Zambia 

ABSTRACT 

The pape r briefl y describe s a  charcoa l retor t mode l designe d t o improv e 
efficiency o f charcoa l productio n an d recover y o f by-products . Th e desig n i s 
technically sound . Howeve r th e initia l prototyp e wit h 4. 5 m 3 retor t chambe r 
capacity i s not economically viable . A  10 m 3 capacit y retor t chambe r increase d 
the profi t margi n wit h a  correspondin g 18 % increas e i n th e rat e o f retur n o n 
investment. Th e rat e i s furthe r increase d b y 30 % i f th e crud e pyroligneou s 
liquor an d ta r wa s t o b e sol d t o a  centra l processin g distiller y plant . Th e 
reliability and durability of th e retort prototyp e i s also reported . 

INTRODUCTION 

In attemptin g t o improv e o n th e metho d o f productio n o f charcoal , theoretica l 
and experimental wor k has been undertaken aime d a t designing , constructing an d 
testing a  charcoa l retor t model . Th e mode l (Yamb a 1983 ) consists o f a  retor t 
chamber an d furnac e connecte d b y fiv e stainles s stee l tube s (Figur e 1) an d 
includes a  hea t exchange r fo r recover y o f by-product s i n th e for m o f 
pyroligneous liquor . 

The mode l ha s bee n extensivel y evaluate d t o establis h optimu m operatin g 
conditions an d determin e techno-economi c viability , reliabilit y an d durability . 
The findings ar e reported i n this paper . 

TECHNO-ECONOMIC EVALUATION 

The charcoa l retor t prototyp e ha s been extensivel y teste d ove r mor e tha n 300 0 
hours of actua l operation ove r a  perio d o f fiv e years . Th e mode l ha s proved t o 
be technically soun d in as far a s charcoal production and recovery of by-product s 
is concerned. 

Factors affectin g th e productio n rate , ie conversion efficiency , includ e initiatio n 
reaction temperature , an d carbonisatio n an d stabilisatio n time s (Yamb a 1984) . 
Highest conversio n efficienc y (35% ) was achieved a t a  carbonisation temperatur e 
of 350°C , and stabilisation an d carbonisation time s of 5  and 9  hours respectively . 
Under thes e condition s ther e wa s a  highe r recover y o f th e by-product s i n th e 
form o f pyroligneous liquor and tar . 

Data obtaine d fro m th e desig n specification s o f th e retor t mode l constructed , 
such a s steel, refractory bricks , electric motor , etc , wer e use d t o determine th e 
total investmen t requiremen t o f th e project . Th e retor t chambe r o f th e retor t 
model was determined a s 0.2 5 m 3. T o arrive a t a n economicall y viabl e projec t 
two retor t chambe r capacitie s o f 4. 5 m 3 an d 1 0 m 3 wer e selecte d base d o n 
dimensional analysis . Sinc e th e siz e o f th e retor t chambe r i n th e forme r an d 
latter case s increase d thre e and four time s respectively t o that o f th e model , the 
material cos t fo r th e retor t chambe r increase d three , nin e an d 27-fol d fo r th e 
4.5 m 3 retor t chambe r capacity , an d four , 1 6 and 64-fol d fo r th e 1 0 m 3 retor t 
chamber capacit y pe r uni t metre , mas s an d volum e respectively . Th e tota l 
capital investmen t als o include d th e cos t o f constructio n an d assembl y o f th e 
plant. 
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The material s require d fo r th e constructio n o f th e furnace , increase d b y a 
quarter, an d a  hal f fo r a  4.5m 3 an d 10m 3 capacit y respectively . T o obtai n th e 
required hea t fo r sustainin g a  continuou s operatio n o f nin e hours , a  blowe r wit h 
twice the capacity of tha t used in the mode l was recommended. 

Data, suc h as , amoun t o f wast e fue l an d electricit y consumed , fo r determinin g 
the operatin g cost s wa s obtaine d fro m variou s test s undertake n o n th e retor t 
model. Th e dat a wer e the n extrapolate d t o obtai n th e operatin g cost s require d 
for th e 4. 5 m 3 an d 1 0 m 3 retor t chambe r capacities . T o determin e th e tota l 
production cost , the cos t o f maintenanc e estimate d a t a n average annua l rate o f 
5% of th e capital investmen t and labour wer e added to the operating costs. 

A comparison o f th e investmen t an d performanc e i n th e firs t yea r o f operatio n 
of charcoa l retort s o f thre e differen t capacitie s i s show n o n Tabl e 1 . Thi s 
analysis suggest s tha t th e prototyp e mode l i s not  economicall y viable . Th e 
situation slightl y improve s i n th e 4. 5 m 3 retor t chambe r capacit y bu t onl y 
marginally a s th e rat e o f investmen t i s only 2.0 % an d 11.0 % fro m th e sale s o f 
charcoal alone , an d charcoa l an d th e crud e by-produc t respectively . Th e profi t 
margin increase s significantl y usin g a  10m 3 capacit y charcoa l retor t prototype . 
There i s a  corresponding increas e i n the rat e o f return o n investment o f 16. 2 and 
31.7% from th e sales of charcoa l only, and charcoal and the crude by-product . 

Performance ca n b e furthe r improve d i f a  marke t fo r th e by-product s i s 
identified. Fo r thi s reason, i t i s recommended tha t a  centra l distiller y b e set u p 
for processin g th e by-product s int o product s suc h a s woo d tar , aceti c acid , 
acetone and methy l alcohol. 

DETERMINATION O F RELIABILITY AN D DURABILITY O F 
THE CHARCOAL RETOR T PROTOTYPE 

To determine eliabilit y an d durabilit y o f th e system , i t i s important t o conside r 
separately it s variou s components : namel y retor t chamber , furnace , piping , 
blower assembl y an d hea t exchanger . Th e criteri a fo r determinin g th e variou s 
economic indices of reliability and durability mus t also be defined . 

The mos t importan t criterio n o f reliabilit y i s th e probabilit y o f non-failure , 
intensity o f failur e an d averag e dow n time . Fo r th e charcoa l prototype , th e 
probability o f non-failur e ca n be measured b y the probability (P) of non failure of 
the various identified component s as follows : 

P = P r P f P b P p P h e (1) 

where P  i s probabilit y o n non-failur e o f th e charcoa l prototype ; P r o f retor t 
chamber, P f o f furnace ; P b o f blowe r assembly ; P p of piping system; Ph e o f hea t 
exchanger. Th e mos t vulnerabl e o f al l th e component s i s th e furnac e whic h i s 
subjected t o high temperatures . 

The intensit y o f failur e o f th e prototyp e ca n b e define d a s th e rati o o f th e 
number of failure s o f the whole plant during a given tim e interva l t o the averag e 
number of failure s o f it s different component s as given below. 

(2) 
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where t i i s averag e lengt h o f tim e betwee n tw o consecutiv e failure s i n a  give n 
operating time , an d n  i s numbe r o f failure s i n a  give n operatin g time . 

Durability i s a n economi c analysi s inde x whic h ca n b e use d t o determin e th e 
economic lif e o f th e charcoa l plant . I t largel y depend s o n operatin g cost s fo r 
maintenance an d repai r an d it s armotisatio n rat e ove r a  give n servic e life . Th e 
economic servic e lif e ca n b e determine d b y th e minimu m poin t o n a  grap h 
showing th e tw o losses agains t operatin g time . 

The servic e lif e o f th e charcoa l prototyp e accordin g t o result s fro m th e mode l i s 
estimated a t 1 0 years . Th e mos t critica l componen t whic h ha s bee n identifie d 
from th e intensiv e testin g i s th e furnace . Accordin g t o availabl e data , th e 
furnace, i n particula r th e refractor y bricks , wil l hav e t o b e replace d 
approximately onc e i n ever y tw o years . Anothe r critica l componen t requirin g 
frequent replacemen t withi n th e sam e orde r o f tim e i s th e stainles s stee l furnac e 
hood an d it s associate d pipin g whic h ar e subjecte d t o hig h therma l stresses . 

During th e pilo t plan t commissionin g stage , al l th e variou s economi c indice s 
which hav e bee n identifie d mus t b e determine d an d monitored . 

CONCLUSIONS 

The techno-eeonomi c evaluatio n whic h ha s bee n undertake n i n thi s wor k ha s 
shown tha t th e 1 0 m 3 retor t chambe r capacit y offer s th e bes t investment . A 
pilot plan t base d o n suc h a  capacit y mus t b e constructe d fo r furthe r testin g an d 
commissioning prio r t o commercia l productio n o f th e design . 

During destin g o f th e pilo t plant , al l attempt s shoul d b e mad e t o collec t dat a fo r 
determining th e reliabilit y an d durabilit y o f th e pilo t plant . 
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where i s intensit y o f failure s o f th e plant ; N a y i s average numbe r o f no t faile d 
components o f th e plants ; L  i s given operatin g tim e interval . 

With th e hel p o f equatio n 2 , th e probabilit y o n non-failur e ca n b e determined , 
using th e followin g equation : 

(3) 

where e  i s natura l logarithm . 

The mea n dow n tim e (To ) of th e prototyp e ca n b e determine d from : 

(4) 
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TABLE 1 : Investmen t performanc e i n Kwach a a t firs t yea r o f 
operation o f a  charcoa l retor t o f thre e differen t capacitie s 

Capital requiremen t 
Net sale s fro m charcoa l onl y * 
Net sale s fro m charcoa l an d b y product s + 
Costs (ra w materia l operationa l cost , 

overheads, etc ) 
Net ppofit(loss ) befor e ta x + 
Income ta x * 
Income ta x + 

Net profit(loss ) afte r ta x * 
Net ppofit(loss ) afte r ta x + 
Annual rat e o n capita l * 
Annual pat e o n capita l + 

Capacity (m 3) 
0.24 4. 5 10. 0 

5000 70,00 0 95,00 0 
1000 24,00 0 52,00 0 
1350 33,00 0 73,00 0 

8000 
(-6650) 

-
-
-
-
-
-

22,000 
11,000 

600 
3300 

1400 
7700 
2% 
11% 

30,000 
43,000 

6600 
12,900 

15,400 
30,100 
16.2% 
31.7% 

* Yamb a 1983 ; +  Yamb a 198 4 

FIGURE 1 : Charcoa l retor t mode l 
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DESIGN OF A  CHIMNEY FO R INCREASING AI R FLOW AN D ITS 
EFFECT ON STOVE PERFORMANC E 

F D  Yamba an d F  C  Nsung e 
School o f Engineering , 

University o f Zambia , Bo x 32379 , Lusaka , Zambi a 

ABSTRACT 

This pape r describe s th e desig n o f a  chimne y t o increas e th e ai r flo w an d henc e 
improve th e therma l heatin g efficienc y an d burnin g rat e o f stoves . Fo r th e 
purpose o f comparin g th e performanc e o f th e earlie r designe d stove s wit h th e 
new one s wit h a  chimney , a  ne w paramete r "therma l specifi c fue l consumption " 
is introduced . Result s sho w tha t th e additio n o f a  chimne y stac k generall y 
improves stov e performanc e an d henc e i s a n importan t desig n featur e t o 
consider. 

INTRODUCTION 

The performanc e o f charcoa l stove s i s largel y influence d b y combustion , hea t 
transfer an d boundar y laye r effec t (Yamba) . Thi s i s furthe r affecte d b y th e siz e 
of charcoal , contro l vent , an d pre-heating . 

Using thes e efficienc y criteri a tw o serie s o f stove s wer e designed . Th e firs t 
series o f stove s ar e biase d t o combustion , i e a  highe r heatin g efficienc y an d th e 
second t o a  highe r burnin g rat e bu t a t th e expens e o f a  lowe r heatin g efficiency . 
Four set s o f stove s hav e bee n designe d i n bot h serie s biase d to ; i . combustion ; ii . 
combustion an d hea t transfer ; iii . combustio n an d pre-heating ; an d iv . 
combustion, pre-heatin g an d heat-transfer . Efficiencie s varie d fro m 20-30% . 
The secon d rang e o f stove s wer e simila r i n design , bu t th e numbe r o f 1 0 m m 
diameter hole s i n th e grat e wa s increase d fro m 7 8 to 130 . 

Eighty suc h stoves , i e te n o f eac h desig n hav e bee n fabricate d an d ar e currentl y 
being teste d i n th e fiel d fo r thei r acceptabilit y an d t o determin e fue l savin g i n 
actual cookin g situation s i n selected households . 

A disadvantag e o f bot h existin g an d ne w design s i s th e insufficien t ai r flow , 
resulting i n turbulenc e i n th e stoves . Thi s i s cause d b y a n insufficien t ai r dra w 
from natura l convectio n int o th e stoves . I n attemptin g t o increas e th e ai r flo w 
and henc e affectin g bot h therma l heatin g efficienc y an d burnin g rate , i t wa s 
found necessar y t o desig n a n appropriat e chimney . Th e desig n o f thi s chimne y 
and it s effec t o n stov e performanc e ar e describe d below . 

DESIGN OF THE CHIMNE Y 

The heigh t o f chimne y require d chimne y (Hs ) wa s calculate d usin g th e expressio n 
developed b y Mors e a s follow s (al l notation s i n followin g equation s ar e give n i n 
the appendix) : 

(1) 
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The require d draf t (  )  i n equatio n 1  i s th e su m o f al l chimne y friction , an d 
other losse s externa l t o th e chimne y whic h include s pressur e hea d losse s 
encountered b y ai r an d flue  gase s i n passin g a t th e poin t o f ai r entr y (stov e ai r 
vent) throug h th e grat e ai r holes , fue l be d i n th e combustio n chambe r an d 
chimney duc t plu s velocit y hea d los s o f th e flu e gase s dischargin g fro m th e 
chimney. Thu s th e require d draf t ma y b e represente d b y tota l pressur e losse s 
head, ,  whic h i n tur n i s expressed b y the pressur e hea d balanc e equatio n a s 
shown below: 

The mas s o f flu e gase s M g fro m equatio n 6  leavin g th e stov e wa s estimate d 
based o n th e modifie d equatio n require d fo r determinin g th e theoretica l amoun t 
of ai r required fo r complet e combustion per kilogram o f fue l a s follows . 

(7) 

The densities o f ai r an d flue  gases wer e determine d usin g the perfec t ga s law a s 
follows: 

(8) 

The preliminar y diamete r o f th e chimne y wa s determine d usin g th e continuit y 
equation a t th e pre-determine d velocitie s o f 1.5 , 3  and 8  m/ s whic h ar e typica l 
values for flu e gases leaving charcoal stoves . 

(3) 

The valu e of has bee n estimate d (Sindan o 
1983) for a  charcoal stove similar i n dimensions to the stoves described here . 

The chimney friction head , h 5, wa s determined usin g the equation : 

(4) 

The total velocity head loss, according to Morse was determined as : 

(5) 

The mas s o f flue  gase s M g leavin g pe r uni t tim e wa s determine d b y th e 
expression: 

(6) 

(9) 

(2) 
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Setting velocit y value s a t 1.5 , 3  and 8  m/ s th e chimne y heigh t an d diamete r wer e 
calculated t o rang e fro m 3 0 t o 7 0 mm , an d 100 0 t o 240 0 m m respectivel y (Tabl e 
1 an d 2) . 

TESTING A  CHARCOAL STOV E WIT H A CHIMNE Y 

The charcoa l stov e use d i n thes e serie s o f experiment s i s simila r t o th e stove s 
shown i n Figure 1  designed t o b e biase d toward s greate r combustion . 

To increas e th e fluid/wal l temperatur e gradient , i e th e rat e o f hea t flow  t o th e 
pot throug h increase d turbulence , a  variabl e chimne y wa s installe d t o th e stov e 
as show n i n Figur e 2 . Chimne y heigh t wa s adjustabl e withi n th e rang e 0 -
1700mm. Th e diamete r wa s constan t a t 7 5 m m t o allo w determinatio n o f th e 
effect o f stac k heigh t o n therma l performanc e i e fue l burnin g rate , hea t flow  t o 
the po t an d therma l efficiency . 

In additio n t o th e abov e parameter s o f therma l efficiency , a  ne w indicato r 
"Thermal Specifi c Fue l Consumption " (TSFC ) i s introduced . Thi s i s define d a s 
the rati o o f th e rat e o f fue l consumptio n t o th e hea t flow  int o th e po t a s follows : 

(10) 

This indicato r i s independen t o f th e calorifi c valu e o f th e fue l an d give s a 
complete pictur e o f th e behaviou r o f th e amoun t o f fue l use d pe r uni t hea t flo w 
for a  specifie d perio d o f time . Th e lowe r th e valu e o f TSF C th e mor e efficientl y 
and economicall y th e syste m i s performing . 

Results showin g th e effec t o f heatin g efficiency , burnin g rate , usefu l hea t flo w 
to th e po t an d TSF C agains t stac k heigh t ar e show n i n Figure s 3- 6 respectively . 
The performanc e o f th e tw o stove s wa s compare d wit h o r withou t a  chimney . 

To determin e th e value s o f therma l heatin g efficiency , burnin g rate , hea t flo w 
into th e po t an d TSF C agains t chimne y height , variou s parameter s suc h a s 
amount o f wate r heater , ris e i n wate r temperature , amoun t o f fue l used , flue  ga s 
velocity, burnin g fue l temperatur e an d flu e gase s temperatur e wer e measure d 
during th e experiments . 

DISCUSSION O F RESULT S 

It ca n b e see n fro m Figur e 3  tha t heatin g efficienc y increase d wit h a n increas e 
in stac k heigh t unti l abou t 1500m m stac k height . Usefu l hea t int o th e po t 
(Figure 5 ) follow s th e sam e tren d bu t peak s a t 1100mm . TSF C als o improve s 
with stac k heigh t unti l 150 0 mm . Th e theoretica l optimu m stac k heigh t wa s 
calculated a t 110 0 m m a t a  flue  gase s velocit y o f 1. 5 m/ s whic h i s typica l o f 
charcoal stoves . Thi s conform s wel l wit h experimenta l finding s o f a n optimu m 
between 110 0 an d 1500mm . Thu s thi s equatio n ma y b e usefu l fo r determinin g 
theoretical optimu m height s fo r differen t configuration s o f charcoa l stove s 
including stac k diameter . 

With a  chimne y i n plac e therma l heatin g efficienc y range d fro m 23. 5 t o 26 % an d 
burning rat e an d henc e usefu l hea t range d fro m 0.4 0 t o 0.4 8 Kg/hr . I n th e 
absence o f a  chimne y therna l heatin g efficienc y peake d a t 24 % and burnin g rate s 
ranged fro m 0.3 0 t o 0.3 5 Kg/hr . Thus , th e chimne y improve s performance , i n 
particular o f TSFC . Thi s i s indicate d b y lo w TSF C value s fo r th e stov e wit h 
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chimney whil e othe r value s o f therma l heatin g efficienc y ar e quit e simila r i n 
both systems. 

Improved efficienc y o f th e chimne y ca n b e attribute d t o a n increas e i n ai r an d 
flue ga s turbulenc e whic h probabl y improve d air/fue l contac t an d po t wall/flu e 
heat transfe r coefficient . Improve d air/fue l contac t i s essentia l fo r efficien t 
combustion. A  further advantag e o f th e permanen t chimne y i s th e tim e save d 
during priming of th e stoves withou t a  chimney. 

CONCLUSION 

The addition o f a  chimne y has been shown to have an important rol e in improving 
performance o f charcoa l stoves . T o optimise th e design , furthe r wor k i s neede d 
to determin e th e effec t o f performanc e a s a  functio n o f stac k diameter , contro l 
vent area , hea t transfe r an d possibly pre-heating . 
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NOTATION 

bf Burnin g fuel rat e Kg/h r 

C Carbo n conten t % 

Dr Require d draf t N/m 2 

Required draf t inche s of H2O 
D100 Availabl e draft N/m 2 

Available height pe r 10 0 feet o f chimney heigh t 

ds Chimne y diameter m m 

Friction wal l coefficien t 

Total pressure head loss N/m 2 

Pressure head loss due to resistance a t th e stove air ven t N/m * 

Pressure head loss through grate ai r holes N/m ' 

Pressure head loss through fue l be d N/m 2 

Pressure head loss friction resistanc e o n pot an d hood wall s N/m 2 

Pressure head loss friction resistanc e on chimney wall s N/m 2 

Pressure head loss chimney wall s inches of wate r 

Pressure hea d los s tota l velocit y head of flu e gases at chimne y exi t 
temperature N/m 2 

Pressure hea d los s tota l velocit y head of flu e gases at chimne y exi t 
temperature inche s of wate r 

H s Chimne y heigh t m m 

H Hydroge n content % 

K chimne y heigh t constan t 

Mg Mas s of flu e gases Kg 

Mass flow rat e o f flu e gase s Kg/ s 

Summation o f pressur e hea d los s due t o resistanc e a t th e stov e ai r 
vent, throug h grat e ai r hole s an d fue l bed , an d du e t o frictio n 
resistance o n chimney holes N/m 2 i e h 1 +  h 2 +  h 3 +  h 4. 

Chimney friction hea d N/m 2 

Total velocity hea d loss N/m2 
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Pb Barometri c pressur e N/m 2 

T a ambien t ai r temperatur e K(Kelvin ) 

T g Flu e ga s temperatur e K(Kelvin ) 

R Ga s constan t Kg/K J K 

Qg Volumetri c flue  ga s flow  rat e m 3 /s 

Qp Hea t flow  rat e k W 

Volumetric flue gas flow rate (ft 3/s) 

Flue gas velocity m/ s 

Flue gas velocity ft/ s 

Excess air coefficien t 

Density of air Kg/m 3 

Density of air lb/ft 3 

Density of flue gases Kg/m 3 

Density of flue gases lb/ft ' 

vg 
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TABLE 1 : Give n value s for determination of 
chimney diamete r an d height 

TABLE 2: Calculate d chimne y height and diameter 
at thre e pre-determined flue  gases velocitie s 

T a 

(K) 

298 

T g 
(K) 

623 

Pb 

(mmHg) 

660 

bf 

(kg/hr) 

0.45 2.0 

f 

.011 

c 
(%) 

80 

H 
(%) 

10 

Ps 
(N/m1) 

2.0 

Flue gase s 
velocity 

(m/s) 

1.5 

3.0 

8.0 

P5 
(N/ma) 

Hs 

0.343 

1.326 

5.773 

P6 
(N/m2) 

0.84 

3.34 

27.78 

D l O O 

(N/m2) 

113.36 
139.7 

51.6 o r 
201.6 

988.79 

Chimney dimension s 

Dr diamete r 
(N/m2) (mm ) 

or 3. 4 o r 
4.55 

9.79 

7.74 

height 
(mm) 

66 82 1 
1095 

45 235 9 

29 186 4 
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FIGURE 1 : Charcoa l stove s use d i n experiments t o 
determine optimu m chimne y heigh t 

FIGURE 2 : Arrangemen t o f tes t stov e showin g th e stac k an d hoo d 
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FIGURE 3: Therma l heating efficiency agains t stack height 

FIGURE 4: Fue l burning rate against stack heigh t 



- 2 8 2 -

FIGURE 5: Usefu l hea t flow to pot against stack height 

FIGURE 6: Therma l specific fue l consumption against height 
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THE DEVELOPMENT, PLANNIN G AN D DISSEMINATION O F 
WOOD/CHARCOAL UTILISIN G COOKING DEVICE S 

J Chadzingwa , 
Department o f Energ y Development , 

Ministry o f Energ y an d Wate r Resource s an d Development , 
P O  Bag 7758 , Causeway , Harare , Zimbabw e 

ABSTRACT 

To ensur e meaningfu l fuelwoo d conservation , th e rura l peopl e mus t b e persuade d 
to abando n th e us e o f fuel-inefficien t ope n hearth s whic h ar e widel y use d i n th e 
rural areas . Th e developmen t an d diffusio n o f a  fue l efficien t woodstov e i n rura l 
areas i s described . Th e ai m o f th e strateg y i s no t onl y t o familiaris e th e rura l 
people wit h a  ne w an d beneficia l technolog y bu t t o satisf y nationa l objective s o f 
a. fuelwood/environmenta l conservation ; b . alleviatio n o f fel t hardships ; an d c . 
employment generation , 

DEVELOPMENT OF EFFICIENT COOKING DEVICE S 

The firs t an d importan t us e o f woo d i n rura l (communal ) area s i s a s a  sourc e o f 
energy fo r cooking . Th e traditiona l ope n fir e ha s man y disadvantages : 

1. fir e hazard s 

2. smok e i n th e hom e durin g cookin g 

3. constan t attentio n o f fir e durin g cookin g 

4. uncontrolle d draught s tha t increas e woo d consumptio n 

5. cookin g a t groun d leve l tha t give s ris e t o unhygieni c cookin g conditions . 

A rura l surve y t o asses s need s i n 1980 , reveale d tha t rura l peopl e wer e facin g 
acute hardship s throug h fuelwoo d shortages . Woo d collectio n ha d increase d t o 
well ove r 1 0 man-hour s pe r wee k an d househol d income s wer e bein g diverte d t o 
the purchas e o f fuelwood . 

Following th e survey , recommendation s wer e presente d definin g th e typ e o f 
cooking devic e desire d t o alleviat e hardships . Th e Departmen t therefor e 
researched int o a  reasonabl y price d woodstov e tha t coul d mee t th e state d desire s 
for safety , durabilit y an d multipl e cooking . 

Design features o f th e stov e 

The stov e consiste d o f a  meta l chimney ; a  meta l grate ; a  meta l dampe r (fo r 
control o f draught s throug h th e chimney) ; a  cas t iro n ho t plat e (o r a  hol e fo r a 
hot wate r utensil) ; an d a  bod y constructe d o f fire d brick . 

Choice o f bric k ove r meta l 

Although a n earlie r surve y ha d show n tha t meta l stove s (mbauras ) wer e fuel -
efficient, th e bric k stove s wer e see n t o hav e thes e advantage s ove r meta l 
stoves:-
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i. Chea p to construct i n rural areas. 

ii. Retai n heat fo r longe r periods of tim e than meta l stoves. 

iii. Bulk y but static and therefore saf e t o use even by children. 

The Department o f Energ y Developmen t therefor e improve d o n a series o f Herl -
Chulas (Hyderaba d 1956 ) by incorporating a  grate , chimney , dampe r an d baffle s 
into th e bod y o f th e stov e fo r tes t purposes . Si x design s wer e compare d fo r 
efficiency o f hea t utilisatio n an d fue l savin g as described below (Seke Woodstove 
Project, 1982) . 

Determination of heat efficienc y 

The tim e an d fue l require d t o evaporat e 1  litre o f wate r an d th e amoun t o f fue l 
used t o bring wate r t o boiling point wer e recorded . Th e calorifi c value s o f fue l 
used an d moistur e conten t o f woo d wer e determined . Th e efficienc y wa s 
calculated fro m th e calorifi c value s o f hea t utilise d an d calorifi c valu e o f fue l 
burnt. Th e mea n o f fou r estimate s obtaine d fo r eac h stov e wa s take n a s th e 
average efficiency. Th e equation fo r determinin g efficiency i s 

Efficiency o f design =  usefu l hea t use d to boil wate r 
heat supplied by fue l 

That is , i s specifi c hea t capacit y o f wate r time s amoun t o f wate r i n vesse l 
times temperatur e rise s plus latent hea t o f stea m time s quantity o f wate r boile d 
off divide d by calorific valu e of fue l time s quantity of fue l used . 

The results are as follows: 

Stove design Efficienc y (% ) 

Stove 1  a  brick stove 
(2 pot holes) 5 

Stove 2 a  brick stove 
(3 pot holes) 1 8 

Stove 3 -  modifie d Nepa l Chula 
(Khatmandu, 1980 ) 2 0 

Stove 4 -  modifie d smokeles s stove 
(Ghana) 

Stove 5 -  modifie d Herl-Chul a 
(3 pot holes ) 3 3 

Stove 6 -  modifie d Junagad h Chul a 
(Research Actio n Institut e 
Lucknow 1967 ) 
(2 pot holes ) 1 9 
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Conelusion 

Stove 5  ha d th e highes t hea t utilisatio n efficienc y (33% ) and achieve d a  30 % fue l 
saving. 

Charcoal stov e 

Although a  bric k stov e wa s selecte d fo r th e rura l areas , a  meta l charcoa l stov e 
has bee n designe d fo r us e i n urba n areas . Thi s stove , 'Manyekera' , ha s tw o po t 
holes an d a n ai r pum p t o assis t th e ignitio n o f charcoal . Th e stov e wa s develope d 
by a  privat e compan y i n Zimbabw e an d i s markete d throug h som e retai l outlets . 
The efficienc y o f th e stov e i s 45 % bu t it s us e a t thi s stag e i s limite d becaus e 
charcoal i s no t use d widel y fo r cookin g i n Zimbabwe . 

The stov e will , however , for m par t o f th e charcoa l programm e initiate d b y th e 
Energy Department . Th e programm e aim s t o promot e th e sal e o f commerciall y 
produced charcoa l t o urba n an d peri-urba n household s a s a  driv e t o discourag e 
the us e o f woo d b y thi s sector . 

EFFICIENCY O F OBJECTIVE ACHIEVEMENT BY ENERG Y 
CONSERVATION PROJECT S 

Efficiency o f objectiv e achievemen t o f a  project , tha t is , th e exten t t o whic h a 
project convert s availabl e scarc e resource s int o objective s o r goals , ha s t o b e 
undertaken durin g th e plannin g o f energ y projects . Thes e objective s ca n b e 
divided int o eithe r sectora l o r nationa l goals , becaus e thes e distinc t partie s 
attach differen t weight s t o eac h o f th e state d objectives . A  projec t shoul d 
therefore b e implemente d a s a  compromis e o f th e objective s o f al l sub-system s 
(rural communities , loca l authoritie s an d th e nationa l government) . 

Resources a s part o f th e objectiv e achievemen t o f project s 

Resource analysi s i s importan t sinc e th e resource s availabl e wil l contro l th e typ e 
and leve l o f activitie s an d henc e goal s tha t migh t b e achieved . Resource s 
include 

i. financ e 

ii. manpowe r 

iii. physica l sit e specifi c resource s (land , water , anima l waste , etc. ) 

iv. implementatio n capacit y (whic h i s an aggregatio n o f al l resource s tha t ar e 
consumed b y th e projec t includin g th e degre e o f cooperatio n betwee n 
various intereste d parties) . 

In th e fiel d o f developmen t o r conservatio n o f energy , severa l project s (biogas , 
solar devices , afforestation , woodstove s etc ) ca n compet e fo r th e availabl e 
resources. Therefor e a  rankin g orde r o f project s base d o n relativ e efficienc y o f 
objective achievemen t i s essential . Th e initia l ste p therefor e i s t o determin e 
goal achievemen t b y a  projec t thus : 
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Achievement o f objectiv e b y projec t = 
using a  specifi c resource(s ) 

Relative efficienc y o f objectiv e =  A 
achievement b y projec t A  ma x 

where A  max i s th e 
highest valu e o f A  fo r 
all give n projects . 

Objectives ca n be : i . self-sufficienc y i n energ y (sectora l an d nationa l goals) ; 
employment generatio n (sectora l an d national) ; ho t wate r a t specifie d time s 
(sectoral) e tc . Th e rankin g o f project s i s onl y possibl e afte r th e calculatio n o f 
relative efficienc y o f objectiv e achievemen t fo r eac h project . 

Cost/benefit analysi s 

Efficiency o f objectiv e achievemen t ca n als o b e measure d b y undertakin g a 
cost/benefit analysi s o f eac h project . I n thi s analysis , i t i s no t usefu l t o us e 
market price s a s othe r costs , fo r example , us e o f foreig n currenc y i n a  projec t 
has a n economi c cos t t o th e nation . Therefor e cost s o f projects , wher e 
necessary shoul d b e estimate d a t shado w price s i e scarcit y valu e o f component s 
of a  projects . 

Benefits ar e usuall y mor e difficul t t o quantitat e unles s incom e generatio n 
accrues fro m a  project . Socia l benefit s o n th e othe r han d ca n b e measure d 
indirectly a s gain s i n othe r directions . 

The presen t ne t valu e o f a  projec t arise s fro m th e determinatio n o f ne t benefit s 
over a  stipulate d perio d perio d o f time , i e 

A projec t wit h a  hig h ne t presen t valu e an d a  hig h relativ e efficienc y o f 
objective achievemen t wil l therefor e b e th e mos t attractiv e option . Whe n cost s 
of a  projec t outweigh t benefits , thi s projec t i s sai d t o b e economicall y 
inefficient. 

SELECTION OF PROJECT S THAT CONSERVE WOOD 

The objectiv e o f th e Zimbabwea n governmen t i s t o ensur e energ y conservatio n 
particularly o f wood . Variou s strategie s t o achiev e thi s objectiv e hav e bee n 
attempted an d thes e are : 

a. developmen t o f ne w an d renewabl e energ y systems , 

b. rura l afforestation , 

c. conservatio n o f woo d vi a th e us e o f woo d stoves , 

d. conservatio n o f woo d vi a us e o f charcoal . 



- 2 8 7 -

In th e are a o f direc t woo d conservation , th e project s c  an d d  compet e fo r th e 
same scarc e resource s -  manpower , woo d an d finance . However , a s outline d 
below the y d o no t mak e equa l claim s o n thes e resources . 

Finance 

Because th e charcoa l projec t depend s o n th e desig n an d marketin g o f a  meta l 
charcoal stov e i t i s a  mor e expensiv e optio n tha n th e woo d stov e programm e 
which depend s o n owner-buil t stove s mad e ou t o f loca l material s suc h a s brick , 
sand an d scra p metal . 

Wood 

Although bot h project s hav e a  clai m o n wood , charcoa l productio n i s inefficien t 
(25%) us e o f wood . 

Manpower 

The charcoa l projec t require s a  highe r leve l o f deman d fo r manpowe r fo r 
example wit h marketin g skills . 

The relativ e efficienc y o f objectiv e achievemen t demand s tha t project s consum e 
scarce resource s a t a  lo w rat e o r tha t the y d o no t plac e grea t claim s o n 
resources. Thi s woul d indicat e tha t th e woodstov e projec t ha s a  highe r objectiv e 
achievement tha n th e charcoa l project . 

Thus, althoug h bot h project s ar e require d fo r th e nationa l objectiv e o f woo d 
conservation, th e woodstov e projec t ha s bee n give n a  highe r priority . 

The developmen t o f energ y system s destine d fo r th e rura l area s ha s t o tak e 
cognisance o f th e fac t tha t rura l area s ar e economicall y poo r an d tha t adoptio n 
of technologie s i s dependen t o n th e cost s o f th e technologies . 

Technologies tha t requir e larg e input s o f initia l capita l investmen t ar e destine d 
to b e unacceptabl e b y th e rura l people . Cos t reductio n vi a loca l productio n o f 
components ma y reduc e th e clai m o n financ e an d thu s ai d adoption . 

If a  technology , b y it s nature , ha s a  hig h clai m o n a  sit e specifi c resource , th e 
option t o exploi t thi s technolog y ha s t o b e weighe d agains t othe r competin g 
technologies. I n othe r words , th e choic e fo r thi s technolog y o r projec t o r 
strategy ha s t o b e justifie d b y eithe r cost/benefi t o r resourc e analyses . I f 
resources ar e scarce , implementatio n capacit y o f th e executin g agenc y become s 
low an d objectiv e achievemen t i s low . 

The woodstov e programm e i n Zimbabw e ha s therefor e bee n revise d t o includ e 
local productio n o f stov e component s b y loca l labou r t o no t onl y reduc e th e 
claim o n financ e available , bu t t o reduc e th e clai m o n skille d labour . Th e 
establishment o f loca l productio n unit s (energ y centres ) ha s bee n incorporate d 
into th e woodstov e programme . 
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PRODUCTION O F ELECTRICITY FRO M BAGASSE IN MAURITIU S 

S Marie-Jeann e 
Mauritius Suga r Industr y Researc h Industry , Redui t 

ABSTRACT 

The proble m an d potentia l o f electricit y productio n fro m bagass e i s reviewe d i n 
the ligh t o f th e wor k don e b y th e Suga r Technolog y Divisio n o f th e MSIR I o n 
energy balance s o f suga r factorie s an d o n th e storag e o f bagasse . Presen t energ y 
requirements o f suga r factorie s ar e analyse d an d improvement s toward s energ y 
savings suggested . Boile r performance s an d bagass e storag e problem s ar e als o 
discussed. Example s o f exces s bagass e potential s ar e worke d ou t fro m result s 
obtained an d th e productio n o f electricit y i s outline d i n connectio n wit h exces s 
bagasse handlin g an d storag e constraints . 

INTRODUCTION 

Bagasse potentia l a s a  sourc e o f renewabl e energ y ha s bee n discusse d an d 
analysed a t variou s level s sinc e th e firs t semina r o n Energ y hel d a t th e 
University o f Mauritiu s i n 1977 . 

There wa s a  Nationa l Energ y Conferenc e i n 1980 , a  Feasibilit y Stud y b y Tran s 
Energ i n 1982 , a  Maste r Pla n fo r th e suga r industr y i n 198 4 an d mos t recentl y a 
plan o f actio n wa s announce d b y th e Government . O n th e productio n side , powe r 
plants a t Medine , Mo n Deser t Mo n Treso r an d FUE L an d a  bagass e pelletisatio n 
plant a t Bea u Cham p hav e bee n installed . 

The Mauritiu s Suga r industr y Researc h Institut e (MSIRI ) ha s directe d it s effort s 
to producin g accurat e dat a o n th e energ y utilisatio n o f ou r suga r factorie s wit h 
the objec t o f proposin g energ y savin g measure s throug h plan t an d operatin g 
procedure modifications . I t ha s als o studie d bagass e conservatio n problems . 

SUGAR MANUFACTUR E 

For man y year s no w suga r ha s bee n manufacture d i n Mauritiu s unde r condition s 
which d o no t requir e energ y savin g measure s a s a  surplu s o f bagass e result s i n 
increased expenditur e fo r it s disposal . 

Boilers an d prim e mover s whic h hav e bee n installe d hav e i n man y case s 
relatively lo w efficiencies , th e forme r consum e larg e amount s o f bagass e an d th e 
latter larg e quantitie s o f hig h pressur e stea m whic h ar e exhauste d t o mee t 
process hous e demands . Furthermore , operatin g procedure s ar e geare d t o 
conditions o f generou s fue l supply , fo r exampl e th e tim e take n fo r startin g up , 
shutting dow n o r boilin g of f ar e governe d mor e b y labou r cost s tha n b y energ y 
costs. 

Measurements o f energ y flow s i n a  factor y hav e rarel y bee n made . A s a  resul t 
studies o n th e potentia l o f exces s bagass e hav e ha d t o mak e severa l assumptions , 
or bas e thei r calculatio n o n manufacturer' s specification s no t verifie d i n 
practice. 
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ENERGY BALANCE SURVEYS 

In 1981 , th e Suga r Technolog y Divisio n o f th e MSIR I ordere d equipmen t fo r th e 
continuous monitorin g o f flow  rates , pressure s an d temperature s o f stea m a t th e 
various stage s o f suga r manufacture . Fro m 1982 , factorie s wer e surveye d i n tur n 
on a  round-the-cloc k basi s fo r period s varyin g fro m tw o t o thre e weeks . 
Problems wer e encountere d a t th e beginnin g an d i t too k som e tim e t o asses s an d 
implement th e technique s o f continuou s monitorin g an d loggin g wit h electroni c 
equipment. 

Energy consumptio n ca n no w b e measure d unde r variou s factor y operatin g 
conditions suc h a s start-ups , shut-downs , breakdown s an d liquidation . I t i s als o 
possible t o measur e fluctuation s i n deman d whic h ar e inheren t t o millin g system s 
and t o th e process . 

There ar e limitation s t o wha t ca n b e achieve d fo r lac k o f equipment . I t i s no t 
possible fo r exampl e t o asses s boile r performanc e o n a  continuou s basi s a s a 
system fo r th e continuou s weighin g o f bagass e fe d t o th e boiler s ar e no t easil y 
available. However , boile r efficienc y test s ca n b e carrie d ou t fo r shor t period s 
of on e t o tw o hour s whe n bagass e weight s ca n b e indirectl y estimated . 

As measurement s o f flows , pressure s an d temperature s ar e take n ever y 0. 5 t o 2 
minutes, a  mas s o f informatio n i s logge d an d analyse d fro m whic h a  fairl y 
accurate pictur e o f th e energ y balanc e o f a  factor y ca n b e drawn . 

OVERALL ENERGY REQUIREMEN T FOR SUGAR MANUFACTUR E 

From th e 1 2 factorie s surveye d s o far , a  usefu l comparativ e assessmen t o f 
energy require d fo r suga r manufactur e ha s bee n obtaine d (Tabl e 1) . A s boile r 
and factor y performanc e ar e no t necessaril y interdependent , th e energ y outpu t 
from th e boile r ha s bee n relate d t o th e factor y requiremen t an d expresse d i n 
terms o f Gig a joules/tonn e fibre . 

Factories i n Mauritiu s operat e i n tw o modes : 

a. Generatio n o f surplu s electricit y fo r expor t an d proces s stea m 
make-up. 

b. Liv e stea m throttlin g fo r proces s stea m make-up . 

In th e firs t mode , i t i s possibl e t o generat e mor e electricit y tha n i s require d fo r 
process stea m i f bagass e i s availabl e an d surplu s exhaus t i s blown-of f t o th e 
atmosphere. Th e energ y use d u p i n producin g thi s surplu s electricit y i s no t 
considered a s a  requiremen t fo r suga r production . O n th e othe r hand , proces s 
make-up requirement s ar e dependen t o n prim e move r efficiency , proces s 
requirements an d th e exhaus t stea m regim e an d varie s fro m factor y t o factory . 
Throttling stea m throug h a  turb o alternato r ca n produc e electrica l energ y 
varying fro m 2 5 t o 5 5 Kwh/tonn e fibre . 

Energy saving measure s 

Major an d expensiv e modification s wil l reduc e overal l energ y requirements . I n 
the meantim e step s t o improv e contro l an d balanc e ca n an d shoul d b e take n t o 
reduce unnecessar y losse s including : 
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a. Meterin g o f boile r stea m outpu t an d condensat e return . 

b. Installatio n o f a  clarifie d juic e buffe r tan k t o reduc e fluctuations 
in process stea m requirements . 

c. I n th e absenc e o f condensin g turb o alternators , expor t o f 
electricity shoul d b e limite d t o balanc e proces s exhaus t stea m 
requirements. 

BOILER PERFORMANC E 

Tests o f shor t duratio n hav e indicate d a  rang e o f boile r efficiencie s varyin g fro m 
50 t o 80 % o f ne t calorifi c value . Inadequat e exces s ai r control , excessiv e level s 
of boile r fee d wate r make-u p (u p t o 40%) , incomplet e bagass e consumptio n 
resulting i n hig h level s o f unburn t bagass e i n bot h furnac e as h an d flu e ga s ar e 
problems tha t nee d t o b e solved . Improvemen t i n thi s fiel d wil l requir e 
expensive modification s an d sophisticate d contro l systems . 

BAGASSE STORAGE 

Bacterial degradatio n o f bagass e i n storag e lead s t o los s o f dr y matter . Th e hea t 
released cause s los s o f moistur e an d sometime s spontaneou s combustion . 

Studies o n th e evolutio n o f thes e parameter s hav e show n tha t climati c condition s 
can lea d t o losse s o f u p t o 25 % of dr y matte r i n bale d bagass e ove r 3. 5 months , 
while moistur e level s ca n dro p t o 20% . Th e rat e o f dr y matte r los s i s 
considerably reduce d i n bagass e a t 25 % moisture an d below . 

Bagasse pellet s a t 8 % moistur e kee p ver y wel l bu t ar e expensiv e t o produce . 
Present researc h i s aime d a t dryin g an d densifyin g bagass e a t 25 % moistur e t o 
achieve a  los s o f dr y matte r no t exceedin g 8 % ove r si x month s storage . 

EXCESS BAGASSE POTENTIA L 

Excess bagass e fro m al l factorie s excludin g FUEL , Medin e an d Mo n Tresor whic h 
are equippe d t o us e thei r bagass e fo r th e productio n o f modulate d electrica l 
energy, i s calculate d i n Table 2  from th e averag e o f result s obtaine d t o date . 

From th e performanc e o f th e mos t efficien t uni t an d afte r improvemen t o f 
control an d operatin g procedure s th e expecte d potentia l ha s bee n estimate d 
(Table 3) . 

Electricity productio n 

The productio n o f unmodulate d energ y wil l continu e an d b e probabl y increas e i f 
adequate remuneratio n i s obtaine d fo r exces s bagasse ; thi s productio n ca n b e 
estimated t o b e abou t 1 6 GW h wit h maximu m bagass e saving s increasin g t o 3 5 
GWh wit h mor e efficien t prim e movers . Fro m th e estimatio n o f presen t an d 
future exces s bagass e availability , th e locatio n an d sizin g o f futur e bagasse-fire d 
power plant s ca n b e mad e wit h mor e accuracy . Takin g int o accoun t th e cos t o f 
drying an d densificatio n o n on e hand , an d th e hig h losse s o f gree n bagass e i n 
storage, th e immediat e us e o f a  maximu m amoun t o f loos e gree n bagass e 
becomes a n attractiv e proposition . 
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CONCLUSION 

The feasibilit y stud y o n electricity productio n fro m bagass e carrie d ou t by Trans 
Energ ha s show n a n annua l potentia l o f som e 39 5 GWh . Thi s ca n no w b e 
reviewed an d mor e accurat e estimate s obtaine d t o determin e th e number , size s 
and location of futur e bagasse-fire d powe r plants. 

The installatio n o f additiona l measurin g an d contro l equipmen t i s o f immediat e 
importance a s wel l as the modificatio n o f certai n operatin g procedure s i n suga r 
manufacturing. Studie s o n bagass e dryin g an d densificatio n system s mus t b e 
accelerated t o achieve mor e economical targets . 



- 2 9 3 -

TABLE 1: Energ y required at boile r outlet fo r sugar manufactur e 

Factory Nomina l Capacit y 
(Tonnes Cane/Hour ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

115 
110 
175 
115 
90 

100 
145 

70 
110 
130 
90 

140 

Energy Requiremen t 
Giga Joules/tonne fibr e 

9.34 
9.62 

10.49 
10.00 
9.82 

10.7-11.5 
9.70 

10.22 
9.6 
9.0 

11.08 
11.2 

TABLE 2: Calculatio n of excess bagasse 

Cane crushe d (Tonnes ) 
By FUEL, Medin e & MDMT 24 % 
Balance 
Actual x  S bagasse potentia l 
calculated on:-
Boiler efficienc y 
Energy require d fo r sugar Manuf . 
Bagasse consumptio n othe r tha n 
for actua l suga r manufactur e 
At Fibr e %  cane 
Excess bagass e availabl e 
(tonnes) 

13 

291,104 

6,250,000 
1,500,000 
4,750,000 

70% 
10.25 GJ/t f 

9% 
16 

358,282 

TABLE 3: Exces s bagasse potential afte r 
process control and operation modification s 

Boiler efficienc y 
Energy fo r sugar manufactur e 
Bagasse consumptio n fo r 
weekends etc. 
At Fibr e %  cane 13 
Excess bagass e 
potential (tonnes ) 465,00 0 

70% NCV 
9.0 GJ/t f 

5.0% 
16 

572,319 
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CHANGING MOD E OF FEEDING FO R IMPROVING THE KVIC DIGESTER 

Viral Dhanjee , 
Technology fo r Developmen t Division , 

Ministry o f Nationa l Development , P O Bo x 199 , Victoria , Seychelle s 

ABSTRACT 

The performanc e o f batc h bioga s digeste r system s ha s bee n show n t o improv e 
substantially b y innoculatin g fres h co w dun g wit h 14-4 0 da y ol d starte r material . 
Experiments ar e reporte d her e t o investigat e whethe r simila r improvement s ca n 
be achieve d b y allowin g mixin g o f spen t slurr y an d fres h materia l i n 
continuous/semi continuou s digeste r systems . A  traditional KVI C digeste r an d a n 
improved desig n withou t a  partitio n wal l an d incorporatin g a  bette r stirrin g 
device ar e compared . Th e improve d desig n ha s 10 % highe r bioga s production . 
Addition o f spen t slurr y a t 2.5 % volum e doe s no t appea r t o increas e bioga s 
production i n sem i continuou s systems . 

INTRODUCTION 

Laboratory experiment s withi n th e Africa n Energ y Programm e (AEP ) hav e 
revealed tha t usin g spen t slurr y woul d considerabl y improv e batc h digeste r 
performance b y reducin g th e laten t phas e perio d o f anaerobi c fermentatio n 
(Baguant e t a l 1984 ; Dhanje e 1984) . Starte r materia l 14-4 0 day s old , adde d a t a 
level o f 2.5 % b y weigh t t o fres h dun g fee d ha s bee n sho w t o b e sufficien t t o 
provide th e require d leve l o f bacteria l populatio n fo r satisfactor y bioga s 
production i n batch system . 

The efficienc y o f continuous/sem i continuou s digester s ma y als o b e improve d b y 
changing th e mod e o f feedin g t o recirculat e spen t slurr y (starte r material) . Th e 
traditional vertica l KVI C mode l o f continuous/sem i continuou s digeste r ha s a 
partition wal l t o preven t th e shor t circuitin g o f fres h materia l adde d t o th e 
digester, thu s ensurin g tha t th e retentio n tim e chose n fo r th e ra w materia l i s 
achieved. Th e partitio n wal l prevent s th e mixin g o f th e fres h materia l an d spen t 
slurry. Th e initia l la g phas e i n bioga s ma y thu s b e lengthene d whil e th e 
appropriate bacteria l populatio n become s establishe d withi n th e fres h material . 

It i s believe d tha t th e inle t chambe r o f th e conventiona l KVI C mode l digeste r 
(Fig. 1 ) ma y therefor e b e actin g mor e o r les s lik e a  dea d spac e -  n o allowanc e 
being mad e fo r an y resettling/refloatation : phas e separatio n o f materials . 

A modifie d KVI C mode l digeste r ha s bee n designe d t o improv e it s performance . 
The partitio n wal l ha s bee n remove d t o allo w th e mixin g o f th e fres h materia l 
and th e baterica l ric h spen t slurry . T o eliminat e shor t circuitin g o f fres h 
material th e outle t pip e ha s bee n redesigne d an d th e stirre r ha s bee n improved . 

This pape r report s th e finding s o f variou s experiment s t o evaluat e th e 
performance o f thi s improve d digeste r i n compariso n wit h th e conventiona l KVI C 
model. 

LABORATORY EVALUATIO N 

The conventiona l KVI C digeste r (Figur e 1 ) ha s bee n compare d wit h th e 
performance o f a n improve d bioga s digeste r (Figur e 2) . Th e former , digeste r 1 , 
has a n activ e volum e o f 20 6 litre s an d th e latter , digeste r 2 , o f 21 0 litres . I n al l 
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The ga s compositio n wa s analyse d b y flamabilit y test s an d ga s volum e measure d 
in litre s b y a  ga s flowmeter . 

Two tes t run s ar e reported . I n th e firs t a  retentio n tim e o f 3 0 day s wa s used , i n 
the secon d a  retentio n tim e o f 21. 4 days . Th e firs t ru n wa s force d t o en d afte r 8 
days becaus e o f seriou s scu m formatio n i n th e KVI C Digeste r Design . Th e laye r 
of scu m wa s 2 1 c m deep . N o scu m wa s forme d i n th e 8  days . Th e scu m 
breaker/stirrer o f bot h ga s holder s wer e improve d an d utilise d i n th e secon d run . 

In th e secon d run , scummin g problem s wer e eliminated . Th e activitie s 
undertaken durin g th e tes t ru n ca n b e summarise d a s follows : 

1. 0  - 675. 5 (hour s sinc e initiatin g digestion ) 

NO RECYCLIN G 

PERIODIC LARG E LOA D (t o creat e ga s pressur e fo r burne r 
utilisation) 

DAILY STIRRIN G 

2. 675.5-963. 5 

NO RECYCLIN G 

NO LARG E LOA D (GA S FLO W METE R i n constan t operation ) 

DAILY STIRRIN G 

3. 963. 5 -  1515. 5 (continuation ) 

NO RECYCLIN G 

NO LARG E LOA D 

DAILY STIRRIN G 

INTER CHANG E O F GA S FLO W METE R t o verif y result s o f 1  an d 
2. 

4. 1179. 5 -  1515. 5 (continuation ) 

As 3  bu t RECYCLIN G o f 2.5 % Starte r Materia l t o KVI C Digeste r 
Design (MOD E O F FEEDIN G CHANGED ) 

test runs , bioga s productio n i n digeste r 1  wa s correcte d t o a n activ e volum e o f 
210 litres . 

In al l cases , th e ra w materia l wa s co w dun g fe d a t a  dilutio n o f 1: 1 wit h water . 
Digesters wer e operate d a t roo m temperature . A t th e beginnin g 25 % starte r 
material wa s included . Th e feedin g rat e wa s calculate d a s follows : 
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IMPROVED DIGESTE R DESIG N A S in 3  (MOD E O F FEEDIN G NO T 
CHANGED) 

5. 1419. 5 -  1515. 5 (continuation ) 

KVIC as i n 4 

IMPROVED Digeste r Desig n -  MOD E O F FEEDIN G change d -
Recirculation o f 2.5 % Starter Materia l 

6. 771. 5 -  795. 5 an d 1155. 5 -  1299. 5 

24 hou r brea k i n monitorin g (du e t o ga s leakage ) 

6 days brea k i n monitorin g (du e t o ga s leakage ) 

Results 

The dail y averag e bioga s productio n fo r th e tw o design s o f sem i continuou s 
biogas digeste r i s shown i n Figur e 3 . Bioga s productio n i n th e improve d desig n i s 
presented a s percentag e increas e o r decreas e ove r tha t o f th e conventiona l KVI C 
design. 

Except wit h larg e loads , wher e ther e wa s los s o f ga s fro m th e improve d digester , 
this digeste r performe d bette r tha n th e KVI C design . Eve n wit h interchang e o f 
gas flo w metres , th e improve d desig n performe d better . 

The digester s ar e stil l running , bu t a t tim e o f th e las t measurement s reporte d 
here, recirculatio n o f starte r materia l a t th e leve l o f 2.5 % o f volum e di d no t 
appear t o chang e th e rat e o f ga s productio n i n th e improve d design . 

The stirrin g mechanis m o f th e KVI C desig n wa s difficul t t o us e owin g t o scu m 
formation. Tha t o f th e improve d digester , operate d ver y easily . 

DISCUSSION AN D CONCLUSION S 

1. Recirculatio n o f starte r materia l t o a  quantit y o f 2.5 % o f weigh t o f th e 
fresh co w dun g doe s no t see m t o affec t th e performanc e o f th e tw o semi -
continuous digester s tested . A  longe r operatin g tim e i s necessar y t o 
confirm this . I t ma y b e tha t th e rat e o f sedimentatio n o f th e slurr y i s 
sufficient t o innoculat e th e fres h fee d wit h enoug h bacteri a t o star t 
immediate bioga s production . I n batc h syste m ther e i s n o endogenou s 
colony o f methanogens . 

2. I t i s no t possibl e t o explai n th e bette r performanc e o f th e improve d 
digester desig n compare d t o th e conventiona l KVI C design . However , 
there ma y b e a  mor e concentrate d populatio n o f methanogens , sinc e th e 
improved Digeste r desig n i s a n upflo w digeste r wit h a  greate r sludg e be d 
volume. 

3. N o valu e ca n ye t b e give n t o th e efficienc y o f th e improve d digeste r 
design compare d t o th e conventiona l KVI C unti l th e system s hav e bee n 
operating fo r a  longe r period . However , thi s wil l b e i n th e orde r o f a  10 % 
increase i n performanc e unde r th e sam e conditions . Th e improve d 
digester desig n woul d requir e a  lowe r initia l investmen t fo r a  give n 
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volume o f bioga s required , thu s bringin g th e bioga s technolog y withi n th e 
grasp o f eve n mor e people . 

4. Th e improve d digeste r desig n accomodate s a  hig h solid s concentratio n an d 
high loadin g rat e withou t an y scu m formatio n problem . Sinc e a  lowe r 
dilution o f th e fee d i s require d th e desig n ma y b e o f interes t sinc e (a ) i t 
will requir e les s wate r an d (b ) i t coul d trea t a  larg e wast e volum e withou t 
requiring a  proportionat e increas e i n it s sizes , agai n helpin g t o kee p th e 
initial investmen t cos t a t a  minimum . 

5. Th e desig n o f th e improve d digeste r permit s th e us e o f a  bette r scu m 
breaker/stirring mechanism . Th e extr a cos t o f thi s uni t woul d easil y b e 
offset b y th e savin g o f no t havin g t o buil d a  partitio n wal l a s i n th e KVI C 
design. A  prope r comparativ e economi c evaluatio n ma y nee d t o b e 
carried out . 
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FIGURE 1: KVI C design digester 

FIGURE 2: Improve d biogas digester 
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FIGURE 3: Averag e daily biogas production 
(I/A x 24) in litres 
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FIGURE 4: Percentag e increase/decrease o f biogas 
production from improve d biogas digester compared t o 

biogas production from KVI C design 
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BIOGAS SYSTEM DEVELOPMEN T IN MAURITIU S 

J Baguant , S  Callikan an d K  Deepchan d 
University o f Mauritius , Reduit , Mauritiu s 

ABSTRACT 

Experimental wor k o n th e anaerobi c digestio n o f co w dun g an d suga r can e fibrou s 
products (namely , can e top s an d leaves , bagass e an d filte r mud ) i s reported . Co w 
dung prove d a  suitabl e ra w materia l whe n anaerobicall y digeste d bot h unde r 
batch an d sem i continuou s condition s i n laborator y scal e experiments . Result s o f 
the performanc e o f a  2  m 3 overgroun d metalli c digeste r wit h floatin g ga s holde r 
(SAT I  model) operatin g i n a  sem i continuou s mod e an d usin g co w dun g ar e given . 
Economic analyse s o f thi s mode l operatin g a t retentio n time s (R T) o f 10 , 2 5 an d 
45 day s an d o f a n India n KVI C mode l a t R T o f 4 5 day s indicat e tha t th e SA T I 
model a t shor t R T (o f 1 0 day s o r less ) i s mos t attractiv e fo r cookin g purpose s i n 
Mauritius. 

INTRODUCTION 

The potentia l o f bioga s demonstrate d elsewhere , ha s arouse d muc h interes t i n 
Mauritius an d researc h ha s focuse d o n th e potentia l fo r generatin g bioga s fro m 
readily availabl e materials . Suc h material s includ e anima l waste s i n th e for m o f 
cow, poultr y an d pi g manur e an d suga r can e agricultura l an d industria l wastes . 
Availability o f thes e waste s an d potentia l bioga s yield s hav e bee n estimate d 
(Deepchand 1984) . Th e cattl e populatio n i n Mauritiu s include s 800 0 unit s i n larg e 
flocks ( > 10 0 units ) an d 1700 0 unit s i n smal l flock s ( < 5) . Th e excret a generate d 
from anima l husbandr y ha s bee n estimate d a t 12500 0 Dm/y r (1980) . Thi s woul d 
produce a n estimate d 2 3 x  10 6 m 3/yr bioga s wit h a n energ y potentia l o f 52 9 x 
109 KJ/yr . 

The clientel e fo r bioga s ha s bee n identifie d t o b e tha t currentl y usin g kerosen e 
for cookin g purpose s (Baguan t e t a l 1984) . Thi s clientel e i s foun d especiall y i n 
the rura l area s wher e potentia l ra w material s ar e available . 

This pape r summarise s researc h wor k carrie d ou t a t th e Universit y o f Mauritiu s 
with th e financia l suppor t o f ODA/CS C unde r th e Africa n Energ y Programme . I t 
includes experiment s conducte d t o determin e th e yiel d an d characteristic s o f 
biogas obtaine d throug h th e anaerobi c digestio n o f co w dun g an d suga r can e 
fibrous products . Subsequentl y base d o n th e laboratory-scal e experimenta l 
results, a  syste m i s propose d fo r a  famil y bioga s digeste r an d th e economi c 
benefits o f switchin g ove r t o bioga s a s a n energ y carrie r i n th e loca l contex t i s 
analysed. 

EXPERIMENTAL WORK 

Batch digestion o f co w dun g 

As a  firs t stag e i n thi s study , th e anaerobi c digestio n characteristic s o f co w dun g 
(CD) wa s studied i n a  3- 4 litr e capacit y digester . Whe n required , starte r cultur e 
was obtaine d fro m a  batc h digeste r a t pea k productio n an d wa s mixe d wit h 
CD:water slurr y indicate d o n a  tota l soli d (TS ) basis . Occasionally , foaming , 
scum formatio n an d cloggin g o f deliver y tube s wer e encountered . Nevertheless , 
all experiment s wer e performe d i n replicates . 
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To determin e th e effec t o f particl e size , cowdun g wa s sieve d int o thre e 
fractions: coars e ( > 3.32 7 mm) , mediu m ( > 1.66 3 mm ) an d fin e (<  1.66 3 mm ) usin g 
a Tyle r siev e shake r an d al l fraction s brough t t o 10 % T S prio r t o digestion . Al l 
digesters wer e stirre d fo r 1 0 min s dail y i n th e morning . Ga s productio n wa s 
monitored dail y an d methan e conten t a t regula r interval s b y combustio n i n a n 
Orsat apparatus . 

In anothe r experiment , a  conventiona l dru m typ e (10 0 1 ) digeste r wit h a n 
inverted ga s holde r wa s use d t o monito r ga s yiel d o n a  large r scale . Stirrin g wa s 
provided b y daily rotatio n o f th e paddl e fitte d ga s holde r fo r abou t 1 0 mins . 

Results 

The 10 0 1  digeste r operatin g o n co w dun g mixe d wit h a n equa l volum e o f wate r 
( C - D 1: 1 TS ) fo r 12 0 day s gav e th e followin g results . Ther e wa s a n initia l 
latency phas e (35-4 0 days ) durin g whic h dail y ga s productio n rate s average d 
0.5 1/k g TS . Thereafter , fo r abou t 2  months , average productio n wa s 2. 5 1/k g T S 
and tota l ga s extracte d afte r 12 0 day s o f digestio n wa s abou t 20 0 1/k g TS . Thi s 
is comparabl e t o thos e reporte d elsewher e fo r digestio n unde r simila r condition s 
(NRC 1977) . Methan e (CH4 ) conten t o f th e ga s produce d range d fro m 4 5 t o 60 % 
and mea n calorifi c valu e 4- 5 k  cal/1 afte r th e latenc y phase . 

The additio n o f a  smal l amoun t o f starte r cultur e t o th e co w dung/wate r slurr y 
considerably reduce d th e latenc y phas e (Tabl e 1) . I n th e presenc e o f 2.5 % 
starter culture , latenc y perio d wa s reduce d t o abou t 6  days an d cummulativ e ga s 
extraction increase d 4-fol d b y da y 4 0 o f digestion . N o significan t improvemen t 
was observe d o n increasin g th e percentag e o f starte r cultur e t o 10 % TS . 
Consequently a  2.5 % leve l o f starte r cultur e wa s routinel y use d i n othe r 
experiments. Furthe r additio n o f booste r starte r cultur e (betwee n 2. 5 an d 10.0 % 
TS) once digestio n wa s establishe d di d no t improv e ga s yield . 

The optimu m dilutio n fo r anaerobi c digestio n o f co w dun g unde r mesophili c 
conditions i s 7. 5 t o 10 % TS , whic h correspond s generall y t o a  1: 1 cowdun g t o 
water rati o (Tabl e 1) . Sievin g o f ra w materia l prio r t o digestio n indicate d tha t 
the fine r portio n o f th e co w dun g i s mor e easil y digestible , althoug h th e 
differences a s illustrate d i n Table 1  are relativel y small . 

The optimu m temperatur e fo r anaerobi c digestio n o f co w dun g i s abou t 35° C 
with a  cummulativ e ga s yield , afte r 2 0 day s o f digestion , o f 10 4 1/k g T S o r 4 
times th e yiel d a t roo m temperatur e o f 2 1 C  (Tabl e 1) . Betwee n 3 5 an d 45° C 
there i s marke d decreas e i n ga s extractio n bu t unde r thermophili c temperatur e 
of 55° C afte r a  slightl y longe r latenc y perio d (1 4 days) dail y ga s productio n rate s 
were mor e tha n twic e th e correspondin g value s o f digestio n a t 35°C . Unde r 
conditions reporte d here , optimu m batc h digestio n a t 35°C . Unde r condition s 
reported here , optimu m batc h digestio n o f co w dun g a t 35° C an d i n th e presenc e 
of starte r culture , woul d yiel d abou t 6  1  biogas/kg TS/ d afte r a  latenc y perio d o f 
one week . 

Table 2  give s result s o f chemica l analyse s o f digeste r inpu t an d outpu t afte r 
various period s o f digestion . Th e genera l fertilise r valu e o f th e slurr y compare d 
to th e fres h co w dun g i s no t diminishe d and , i f anything , improve d durin g 
digestion. Volatil e solid s an d T S ar e reduce d b y abou t 25 % during th e 6 5 day s o f 
digestion an d ga s productio n (m 3 pe r T S o r k g V S digested) i s o f th e orde r o f 0.6 . 
This represent s a  thermodynami c conversio n efficienc y o f 80 % fo r th e 
transformation o f T S to CH4 . 
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Semi-continuous digestion o f co w dun g 

Laboratory studie s 

A 10 1 digeste r fitte d wit h inle t an d outle t deliver y tube s an d fille d t o a n 
effective volum e o f 7  1  wit h a  1: 1 co w dung/wate r slurr y an d 2.5 % starte r 
culture wa s use d fo r laborator y scal e experiments . Th e digester s wer e kep t a t 
ambient temperatur e (19-21°C ) an d agitate d onc e daily . Ga s productio n wa s 
monitored ove r 2 1 days . Afte r this , th e digester s wer e loade d wit h th e co w 
dung/water slurr y a t rate s varyin g fro m 87 g t o 1400 g (base d o n th e mea n 
retention tim e ( R T ) of 6.5 , 12.6 , 25.1 , 37.8 , 47.8 , 61. 4 an d 96. 2 days ) i n a  semi -
continuous mod e o f operatio n wit h dail y (excep t Sundays ) loadin g an d remova l o f 
slurry. Tota l solid s an d volatil e solid s (VS ) i n effluen t an d influen t wer e 
determined daily . Ga s productio n wa s followe d ove r a  fou r wee k perio d an d 
mean productio n (l/k g T S added , dig . vol. , Dy/d ) calculate d fo r th e las t thre e 
weeks. 

The cumulativ e ga s yiel d fo r th e las t thre e wee k perio d varie d fro m 33. 7 1  (96. 2 
d R T ) to 72. 5 1 . (6.5 d  R T) an d ga s productio n (l/k g T S added ) varie d linearl y (70 -
220 1/k g TS ) wit h R T (tha t is , y  =  1.8 5 R T +  33) varyin g fro m abou t 15-10 0 day s 
(Figure 1) . A t shorte r R T o r highe r loadin g rate , th e slop e i n th e ga s yiel d 
indicates a  minimu m R T o f fou r day s fo r th e successfu l operatio n o f a  semi -
continuous digestor . O n th e othe r hand , a  ga s yiel d i n term s o f Dy/ d agains t R T 
is a  hyperboli c curv e o n th e perio d 15-10 0 day s R T bu t slope s of f a t shorte r R T . 
Maximum yiel d unde r thes e condition s ar e observe d a t R T o f abou t 6  day s (o r 
0.45 Dy/d) . Extrapolatio n o f th e hyperboli c curv e fo r R T indicate s th e maximu m 
extractable bioga s unde r correspondin g batc h condition s t o b e abou t 0.2 1 Dy/d . 
This i s i n agreemen t wit h th e result s obtaine d o n batc h digestion . 

Field Studie s 

To verif y thes e result s a  digeste r wa s constructe d t o monito r bioga s yiel d an d 
characteristics unde r fiel d conditions . Th e desig n consist s essentiall y o f a  2m 8 

above groun d metalli c (stirre r fitted ) digeste r wit h a  floatin g ga s holder . I t wa s 
loaded wit h a  mixtur e (assumin g R T =  2 5 days ) an d operate d a t ambien t 
temperature (mea n o f 22° C fro m Januar y t o April , 198 4 wit h peak s o f 25°C) . 
The mixtur e wa s stirre d twic e dail y fo r 1 0 mins . 

Methane an d CO 2 content s wer e determine d a t regula r intervals . Test s o n th e 
possible utilisatio n o f thi s ga s (a ) i n a  conventiona l househol d ga s stov e modifie d 
to operat e o n bioga s an d (b ) t o ru n a  4  KW , 4  strok e singl e cylinde r diese l engin e 
modified t o accep t bioga s a s a  partia l substitut e t o diesel , wer e als o carrie d out . 

The result s i n Figur e 2  sho w tha t althoug h mea n ambien t temperatur e varie d 
between 2 1 an d 25°C , th e interna l digeste r temperatur e wa s 34° C wit h 
occasional afternoo n peak s o f 40°C . Suc h temperatur e fluctuation s ar e expecte d 
for tha t volum e o f wate r i n a  blac k metalli c containe r durin g tha t period . N o 
significant differenc e i n p H wa s observe d betwee n th e inpu t an d outpu t slurr y 
and i t remaine d a t aroun d 6.9 . Th e dail y ga s productio n rat e wa s 0. 5 di g vol/ d 
and i s twic e tha t obtaine d unde r laborator y condition s (a t 21°C ) show n i n 
Figure 1 . 
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Methane an d CO 2 content s wer e 4 5 and 55 % respectively, an d th e calorifi c valu e 
ranged betwee n 4  an d 5  k  cal/ 1 whic h i s t o b e expecte d o f a  ga s wit h th e abov e 
composition. 

The efficienc y o f th e modifie d stov e base d o n th e hea t outpu t (temperatur e ris e 
for a  give n weigh t o f water ) an d inpu t (calorifi c valu e an d volum e o f bioga s used ) 
ranged betwee n 6 0 an d 70% . Thi s i s highe r tha n th e efficienc y o f traditiona l 
kerosene cooker s (40-50%) . Diese l consumptio n i n th e singl e cylinde r engin e ha s 
been reduce d b y hal f a t idlin g spee d o f 150 0 rpm . Experiment s ar e underwa y t o 
reduce diese l consumptio n o f th e engin e an d operat e a t loa d conditions . 

Anaerobic digestio n of suga r cane fibrou s product s 

In th e firs t se t o f experiments , a n attemp t wa s mad e t o diges t fres h sample s o f 
cane top s an d leave s (CTL) , fibrou s residue s (FR ) an d bagass e (B ) an d thes e 
fibrous product s mixe d wit h 50 % co w dun g (T S basis) . Fres h co w dun g serve d a s 
a control . Al l th e mixture s wer e dilute d t o 8 % T S an d allowe d t o diges t (afte r 
innoculation wit h a  2.5 % starte r culture ) i n 4. 5 1  digesters a t roo m temperatur e 
(20-22°). 

Fresh suga r can e fibrou s product s prove d t o b e poo r substrate s fo r anaerobi c 
digestion. Ove r a  13 0 da y period , th e cumulativ e ga s yield , whic h range d fro m 8 
to 1 3 1/k g T S fo r th e 100 % treatment , wa s negligibl e compare d t o th e contro l 
(140 1/k g TS) . 

In th e subsequen t experiment , CT L wer e prepare d i n a  Jeffc o cutte r grinde r an d 
allowed t o compos t fo r 2 0 days , the n mixe d wit h differen t proportion s o f co w 
dung an d digeste d a s describe d above . Figur e 3  show s th e cumulativ e ga s 
production patterns . 

All th e curve s assume d a  genera l exponentia l shap e fo r th e firs t 4 0 day s wit h th e 
average bioga s yield s o f 1.5 , 1.6 , 1.7 , 0. 9 an d 0.1/k g TS/ d fo r treatment s I-I V 
respectively. Thi s wa s followe d b y a  la g phas e whic h wa s o f progressivel y longe r 
duration wit h increasin g proportion s o f CT L i n th e mixture . 

Cane top s an d leave s eve n whe n composted , ar e no t easil y biodegrade d althoug h 
they ma y hav e contribute d t o a  limite d exten t i n th e tota l bioga s yiel d i n th e 
various mixture s wit h co w dung . 

Finally, CT L wa s mixe d wit h differen t level s o f co w dun g an d filte r mu d (FM) . 
The variou s mixture s wer e allowe d t o diges t a t roo m temperatur e an d yiel d an d 
composition o f th e bioga s an d th e p H wer e monitore d a t interval s ove r 15 0 days . 

Figure 4  show s th e cumulativ e bioga s yiel d fro m th e mixtures . I n th e initia l 
phase o f digestio n unti l da y 50 , th e ga s yiel d fro m treatmen t 1  (cow dun g alone ) 
was highe r tha n an y o f th e othe r mixtures . A t da y 150 , th e cumulativ e ga s yiel d 
was 21 5 1/k g T S fo r treatment s 4  an d 2 , 19 5 fo r 3  an d 5 , 17 5 fo r 6  and 1  and 14 6 
for 7 . Additio n o f CT L an d F M to co w dun g appear s t o brin g abou t a n increas e i n 
gas yiel d onl y i n th e late r stage s o f digestion . 

The p H droppe d initiall y t o 6. 2 i n al l mixture s excep t co w dun g alon e (whic h 
remained betwee n 7. 1 an d 6. 8 throughout ) an d mixtur e 8  (whic h wa s belo w 5. 8 
until da y 140) . Significan t ga s liberatio n too k plac e concurrentl y wit h ris e i n p H 
in al l th e mixtures . 
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No significan t differenc e i n th e rati o C0 2/CH4 wa s observe d i n th e variou s 
mixtures over tha t period . 

From th e abov e experiments , i t ma y b e conclude d tha t fibrou s product s ar e i n 
general poor substrate s fo r anaerobi c digestio n an d have to underg o othe r form s 
of pretreatmen t prio r t o digestion . The y ar e thu s no t considere d i n th e nex t 
section dealin g wit h th e economi c aspect s o f bioga s productio n fro m co w dun g 
and utilisation . 

ECONOMIC ASPECTS 

The economi c aspect s o f usin g a cow dung based bioga s system fo r dail y cooking 
(effective) energ y requirements wer e examined . Th e total annua l charges (TAC) 
resulting fro m settin g u p and operatin g th e famil y bioga s plan t wit h th e annua l 
substitution valu e o f th e bioga s wer e compare d wit h th e presen t cost s t o th e 
consumer usin g various traditional cookin g fuels. Th e SAT I 2m3 digester use d in 
the fiel d trial s describe d earlie r an d a n India n KVI C undergroun d digeste r 
commissioned b y th e Rura l Developmen t Uni t (Ramdi n 1984 ) wer e use d i n th e 
evaluation. Bot h are mean t t o provide 1.5 m 3 o f ga s daily whic h woul d mee t th e 
daily cooking energy requirement of a  typical Mauritia n family . 

The expecte d lif t tim e (n ) of th e digester s i s 1 0 years , th e interes t rat e (i ) on 
borrowed capita l i s 12.5% , operatin g an d maintenanc e cos t (a ) i s 4 % an d th e 
fixed annua l charge s (FAC ) i s base d o n th e levelise d paymen t arrangemen t 
(Grant an d Ireso n 1984) . Th e tota l annua l charge s (TAC ) ar e give n b y th e 
formula 

where FC I i s th e fixe d capita l investment . Tota l annua l charge s fo r th e tw o 
models are shown in Table 3. I t i s assumed tha t th e cos t o f co w dung, labour fo r 
its handlin g an d storag e an d th e spen t slurr y i s zero. Th e TAC are include d fo r 
the SAT I model operating at R T =  10, 25 and 45 days which would require 64 , 53, 
and 4 3 k g o f co w dun g daily . Th e FC I o f thes e model s i s base d o n th e powe r 
relationship (Peters and Timmerhaus 1968): 

where V e =  effective volum e of required digester , and FCI actual = Rs 6000 for a 
digester 175 0 1 effective volume . 

The amoun t o f mone y spent b y the typica l Mauritia n famil y fo r cookin g purposes 
is, R s 420 , 1585 , 1880 , 271 0 an d 308 0 fo r firewood , kerosene , woo d charcoal , 
electricity an d LPG respectively (Baguan t e t a l 1984). 

Using th e KVI C model , th e famil y usin g firewood , kerosen e o r woo d charcoa l 
would suffe r a n annual net los s of R s 1825 , 771 or 50 6 respectively. Th e system 
seems onl y marginall y attractiv e fo r electricit y o r LP G user s wit h ne t 
differences o f R s 244 , o r 57 9 (o r 20 % o f th e domesti c cookin g energ y bill ) 
because such users belong to a class who can afford suc h a cooking energy bill . 
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With th e SA T I  mode l operate d a t hig h R T (of 4 5 days), th e sam e comment s a s 
above apply . Hov/ever , wit h reduce d R T, th e SA T I  mode l become s mor e an d 
more attractive t o users of high cost fuel s (electricit y an d LPG). Fo r exampl e a t 
RT =  25 days, th e ne t annua l benefits increase s t o 25 % of th e domesti c cookin g 
energy budge t fo r thes e tw o categorie s o f users . A t R T = 10 days (o r eve n 4- 6 
days) th e syste m become s attractiv e t o al l user s (excep t thos e usin g firewood ) 
with net benefits rangin g from 25 % for kerosene users to 57% for LP G users. 

The foreig n exchang e involve d i n th e constructio n an d installatio n o f th e SA T I 
model operated a t shor t R T would also be comparable t o tha t o f th e KVI C mode l 
(Rs 2800 and 3500 respectively). 

With som e furthe r refinement s i n th e operatio n o f th e SA T I  model , i t i s fel t 
that, wit h a  biogas plant o f 1. 3 m 3 effectiv e volum e costin g aroun d R s 5000 , i t 
would b e possible t o produce 1. 5 m 3 o f ga s daily . Successfu l operatio n o f such a 
unit (whic h i s unde r way ) woul d thu s enhanc e th e cas e fo r popularisin g bioga s 
technology in Mauritius. 

CONCLUSION 

It ha s been demonstrate d i n thi s stud y tha t i t i s technicall y feasibl e t o produc e 
biogas fro m co w dung. I t woul d b e economicall y attractiv e t o al l categorie s o f 
energy user s fo r cookin g purpose s whe n i t i s operate d a t shor t retentio n time s 
(10 day s o r less ) i n th e SA T I mode l whic h woul d involv e capita l investmen t o f 
around R s 500 0 an d tota l annua l change s o f R s 1027. Th e attractiveness o f th e 
family bioga s systems i n th e loca l contex t woul d increas e i f i t wer e possibl e t o 
produce 1. 5 m 3 o f ga s fro m a  digeste r o f 1. 3 m 3 effectiv e volum e which would 
require a  dail y suppl y o f 6 5 k g o f co w dun g (slightl y highe r tha n th e 5 0 k g 
required i n the KVI C model). 

Such a  system , i f successfull y popularised , woul d brin g about significan t saving s 
in foreig n exchang e require d fo r importin g kerosen e an d would , a t th e sam e 
time, diminis h th e deforestatio n pressures . However , hast y marketin g o f 
technically inappropriat e o r economicall y unattractiv e famil y bioga s system s 
carries wit h i t seriou s risk s o f disenchantmen t an d backlas h agains t bioga s 
technology as a whole . Fo r example as shown in this study, biogas produced fro m 
the KVI C model is not competitiv e wit h eithe r kerosen e o r woo d charcoal unless 
massive levels of governmen t assistanc e i s envisaged. Accumulatio n o f materia l 
at th e botto m o f th e pi t (underground ) whic h woul d bloc k digeste r operatio n an d 
necessitate particularl y difficul t clea n up procedures, is a technical proble m tha t 
has yet t o be resolved. 
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TABLE 1: Batc h digestion of cow dung 

Experiment 

Effect o f 
starter 
culture 

Effect o f 
dilution 

Effect o f 
particle 
size 

Effect o f 
temperature 

Temp 

°C 

28 
28 

28 
28 
28 

23 
23 
23 
23 

F 2 3 
M 2 3 
C 2 3 

21 
30 
35 
40 
45 
55 

Starter 
culture 

% b y W t 

0 
2.5 
5.0 
7.5 

10.0 

2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

TS 
% b y W t 

10.0 
10.0 
10.0 
10.0 
10.0 

2.5 
5.0 
7.5 

10.0 

10.0 
10.0 
10.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

Cumulative ga s yiel d 
(1/kgTS) 

20 days 4 0 day s 

10.1 
76.0 
80.6 
83.0 
83.1 

23.0 
25.0 
26.0 
26.0 

30.4 
28.4 
25.0 

26.0 
68.0 

104.0 
64.0 

9.6 
76.6 

36.7 
133.0 
138.0 
140.0 
137.0 

63.0 
65.0 
64.0 
70.0 

87.4 
73.0 
65.0 
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Total annua l charge s 

v e ( 1 ) 

Daily co w dun g 
required (k g fresh ) 

FCI (Rs ) 

FAC (Rs ) 

Op & M (Rs ) 

TAC (Rs ) 

10 

1280 

64 

4670 

840 

187 

1027 

SAT I mode l 

Retention tim e (days ) 

25 

2645 

53 

8350 

1503 

334 

1837 

45 

3855 

43 

11,300 

2034 

452 

2486 

KVIC undergroun d 
model 

40 

3800 

50 

10,000 

1806 

400 

2206 

Net annua l benefit s (Rs ) 

Firewood* 

Kerosene* 

Wood charcoal * 

Electricity* 

LPG* 

-647 

408 

673 

1423 

1758 

-1457 

-402 

-137 

613 

948 

-1056 

-1051 

-786 

-36 

299 

-1826 

-771 

-506 

244 

579 

If abov e fue l use d throughou t th e yea r fo r cooking , th e annua l expense s 
are: R s 420 , 1585 , 1880 , 271 0 an d 308 0 respectively . 

TABLE 3 : Tota l annua l charge s an d ne t annua l benefit s i n 
using biogas fo r th e SA T I and KVI C digeste r model s 

* 
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FIGURE 1: R T, V/S gas production for semi continuous digester 

FIGURE 2: Performanc e o f family size semi-continuous digester 
(SAT-I model) 
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FIGURE 3: Batc h digestion of composted CTL mixed with 
different level s of cow dung (cumulative) 

FIGURE 4: Cumulativ e biogas yield from differen t treatment s 
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THE DIFFUSIO N O F FAMILY-SIZ E UNI T BIOGAS PLANT S IN 
SUITABLE AREA S IN TANZANIA -  TH E DEVELOPMEN T O F A N EXTENSIO N STRATEG Y 

Christopher Kellne r 
German Appropriat e Technolog y Exchange , 

Biogas Extensio n Service , c/ o CA M ARTEC (Centr e fo r Agricultura l 
Mechanisation an d Rura l Technology) , P O Bo x 764 , Arusha , Tanzani a 

and 

Silas Lwakabamb a 
Energy Analysi s Program , Bld g 9 0 R M 3125 , 

Lawrence Berkele y Laboratory , Universit y o f California , 
Berkeley, C A 94720 , US A 

ABSTRACT 

Past effort s t o exten d bioga s technolog y hav e no t bee n ver y successful . Th e 
technology i s complicated , selectio n o f appropriat e site s need s t o b e carefull y 
planned b y experience d specialists , an d bioga s know-ho w mus t b e transferre d t o 
the village s concerned . Th e Bioga s Extensio n Strateg y describe d her e aim s t o 
instruct villag e artisan s i n th e constructio n o f chea p an d appropriat e bioga s 
plants. 

BIOGAS TECHNOLOGY I N TANZANI A 

Since th e beginnin g o f 198 4 CA M ARTEC ha s bee n stressin g th e extensio n o f 
biogas plant s (BGP ) i n Tanzania . Activitie s dat e bac k t o 1974 . Man y 
demonstration plant s hav e bee n se t up , technician s traine d an d muc h mone y 
spent. Unfortunately , a  grea t numbe r o f plant s ar e no t working . 

MISTAKES IDENTIFIED I N FORME R BIOGA S PROGRAMME S 

A wid e rang e o f mistake s hav e bee n identified , whic h ca n b e divide d int o thre e 
main fields : 

1. Selectio n o f locations . Man y plant s hav e bee n se t u p a t place s whic h d o 
not fulfi l th e criteri a fo r successfu l operation . Ofte n i t wa s difficul t t o 
transport th e require d amoun t o f dun g o r i t wa s easie r an d mor e logica l t o 
use othe r source s o f energy . 

2. Technica l mistakes . Man y plant s ar e no t workin g du e t o inappropriat e 
design o r poo r workmanship , especiall y i n th e part s tha t nee d t o b e 
gastight suc h a s th e gasholde r an d th e piping . 

3. Trainin g o f involve d person s an d follo w u p supervision . Ver y ofte n th e 
basic technica l knowledg e i s no t clea r t o th e users . Therefor e smal l 
mistakes i n th e operatio n o f th e plant , th e lam p an d th e burne r ar e ver y 
common, th e accumulatio n o f whic h ca n easil y lea d t o a  fina l failure . 

PRECONDITIONS FO R SUCCESSFU L BIOGA S EXTENSION PROGRAMM E 

In developin g a  ne w bioga s extensio n programme , criteri a wer e lai d dow n t o 
overcome pas t problems . 
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Criteria o f suitabilit y fo r locating a  biogas plant 

Among th e mos t importan t prerequisite s fo r a  successfu l programm e fo r bioga s 
diffusion ar e th e following : 

i. Hig h populatio n densit y whic h create s pressur e o n availabl e energ y 
sources. 

ii. Sufficien t vegetatio n densit y t o allo w cattl e rearin g i n stable s withou t 
recourse t o grazing . 

iii. Concentrate d anima l husbandr y -  fo r instanc e thre e catt l e confine d t o a 
stable fo r 2 4 hours a  da y a s a  minimum . 

iv. Hig h intensit y o f lan d usag e t o creat e a  nee d fo r fertiliser s an d 
systematic disposa l o f wastes . 

v. A  sufficien t degre e o f monetarisatio n o f th e farmin g econom y s o tha t 
there i s a n economi c incentiv e fo r digeste r constructio n an d th e us e o f 
gas an d fertiliser . 

vi. A  technica l capabilit y fo r bric k o r concret e constructio n an d a  leve l o f 
technical awarenes s sufficien t t o operat e an d maintai n a  digester . 

Digester desig n 

Digesters distribute d i n Tanzani a ar e eithe r copie s o f th e India n technolog y 
where th e ga s i s stored i n a  floatin g dru m o r a  modifie d India n Plant . Th e latte r 
while muc h cheape r i s extremel y unreliable , becaus e scra p meta l use d t o mak e 
the gasholde r corode s quickly . Th e hig h cost s o r unreliabilit y ar e th e mai n 
reasons wh y individual s hav e no t copie d demonstratio n plants . 

This firs t extensio n tria l di d no t includ e Chines e fixe d dom e technology . Th e 
advantage o f th e fixe d dom e technolog y i s tha t almos t n o steelwor k i s involved . 
This reduce s th e cost s o f material s an d make s th e settin g u p an d th e supervisio n 
easier. However , th e constructio n o f a  fixe d dom e i s difficul t an d require s 
trained masons . Thu s introductio n o f suc h a  bioga s plan t mus t includ e trainin g o f 
local artisan s i n specifi c buildin g technique s t o ensur e tha t th e uppe r par t o f th e 
fixed dom e i s crac k resistant , gastigh t an d ca n stan d changin g pressures . Th e 
workmanship mus t follo w precis e specification s t o functio n correctly . 

Provided appropriat e trainin g an d supervisio n wer e mad e available , th e Chines e 
fixed dom e bioga s plan t wa s fel t th e mos t suitabl e t o rura l Tanzani a an d thi s 
technology form s th e basi s o f th e bioga s extensio n projec t describe d below . 

Sensitive engineerin g 

The practica l developmen t o f bioga s technolog y require s no t onl y technologica l 
know ho w bu t als o experienc e o f th e tradition s o f th e targe t group , an d 
especially o f user s reactio n t o thi s technology . Appropriat e technolog y evolve s 
through learnin g fro m mistake s an d drawin g conclusion s fro m failures . 

Extendable technolog y canno t b e achieve d b y copyin g system s tha t prove d 
successful i n othe r countrie s o r cultures . Instea d o f instructin g farmer s ho w t o 
make a  bioga s plan t b y themselves , potentia l user s mus t hav e th e opportunit y t o 



- 3 1 7 -

buy technolog y appropriat e t o thei r situatio n an d culture . Therefor e a  suppl y o f 
good qualit y bioga s plant s ha s t o b e develope d i n cooperatio n wit h th e targe t 
users. Experience d expert s mus t b e availabl e t o advis e an d supervis e t o ensur e 
the plan t i s se t u p properly . And  thes e skill s ma y b e transferre d t o loca l artisan s 
who wil l the n promot e an d exten d th e disseminatio n o f th e technolog y withi n 
their communities . 

STANDARDISED FAMIL Y UNITS 

For a  famil y siz e bioga s plan t t o b e accepte d th e engineerin g inpu t mus t b e 
reduced. Therefor e CA M ARTEC develope d thre e standardise d fixe d dom e BG P 
of differen t capacitie s an d provide s trainin g o f technician s an d loca l artisan s i n 
their construction . Figur e 1  i s a n exampl e o f th e desig n specificatio n fo r a 
CAM ARTEC fixe d dom e bioga s plant . Table s 1- 3 sho w th e requirement s an d 
present cost s fo r construction . 

BIOGAS PLANT AND STABLE WITH CONCRETE FLOOR FORMING A  "UNIT" 

To reduc e maintenanc e requirement s an d dail y wor k input , th e family-siz e BG P 
is directl y connecte d t o a  stabl e wit h concret e floor.  Twic e a  da y th e dun g i s 
mixed wit h th e urin e whic h ha s accumulate d i n a  cana l i n th e stable . I t ha s t o 
move dow n int o th e digeste r throug h a  4 " pipe . T o make , it liqui d enoug h i t ca n 
be mixe d wit h alread y digeste d sludg e whic h i s take n fro m th e expansio n 
chamber. Wate r ca n als o b e used , bu t i t ha s th e disadvantag e tha t i t ha s t o b e 
carried fo r a  lon g distance i n mos t cases . 

In th e cas e o f a n existin g stabl e wit h a  dun g o r soi l floor , a  concret e floor  wil l 
have t o b e constructe d eve n i f i t increase s th e cost s b y abou t 20% . Th e concret e 
floor wil l ensur e a  100 % urin e an d dun g collection , a n eas y fillin g o f th e plan t 
and help s t o avoi d stone s an d san d fro m enterin g th e digester . 

In genera l th e increas e i n investmen t cost s i s justified , i f i t help s t o reduc e th e 
daily wor k inpu t an d increase s th e reliabilit y o f th e system . 

METHOD OF DIFFUSIO N 

If a  technicall y appropriat e solutio n i s found , a  metho d o f disseminatin g th e 
technology i s essential . I n genera l ther e ar e tw o methods . Th e firs t on e i s t o 
establish a  tea m o f artisan s withi n a n organisatio n tha t supplie s individua l 
customers. Thi s increase s th e cost s an d automaticall y th e customer s wil l mainl y 
be bi g farmers . 

The secon d wa y i s t o trai n artisan s wh o liv e i n area s tha t compl y wit h al l th e 
feasibility criteria . I f th e supplie r live s i n th e neighbourhood , th e deman d fro m 
surrounding farmer s wil l follow . Mos t customer s wil l b e small-scal e farmer s 
with a n additiona l sourc e o f income . 

The secon d approac h seem s t o b e th e mor e complicate d on e an d wil l therefor e b e 
described i n mor e detail . Th e ai m i s t o suppl y a s man y farmer s a s possibl e wit h 
BGPs an d a t th e sam e tim e t o transfe r th e kno w ho w t o loca l artisan . 

The programm e i s carrie d ou t i n thre e mai n steps : 

1. A  survey i s conducted t o estimat e th e potentia l o f farm s suite d t o operat e 
a BGP . A  questionnair e i s use d t o determin e th e energ y situation , th e 
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farming system , th e availabilit y o f digestabl e materia l an d wate r an d th e 
financial situation . 

2. Wher e a  deman d fo r BGP s i s identifie d th e technolog y wil l b e introduce d 
to th e villag e governmen t an d intereste d farmers . Thi s wil l b e don e 
either b y settin g u p a  smal l transportabl e demonstratio n uni t whic h 
supplies a  smal l amoun t o f ga s o r b y organisin g a  sit e visi t t o a n operatin g 
BGP. 

3. Selectio n o f a  suitabl e sit e wher e th e firs t uni t o f th e particula r villag e i s 
installed. Th e constructio n i s don e b y tw o artisan s fro m th e villag e an d 
supervised b y CA M ARTEC Bioga s Extensio n Servic e wh o wil l b e 
conducting o n th e jo b training . Experienc e ha s show n tha t deman d follow s 
initial construction . 

Supervision ca n b e reduce d a s successiv e plant s ar e constructed . Th e villag e 
artisans ar e th e mai n supplier s t o satisf y th e demand . 

To eas e an d accelerat e th e proces s fo r th e individua l farme r o f purchasin g th e 
requested buildin g material , CAMARTE C i s establishin g a  materia l suppl y stor e 
which als o supplie s lamp s an d burners . A  ste p i n th e futur e wil l b e als o t o 
produce thes e i n th e country . 

The othe r tas k o f CAMARTEC , withi n thi s strategy , i s t o advis e o n individua l 
biogas problems , e g planning , construction , feeding , ga s production , ga s 
consumption, us e o f sludg e an d maintenance . 

PRELIMINARY DIFFUSIO N ARE A 

In th e Arush a region , a n are a o f 20 0 s q k m wa s identifie d a s satisfyin g th e 
criteria fo r introducin g bioga s technology . Ther e ar e roughl y 700 0 farm s i n thi s 
area an d 20,00 0 head s o f lifestoc k o f whic h a t leas t 50 % are kep t i n stables . Te n 
per cen t o f th e farmer s wer e definitel y intereste d i n bioga s technolog y an d coul d 
afford th e technology . 

COSTS AND BENEFIT S 

The investmen t cost s ar e comparativel y high . Howeve r convertin g th e amoun t 
of ga s produce d int o commercia l energie s whic h represen t th e familie s newl y 
achieved standar d o f living , a  bioga s plan t woul d brea k eve n i n 3- 4 years , 
including runnin g cost s an d interes t repayments . 

However, farmer s an d especiall y th e farmers ' wive s hav e identifie d shorter-ter m 
criteria i n suppor t o f installin g a  BGP : 

i. Th e increasin g difficult y o f gettin g firewoo d an d kerosene . 

ii. Quic k an d reliabl e preparatio n o f smal l thing s lik e te a a s wel l a s th e 
normal cooking . 

iii. Ligh t i n th e evening . 

Farmers intereste d i n obtainin g BGP s hav e tende d t o b e innovativ e an d busines s 
oriented. Th e firs t fou r farmer s starte d t o conver t surplu s energ y int o 
marketable foo d products , e g brewin g loca l beer , bakin g brea d o r pancakes , o r 
roasting thei r ow n coffe e i n orde r t o sel l it . 
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Figure 2  estimates th e precondition s t o expec t a n excessiv e suppl y o f ga s an d th e 
capacity o f BG P to satisf y th e need s o f farm s o f differen t sizes . 

THE FERTILISER 

The sludg e fro m BGP s i s a  ver y goo d fertiliser . While  no t alway s include d amon g 
the benefit s o f th e bioga s technolog y an d unde r utilised , it s advantage s includ e 
the following . 

i. Wit h zero-grazin g an d confine d t o a  stabl e wit h concret e floors , al l 
wastes fro m th e animal s ar e collected . 

ii. Th e sludg e fro m th e digeste r contain s th e sam e amoun t o f nitroge n a s th e 
original manure . Traditiona l way s o f storin g manur e result s i n majo r 
losses o f nitrogen . 

iii. Ther e i s n o ris k fro m contaminatio n b y chemical s an d th e fertilise r i s 
easily assimilate d b y plants . 

iv. Slurr y fertilise r doe s no t smel l o r a t t rac t flies. 

Nevertheless, onl y a  minorit y o f BG P owners utilis e thi s fertiliser . I t seem s tha t 
the disadvantage s ar e majo r a s follows : 

i. Transportatio n o f liqui d slurr y i n wheelbarrow s o r i n bucket s i s difficult . 

ii. Ther e i s ru n of f an d therefor e los s o f fertiliser . 

iii. Th e fertilise r i s mos t effectiv e whe n applie d t o roots , unde r we t an d 
cloudy conditions , a t th e stag e o f intensiv e plan t growth . Thes e pre -
conditions occu r seasonall y whil e sludg e i s produce d continuously . 

The Bioga s Extensio n Programm e ha s t o incorporat e thes e findings . 

STEPS IN THE FUTUR E 

The Bioga s Extensio n Programm e i n th e Arumer u Distric t wil l b e extende d t o 
other suitabl e areas . Fo r success , th e followin g aspect s nee d furthe r 
emphasising: 
1. Involvemen t o f privat e entrepreneur s i n plant s an d constructio n o f 

accessories. 
2.Surveys t o estimat e th e potentia l numbe r o f farm s suitabl e 

for bioga s plan t operation . 
3. Developmen t o f teachin g aid s an d regula r trainin g fo r furthe r trainin g o f 

artisans an d technicians . 
4. Establishmen t o f a  maintenanc e team . 
5. Ensur e exper t advic e o n al l field s involve d i n th e technolog y wit h th e hel p 

of appropriat e booklet s an d wel l equippe d advisers . 
6. Continuou s reassessmen t an d improvemen t o f standardise d plants . 
7. Developmen t o f prefabricate d buildin g material . 
8. Developmen t o f method s an d instrument s fo r appropriat e us e o f fertiliser . 
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TABLE 2: Material s and other requirements including 
costs per constructing the stable floor 

Item 

Type o f stabl e 

Unit Co w shed or 
sheep pen Pi g sty 

amount/(10m2) pric e (TSH) amount/(10m 2) pric e (TSH) 

Cement 

Sand stone s 

Mason 

Helper 

TOTAL per 10 

bags 

kg 

m2 

3 

2000 

600 

1000 

300 

200 

2100 

5 

4000 

1000 

2000 

500 

300 

3800 

TABLE 3: Ga s consumption accessories 

Item 

Burner 

Lamp 

Pipe 1/2 " 

Pipe 3/4 " 

lm* 

lm* 

Purchased throug h 

CAMARTEC 

CAMARTEC 

CAMARTEC 

CAMARTEC 

price (TSH ) 

700 

500 

80 

110 

Average price, including fittings an d one valve and the installatio n work . * 
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FIGURE 1: CAMARTE C fixed dome biogas plant digester: 
8 cbm volume with 1.3 cbm gas storage 
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FIGURE 2; Mean s for first estimating the appropriate standard unit. 

All figures ar e related t o th e describe d uni t an d th e cookin g habit s o f th e peopl e 
in Arumeru Distric t o f Tanzania . 
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BIOGAS TECHNOLOGY FOR RURAL DEVELOPMENT IN ZIMBABWE 

Godfrey Marawanyik a 
Department o f Energy, P B 7758, 

Causeway, Zimbabwe 

ABSTRACT 

This pape r report s laborator y experiment s o f th e anaerobi c digestio n o f pigeo n 
droppings and waste materia l fro m coffe e processin g and the application o f thes e 
findings i n fiel d trial s usin g three type s of bioga s digesters designed an d buil t i n 
Zimbabwe. I t i s concluded tha t bioga s technolog y ma y b e a  feasibl e solutio n t o 
the shortage of wood-fue l an d fertiliser i n the rura l areas. 

INTRODUCTION 

Although bioga s generation i s already a  wel l known technology i n countries such 
as Indi a an d China , man y peopl e i n Zimbabw e ar e no t familia r wit h thi s 
technology. A  biogas project , describe d i n thi s paper , wa s launched t o develo p 
and promote bioga s technologie s fo r us e in the rura l area s o f Zimbabw e throug h 
investigations int o use r needs , feedstoc k fo r bioga s digester s an d utilisatio n o f 
the biogas and slurry. 

LABORATORY WORK 

Prior t o initiatin g wid e scal e fiel d trials , laborator y investigation s wer e 
conducted t o determin e th e amenabilit y t o anaerobi c digestion , qualit y o f ga s 
produced (CH 4 content ) an d optimu m pH , temperatur e an d retentio n tim e fo r 
various potential substrates. Th e necessary modificatio n o f existin g cooking and 
lighting appliances to operate on biogas has also been investigated . 

Evaluation of the performance of biogas substrates 

A crop residue , waste s fro m coffe e production , an d a n anima l wast e product , 
pigeon droppings , were teste d i n a laboratory scale biogas digester. Th e digester 
was maintained a t a  constant temperatur e throughout . Tota l solid s (TS) , volatile 
solids (VS) , fixe d solid s (FS ) an d volum e o f ga s produce d an d p H o f th e slurr y 
were measured . 

Results 

The bioga s obtaine d fro m coffe e waste s wa s almos t odourless , indicatin g ver y 
little hydrogen sulphide. Ga s from pigeo n waste was fairly odorous . 

Mixing of digeste r content s b y occasional hand swirling, proved inadequat e i n the 
case o f coffe e wast e whic h tende d t o frot h an d for m a  floatin g scu m whic h a t 
times rose and blocked th e gas outlet . 

An analysi s o f th e substrat e use d i s presented i n Table 1  and th e amoun t o f ga s 
produced over a  16 week period i s presented i n Table 2. 
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Discussion 

Crop an d anima l wast e produc e bioga s o f slightl y differen t composition . Ga s 
chromatography woul d b e necessar y t o determin e th e actua l compositio n o f th e 
gas. A  number o f problem s wer e encountere d includin g the  following : 

a. Ther e wa s difficult y i n obtainin g representativ e sample s fo r tota l solid s 
and volatil e solid s becaus e o f th e heterogeneou s particl e siz e o f th e 
coffee waste . Becaus e onl y smal l sample s wer e collected , th e presenc e o f 
a larg e soli d lum p woul d rais e th e T S value obtaine d wit h tha t sample . 

Grit presen t i n pigeo n wast e cause d simila r problem s an d ha d a  marke d 
effect o n th e weigh t o f th e as h lef t i n th e crucibl e whe n th e V S had bee n 
driven off . In  thi s case , i t i s advisabl e t o collec t th e sample s a t a  fixe d 
time afte r swirlin g th e digester . 

b. Th e coffe e wast e particle s trappe d ga s bubble s an d wer e buoye d t o th e 
top o f th e slurry , leavin g mos t o f th e liqui d below . Th e particle s wer e 
then slowl y lifte d b y th e ga s fro m th e liqui d laye r unti l the y blocke d th e 
gas outlet . Thi s tendenc y t o floa t wa s countere d b y frequen t stirrin g t o 
release trappe d ga s bubbles . 

c. Ther e wa s a  gradua l build-u p o f gri t a t th e botto m o f th e digeste r du e t o 
its presenc e i n th e pigeo n waste . I t wa s therefor e foun d necessar y t o 
empty th e digeste r an d remov e th e gri t occasionally . 

Research o n appliance s 

Household appliance s i n Zimbabw e ar e relativel y crud e an d inefficient . Loca l 
manufacturers hav e concentrate d o n cooker s fo r bot h hig h an d lo w pressur e 
bottled gas . Som e hig h pressur e ga s lamp s hav e als o bee n manufactured . Wor k 
has bee n carrie d ou t t o modif y som e o f thes e appliance s t o us e biogas . 

Cookers 

Most bioga s cooker s currentl y use d i n rura l Zimbabw e d o no t includ e th e pre -
mixing o f bioga s wit h air . W e investigate d th e performanc e o f thes e cooker s 
with an d withou t pre-mixin g o f biogas . Th e advantage s o f pre-mixin g ar e 
presented i n Tabl e 3 . 

Gas Lamp s 

The commerciall y availabl e cada c ga s lam p ha s a  smal l je t an d thi s doe s no t 
allow ga s t o flo w freely . Th e je t wa s enlarge d t o a  diamete r o f jus t ove r 1m m t o 
provide th e require d riche r gas:ai r mixture . Ga s delivere d a t a  constan t pressur e 
of 10-20c m wate r colum n abov e atmospheri c provide d a  stead y flame . Undrie d 
gas gav e onl y hal f th e rate d illuminatio n o f th e lamp . Wor k i s no w bein g carrie d 
out t o fabricat e a  lo w cos t Indian-typ e bioga s lamp . 

FIELD TRIALS 

Biogas technolog y wa s introduce d t o th e rura l peopl e i n th e for m o f variou s 
demonstration digester s describe d i n th e followin g sections . 
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Oil drum digeste r 

A 20 0 litr e oi l dru m wa s fille d wit h co w dun g slurr y an d completel y seale d 
leaving a n outle t fo r th e gas . Th e ga s wa s store d i n a n inne r tub e obtaine d fro m 
a loca l bu s company . A  smal l ti n stov e wa s connecte d t o th e inne r tube . Thi s 
digester wa s used a s a  demonstratio n mode l a t agricultura l shows . 

Domboshava bioga s plan t 

This digeste r wa s base d o n a n India n desig n o f fixe d brick-line d digester . Th e pi t 
was shallowe r becaus e o f th e possibilit y o f strikin g a  hig h wate r tabl e whic h 
would hav e coole d th e sludg e t o som e degree . Th e material s use d t o buil d th e 
plant wer e a s follows : 

2500 fir e burn t brick s 2 5 x  50k g packet s o f cemen t 

230 metre s (1 0 gauge ) wir e 3 5 metre s (12mm ) reinforcin g rod s 

5 litre s epox y pitc h blac k pain t 6  metres (150m m in t dia ) asbesto s P 

3.8 metre s (75mm ) galvanise d pip e 1. 3 metre s (100mm ) galvanise d pip e 

1 gat e valv e 1  base plat e 

4 (100mm) bolt s an d nut s 1  gasometer tan k 

5 k g bittume n sealan t Hos e pip e an d clamp s a s require d 

5 litre s aidpo l accordin g t o distance . 

The digeste r wa s buil t withi n a  fe w day s an d operate d o n sludg e fro m on e o f 
Harare's sewag e works . Enoug h ga s wa s bein g produce d withi n a  wee k t o provid e 
for cookin g i n a  nearb y buildin g an d t o ru n a  refrigerato r onc e th e je t ha d bee n 
enlarged slightly . A  caravan-type ga s lam p di d no t wor k a s satisfactoril y a s th e 
cooker. 

The ga s produce d contained : 69 % methane ; 21 % carbo n dioxide ; an d 10 % 
nitrogen an d othe r gases . 

Gas productio n wa s measure d durin g th e day , durin g th e nigh t an d betwee n 
Friday evenin g an d Monda y mornin g (th e weekend) . Overal l productio n an d 
consumption i n cubi c metre s ar e a s follows : 

Day 

Night 

Weekend 

The averag e dail y ga s productio n wa s estimate d t o b e 0.57 0 m 3 durin g winte r 
days an d 1.2m 8 durin g summe r days . Abou t 7. 5 k g o f co w dun g wa s fe d int o th e 
digester ever y da y excep t ove r th e weekends . Thi s gav e ga s productio n o f 
0.076m8 pe r k g i n ho t months . 

Produced 

10,572 

5892 

4155 

Consumed 

17,749 

0 

0 
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Chishawasha bioga s plant 

This plan t base d o n a  Chines e desig n o f 3m 3 capacit y wa s buil t fo r a  famil y i n 
the rura l are a nea r Harare . Material s use d fo r th e digeste r wer e a s follows : 

13 x 50k g cemen t 1  brass gat e valv e 
700 brick s 

7 kg imperm o 
(waterproofing compound ) 1  x 50kg buildin g lim e 

5 kg sealing putt y 6.6 5 m  galvanised pip e (20mm ) 

Local peopl e wer e traine d o n sit e t o buil d th e digester . Difficult y wa s 
encountered i n buildin g th e dome , whic h wa s shape d b y usin g a  pol e wit h a  Ha t 
board (appro x 15 0 m m x7 5 mm ) perpendicula r t o it s end . Th e tota l lengt h o f th e 
pole fro m th e botto m t o th e surfac e o f th e boar d wa s R  m m whic h wa s th e radiu s 
of curvatur e o f a  sphere . Th e botto m o f thi s pol e reste d o n a  suppor t a t th e 
centre o f curvatur e o f th e dom e an d eac h bric k wa s positione d b y usin g th e boar d 
on thi s pole . Th e wall s wer e plastere d an d painte d wit h bitume n paint . 

The digeste r operate d o n co w dun g sludge . Th e ga s wa s pipe d t o th e kitchen . 
Inner tube s o f bu s tyre s wer e use d fo r storin g gas . Thi s arrangemen t helpe d t o 
maintain a  steady ga s flo w t o th e kitchen . Th e ga s wa s used mainl y fo r cooking . 

Adelaide acre s biogas plan t 

At Adelaid e Acres , a  centr e fo r trainin g cooperativ e personnel , a  demonstratio n 
digester usin g nigh t sai l wa s constructed . 

An ordinar y scepti c tan k wa s converted int o a  digeste r b y castin g a  concret e sla b 
on top . Th e manhol e wa s modifie d s o tha t a  li d wit h a  ga s pip e coul d b e fitted . 
The insid e wa s plastere d wit h waterproofin g plaste r an d painte d wit h bitume n 
paint. Wate r fro m th e shower s an d han d basin s wa s diverte d awa y fro m th e 
digester s o a s no t t o furthe r dilut e th e slurry . 

The ga s fro m thi s digeste r wa s passe d throug h anothe r smal l India n typ e digeste r 
and collecte d i n th e gasholder . Th e ga s wa s pipe d t o th e kitche n wher e i t wa s 
used fo r cooking . Ga s productio n coul d no t b e measure d bu t a  mete r wa s fitte d 
to measur e th e ga s consumption . 

Coffee wast e an d lef t ove r maiz e mea l wer e use d i n thi s digeste r becaus e co w 
dung wa s no t easil y available . 

Kushinga Phikelel a Biogas Plan t 

Kushinga Phikelel a i s a n Agricultura l Institut e situate d abou t 10 0 k m eas t o f 
Harare. Th e plac e wa s chose n fo r demonstratin g th e generatio n o f electricit y 
using biogas . 

An 8 0 m 3 stee l digeste r wa s erected . Bioga s wa s store d i n a  floatin g ga s holde r 
and a  butyl-rubbe r balloon . Th e spen t slurr y wa s store d i n 6 0 m 3 lagoon . Th e 
important plan t electrica l load s ar e a s follows : 

1 1 0 kw feedin g pum p 
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1 3  kw mixing pump 

1 0. 8 kw fan coi l 

1 3  kw stirring pump 

2 0. 7 kw hot wate r circulatin g pump 

The digeste r wa s fed mainl y wit h cow dung although occasionally mixe d with lef t 
over maiz e porridge fro m th e kitchen. Ga s production average d abou t 2. 5 cubi c 
metres pe r hour . Th e gas engin e consumed 1 5 cubic metre s of gas per hour. Th e 
gas i s used mainl y t o generat e electricit y fo r th e milkin g plac e i n th e mornin g 
and evening . 

Table 4  gives a n indicatio n o f th e cos t o f constructin g a n India n typ e o f bioga s 
plant using local material s and labour. Cost s fo r a  Chinese typ e woul d be simila r 
but does not requir e a  gasholder an d hence labour cost s for weldin g it . 

CONCLUSION 

The variou s fiel d trial s hav e illustrate d variou s degree s o f success . Problem s 
encountered s o far hav e been as follows: -

poor construction o f digesters due to lack o f proper know-how 

difficulties i n maintainin g an d managin g th e plants . Thi s was particularly 
noticed a t school s wher e nobod y too k charg e o f th e plant . Individua l 
households manage d thei r plant s efficiently . 

lack o f prope r communication s betwee n researcher s an d beneficiaries . 
This is due to lack of transpor t fo r researcher s an d development officers . 

Biogas technolog y i s becoming mor e popula r i n rura l areas . A  number o f plant s 
have bee n buil t s o fa r (Tabl e 5) . Mos t o f th e plant s ca n b e regarde d a s 
technically successful . The y provid e ga s fo r cookin g an d als o a  certain amoun t 
of lighting . Th e excellent crop s of maiz e and vegetable s grown i n the vicinit y of 
the plant s bea r testimon y t o th e excellen t qualit y o f th e fertilise r produce d i n 
the digesters . 
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TABLE 1 : Characteristic s o f tw o biogas substrate s 

Component 

H20 
TS 
VS 
FS 

%of 

6 
93 
33 
59 

Pigeon wast e 

Feed 

.33 

.67 

.96 

.71 

%of T S 

0. 
100. 

36. 
63. 

00 
00 
26 
74 

Coffee wast e 

% of Fee d 

83. 
16. 
12. 

3 . 

76 
24 
41 
84 

%of T S 

0. 
100. 
76. 
23. 

00 
00 
37 
63 

TABLE 2 : Bioga s production ove r 1 6 week s 

Time 

(wks) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Coffee wast e 

Ave. ga s 
yield 

m3 kg - 1 

VS day-1 

0.14 
0.12 
0.15 
0.13 
0.11 
0.13 
0.10 
0.07 
0.05 
0.25 
0.45 
0.35 
0.62 
0.37 
0.14 
0.04 

vs% 

11.00 
13.00 
12.20 
11.30 
11.80 
13.60 
16.20 
18.80 
22.30 
27.60 
30.80 
32.80 
30.10 
30.70 

TS% 

2.84 
3.07 
3.72 
4.36 
5.03 
6.82 
2.82 
4.88 
6.07 
6.44 
6.85 
7.84 
8.28 
7.81 
8.18 

Ave. ga s 
yield 

m3 kg - 1 

VS day-1 

0.42 
0.31 
0.35 
0.23 
0.23 
0.26 
0.09 
0.06 
0.06 
0.06 
0.15 
0.17 
0.34 
0.26 
0.32 
0.13 

Pigeon wast e 

VS% 

36.60 
42.94 
48.10 
51.95 
39.09 
32.45 
33.13 
32.29 
37.22 
40.00 
39.48 
44.41 
46.02 
43.61 
43.52 

T S % 

1.07 
1.64 
2.14 
3.83 
6.30 
8.66 
8.00 
8.70 
3.54 
4.86 
5.10 
6.78 
6.35 
7.74 
7.68 
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TABLE 3 : Advantage s o f premisin g bioga s with ai r 

With Premixin g Without Premixin g 

Complete combustio n 
Air suppl y adjustabl e 
High efficienc y hea t t o 
cooking vesse l 
Saves ga s 
High temperatur e 
Short clea n flam e 
Non consciou s flam e Luminous flam e 

Incomplete combustio n 
Carbon monoxid e formatio n 

Low therma l efficienc y 
Wasteful o f ga s 
Low temperatur e 
Long, wav y an d soot y flam e 

TABLE 4 : Th e followin g material s ar e require d fo r a  10cm * India n 
type plan t whic h wa s foun d suitabl e fo r a  family . Fo r th e Chines e 

type plan t th e gasholde r an d labou r cost s fo r weldin g ar e no t require d 

Cement 
Brick's (common ) 
Sand (rive r an d pit ) 
Stone 
Reinforcing wir e mes h 
Paint (bitumen ) +  thinner s 
Impermo (waterproofin g compound ) 
Gasholder tan k 
Pipes an d valve s 

Inlet an d outle t pipe s PV C 
160mm O D 
Total (Materials ) 
Labour Buildin g 

Welding 
TOTAL 

Quantity 
30 bag s 
3000 

-
-
Approx 10 m 
15 litres eac h 
48 k g 
1 
3 valve s 
15" pipe s 

12m 

Approximate Cos t 
150.00 

Not normall y bough t 
" 

Tt 

30.00 
70.00 
65.00 

310.00 

76.00 

96.00 
797.00 
300.00 
200.00 
500.00 
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Location 

1 Domboshaw a 
Training Centr e 

2 Chishawash a 

3 Chinyik a Schoo l 

4 Goromonz i 
District office s 

5 Bhor a Busines s 
Centre 

6 St . Paul s 
Nutrition Villag e 
Mrewa 

7 Rusik e Schoo l 
Goromonzi 

8 St . Mathia s Schoo l 
Tsonzo 

9 Chisangan o Schoo l 
Wedza 

10 Kadhan i Centr e 
Mhondoro 

11 St . Michael' s 
School Mhondor o 

12 Nyim o Centr e 
Sanyati 

13 Posha i Schoo l 
Shurugwi 

14 Alvor d Institut e 
Zimuto-Masvingo 

15 Mutatir i Schoo l 
Zi muto-Masvingo 

TABLE 4: Lis t o f bioga s plant s 

Type 

Indian 
(1) 

Size (m 3) 

8 

Chinese 3 
(C) 

I 

C 

I 

c 

c 

I 

I 

c 

I 

I 

T 

I 

I 

8 

10 

8 

6 

10 

8 

10 

8 

8 

8 

10 

10 

Gas Us e 

Cooking 

Cooking 

Science 
laboratory 
refrigerator 

Cooking 
for busines s 

Cooking 

Cooking 

Cooking 

Cooking 

Cooking 

Cooking 

Comments 

Working wel l 
since 197 9 

Rather smal l 

Probably no t 
operational 

Finished bu t 
not ye t 
operational 

Working wel l 

Has 7  drum s 
instead o f 
1 gasholde r 

Gasholder welde d 
on sit e leakag e 
reported 

Gasholder no t 
welded 

Working wel l 

Gasholder bein g 
welded. No t ye t 
commissioned. 
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TABLE 5  continue d 

Location 

16 Charumbir a Mudavanh u 
Zimuto-Masvingo 

17 Masas a School 
Chivhu 

18+ Adelaid e 

19++ Makumb e Mission 

20+ Kushing a Phikelel a 

Type Siz e (m3) Gas  use 

C 1 0 

I 
c 

IC 

Comments 

Plastering to be 
done. No t yet 
commissioned. 

10 Futur e Recentl y 
science completed . No t 
laboratory ye t commissioned . 
and domestic 
science. 

Cooking 

Cooking 

The Chinese 
digester i s a 
converted scepti c 
tank used by the 
inhabitants. 

Working well 

Industrial 
generation of 
electricity. 

N.B. 

++ 

+ 

Not constructed b y this Departmen t 

Constructed b y this Departmen t an d some other agency , in most cases the 
owner. 

6 

C 
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ADAPTATION O F PETROL ENGINES TO BIOGAS 

Pierre Viau d e t Miche l Preveral , 
Laboratoire d e valorisatio n de s ressource s naturelles , 

Ecole National e Superieur e Universitair e d e Technologie , 
ENSUT, B P 5085 , Dakar , Senega l 

ABSTRACT 

The substitutio n o f petro l b y bioga s a s fue l i n conventiona l combustio n operate d 
engines doe s no t pos e an y insurmountabl e problem s bu t require s adaptatio n work s 
and th e establishmen t o f th e procedure . Thi s pape r identifie s th e importan t 
factors t o b e take n int o accoun t i n suc h a  study . 

The feasibilit y o f producin g an d utilisin g bioga s fue l i n rura l area s o f th e 
Sahelian zon e i s analysed . A  5h p moto r pum p suitabl e fo r smal l irrigatio n 
projects, adapte d t o ru n o n bioga s i s described . Overal l performanc e o f th e 
water pum p i s evaluate d an d compare d wit h petro l use . A s bioga s i s no t purifie d 
(30% t o 40 % C02 ) engin e performanc e i s lowe r bu t wate r pumpin g efficienc y i s 
still highl y sel f sufficien t fo r energ y base d onl y o n loca l resources . 

INTRODUCTION 

The rapi d an d intensiv e developmen t o f smal l irrigate d plot s i n th e Casamanc e 
and th e Senega l rive r valley s a s wel l a s th e larg e OMV S (Organisation d e Mis e e n 
Valeur d u fleuve  Senegal ) an d OMV G (Organisatio n d e Mis e e n Valeu r d u fleuv e 
Gambie) scheme s fo r th e irrigatio n o f severa l hundre d thousan d hectare s i n Mali , 
Senegal, an d Mauritania , requir e a  perfec t master y o f irrigatio n i n isolate d area s 
where shortage s i n petro l an d ga s oi l supplie s ar e liabl e t o occur . 

The us e o f independen t energ y source s i s therefor e a  priorit y fo r th e successfu l 
development o f thes e importan t agricultura l valleys . Th e compost-bioga s 
procedure offer s grea t advantage s i n tha t i t constitute s a  minima l "energ y 
capital" (beside s producin g organi c fertilisers) . W e have studie d th e nee d fo r an d 
carried ou t th e adaptatio n o f petro l engine s t o biogas . A  biogas productio n uni t 
and th e adaptation s an d operatin g characteristic s o f a  5  hp motor-pum p fe d wit h 
biogas ar e describe d below . 

BIOGAS UNIT 

The bioga s uni t develope d i s a  batc h syste m whos e managemen t an d operatio n 
seems t o b e bette r suite d to , an d mor e easil y carrie d ou t i n Sahelia n areas . I t 
includes tw o digester s (diamete r =  1.6m , heigh t =  2m ) i n reinforce d concrete , 
buried accordin g t o th e IRA T typ e (Viau d 1983 , 1984) (Figure 1) . 

In thi s system , th e productio n o f bioga s start s a  fe w day s afte r th e digeste r ha s 
been loade d an d closed , the n stop s whe n fermentatio n end s afte r 50-8 0 days . 
Over thi s period , bot h th e bioga s productio n an d it s methan e conten t wil l a t firs t 
rise fo r approximatel y on e week , the n stabilis e an d finall y decline . 

The uni t produce s a n averag e o f 2  cubi c metre s o f bioga s pe r day . Th e methan e 
content o f th e bioga s varie s wit h th e substanc e use d fo r fermentation . Sinc e ou r 
unit wa s i n a n urba n are a w e use d waste s fro m Dakar' s slaughter-hous e whic h 
were readil y availabl e o n a  regula r basis . Thi s als o enable d u s t o carr y ou t a n 
interesting wast e disposa l experiment . Waste s fro m cattl e paunche s begi n t o 
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ferment ver y easil y an d quickl y sinc e th e fodde r ha s alread y bee n chewe d the n 
pre-digested fo r man y hour s befor e cattl e wer e slaughtere d (Petitcler c an d 
Leclercq 1984) . 

Biogas analysi s i s performe d b y ga s chromatography . Methan e an d carbo n 
dioxide conten t varie s i n th e cours e o f th e fermentation : lo w methan e conten t 
at th e ver y beginnin g o f th e cycl e (50 % CH4 , 50 % CO 2), mediu m methan e 
content i n th e initia l an d fina l stage s (65 % CH4) an d hig h methan e conten t i n th e 
middle o f th e cycl e (70 % CH4) . I t shoul d b e note d that , wit h th e productio n o f 
biogas fro m th e waste s o f cattl e paunch , ther e i s a  hig h methan e productio n ove r 
a majo r par t o f th e cycle , sinc e percentage s abov e 80 % o f CH 4 hav e bee n 
recorded. O n th e othe r hand , cattl e paunc h waste s produc e quit e a  hig h 
percentage o f hydroge n sulphide . Thi s ma y b e du e t o th e presenc e o f cotto n 
seeds i n th e cattl e cak e use d fo r feed . 

Since bioga s i s use d t o replac e standar d fuels , i t ma y b e usefu l t o compar e it s 
physical an d calorifi c propertie s wit h thos e o f othe r standar d fuels . Thes e ar e 
summarised i n Table 1 . 

OPERATIONS WIT H BIOGAS 

In principle , th e replacemen t o f petro l b y bioga s ca n b e don e withou t majo r 
difficulties. However , i n practice , problem s wil l aris e becaus e th e qualit y o f 
biogas varie s wit h tim e whil e thos e o f petrol , ga s oi l o r LP G (liqui d petroleu m 
gas) remai n constant . 

Under thes e conditions , a  larg e numbe r o f element s an d differen t parameter s 
should b e take n int o accoun t whe n adaptin g petro l engine s t o bioga s (Ano n 1983 ; 
Liddon 1982 ; Liddo n an d Sol a 1982) . Thes e include : ignitio n advance ; sparkin g 
plugs; carburation ; compressio n rate ; ga s inle t pressure ; therma l constraints ; 
biogas methan e content ; corrosion ; purification ; moisture ; dust ; startin g 
conditions; permanen t o r temporar y operation s an d dua l workin g condition s 
(petrol an d biogas) . 

Taking al l thes e element s int o account , carryin g ou t thoroug h analysi s o f thei r 
effects an d interaction s an d optimisin g th e parameter s tha t ca n b e checke d an d 
adjusted i s a  highl y comple x tas k an d generall y lead s t o costl y solutions . 

In vie w o f condition s prevailin g i n th e Sahel , thes e problem s hav e bee n tackle d 
pragmatically, an d th e mos t economica l an d simples t modification s hav e bee n 
devised t o ensur e valuabl e operation s o n standard , an d therefor e inexpensiv e 
equipment. 

MOTOR PUM P UNI T 

The motor-pum p uni t modifie d fo r us e i n thes e test s consist s o f a  5  h p Brig g & 
Stratton petro l engin e wit h a  capacit y o f 20 6 c c (Prevera l 1983) . I t i s a n air -
cooled monocylinde r wit h ignitio n b y magneti c whee l an d a  rollin g strin g starter . 

The origina l petro l suppl y i s provide d b y a  "pulse-jet " membran e pump . A  spee d 
regulator i s centrifuga l an d act s o n th e throttl e valve . Ther e i s a n oi l foa m 
model ai r filter . Th e pum p fitte d an d delivere d wit h th e moto r uni t i s a 
Grotherm centrifuga l pum p ( L Barrer e &  C o builder) . Th e bod y o f th e pum p 
consists o f a  polyeste r mono-block . Th e diameter s o f th e inle t an d outle t 
nozzles ar e 1.5 " (40/49mm) . 
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The tes t be d i s shown i n figur e 2 . I t consist s o f a  6  cubi c metr e suppl e tarpauli n 
storage uni t a t atmospheri c pressur e an d a  1. 2 cubi c metr e gasomete r uni t unde r 
a pressur e o f 5  cm o f water . Befor e bioga s i s used , H 2S i s remove d b y mean s o f 
a stee l woo l filter . Thi s i s essentia l t o preven t th e ver y rapi d corrosio n o f 
copper an d allo y engin e parts . Th e bioga s consumptio n o f th e motor-pum p i s 
measured b y mean s o f a  gasmete r suitabl e t o measur e ga s deliver y betwee n 5 0 
1/h an d 3. 5 m 3 /h. 

Simulating th e locatio n o f th e wate r storag e tan k an d variabl e irrigatio n 
conditions i s don e b y mean s o f a  se t o f 20 0 1  drums i n whic h wate r i s recycle d 
and rat e o f flow  measured . Manometri c heigh t ca n b e varie d fro m 3  t o 3 0 
metres b y adjusting a  bushe l gat e i n th e pum p outlet . 

ENGINE MODIFICATION S 

The mos t significan t adaptatio n o n th e motor-bloc k consist s o f changin g th e 
original inle t pip e i n orde r t o allo w fo r th e direc t injectio n o f ga s int o th e 
cylinder. Thi s i s show n i n Figur e 3 . Th e intak e pip e i s replace d b y a  3/4 " elbo w 
in galvanised metal . Th e origina l flange s ar e re-welde d an d a  3/8 " pip e i s braze d 
on th e elbo w s o tha t ai r an d bioga s ma y flo w i n a t righ t angles , thu s ensurin g a 
homogeneous air-bioga s mixture . Th e locatio n o f th e exhaus t pip e ha s bee n 
changed b y turnin g th e outle t downward s t o drai n of f condensatio n wate r an d 
prevent i t fro m flowin g bac k int o th e engin e whe n i t i s off . 

In thi s engine , th e ignitio n advanc e canno t b e adjusted . I t ha s bee n slightl y 
advanced fro m 18 ° t o 22 ° b y increasin g spar k ga p spacin g o n th e primar y circuit , 
to th e detrimen t o f sparkin g quality . Th e spar k spacin g o f th e plu g whic h wa s 
initially 0.76m m wa s reduce d t o 0.50mm . 

Biogas intak e i n th e mixin g chambe r i s a t atmospheri c pressure . A n increas e o f 
5 c m o f wate r ca n b e achieve d b y passin g th e bioga s ove r th e bel l gasometer . 
This result s i n a n increas e o f engin e powe r an d speed . 

In th e cours e o f ou r firs t tests , th e engin e wa s starte d b y mean s o f petrol . 
Biogas wa s the n use d a s soo n a s th e engin e wa s hot . Ou r subsequen t test s hav e 
proved tha t i t wa s possibl e t o star t th e engin e directl y usin g bioga s provide d th e 
intake pressur e wa s ni l (bioga s a t atmospheri c pressure) , an d th e bioga s inle t wa s 
open slightl y afte r th e engin e wa s starte d a t hal f cours e o f th e strin g o f th e 
rolling-starter. Th e possibilit y o f usin g bioga s t o star t th e engin e i s quit e 
advantageous i n s o fa r a s th e carburettor , whic h i s a  costl y engin e part , ca n b e 
removed. 

Although a n increas e o f th e compressio n rat e i s desirable an d recommende d wit h 
biogas i n orde r t o increas e th e performanc e o f th e engine , thi s ha s no t bee n 
examined becaus e th e technologica l desig n o f th e motor-pum p woul d no t 
withstand an y increas e i n mechanica l stresses . 

The effec t o f th e variatio n o f CO 2 concentratio n i n biogas i s quite significant ; a t 
the beginnin g o f th e fermentatio n cycle , i n particular , whe n th e ga s ha s a  lo w 
methane content , i t i s mor e difficul t t o star t th e engine . Furthermore , th e 
rotation spee d i s lower tha n wit h a  hig h methan e conten t bioga s (70 % to 80%) . 
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EXPERIMENTAL RESULT S 

In orde r t o compar e th e operatin g condition s wit h petro l an d biogas , w e hav e 
recorded a  certai n numbe r o f characteristi c parameter s i n Tabl e 2  and Figur e 4 . 
The result s presente d her e an d th e experiment s describe d b y variou s researcher s 
(Leduc 1983 ; Lefevre 1981 ; Liddon 1982 ; Liddo n an d Sol a 1982 ) sugges t tha t th e 
replacement o f petro l b y bioga s i s a  feasibl e technologica l process . Tabl e 2 
shows tha t th e operatin g parameter s ar e ver y similar , excep t fo r temperatur e 
and th e C O rate i n exhaus t fumes . 

However, a  stric t compariso n o f th e tw o suppl y type s i s difficult , sinc e th e 
nominal spee d o f a  petrol-fe d engin e i s 300 0 rp m whil e th e tes t wa s carrie d ou t 
at 200 0 rpm . Thi s i s clea r i n Figur e 4  whic h show s tha t th e rat e o f flo w an d th e 
manometric heigh t o f th e pum p "fall " completel y whe n th e pum p operate s a t 
2200 rpm . Thi s ca n b e improve d bu t wil l ad d t o th e cos t o f th e motor-pump . 

CONCLUSION 

The presen t tendenc y i s fo r engin e builder s t o manufactur e unit s tha t ar e well -
suited t o bioga s (specia l alloys , cerami c parts) . Thes e unit s mus t tak e int o 
account th e powe r los s du e t o thei r fue l an d th e presenc e o f harmfu l gase s (H 2S), 
but thi s significantl y increase s th e cost . Fo r th e sam e reasons , carbo n dioxid e 
and wate r vapou r shoul d b e remove d fro m bioga s t o achiev e a  20 % t o 50 % o r 
even 60 % increas e o f th e calorifi c value . However , purifier s ar e costl y an d 
require consumabl e material s fo r thei r operation . 

It i s also possibl e t o supercharg e th e engin e i n orde r t o improv e th e efficienc y o f 
biogas engines . Anothe r possibilit y i s th e us e o f electroni c ignition , whic h wil l 
adjust ignitio n advanc e i n rea l tim e accordin g t o operatin g conditions , fo r th e 
same purpose . Unfortunately , al l thes e improvement s involv e a n increas e i n 
costs an d th e us e o f sophisticate d technologie s wit h recurren t adjustment , 
maintenance an d operatin g difficulties . 

Under thes e conditions , i t appear s mor e "acceptable " an d perhap s mor e 
beneficial i n th e shor t term , t o los e 30 % o f th e outpu t wit h otherwis e standar d 
and reliabl e equipmen t tha n t o manufactur e mor e efficien t ye t mor e costl y an d 
less reliabl e equipment . I t i s therefor e urgen t t o defin e th e mean s t o reac h a 
compromise solutio n s o tha t isolate d an d low-incom e rura l area s ca n gai n acces s 
to mean s o f production . 

In th e cas e o f th e motor-pum p uni t presente d here , a  grea t degre e o f freedo m i s 
available wit h th e fittin g o f th e engin e an d th e pump . I t i s therefor e possibl e t o 
fit ou t a  pum p suite d fo r a  3  h p engin e an d a  200 0 rp m spee d wit h a  5  hp engine . 
Technological adaptation s shoul d b e carrie d ou t alon g thes e line s i f w e ar e t o 
meet urgen t need s a s rapidl y a s possibl e (Lagrang e 1979) . 

In th e middl e term , th e numerou s team s tha t ar e tacklin g th e problem s o f bioga s 
engines wil l succee d i n developin g economica l an d efficien t model s a s soo n a s 
the marke t i s guaranteed, an d researc h int o th e perfectio n o f ne w prototype s ha s 
advanced. 

This proble m alway s arise s wit h technologica l progress . Fo r example , th e petro l 
engine wa s mad e mor e an d mor e reliabl e an d efficien t ove r th e pas t hundre d 
years throug h sligh t o r considerabl e improvements . However , th e researc h work , 
which i n les s tha n 5  year s brough t abou t a  2 0 t o 30 % decreas e i n fue l 
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consumption, was undertaken an d carried ou t successfull y onl y becaus e externa l 
constraints wer e becomin g unbearable . Th e histor y o f th e petro l engin e prove s 
that i t i s quite possibl e t o develo p totall y reliabl e bioga s engine s whic h ar e a s 
easy to use as the present petrol engine. 
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FIGURE 1: Genera l diagram of the biogas unit 

A - digestor on loading B  - empty digestor C  - gasometer bell 

D - tarpaulin gasometer E  - raw material and compost storage area 

F - control panel G, H - biogas outlet and connecting pipes 

i - stopping grid j  - airtight plastic to p cover 
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FIGURE 2: Tes t bed with simulated recycling tank and irrigation system 

A - moto r pump unit B  - gasmeter C  - H 2S filter D  - drums set 

E - inle t pipe F  - outlet pip e (variable height simulation ) 

G - gasometer bel l and tarpaulin storag e 
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FIGURE 3: Assembl y of the modifie d intak e pipe 

A - 3/4 " elbow tube replacing the original inle t 

B - 3/8 " biogas inlet pipe welded on the air pipe 

C - biogas vane D  - air filte r E  - original carburetto r 

F - exhaust pipe 
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FIGURE 4: Characteristi c feature s o f th e motor-pum p unit 

Q water flo w i n cubic metre per hour and MH manometric heigh t i n metres . 

Uppercurve : petrol feed a t 300 0 rpm; lower, biogas feed a t 220 0 rpm. 
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TABLE 1 : Propertie s of bioga s compared wit h thos e o f 
petrol an d gas oiL M  .C.V. minimum calorifi c valu e 

Poor 50 % 

1.034 

20,000 

0.55 

0.50 

Medium 65 % 

0.897 

26,000 

0.70 

0.60 

High 80% 

0.468 

32,000 

0.85 

0.70 

Biogas 

Density/air 

MCV kJ/m 3 

Equiv. m 3/l 
petrol 

Equiv. m 3/l 
gas oi l 

TABLE 2: Compariso n between some parameters of petrol fed 
and biogas fed engin e 

Parameters 

Rate rpm 

Cylinder hea d temperatur e ° C 

Exhaust fume s temperatur e ° C 

Oil temperature ° C 

Ignition advanc e 

Spark spacing mm 

Spark gap spacing 

Consumption * 

Inlet depressure H20 centimetr e 

%CO exhaust fume s 

* Thi s figur e i s coheren t wit h Tabl e 1  sinc e i n a  centrifuga l pump , th e 
power i s a function o f th e cubic power of rotation speed ; then at 200 0 rpm 
petrol engine consume 1.4 1  h-1 

Biogas 70% 

2000 

130 

660 

100 

22° 

0.50 

0.60 

l .9m 3 lh - 1 

35 

0.2 

Petrol 

2200 

140 

570 

110 

18° 

0.76 

0.50 

1.8 1n -1 

38 

5 
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ALTERNATIVE AUTOMOTIVE TRANSPORTATION FUEL S 
IN THE EASTERN HEMISPHER E 

R J  Orga n an d E  J Saunder s 
Product Engineerin g Department , 

Caltex Petroleu m Corporation , P O Bo x 619500, Dallas , Texa s 

ABSTRACT 

Alternative transportatio n fuel s bein g use d i n th e Easter n Hemispher e ar e 
described. Thes e project s include : CN G usag e i n Ne w Zealand ; syntheti c 
gasoline i n Ne w Zealand ; SASO L diese l an d alcohol s i n Sout h Africa ; coconu t oi l 
as a  diese l extende r i n th e Philippines ; an d ethano l gasolin e blend s i n variou s 
areas. Al l o f thes e alternativ e fuel s ar e reviewe d wit h respec t t o qualit y an d th e 
application problem s tha t hav e bee n experienced . 

INTRODUCTION 

Alcohols an d othe r uncontentiona l fuel s ar e findin g extensiv e us e i n th e Easter n 
Hemisphere. I n Ne w Zealand , Calte x Oi l (NZ ) Limite d ha s a  servic e statio n 
network sellin g compresse d natura l ga s (CNG) . Ne w Zealan d i s also o n th e verg e 
of producin g gasolin e fro m methanol . I n South Africa , th e SASO L plant s a s wel l 
as producin g a  mixtur e o f alcohol s whic h ar e blende d int o gasolin e als o produc e 
synthetic diese l whic h i s blended wit h petroleu m derive d diese l ga s oil . 

In thi s paper , alternativ e energ y project s ar e discusse d b y produc t an d b y 
country. Mos t o f thes e project s relat e t o extendin g gasolin e supplies , bu t diese l 
fuel blend s whic h includ e component s fro m alternativ e source s e g coal , ta r 
sands, shal e oil , oxygenates , vegetabl e oils , e tc , ca n b e expecte d t o graduall y 
enter th e markets . Perhap s th e firs t "pure " produc t alternativ e t o petroleu m 
crude derive d diese l wil l b e remot e natura l ga s converte d t o methano l an d use d 
in hybri d diese l engine s i n buses . 

ETHANOL GASOLINE BLENDS 

Kenya, Philippines , Zimbabw e an d Malaw i ar e usin g anhydrou s ethano l derive d 
from th e fermentatio n o f suga r can e o r suga r molasse s i n gasolin e (Palmer ; 
Unzelman e t al ; Sag e 1984) . 

Ethanol Ih Kenya 

Gasohol wa s launche d i n Keny a i n Ma y 198 3 an d replace d premiu m gasolin e a t oi l 
company servic e station s i n th e Nairob i area . Commercia l an d governmen t 
consumers wer e change d ove r t o Gasoho l ove r a  perio d o f time . Th e 
consumption o f Gasoho l starte d a t 170,00 0 litres/da y i n Jun e 198 3 an d ha s 
averaged 177,00 0 litres/da y sinc e then . 

Gasohol (RO N 93 ) i s compose d of : 10 % volum e Ethanol ; 65 % volum e Premiu m 
Gasoline (9 3 RON); and 25 % volum e Regula r Gasolin e (8 3 RON) . Ethano l (Powe r 
Alcohol a s i t i s calle d i n Kenya) , i s manufacture d fro m molasses . Th e plant , a 
joint government/Agr o Chemica l Foo d Compan y venture , ha s a  desig n capacit y 
of 60,00 0 litre s pe r day . Curren t productio n i s approximatel y 20,00 0 litre s pe r 
day. 
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Ethanol i s transporte d t o Nairob i b y roa d tanker s an d store d a t th e Keny a 
Pipeline Compan y (KPC ) tan k farm . I t i s transferre d t o adjacen t oi l compan y 
depots by pipeline on a daily basis . A n in-line blender , provide d b y th e KPC , i s 
installed befor e th e loading rack in each depot . 

The Keny a Burea u o f Standard s ha s establied : a . KSO3-38 2 Keny a Standar d 
Specification fo r Powe r Alcohol ; and b . KS03-51 5 Keny a Standar d Specificatio n 
for Gasohol . A  typical Kenyan gasohol blend i s shown in Table 2. 

There have been ver y fe w problems . Initia l problems of fue l filte r blockag e have 
now largel y bee n resolved . A t th e tim e o f introductio n o f Gasohol , al l oi l 
companies use d thie f pump s t o clea n ou t al l trace s o f wate r i n the undergroun d 
tanks a t retai l outlets . Motorist s wer e advise d t o drai n thei r fue l tank s bu t i n 
practice ver y fe w di d so . Ther e hav e been n o complaints regarding  vapou r lock 
even wit h th e hig h altitude an d high temperature s i n Nairobi . Plasti c fue l line s 
on certain car s have elongate d an d i t i s a  common site t o see Ford Cortinas with 
sagging fue l line s almos t touchin g th e road . Claim s hav e als o bee n mad e tha t 
fuel gauge s o f Citroen s hav e bee n affecte d a s th e float s ten d t o stick whe n th e 
plastic fue l pip e i n the fue l tan k distorts . Th e in-lin e blender s provided b y KPC 
have ha d problems . Fro m tim e t o tim e failure s occu r an d the n norma l premium 
gasoline i s supplied t o the service stations. 

The lac k o f operationa l problem s i s credite d t o a  carefu l serie s o f procedure s 
laid dow n by oil companies t o cove r th e qualit y contro l an d handlin g o f Gasoho l 
at retai l outlets. 

Ethanol in the Philippines 

In th e Philippine s a n anhydrou s ethanol-gasolin e blen d calle d Alcoga s i s sold . 
The Philippine s wa s intending t o emulate Brazi l and creat e a  ver y larg e Alcoga s 
programme. However , becaus e o f financia l problem s th e whol e programm e ha s 
been reduce d i n scope. A s of now , Alcoga s i s only available a s regula r gasoline , 
containing 2 0 vo l %  ethanol , an d th e suppl y are a o f Alcoga s i s limite d t o th e 
sugar producing islands of Negro s and Panay i n th e centra l Philippines . Premiu m 
gasoline withou t ethanol is also available i n these areas . 

Ethanol produced i n alcohol distilleries adjacen t t o th e suga r farm s i s bought b y 
the Philippin e Nationa l Oi l Compan y (PNOC ) an d sol d t o th e oi l companies a t a 
price which will allow the oil company to sell Alcogas at 0.2 5 pesos (about 1. 6 US 
cents) per litre les s than gasoline. 

There wa s a  considerabl e amoun t o f custome r resistanc e centre d aroun d th e 
relatively smal l price differentia l betwee n Alcoga s an d norma l gasolin e an d th e 
energy valu e (kilometre s pe r litre ) obtaine d b y vehicle s usin g Alcogas . Ther e 
were s o man y complaint s i t wa s impossibl e t o judg e whic h represente d genuin e 
dissatisfaction. Th e pric e differenc e wa s adjuste d slightl y an d th e programm e 
changed s o tha t customer s coul d bu y premium gasolin e withou t ethanol . Whil e 
the complaint s hav e bee n reduce d ther e stil l remain s a  genera l dissatisfactio n 
with Alcogas . 

There i s no w a  proposa l t o re-orien t th e Alcoga s programm e alon g a n octane -
enhancer rout e an d thi s i s bein g evaluated . I n thi s approach , th e level s o f 
tetraethyl lea d i n gasolin e woul d b e reduc e an d th e octan e differenc e restore d 
with ethanol . 
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Other area s 

Other area s suc h as Zimbabwe and Malawi are including ethanol in their gasoline . 
In Zimbabwe th e cos t o f gasolin e t o th e countr y represent s 21 % of th e valu e o f 
exports an d th e importanc e o f reducin g th e foreig n currenc y drai n ha s 
outweighed productio n cos t considerations . Sinc e 1979 , Triangl e Limited , a 
sugar can e growing and millin g company, has been the sole producer o f ethano l in 
Zimbabwe (Wenma n 1984) . I t sell s anhydrou s ethano l t o th e governmen t whic h 
resells i t t o oi l companie s fo r blendin g int o gasoline . Initiall y adde d a t 15 % 
volume thi s has now dropped t o aroun d 12% . Fort y millio n litre s o f ethano l ar e 
produced pe r year . A  second distillatio n plan t i s bein g evaluate d fo r possibl e 
inclusion of ethano l in diesel. 

METHANOL 

From 198 3 onwards ther e ha s bee n a  shif t i n methano l productio n fro m th e US, 
Europe an d Japa n t o resource-ric h countrie s utilisin g inexpensiv e natura l ga s 
Itatani 1984 ; Koba-yash i 1984 ; Strit h 1984) . Saud i Arabia , Sovie t Union , Ne w 
Zealand, Trinida d an d Tobago , Bahrain , Indonesi a an d Malaysi a ar e enterin g th e 
market wit h larg e scal e methano l plants . Methano l i s likely t o become a  majo r 
commodity trade d worldwide . 

In the Easter n Hemispher e (excluding Europe), there i s no large scale commercia l 
usage of methano l as an automotive fue l eithe r directl y o r blended wit h gasoline . 
However, thi s coul d chang e ver y rapidl y dependin g o n the relativ e economic s of 
methanol productio n an d transportatio n o f th e methano l t o it s norma l markets . 
Currently, ther e ar e a  numbe r o f methano l plant s bein g constructe d an d som e 
have already started operations . Ther e i s predicted t o be a worl d ove r suppl y of 
methanol (Tabl e 3) , muc h o f thi s produce d i n th e Middl e an d Fa r East . 
Utilisation of methano l as an octane booster an d blending additive fo r gasolin e i n 
Japan an d possibl e othe r part s o f th e Easter n Hemisphere , i s a  logica l 
development. 

Methanol as a transportation fuel 

Methanol ca n b e blende d int o gasolin e o r use d a s a  nea t fuel . Ther e ar e 
drawbacks. T o use nea t methano l a s a  transportatio n fue l require s specificall y 
designed vehicle s an d engine s an d a  suitabl e fue l distributio n system . Methano l 
is expecte d t o b e 60-65 % o f gasolin e pric e o n a  volumetri c basis . Afte r 
accounting fo r th e lowe r volumetri c energ y conten t o f methanol , th e saving s in 
fuel cos t wit h methanol are less than 10%. Thi s does not provide muc h economi c 
incentive t o develo p thi s application . However , neat methano l fue l market s such 
as centrall y fuele d fleet s ar e forecas t t o develo p i n Canada , th e Unite d State s 
and late r possibl e othe r gas-ric h an d crude-shor t countrie s such a s Ne w Zealand, 
Thailand and Malaysia . 

Methanol as a diesel substitute 

Although methano l ha s a  poo r cetan e rating , i t i s feasibl e t o us e methano l i n 
modified engine s a s a  diese l substitute . However , test s t o dat e indicat e tha t 
mileage achieved wit h methano l is only 40% of diese l fuel . 



- 3 4 8 -

Thus, methano l use as a  diesel substitut e wil l no t b e favourable , excep t perhap s 
in gas-rich an d crude-poo r regions . Th e firs t commercia l use s wil l be in MAN or 
Daimler Ben z buse s whic h ar e currentl y bein g teste d i n Sout h Afric a an d Ne w 
Zealand (see below). 

MIXED ALCOHOL BLENDS IN SOUTH AFRICA 

Sasol Fue l Alcoho l (SFA ) marketed ove r a  wid e are a o f Sout h Africa , i s derive d 
from Saso l coal-fuel s plant . I t i s a  mixtur e o f th e followin g alcohols ; ethanol -
70%; propanol and isopropano l -  27% ; and butanol an d isomer s - 3% . Thi s mixed 
alcohol fue l i s blende d int o gasolin e a t approximatel y a  10 % alcohol , 90 % 
gasoline ratio . 

Problems with mixed alcohol fuel s 

Initial problem s wit h wate r contaminatio n hav e bee n resolve d b y routine check s 
on storag e tank s o n a  dail y basi s an d immediatel y afte r sever e rai n storms . 
Corrosion problem s wer e experienced , mainl y i n vehicl e carburettors . Dr y 
corrosion occurre d a s a  resul t o f chemica l reactio n betwee n anhydrou s alcoho l 
and aluminiu m t o for m alkoxide s whic h rever t t o aluminiu m oxid e leadin g t o 
carburettor blockages . Thi s problem wa s solved b y addition of a  small amount o f 
water o r ethylen e glyco l t o th e fue l t o inhibi t th e reaction . We t corrosio n 
ocurred i n certai n area s o f th e carburetto r wher e unde r th e influenc e o f lo w 
temperatures, induce d b y fuel evaporation , small amounts of wate r condens e out . 
Electrolytic attac k ca n occu r a t thes e sites , especiall y whe n dissimila r metal s 
are present . Thi s proble m wa s cure d b y treatin g carburettor s wit h a  materia l 
referred t o as Bonderite. 

High spee d an d acceleratio n knoc k hav e bee n reporte d an d sinc e SF A provide s 
negligible MO N gain , a  minimu m MO N o f 8 5 i s th e curren t specificatio n 
requirement. Gasoline/alcoho l blend s wit h RO N 9 3 min are supplie d throughou t 
the Transvaa l an d Orang e Fre e Stat e regions . I t i s th e onl y premiu m grad e 
motor fue l availabl e o n the highvel d whic h account s fo r th e majo r portio n of th e 
gasoline marke t i n Sout h Africa . Th e blen d i s actuall y produce d fro m a 
hydrocarbon blendstoc k specificall y manufacture d t o b e mixe d wit h SFA . Th e 
SFA conten t i s nominally 10 % but th e actua l rati o ma y var y fro m 8  to 12 % by 
volume for suppl y reasons. 

SYNTHETIC DIESEL FUEL IN SOUTH AFRICA 

Probably th e greatest succes s fo r Fischer-Tropsc h (F-T ) technology ha s been th e 
Sasol comple x i n Sout h Africa . Firs t begu n i n the 1950's , the comple x has now 
completed it s thir d constructio n phase . Subbituminou s coa l i s supplie d fro m th e 
nearby Bosjesspuit mine . 

The primary reaction i n the F-T synthesis i s usually writte n as : 

Further informatio n ca n be found i n Haggin 1981. 

nCO +  2nH 2 =  (CH 2)n +  nH 2O +  48 n kcal 
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The quality o f saso l dieael and problems experience d 

The qualit y o f th e diesel » specificatio n an d typicals , ar e comparabl e t o 
petroleum derive d diese l ga s oil . Nevertheless , ther e continu e t o b e som e 
problems with Sasol Secunda Diese l fuel . 

For example , a  recen t widesprea d proble m wa s experience d i n th e Secund a 
supply area in which high pressure in-line pump plungers an d injecto r component s 
became stuc k becaus e o f fin e deposi t build-up . Thi s problem i s currently bein g 
investigated. Th e deposits were initially suspected t o be of lubricating oi l origin , 
but i t no w appear s tha t a n additiv e require d fo r lubricit y improvemen t ma y b e 
the cause of th e deposits. 

Sasol no w maintai n tha t thei r curren t productio n o f 2. 2 cS t diese l nee d no t b e 
dosed wit h a  lubricit y additive . However , th e oi l industr y i s not  ye t satisfie d 
with Sasol' s tes t wor k an d various field test s ar e propose d o r under wa y to check 
the validit y o f Sasol' s claim , an d unti l suc h tim e pur e Secund a diese l ha s bee n 
withdrawn fro m th e marke t an d a  50/5 0 blend o f Secund a an d Natre f product s is 
being marketed . 

VEGETABLE OIL IN DIESELS 

In the Philippines , the additio n o f coconu t oi l t o al l diesel was mandated unde r a 
government sponsore d programme called "Cocodiesel" . (Th e programme has now 
been se t asid e becaus e o f th e relativel y hig h price s o f coconu t oi l i n worl d 
markets.) Th e programme required th e addition of up to 5 % "raw" coconut oi l to 
diesel fuel , wit h th e blendin g bein g don e a t oi l compan y depots . Th e coconu t 
oil/diesel fue l mixtur e develope d sludge s and microbia l growth. Thi s resulte d i n 
widespread complaint s of clogged diesel engine fuel filters . 

While-the commercia l cocodiese l programm e ha s bee n se t aside , tw o fiel d tes t 
programmes hav e bee n complete d whic h monitore d th e storage/handlin g an d 
performance o f tw o diese l fue l blends : a . u p t o 20 % "dieselite " -  a n esterifie d 
coconut oil ; an d b . up t o 20 % "cochin" -  a  causti c washe d coconu t oil . Afte r 
three t o six month s of observatio n i n actua l storag e tank s an d microbia l testin g 
and service i n several fleets  i n various bus companies, both o f thes e blend s were 
considered satisfactory . Bu t n o furthe r activit y i s planned becaus e coconu t oi l 
currently ha s a high price on world markets . 

In Malaysia , curren t studie s ar e centree d o n th e transesterificatio n o f crud e 
palm oi l (CPO) and pal m oi l stearin wit h methanol . Products  produced are ethyl , 
isopropyl and methy l esters . A  pilot projec t t o produc e pal m oi l diese l (methy l 
esters) i s schedule d t o commenc e mi d 198 5 wit h a n initia l productio n o f 300 0 
tonnes per annum. Al l current engin e tests (on Fiat agricultura l tractors , Toyot a 
Land Cruiser s an d Hin o trucks ) ar e bein g conducte d usin g methy l ester s 
purchased fro m Germany . Wit h th e presen t hig h pric e o f CP O (an d stead y 
petroleum crud e price) , thi s projec t i s expected t o remai n a n academic exercis e 
until at leas t 1990 . 

Considerable wor k o n th e us e o f vegetabl e oil s ha s bee n don e i n Brazi l bu t 
success ha s bee n somewha t limited . Additiona l informatio n i s give n i n 
Pischinger e t al . 
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ALCOHOLS IN DIESELS 

MAN an d Mercede s Ben z hav e introduce d methano l fuelle d buse s int o Sout h 
Africa an d Ne w Zealand . I n these areas , and possibly others, methano l coul d b e 
an attractiv e substitut e fo r petroleu m derive d diesel , particularl y i f sever e 
refinery imbalance s occu r (Toepe l e t al ; Neit z an d Chmel a 1984 ; Bergma n an d 
Holloh). Preliminar y fue l consumptio n figure s fo r th e Mercede s Ben z buse s ar e 
given Table 4. 

A programm e i s bein g propose d fo r methano l buse s i n th e Lo s angele s an d th e 
feasibility ha s been assessed b y the US Department o f Energ y (Eckland). 

CONCLUSIONS 

A considerabl e numbe r o f alternativ e fuel s ar e enterin g th e automotiv e fue l 
market i n th e Easter n Hemisphere . Ther e hav e bee n som e mino r teethin g 
problems wit h th e introductio n o f thes e alternativ e fuels , but  i n mos t cases they 
have been remarkably successful an d trouble free . 

Methanol appears t o be a fue l o f promis e i n specific countrie s particularly thos e 
with natura l ga s reserve s bu t littl e oil . Wit h lea d phas e downs , bot h methano l 
and ethanol may find increasin g use in Caltex area s as octane enhancers . 

REFERENCES 

Caltex (1982) Fleet operator s guide to CNG Caltex Oi l New Zealand. 

NZ Ministry of Energy . Technica l Bulletins. 

TB 2001 Reportin g th e result s o f a  research an d development programm e on 
CNG. 

TB 2002 Differenc e i n power output . 
TB 2003 Carbo n monoxid e emissions. 
TB 2004 Ignitio n timin g and performance . 
TB 2005 Ignitio n system requirements . 
TB 2006 Vehicl e testing wit h the chassis dynamometer . 

NZ Energ y Researc h an d Developmen t Committe e an d th e Liqui d Fuel s Trus t 
Board. Technica l reports . 

TL 2001 Th e volumetric efficienc y o f engine s using liquid and gaseous fuels . 
(Why do CNG vehicles suffer a  power loss?) 

TL 2002 Facilitie s an d procedure s fo r CN G testin g a t th e Universit y o f 
Auckland. (Wha t test s ar e th e Universit y o f Aucklan d CN G 
Research Grou p able to do?) 

TL 2003 Carbo n monoxid e exhaus t emission s and the CNG engine. (Ho w can 
a C O exhaus t emission s analyse r b e use d t o ge t th e bes t fue l 
economy?) 

TL 2004 Ignitio n timin g an d th e performanc e o f a  dual-fue l CNG-petro l 
engine. (Ho w should ignition timing be set?) 

TL 2005 Ignitio n syste m performanc e an d requirement s fo r dua l fue l CNG -
petrol operation . (Wha t ar e th e spar k plu g temperatur e an d 
voltage requirements? ) 



- 3 5 1 -

Maiden C  J . Ne w Zealan d ga s t o gasolin e plant . Ne w Zealan d Syntheti c Fuel s 
Corporation, Ne w Plymouth , NZ . 

Penick J  E  e t a l (1978) . Mobi l proces s fo r conversio n o f coa l an d natura l ga s t o 
gasoline. Ins t o f Che m Eng's , Alcoho l Fuel s Conference , Sydney , Australia . 

Fitch F  B , Le e W . Methanol-to-gasoline , a n alternativ e rout e t o hig h qualit y 
gasoline. SA E 811403 . 

Palmer F  H . Roa d trial s t o asses s th e ho t weathe r driveabilit y characteristic s o f 
gasolines containin g oxygenate s i n Europea n cars . SA E 831706 . 

Palmer F  H . Fundamenta l volatility/driveabilit y characteristic s o f oxygenate d 
gasolines a t hig h underbonne t temperatures . SA E 831705 . 

Unzelman e t al . Oxygenate d compound s a s blendin g agent s i n gasolin e -  octan e 
value an d curren t economics . Ethy l Corporation . 

Sage R . ed . (1984) . Proceeding s o f th e V I Internationa l Symposiu m o n Alcoho l 
Fuels Technolog y Ma y 21-2 5 1984 , Ottawa , Canada . Alternativ e Transportatio n 
Fuels, Energ y Mine s an d Resource s Canada , 58 0 Boot h St , Ottawa , ON T Canad a 
K1A 0E4 . 

Wenman C  M  (1984). Ethano l a s a  fue l additiv e i n Zimbabwe . In : VI Internationa l 
Symposium o n Alcoho l Fuel s Technology . Alternativ e Transportatio n Fuels , 
Energy Mine s an d Resources , Ottawa . 

Kobayashi K  (1984) . Internationa l trend s i n methanol . Chemica l Econom y an d 
Engineering Revie w Jun e 1984 . 

Itatani H  (1984) . Internationa l technologica l trend s i n C 1 chemistry . Chemica l 
Economy an d Engineerin g Revie w Apri l 1984 . 

Strith B  W  (1984) . Th e productio n us e an d economic s o f methanol . Che m 
Systems Thailan d -  US A Nationa l Ga s Utilizatio n Symposiu m Fe b 1984 . 

Haggin J  (1981) . C 1 Chemistr y developmen t intensifies . Chemica l an d 
Engineering New s Fe b 2 3 1981. 

Pischinger G  H  e t al . Methylester s o f vegetabl e oil s a s alternativ e fue l i n 
Volkswagen's D I and ID I diesel engin e powere d vehicles . 

Toepel R  R , Bennethu m J  E , Herut h R  E . Developmen t o f detroi t diese l Alliso n 
6V-92TA Methano l fuele d coac h engine . SA E Pape r 831744 . 

Neitz A , Chmel a F  (1984) . Result s o f furthe r developmen t i n th e MA N Methano l 
engine. V I Internationa l Symposiu m o n alcoho l fuel s technolog y Ma y 1984 , 
Ottawa, Canada . MA N Maschinenfabri k Augsburg-Number g AG , Numberg , Wes t 
Germany. 

Bergmann H  K , Hollo h K  D . Fiel d experienc e wit h Mercedes-Ben z methano l cit y 
buses. Daimler-Ben z AG , Stuttgart , Wes t Germany . 

Eckland E  E . State-of-the-ar t repor t o n th e us e o f alcohol s i n diese l engines . 
SAE PaDe r 840118 . 



- 3 5 2 -

TABLE 1 : 

Research Octan e Numbe r 

Unleaded 

+0.84g Pb/ 1 (3.1 7 g/USG ) 

+0.84g Pb/ 1 (3.1 7 g/USG ) 

Motor Octan e Numbe r 

Unleaded 

+0.84g Pb/ 1 (3.1 7 g/USG ) 

+0.84g Pb/ 1 (3.1 7 g/USG ) 

MTG gasoline propertie s 

as TE L 

as TM L 

as TE L 

as TM L 

93 

100 

99 

83 

91 

91 

Front-End (IBP-100° C Fraction) 
Research Octane Number 

Unleaded 

+0.84g Pb/ 1 (3.1 7 

Distillation °C(°F ) 

10% Evaporate d 

50% Evaporate d 

90% Evaporate d 

EP 

Existent gum mg/10 0 m l 
Sulphur % wt 
Nitrogen % wt 
Saturates Vol % 
Olefins Vo l % 
Aromatics Vol % 

g/USG) as TM L 

87 

95 

46 (115 ) 

99 (210 ) 

166 (330 ) 

204 (400 ) 

1 
< 0.00 1 
< 0.00 1 
60 

8 
32 
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TABLE 2: Typica l Keny a gasohol blen d 

Regular Premiu m Gasoho l 
MSR MS P Blen d 

Tests T K 30 6 T K 30 1 10 % ETOH 25 % MSR 65% MSP 

Density 0.701 6 0.728 3 0.724 9 

Octane Numbe r 83. 6 93. 1 93. 6 

Distillation;-

IPB 42° C 40° C 40° C 

10% Evaporate d 58° C 64° C 52° C 

20% Evaporate d 64° C 72° C 58° C 

50% Evaporate d 87° C 96° C 76° C 

90% Evaporate d 139° C 153° C 141° C 

End Poin t 169° C 180° C 174° C 

Residue 0. 8 1. 0 0. 6 

Recovery a t 70° C 28 % vol 18 % vol 45 % vol 

RVP 7. 0 ps i 7. 1 ps i 7. 6 ps i 

Induction perio d >  240 >  240 >  240 

Copper stri p l a l a l a 

Doctor Tes t Negativ e Negativ e Negativ e 
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TABLE 3 : Operatio n ra t e projectio n fo r methano l (10,00 0 tons ) 

Year 198 2 198 3 198 4 

Demand Existin g 1,05 6 1,07 7 1,09 9 

New* 10 4 10 9 11 4 

1985 198 6 198 7 

1,121 1,14 3 1,16 6 

120 12 6 13 2 

Total (A ) 1,16 0 1,18 6 1,21 3 1,24 1 1,26 9 1,29 8 

Capacity (B ) 16,16 6 16,58 3 18,33 4 20,95 4 20,95 4 20,95 4 

(A)/(B) 0.7 2 0.7 2 0.6 6 0.5 9 0.6 1 0.6 2 

* Fo r automobil e fue l (includin g tha t fo r MTBE) , SCP, other . 

TABLE 4 : Result s o f Mercede s Ben z buse s running on methano l 

Auckland, N Z Berlin , German y Pretoria , S  Afric a 
Hilly, On e route On e rout e 

pure methano l whic h i s fla t hill y and a t 
MeOH+5 to 8  vol %  hig h altitude , 

isopentane pur e methano l 

Max Fue l Consumptio n 
litres/100 k m 

(Diesel Equivalent ) 
litres/100 k m 

Min Fuel Consumptio n 
litres/100 k m 

(Diesel Equivalent ) 
litres/100 k m 

125.4 

(57.0) 

95.4 

(43.4) 

104.9 

(47.7) 

91.8 

(47.7) 

146.7 

(66.7) 

114.2 

(51.9) 

AVERAGE 10 8 99. 1 128. 4 
(49.1) (45.7 ) (58.4 ) 
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FIGURE 1: Comparison of calculated and measured road octane 
ratings for commercial unleaded gasoline and gasoline from methanol 
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THE POTENTIAL FOR ALCOHOL AS A FUEL IN SPARK IGNITIO N 
ENGINES IN TANZANIA 

P D  Dunn , J  Clanc y an d G  Rice , 
Department o f Engineerin g 

University o f Reading , Berk s RG 6 2A Y 
and 

S Kawambwa , 
Institute o f Productio n Innovation , Universit y o f 

Dar e s Salaam, P O Bo x 35075 , Dar e s Salaam, Tanzani a 

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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A CRITICAL EVALUATION O F THE PROMISE OF BIOTECHNOLOG Y 
TO IMPROVE THE PRODUCTION O F RENEWABLE-ENERGY MATERIAL S AND FOO D 

L Evan s Roth , Universit y o f Tennessee , 
Knoxville, Tennesse e 37996-0810 , US A 

Biotechnology represent s th e mos t recen t application s o f fundamenta l researc h 
in th e lif e sciences . It s product s an d potentia l product s d o no t usuall y com e 
from th e applie d field s o f research , suc h a s agricultur e an d medicine , bu t rathe r 
from basi c studie s i n reproductiv e physiology , immunology , molecula r biology , 
microbial genetics , an d plan t physiology . 

On th e basi s o f thes e origins , biotechnolog y ha s several , somewha t separate , 
areas o f produc t development . Fro m immunolog y ha s com e monoclonal-antibod y 
applications o f numerou s types , bot h diagnosti c an d therapeutic . Fro m 
molecular genetic s ha s com e gene-splicin g methodolog y wit h it s application s 
already yieldin g markete d product s suc h a s huma n insuli n an d promisin g othe r 
bacterial system s t o produc e importan t medicina l substances . An d fro m 
reproductive physiolog y ha s com e embry o implantatio n tha t ha s alread y allowe d 
rapid improvement s i n cattl e herds . 

I wan t t o focu s o n a  furthe r are a mor e directl y relate d t o renewabl e energ y 
technology: development s tha t com e fro m basi c studie s i n plan t physiology . 
Much ha s bee n writte n abou t sweepin g change s tha t wil l com e fro m 
bio technological researc h i n thi s field . Advance s suc h a s makin g non-leguminou s 
plants fi x thei r ow n nitroge n an d o f hybridisin g tw o ver y differen t plant s t o for m 
exotic, totall y new , highl y productiv e specie s ar e bein g give n muc h attention . 
However, mos t o f thes e advance s -  excitin g thoug h the y ma y b e -  ar e to o fa r of f 
and uncertai n t o hel p u s dea l wit h th e ver y critica l problem s t o b e face d i n th e 
next decad e o r two . Micropropagatio n i s likely t o yiel d development s i n th e nex t 
10 years an d i s technicall y availabl e t o exploi t i n large-scal e applications . 

The micropropagatio n o f plants , als o calle d plan t tissu e culture , i s wel l 
developed an d mor e advance s ar e comin g rapidly . I t i s no w possibl e t o produc e 
several millio n plant s pe r yea r i n a  smal l facilit y tha t ca n b e operate d 
commercially a t a  profi t an d tha t require s onl y a  fe w skille d employees . A  fe w 
such facilitie s i n Afric a coul d produc e superio r plant s i n larg e number s a t lo w 
prices an d coul d therefor e greatl y accelerat e development . Larg e fast-growin g 
plants, nitrogen-fixin g specie s o f trees , oi l palms , an d othe r plant s coul d b e 
propagated fo r renewable-energ y production . Numerou s othe r specie s ar e 
available fo r foo d productio n an d othe r economi c developments . Thi s suggestio n 
is no t new ; i t ha s bee n propose d before , fo r example , b y Lug o (1985) . 

For numerou s species , specia l cultur e condition s hav e bee n develope d an d 
commercial productio n ha s bee n achieved . B y selectio n an d tissu e cultur e o f th e 
best individua l plant s i n a  variabl e population , plan t specie s know n t o gro w wel l 
in Afric a coul d b e introduce d i n ne w localitie s quickly , cheapl y an d effectively . 

On jus t a  fe w acre s o f ground , a  tissu e cultur e facilit y ca n produc e fou r millio n 
plants pe r year . Selecte d cutting s ar e firs t establishe d i n primary , steril e 
cultures i n tes t tube s o r smal l bottle s an d allowe d t o gro w unde r th e influenc e o f 
hormones i n th e cultur e mediu m t o maximis e branching . Abou t 2 0 branche s ar e 
produced i n a  cultur e vesse l an d eac h branc h i s cu t fre e an d re-culture d i n 
another tub e t o produc e 2 0 mor e plants , al l o f whic h ar e steril e an d hav e 
identical geneti c an d growt h characteristics . Plant s a t thi s stag e d o no t hav e 
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and d o no t nee d roots . On e roo m fo r steril e innoculatio n o f th e cultur e tube s 
would serv e a  whol e facility . Tube s ar e the n place d i n growt h rooms , thre e o f 
which ar e sufficient . Eac h growt h roo m shoul d measur e abou t thre e b y si x 
metres. I n mos t cases , thes e tin y plant s ca n b e immediatel y place d i n soi l wher e 
they wil l for m root s i n a  fe w week s i f kep t ver y mois t an d gro w t o size s tha t ca n 
be plante d i n low-cos t greenhouse s o r i n th e fiel d i f th e weathe r i s good . 

A facilit y o f thi s natur e i s operate d b y a  for-profi t corporation , name d Phyto n 
Technologies i n Tennessee . I t employ s fiv e skille d managers , bu t otherwis e use s 
an unskilled , low-cos t workforc e o f abou t 50 . Othe r tha n fo r standar d steriliser s 
and steril e innoculatin g hoods , no expensiv e equipmen t i s used . 

Prices ar e ver y lo w fo r suc h plants , an d th e qualit y i s hig h becaus e the y hav e 
been starte d withou t an y pathogeni c fung i o r bacteri a presen t t o slo w thei r 
growth. Bu t mor e importantly , th e qualit y o f produc t i s uniform , sinc e th e 
original stoc k selecte d fo r cultur e wa s th e ver y bes t plant s an d onl y continuin g 
growth o f somati c cell s ha s been allowed . 

The specifi c activit y fo r Afric a woul d b e a  superio r tre e programme . Th e U S 
Forest Servic e ha s operate d suc h a  programm e fo r man y year s an d ha s resulte d 
in larg e fores t stand s o f unifor m an d hig h qualit y trees . A  programm e i n Afric a 
would hav e th e advantag e ove r suc h a n olde r programme , i n tha t i t coul d 
progress mor e quickl y b y usin g th e method s o f micropropagation . I t i s possibl e 
to projec t tha t withi n fiv e t o 1 0 year s larg e planting s o f tree s fo r fuelwood , 
fibre, an d win d break s coul d b e wel l establishe d and , i n a  fe w cases , b e nearin g 
harvest. 

The secon d consideratio n i s no t a  technica l matter . Frequentl y renewabl e 
resources ar e no t develope d becaus e peopl e d o no t se e profitabl e enoug h 
economic incentives . A  recen t biomass-energ y publicatio n i n th e Unite d State s 
(National Woo d Energ y Associatio n 1985 ) state s tha t wit h 9 % o f th e energ y use d 
in th e U S coming fro m renewabl e energ y source s thi s represent s a  highe r inpu t o f 
energy tha n i s produce d fro m nuclea r sources . Th e repor t i s designe d t o hav e 
political influence . I t cite s governmen t ta x an d budge t polic y decision s tha t ar e 
disadvantageous t o thi s area . Whil e suc h a  campaig n doe s no t directl y affec t 
African nations , i t i s importan t sinc e i t show s first , tha t ther e i s a  voic e 
speaking i n th e U S fo r smal l renewable-energ y businesse s an d second , tha t tha t 
voice i s being use d fo r politica l influenc e o n U S public an d corporat e policies . 

Thus I  urg e yo u t o champion , i n you r ow n countries , th e cause s o f renewable -
energy businesses . Th e propagatio n o f tree s b y th e method s describe d abov e ca n 
be on e suc h busines s enterprise . Th e establishmen t o f smal l businesse s i s itsel f a 
worthy cause . I n th e US , fo r example , larg e businesse s ar e no t i n genera l 
contributing ne w jobs . Thes e com e fro m ne w companie s i n th e U S an d tha t i s 
undoubtedly tru e i n Africa n countrie s too . 

In summary , biotechnolog y ha s grea t potentia l t o contribut e t o developmen t i n 
Africa i n th e foreseeabl e future . Man y differen t specie s ca n b e propagate d wit h 
applications fo r renewable-energ y an d foo d production . I t wil l b e importan t t o 
gain governmenta l an d publi c suppor t fo r biotechnologica l researc h an d produc t 
development. Thi s shoul d emphasise , i n particular , th e establishmen t o f ne w 
business enterprises . 
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