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SOLAR FIS H PRYING PROJEC T IN MOPTI (MALI) 
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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 
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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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