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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 . 



- 8 9 -

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. 
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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 . 

* 

* 



- 9 6 -

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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