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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 
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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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