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A PYRETHRU M FLO W SOLAR ENERG Y DRYE R 
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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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