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R I I I C K A S A N

Data. terakhiz, nengenai z'adiqsi natahari
di bebetapa tempat Aong berbeda-beda di Malag -
sia nenbetzkan indikasi bahDa Malausict neni.-
I ikl swnben enensi gang berkel eblhan yag
dapat di,g,.utakan tmtuk pengolahot has.il-h(Bil
pertqniqt. Suatu penelQahan nengenai potenei
penggrmaart enet si matahari diberikot secaz,a
singkat d.ot disebutkan pula beberqa jenis
pengguTlaan, nacon haail olahcvr don caya pengo-
Lahan yang terl ibat. Bebexqpa hasil pertotian
Malay sia digunakan sebagai contoh.
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ped and used fcr agricultural ptocese.ing.
A brief surueg on the potentiaL uses of this
eolaz, energy is giuen and nention is nade of
tltz tApes of application, the pr.odtets and
processes inuolued. EconpLes fot, Malaysiot
agri eulturaL products are used.
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l. Inttodtetion

Recent solar radlatlon data (1975) lu dlffer€ct parta of
Malaysla (Kuala L@pur, Peoang ard Kota Bahru) lndlcates that
solar energy arrlves at the gurface of l,lalaysla at a rate of

',
about 420 cal/cn- per day. Thle norks out to be about 1550

t ' )
BTU/ft- or 5 Kt'[t/n- per day. The average nurber of brlght
sunshloe hours ls 6 (see Flg. 1). Early data (1961 - 1967)

recorded ln Singapore as reported by Chtal nag 404 ca1/co2
per day and the nuDber of brlght a(mahl,ne horss was 5.57.
Thue, there ls l l tt le dlfference ln eolar lnsolatlon ln dif-
ferent locatlons of Mal&ysla, as hdlcsted ln Table I.

Table I. Recent eolar radlatton datali2

Kual a
LrDpur 

rentm8
Kots

r]'ngaDore
DSnru

Year of Data

Solar lnsolatlon r
ayerage per day

L915 L96r - 67

407 404
t

cal / cltr

L97 5

418

5 . 9 5

r97 5

439

6 . 2 0
Hours of bright sunshine
average per day 6 . 3 9 ) .  1 >

The rotal electrlcal power consulEd ln Ualayslar ln 1974

''/as 4.62 x 10- KwH. Thua, one square nl1e sr.rr face area of lla-
laysLa recelves on the average ln one year the equivaleut of
a1I the electrlcal power needed ln fdalays{a. At 102 coaver-
slon efflclency, 10 square ntles (0,022 of the lanil area of
penlnsular Malaysla) could produce the aDourt of electrlcal
energy ldalaysls consuned ln 19/4. Wlth st area of about
50,000 square o11es, penlnsula! l,talaysla ltself thus has abrm-
dant energ'y that can be tapped for useful purposes. Unfortu-
natelt ' , technlcal diff icult les in harnes6ing thls energy st111
abould and tt ! ' t l l  be qulte sonetine before an econonLcal and
efflclent systeh could be developed to harness thls vast a-
mount  o f  energy  fo r  a l . l  o f  man 's  requ l re rneDts .
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Flg. 1. Solar ladiat ion data for Kuala Lumpur, Penang, and
Kota Bahru fo! the yea! 1975.
(Kuala LuEp ur -,  Penang ----,  Kota Bahru . .  .  .  ,  .  )



Solar  d ry ing  o f  c rops  has  been prac t lsed  s lnce  the  be8 ln-
n ing  o f  agr lcu l t rEe.  I t  l s  one o f  the  la lges t  d l lec t  t rses  o f
solar hdat. The removal of molsture requires only lov-tenper-
ature which car be readily supplied bv solar radiation. At
present ,  a  la rge  po l t lon  o f  the  wor ld rs  supp ly  o f  d r led  c rops
are suntried ln the open, urprotected frorn unexpected ralns,
wind-borne dlrt and dust. The rate of drying depends very
nuch on weather condltions and the quality of sorrE crops oay
be serlously degraded as a result of sloe dehydratlon. In
vielr of thls, perhaps, greater use of solar radlation by ueans
of a slnple solar drylng equiprEnt can be rrsed to hasten agrl-
cultural drylng, reduce spoilage and lmprove quallty of pro-
ductg, 0f course due consideration should be glven to the
aspect of cost versus effectlveness and benefit ehen such so-
lar drylng eqripnent is developed. Greater speed of dr.ving
and lDploved qlallty of products could justify the extra ex-
pense of sola! drylng equipment.
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2.  fhe  need fo r  sc la r  d rg  ing

3 . Solat, dt"ging equipnent

The solar drylng equipftent conslsts of a
col lector, a thermal storage systen and a

[  { a t  ( { aLe  t ne r . t a (  ( cL tec io t l g

nal
f l a t  p l a te  t he r -
dr:ylng bed,

3 .  1 .

The  f l a t  p l a te  t he r ra l  coL lec to r  has  p roved  t o  be  qu l t e
an eff lclent solar thermal col lector capable of ploviding a
teiperature of about 150'F above arDbient at 30 - 5OZ col lector

t ,  < ^
e f f i c i e n c y - ' - ' " ,  T w o  t y p e s  o f  t l a t  p l a t e  c o l l e c t o r s  a r e  d e -
sc r i bed  he re ,  one  u l s i ng  na te r  as  a  hea t i ng  rned lun  (he re  ca l1ed
collector 1) and another using air as a heating nediun (col-

l ec to r  I I ) .  Bo th  co l l ec to r s  cons i s t  o f  f ou r  pane l s  each ,  con -
nec ted  l n  pa ra1 le l .  C !oss -sec t i ona l  des ign  f o r  a  pane l  i n
col lector I  ls shovn in Fls. 2. I t  con6ists of a vooden frane

*  
f  

ta )  r ran  a  f la t ,  b lack  aboorber  p la te  tn -

s ide  \ " ' i t h  an  a rea  o f  4  f t  by  2  f t .  Th i s  b l ack  abso rbe r  hea ts
up the running !,rater 1mderrteath, vhich circulates arotmd the
co-l lector and storage systen I via a 1 inch dianeter pipiog
system. The back lnsulat ion consists of 6" of savdust and the
slde insulat ion 3" of sar.rdust. The two glass cover plates ale
1 /8 "  p l a te  g l ass .  A  1 "  a i r  gap  sepa ra tes  t he  two  g lass  cove r
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and lnner: glass cover f lom the col lector p1ate. The design
for a panel ln coflector I I  is shown in Fig. 3. Corrugated
zinc sheet (patnted black) is used to heat up incor0lng air
nhlch th€ri  f loss beneath the zlnc sheet to be heated again be-
fore golng out to the stolage systeft I I .  A far ls used to as'
sist alr clrculat lon.

3.2. Storage Slstens od. Drying Bed

A therroal slUrage systeb ls used to store excess mused
solar energy drrlng perlods of surplus srmshlne for use at
nl8ht and cloudy or ralny days. It could thus provlde 24 con-
tlnuoug hours of heated alr supply, or even 48 hours to take
care of a clor.dy or ralny day, dependlng on the slze of the
storage systeo.

StoraSe syeteE I eoploys a 100 gallon sater tank vith a
galvanlsed plplng systeD connected to Collector I i To plevent
heat loss due to levelse flolr through the flat plate co11eclor
(b1ack body radlatlon) at nlght t ne the tl 'o taps n€ar the
atorage tank are closed at nlght to stop oater clrculation.
Othenrlse, thls clrculatlqn rrould conduct avay heat fron the
storage syateE to the flat plate collector. Atoospheric air
ls heated lnslde the storage tank before being sent to the
drying bed. A fatr ls provtded to regulate the floe rate and
teDperature of the heated alr.

storage systeE II usea a packed-bed of dry rocks to atore
the solar heat t 'hi.ch 1s then passed to the dryer. A fan ls
agaln provlded here. Both storage syat€m are provlded vlth 3"
to 6" of eawdust Lnsulation, Lalge! storage systens are re-
qulred if Eore heat 1s to be stored.

The crop to be drled ls placed 10 a batch drler, Bhonn 1Ii
Ft8. 5. Ttese syatena are slnple, ooderately inexpensive and
can aleo aerve a8 atorage (mlta after drylng 19 cornpleted.

4, Performorce of the equiryent

The flat plste collecto! using valer as the transport
fluid (collector I) has been slnulated on the U.P. ' PDP 8/e

coquter, An average of 42O ca7/cm2-day (hor(zontal surface)
wae brokeD up lnto hourly cgntrlbutlons using data from

Corty' , The total energy Saln of the systen ls

Qr=Qr -Qr -Q"
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a1r gaP

cold \tat er f! oto

sto!a8e sys t en

copper plates vlth
black surface at top

.t
hot \rater to
storage sys le6

corrugated zlnc sheet it l th
black surface at toP

Ftg. 2. Flat plate collector I (lraEer as nedlum)

aoblent
alt

I ig .  3 .  I la t  p la te  co l lec to r  I I  (a i r  as  ned iun)



6 7

abbient air

open /c l ose  :

serPentlne
,/ copper plptng

v
hot sater

(
cold vater

F lg .  4 ,  S torage sya ten  I F lg .  64 .  Ba tch  d !  i e r

t hot 
"ir 

f.ot
collector II

F ig .  5 .  S torage sys ten  I I
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w h e r e  Q . .  i s  t h e  n e t  e n e r g y  d ? j n  ^ '  i h a  ^ ^ 1 1 4 ' r ^ '  ^  i s  f h e

loss frorn the storage tank, and QL is the load. The solar 1n-

so la t i on  rece l ved  by  t he  co l l ec to r ,  S ,  vas  ad jus ted  f o r  t i l t
o f  t he  co l l ec to !  ( 10 ' ) ,  movehen t  o f  t he  sun  ( f ac to r  R ) ,  and
1osges  due  ! o  t r ansn i ss ion  t h rough  the  g lass  cove rs ,  dus t ,  and
reradiat lon back to the atmosphere (factors ra) (Duff ie and

Becknran4):

S = H R r a

(nhere H ls the hoully radiat lon per area recelved on a hori-
zon ta l  su r f ace ) ,  The  oe t  ga in  by  t he  co l l ec to r  i s

Qu = (Area of colLector) FR (S - UL (Ip - Ta))

vhere ! 'R ls the col lector eff lciency factcr; UL is the loss

due  to  re rad la t i on  and  conduc t i on  t h rosgh  t he  l nsu la t l on ;  Tp

ls the col lector plate terdperatr.Ee; and Ta ls the adrblent tem-
peraEtrle.

The  l oss  o f  hea t  l n  t he  s to rage  t ank ,

Q, = (Surface area of taok) Us(Ts - Ta)

vas by conductlon through the lnsulatlon (factor Us).

The load on  t l re  sys texn  is

Q _ = f i C  ( 4 3 ' c - r )- L  p , a 1 r  a

u h p r e  f i  i c  t h p  m a s s  f l o  r a t e  o f  a i r ,  a n d  C o . . i .  i "  t h e  s p e -

c l f i c  hea t ,  t he  nev  t empera tu re  o f  t he  wa te r  i n  t he  sco raSe
tank  i s  ca l cu la ted  f r om

1  1  , .  Q - / ( M  c  )
s , n e w  

_  
s ,  o 1 d  ' T  q  p , w a t e r '

"  t  e r e  u i s  t i e  nass  c f  wa te r  i n  t he  t ank  (453  kg )
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For  an  a i r  f l o r ^ r  o f  0 .57  nph  (ave rage , l oad  o f  g5  r , r accs  o t
7 .3  ca1 / l ) r )  t he  s imu la ted  svs rem took  t f  aays  t o  hea t  t he

wa te r  t o  43 "C ,  and  t hen  cou ld  sus ta in  t he  l oad  t h roush  t he
n igh t .  A f t e r  t he  t h i r d  day  (a1 l  t h ree  days  w i t h  and  a ie rase

t
o f  420  ca1 /co - -day  i nso la t i on ) ,  t he re  r ras  enough  hea t  i n  t he
s to rage  t ank  t o  enab le  t he  sys tem to  ope ra te  t h rough  ano the r
day sithout sunshine (cloudy or rainy day). f ,or an air f lov
o f  1 .L4  rnph  (170  na t t s )  t he  rnode l  cou ld  f unc t i on  ove rn igh t ,
but could lrot store enough heat to last through a cloudy day.
A Doderate load of 0.67 raph (100 watts) could be susrained
through a sunless day only aftet thtee consecutive days of srm
(42O cal/cl .L4ay). Fig. 7 shows the slnulated storage tank
teapelattEe for the above three loads.

5 . Potenttal appLieatians

Table 1I shoes the Inain l"lalaysia crops that need drying.
Except for tea wlthellng and sheet rubber smoklng, nost of the
crops  are  s rm-dr led  t rad l t loDa l ly  in  the  open on  a  concrc t ;
f loor, Dat, or zlnc sheet. This is slov, laborious, demandlng
of space or laud and very nuch dependent on weathe! condi-
!13" .  A  s lmp le  so la r  d ry ing  appara tus  prov ld ing  ho t  a i r  a t
1O0'F to 140oF contlnously over a 24 horEs basis ;111 certain_
ly-reduce sone of these problens, hasten the rate of drylnB,
reduce spollage and improve crop quality. It serves as a good
suppllDent to natural sun-drying and oechanical drying, ln
the case of tea vltherlng and rubber sheet dryj-ng, there is
an obvlous econonlc advancage for this solar drytng equlpnent
aa fuel cogts can be lovered. In addltion to the irops oen_
tlqred, Chis equlpnent can also be extended for use in seed
dry lng  and the  dry tng  o f  sa l red  f i sh  and shr imp.

6, Canclusions

There 1s a tteDendous arnount of solal:  energy in lralaysia
that can be . tapped for crop drying. Equipment including a
f. lal  plate col lector and a thermal . toiag", system providing
c i r cu la t l ng  p rehea ted  a1 r  can  be  a  s i r np le  and  ye t  L f f ec t i ve
vay to speed up solar dehydration of crops. A stream of heat-
ed air nlth low lelat ive hunldity (cornpared with ambienc atr)
ls passed through the crops to remove i ts high water content.
Such an equlpnent has good potential to serve as a supplinent
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Tab le  I I M a l n  } l a l a ! s i a n  c r o l s  r h a r  n e " c i  d r * , i n g 8  
-  l 5

Crop Present drying condl t iods optimum dlylng cond i  t  ions

1 .  Pad  I

5 .

6 .

2 .  Rubbe  r

3 .  Tea

4 .  G roundnu t

Tap  i  oca

C o f  f  e e

Coc  oa

I I os t l y  sun -d r i ed ,  sone  us ing  a r t i f i c i a l
d r y e r .

"Smok ing "  hv  smoke  f r om bu ) i n i ng  f i r e -
wood  o r  ho t  a i r  f r om bu rn lng  f ue l .

T e a  W i t h e r i r p  b y  a  s i o w  r o v i n g  ' r o t  a i r
gene ra ted  b1 'bu rn lng  f ue  1 .

Sun -d r i ed  on  z i nc  shee t  o r  : na t .

Sun -d r i ed .

) l c s t 1 v  s u n - d r i e d ,  t h e r e  i s  a  g e n e r a l
t endency  t o  use  a r t i f i c i a i  d r ye rs .

Sun -d r l ed  f o r  6  -  7  da_ " *s ,

1 1 0 " F  t o  1 3 0 " F  g i v e s  t h e  b e s t  m i l l i n g
y i e l d .  A c t u J l  d r y i n g  t  i r . e  r e d u c , s  b y

: . : _ : _ |  l e a !  L o m _

" . r a . l  
i ^  ^ r  n 5 ,  

" . .  
1  c , , n - . l r w -

i ng .  l l o i s t u re  con te  t  r educes  f r om
727 to 1.3"1 - 147,.

I l o i  a i r / smoke  unde r  110 "F  f o r  4  days .

100 " i  f o r  a  f c \ r  l r ou rs .

1 2 4 "  I  l 4 n "  I  i o r  . 1 1  I  .  r r r . .  r o  r e c i u c e
m( ) i s t r r r e  con len t  f r on r  252  t : a  l 1 i l ,

: , , l o L  a v a : I a ' l e .  I I o L  a i r  d r ) i n g  r , r i l l
. p r t  . 1  i n  l . .  h r c r e n  l r v  i n e  . r o c e s s .

1 0 4 " I  f o r  2 4  r r o u r s ,  1 2 2 ' F  f o r  4  t o  1 0
hou rs  and  141 "F  f o r  L  hou i  r , r i t hou t
damage  to  f Lavou r ,

H o t  a i r  a t  1 3 5 " !  -  1 4 0 ' !  a t  3 0  -  3 5
f t , / ' n i n  f o r  l 0  -  l B  h o u r  ,  f o  l 1 o u , , d  l ' y
l i  . o u r s  r e s L i D t  a n d  f j n a l  h i g h  L e m -
F p r : r r r r c  r 2 r F . " f  l 8 n  -  I R 5 ' F  r o r  2 4  -

l 0  h o u r s .
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to the pres'. i t  nethods of drylng l lany l lalaysiars agricultural
p roduc t s .
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