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A valid criticism against the poor performance o f  many 
agricultural extension services in  coconut producing countries 
is  that the services do not have or know what to "extend” . A 
sim ilar analogy can he applied to a consultancy service on 
coconut processing technology.

"Registering" coconut processes applied in the APCC 
countries, may be a simple achievement and considered unimportant, 
whan one views the deluge of impressively formulated and identified
objectives and programmes pouring out o f  international agencies 
and institu tions. The fa c t is , that the disappointments from two 
UR Development Decades, could be traced to the fa ilu re  to execute 
the basic "Home Work" essential for achieving the ultimate 
objectives.

UHIDO, which concieved and supervised the execution o f 
th is project, r igh tfu lly  owns the en tire cred it fo r  an important 
progransae of meaningful benefits to APCC and APCC member countries. 
UHIDO has provided APCC with a firm basis from which APCC must now 
build and develop an essential service to those countries and 
individuals re lian t on the coconut for th e ir  economic survival.

*

n

Godofredo P Rqyes^Jx. 
Director *'

13 June 1980.-
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The United Natiens Industrial Development Organisation, Vienna,
funded and executed th is project "Establishment o f  Coconut Processing 

Technology Consultancy Service" fo r  the Is ian  and Pac ific  Coconut 

Community- based in  Jakarta* The project was in it ia ted  in  1978 and 

completed within 18 months.

Coconut Processes, commercial and household, applied in the 

1PCC member countries were documented in  individual technology sheet® by 

Consultants for specialised areas and by the Project Manager/Coco nut
Processing Technologist. Each technology sheet carries a product code, 
based on the Customs Cooperation Council nomenclature (GCCM) which has 

replaced the Brussels Tariff Nomenclature (BTN)» This fa c il ita te s  easy 

reference to determine import or export duties, freight rates, etc, as 

w ell a® coding for lib rary  systems, mtosr® there are co-produets or by­

product® in  a process, only the main product has teen taken into 

consideration for coding.

The immediate objective o f the project is  to make the techno­
logy sheets available to a l l  concerned a® a "Consultancy Service" in  

the framework of technical cooperation among developing countries and

others interested in  improving the coconut processing d iscip line..

The technology documented is  not only on major commercial 

processes but also on the hitherto, somewhat neglected, rural and house­

hold processes. These processes o ffer a large scope for further develop­
ment with appropriate and suitably scaled technology, in order to  bring 

ateut the eom ereia lisa tioa  of new or improved products.

The development of tbs Coconut Processing Sector through 

technical cooperation in  existing commercial processes and the_ improves»at 
o f  rural and household products, could mean higher incomes and te tte r  

liv in g  conditions for several hundred m illion  people liv in g  in  the coconut

areas of the world.

ACIMOWLEDaaffiliT

The kind assistance and co-operation rendered by the counter­
parts, the national coU&bomting agencies and the excellent services 

given by the IPCC Secretariat are gain fu lly  acknowledged.
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION 

AND ASIAN & PACIFIC COCONUT COMMUNITY 

"Consultancy Service on Coconut Processing Technology” 

i Project UF/MS/78/049)

This document is  one of VII parts: -

PART I  

PART I I  

PART I I I  

PART IV 

PART V 

PART VI 

PART V II

COCONUT HARVESTING AND COPRA MANUFACTURE

COCONUT OIL EXTRACTION

COCONUT OIL REFINING AND MODIFICATION

DESICCATED COCONUT MANUFACTURE

DOMESTIC COCONUT FOOD PROCESSES

COCONUT COIR FIBRE AND PRODUCTS

COCONUT SHELL PRODUCTS AND OTHER PROCESSES

These Technology sheets have been prepared by

PaG, Catanaoan, UNIDO Consultant on o i l  extraction

H.B.Vi. Patterson, UNIDO Consultant on o i l  refining

P.M. Abaca, UNIDO Consultant on non trad itional food

T.K.G. Banasingh®, UNIDO Project Manager/Coconut Processing Technologist.

1979/1980
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Consultancy. Service on Coconut Processing Technology 

ШШЗО/âPCG Pro ject üF/RAS/7e/QA9

PART I

СОСШЦТ HUBVESTIHS AMD COPEA MAHUFACTUBB

List, o f  Technology sheets

Shaet number Mams o f Technology sheet Page

l/t Natural f a l l  coconut harvest -  mainly Pacifie  1

1/2 Harvestlog coconuts -  Philippines 5

3/3 Harvesting coconuts -  India 1!

1/4 Harvesting coconuts using trained monkey -  20

Indonesia, Malaysia, Thailand,

1/5 Crop storage or Seasoning of mature «hole 2J*
nuts after harvesting ~ S ri Lanka

1/6 Principles of copra manufacture 32

1/7 Copra manufacture by natural drying using $3
direct sun in the open (Method A 1)

I/S Sdible ba ll copra manufacture by natural 72
drying uhole nut in  the shade (Method A 2)
-  mainly India

I /9 to 13 Copra manufacture by direct heat smoke dryers 79
using traditional fuel other than coconut shells 

(Method B)

9* Traditional direct шоке dryer of Indonesia 

10® Traditional d irect шоке dryer o f Thailand 

1 1 , Sariaye type dryer of Philippines
12* Pagsanjaa type dryer of Philippines 

13® Tayabas type dryer o f Philippines

«

i



V

1/14 Copra manufacture by d irect heat smokeless 100

dryers using coconut shells as fuel combined 

with pre drying in  the sun (Method C l )  -  

Sri Lanka.

I/l5 to 25 Copra manufacture by direct heat snokeless I l f
dryers using coconut shell as fuel (Method C 2 )

15. S ri Lanka standard copra kiln

16. Improved Sri Lanka copra kiln  

17* Sri Lanka small holders kiln  

IS. Miniature Malaysian kiln

19. Malaysian copra kiln
20. Malaysian version o f S ri Lanka copra kiln

21. Indian version of miniature Malaysian kiln
22. Indian version of Sri Lanka copra kiln
23. Improved Tayabas dryer o f Philippines
24. De Vapor improved dryer of Philippines
25. Papua New Guinea version of Sri Lanka copra kiln.

1/26 to 32 Copra manufacture by indirect heat dryers 172
with natural draft hot a ir  (Method D 1)

26. MESTEC village copra dryer of W. Samoa
27. Kukum copra dryer of Solomon Islands
28. Philippine version of Kukum dryer
29. Marshalles type dryer of Micronesia (TTPI)
30. VJESIBC estate copra dryer of W. Samoa
31. Chula dryer model NDO -  Sri Lanka etc.
32. Pearson dryers -  Sri Lanka etc.

1/33 to 36 Copra manufacture by indirect heat dryers 215
with forced draft hot a ir (Method D 2)

33. Chula hot a ir dryer model EDO
34. Chula hot a ir dryer model BDl 
35® Modified Chula dryer model BDl
36. Chula hot a ir  dryer model BD2

Sri Lanka etc. 
Sri Lanka etc. 
Solomon Islands 

Sri Lanka etc .



Product ood® CG® 08.01
technology sheet No. I  / 1

■m i iso  nations industrial envelopment organisation

AND ASIAN & PACIFIC COCONUT CCMHIMITT 

"Oonaoltanoy Service on Coconut Processing technology”  

(Protect W/lA8/78/0it9)

1. technology Sheet for « -  NATURAL FAIL COCONUT HARVEST

-  ae&inly P ac ific

t .  Use at o f  fin ished product f -

2.1 Bis naturally fa llen  nuts being f o l l y  mature* make

good quality copra. Those f r o »  selected va rie tie s  are used 

as seednuts.

2.2 The nuts are also suitable fo r  desiocated coconut.

2.3 Bisse coconuts are used fo r  cialla&ry purposes in  the 

P a c ific  region. The per capita consumption in th is region 

is  300 to 500 nuts per person per years which is  several 

fo ld  compared to that in  Asian meatier countries.

3* Oomtgy of Origin

PAPUA HEN GUINEA* SOLOMON ISLANDS* WESTERN SAMOA

Coconuts are not pluoked but allowed to f a l l  

naturally in  the P ac ific  region. In some countries lik e  

Philippines and Sri Lanka* natural f a l l  harvest is  prac- 

tlsed  only fo r  the very t a l l  trees in  large holdings as 

plucking would be very Inconvenient.

U. SculPBBBnt or f a c i l i t ie s  t-

Worksrs are required fo r  gathering the nuts into 

heaps* periodically® Where nuts are cut open and kernel 

scooped out in the fie ld * the same work force i s  engaged
fo r  this on a piece rate basis. In  small holdings* the

farmer and his fam ily members w i l l  carry out the gathering* 

axing the nuts and scooping out the kernel.
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5. Prqceagî -

5»! Process flow diagramî -

maturo coconut® on the tree

Maturai f a l l  when dry 
(14 to  16 months age)

gathering into heaps

mature coconuts
fo r  copra or culinaxy purposes.

l
8

axing whole nut
into 2 halves longitudinally.

scooping out kernel (fin ger 
cut) and bagging

transport to copra k iln

fin ger cut kernel
ready fo r  copra manufacture



5« $.2 Description of Trace as $-

Harvesting coconuts in  the P a c ific  region 

i s  by gathering the naturally fa llen  nuts every 2 

•be U weeks. Under normal circumstances, only fu l ly  

mature dry nuts of 1U to 16 months ag§ from flowering 

w i l l  f a l l  naturally.

Natural f a l l  harvest ensures that only 

fu l ly  mature nuts are obtained. The exception however 

is  when there is  premature nutfall during adverse 

conditions such as dry weather. Another important 

advantage is  that i t  is  the cheapest method available 

because no labour is  expended in  plucking the nuts. 
There is  an important disadvantage in  that due to 

the undergrowth » many nuts are not seen whan gathering. 

Sine® the nuts are fu lly  ripe* they tend to geminate 

i f  not gathered each time. As a result i t  is  common to 

M  about $% of a l l  nuts have geminated when opened 

out for copra making.

Hie group of men engaged fo r  gathering 

in to  heaps also axe the nut into twoj longitudinally 

«tad scoop the kernel to obtain "fin ger cut" kernel.

The same workers bag the copra fo r  collection by 

trucks. The workers are paid on a piece rate basis.
In  the case of small holders» the fe rro r and M s 

family members carryout these functions and either 

nates h is cm  copra or se ll the kernel to  another 

who has a k iln .

In the estate sector of Papua New Guinea» 
ifa® practice d iffers depending upon the type of 
dryer used. Only in  the ease o f S r i Lanka type 

kilns j the nuts are husked in the f ie ld »  sp lit open
in to  two along the equator* and packed in to  bags with 

the h a lf shell in tact. This is  transported by 
track and the k iln  loaded with the h a lf shell in tact. 

Payment fo r  gathering» husking* sh u ttin g  and bagging 

is  on a piece rata basis.
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In tee estate sector in  Western Samoa,

«№010 nuts are transported to the k iln  area, axed 

i s  h a lf and kernel scooped® ft® purpose of transporting 

the whole nut i s  because the husk and the shell (intact) 
are used fo r  fu e l.

I t  is  interest-dag to note that whilst on® 

group of workers is  harvesting, another group clears 

the undergrowth in  80s »  other area of the plantation. 
The two groups rotate their tasks period ica lly .

Details of preparation o f nuts fo r  copra 

manufacture are dea lt with fu l ly  in  tee relevant 

technology sheets.

5*3 Product flow  diagram »-  

Hot available.

6. Quality of finished product s®

The nuts ar® fu l ly  mature and hen©» are in  the idea l 

condition fo r  copra manufacture.

?. Source of Information *®

Observation during f ie ld  v is i t s  to  amber 

countries in  tea P ac ific  region.

T.K.G.R. I960



Product cod® i CCCN 08.01
Technology sheet nos I  / 2

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION 

AND ASIAN fe PACIFIC COCONUT COMMBHITY 

"Consultancy Service on Coconut Processing Technology"

(P ro ject UF/RAS/78/Q49)

1. Technology Sheet fo r  : -  HARVESTING COCONUTS (Snail k Large

Holdings)•

2» Uses o f finished product s -  For processing into Copra, Desiccated

Coconut or consumed as fresh nuts for 

cooking; and other miscellaneous food 

items. %  product -  Husks (in  3 to 4 

segments) are mainly used as fu e l fo r  

copra drying i f  the farm has a copra 

dryer. Otherwise they are allowed to 

perish. Some husks are used for 

extraction o f coir f ib re .

3. Country o f orig in  t -  PHILIPPINES

4* Bguigaent

4*1 Description o f  equipments -  

-Plucking device

Several bamboo poles Jointed together and knife attached to 

uppermost bamboo. The inner curve o f  knife is  about 250 mm 

diameter which is  bigger than a coconut. Each bamboo is  about 

3 meter long. The jo in t is  made with 2 pegs at right angles. 
The lower portion o f each bamboo is  strengthened against burst 

by tying with rattan. The number of bamboos linked together 
w i l l  depend upon the height o f the trees which in  turn depend® 

upon the age. Usually not more than 5 bamboos are linked 

together because beyond that the device cannot be managed. 
Trees ta lle r than about 15 meter are harvested by professional 
climbers in  small holdings.
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4.,2

Trees which are climbed 

have V shaped notches 

cut onto the coconut trunk 

to  serve as steps in 

climbing up to the crown. 

The notches are large 

enough to accomodate a toe 

hold. One side o f the 

notch i3  para lle l to  the 

ground. Cutting notches is  

however injurious to  the 

health of the tree . This 

practice o f climbing is  

being done away with in 

most areas. In  larger 

holdings, the nuts from 

vary t a l l  trees are allowed 

c-o f a l l  naturally and are 

co llected  regularly.

Husking device

This is  a wooden horse 

type device with a 

v e r t ic le  spike fastened 

to i t .  I t  has a wooden 

base frame and thus can 

be carried from place to  

place.

Materials fo r construction 

Plucking device 

One knife

Inner curve 
about 250 mm 
(10” ) diameter

2 pegs 
at right 
angles

Plucking device

Tied with 
rattan to avoid 
bursting.

upto 5 bamboos 
Jointed together

Five bamboos specia lly  prepared, each 3 meter (10 f t )  long. 

Pegs fo r easy assembly and dismantling o f jo in ts.

Movable Husking device -  Wooden horse with ve r t ic le  spike



4*3 Cost of equipment 

Plucking device
(»US$ »  P 7.42)

Knife
5 Bamboos (a ) 6

P US$
2$ 3.37
30 4.04

Total 55 7.41

Husking device

Total cost P 70.00 US$ 9.43

4.4 Capacity

bamboo

A group of 3 men with one plucking bamboo can harvest
and gather nuts in  an area of 2 Hectare per day of about 10 hours 

working tiae. On the basis o f 156 trees per Hectare and 5 nuts per 
tree per harvest (harvesting every 45 days which is  8 times a year), 
the capacity w il l  be 1560 nuts per group of 3 men.

Group of 3 men with two climbers can pluck the nuts of 
about 80 trees per day of about 10 hours. On the basis o f  5 nuts 

per tree, the capacity for the group w ill be 400 nuts (about \ 
Hectare).

Payment per 1000 nuts P 10 (US$ 1.35).

Payment per 1000 nuts P 25 (US$ 3.37)

Husking

One man using the wooden horse and spike can husk about 

1000 nuts per day of 10 working hours.

Payment per 100Q nuts P 10 (US$ 1.35)
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5. Process

5.Î Process flow diagram: -

plucked using 
bamboo with 
knife

JE

husked nuts

mature coconuts on the tree

I
I

human climbers 
for plucking " 
ta ll trees

Natural 
f a l l  for 
ta ll trees

gathering nuts into heaps

husking and transporting to 
central place.

husks (by-product)
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5.2 Description of process: -

The group of 3 men comprise of 1 experienced plucker 
and 2 helpers who gather and husk the nuts. The knife attached 

to the bamboo is  carefully taken over the nuts and the frond cut 
with one downward pull bringing the entire bunch down. For each 

tree, one or two bunches are plucked depending upon maturity of 
nuts.

The nuts plucked in the Philippines appear to be 10 to 

14 months old from polination which is  12 to 16 months old from 

flowering. The youngest nuts plucked therefore w ill be Just 
mature or sometimes Just under mature. The oldest nuts wi l l  be 

on the verge of fa llin g  naturally.

Ones the nuts are gathered into snail heaps, they are 

husked using the movable wooden horse and spike. The husks are 

removed from the nuts in 3 to 4 segments depending upon the size 

of the nut. The husks are le ft  on the land unless there is  a 

copra dryer in the pi'onises in which case the husks are used as 

fuel for firing .

The husked nuts are separately transported using a 

cart to either the copra dryer or to a central point to be sold 

and despatched for production of Desiccated coconut or as food nuts.

5.3 Product flow diagram

Harvesting : -  Not applicable

Husking i -  1000 whole nuts (1200 Kg)

v

1000 husks (400 Kg)
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6. Quality of finished product

The nuts must be fu lly  mature (ideally  12 months old 

from polination which is  the same as 14 months from flowering). 
However, in actual practice the age from polination may vary from 

10 to 14 months.

There should not be immature nuts or germinated nuts 

for processing into Copra or Desiccated coconut.

7. Source of information

Investigations during fie ld  v is it to Davao in  

Mindanao Island, Philippines.

T.K.G.R 1979



Product codes COOT 08.01 

Technology sheet not 1 / 3

MI!KD M110M3 INDUSTRIAL DEVELOPMENT ORGANISATION 

AID ASIAN & PACIFIC COCO TOT COMMIT!

8Consultancy Service on Coconut Processing Technology” 

(Project qg/Hi3/?8/QU9)

1. Technology Sheet for *- H&EVESUHO OOCOI'OfS (INDIA)

2. Use a o f finished products s-

2#1 The fu lly  mature coconut Is  used for manufacture of oiip
copra and desiccated coconut, le ts  from selected -varieties 

are used as seed nnts.

2.2 Bis nut shea plucked at fu ll maturity with drying 

conmenced on the tree ( 1U to 16 months age) can be used 

for making edible ba ll copra i f  suitably- stored without 
husking.

2.3 Coconut is  used for culinary purposes particularly in  

Kerala State*

2.i| In Kerala husks o f coconuts just under* mature (10 to 12 

months age) are retted to extract white coir fibre» This 

is  an important cottage industry supporting a large 

population.

3® Oomatgy of Origin *«

INDIA -  mainly’ Kerala State followed by Tamil Hadu 

and Karnataka States.

U. Iquipaent t-

U.1  Dsaciiptlon of equipment *-

U*1®1 ladder of single bamboo -  see figure 1. Though bamboo 

is  available in some areas, i t  is  not used as
a plucking device but as a ladder to olisib the tree. 

U.1.2 Sharp curved knife -  see figure I I  

and loop for the feet. 

iu l.3  Huekisg device -  see fifes?® H I .
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fork like arrangement 
fastened to the top
of the bamboo for 
placing against the 
tree

foot holds and grips
for the hand provided 
by the etumpe o f 
branches from the 
bamboo

Small slope for 
stability  to enable 
climb without another
man holding i t

height of 
bamboo about 
7 metre

Front elevation

ДОШЕК I 1,ШМЕ СГ SIMPLE ЗШВОО
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Ill

u.

Materials fo r eonstruotloa i -

Hot applicable

U«3 Cost o f equipment

U.3.1 ft*  bamboo «111 be, about Rs 5/“ (U5$ «  =/61)
It.3*2 3w cost of tbo knife is  about Rs 10/« (USf -  1/22)
U.3.3 lbo cost of tbo husking levies is  Rs 15/“ (US® »  1/83)

lull Capacity t-
4 skilled human climber can harvest about 

50 tress in a working day. the harvesting charge for 

100 trees varies froa Rs.20 to Rs*25 (03$ 2/50 to 3/")* 

llis harvesting in shite soir areas is  every month 

whilst other areas i t  is  once in 2 months*

the capacity for husking by a skilled worker is  

1500 to 2000 nuts per normal working day» Payment is  «1 
piece rate basis and varies between Rs 6/« to 10/- 
{S $  ® /?3 to 1/22) per 1000 ooeonuts depending upon 

the area.



$ .  P r o c e s a  t  »

0.1 Procese £1erar diagrams « -

S e o s j l  as in  Kerala State

O  4«st imdler mature nuts 
(10 to 12 mouth age) 
harvested every month

eoeomt fo r copra manufactura 
or culinary purposes
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System B as in  other States

mature coconut
(12 to 16 mouths age)
harvested every 2 mouths

!------

brown husks 
for brown coir •r domestic fuel

human climbers cut
the basasi»© by knife

gathering into heaps

bnakimg and transporting

eoeemt for copra manufacture



5*2 Inscription of process s

In  Kerala State where the sk its co ir 

industry ex is ts , coconuts ju st under mature, (10 to 12 

months age from flows ring) are harvested monthly®

Skilled  climbers go a l l  the my  opto the eroim by using 

a loop round the two fe e t  fo r gripping -Шея onto the 

tree trunk® In some areas, a ladder made o f a single 

bamboo is  used to olimb upto a oertaln height of the tree 

and the balance i s  climbed on his own with the help o f the 

loop fo r  the feet® The footholds and grips fo r  the hand 

are the stumps l e f t  over from the alternating shoots or 

branches which oome o ff the bamboo® 3h® bamboo has a 

fork l ik e  device fastened at the top to place against 

the tree® The bamboo is  placed with a slope to provide 

s ta b ility  fo r a climber without another man holding i t  

a t ground level® Owing to  i t s  s im plicity and lig h t  weight, 

the bamboo can be easily  carried by the climber from 

tree to  tree®

One® at the top of the tree or crown, the 

selected bunch is  out down by the use of the sharp knife 

with one strong jolt® The nuts are gathered, put into 

heaps and husked with the husking device. The nuts go 

for food nut purposes Or for making copra whilst the 

fresh green husks are retted  fo r  white coir®

For centralised copra manufacturing units, 
the whole nuts are transported by bullock carts, boats 

(where backwater canals are ava ilab le) to the central 
yard® Here dehusking is  done, immediately followed by 

splitting the nuts for oopra drying.

In these areas, the шве1яш lapse o f time 

between harvesting and copra manufacture is  about three 

or four days which is  inevitab le i f  the nuts hare to be 

transported to  central copra dryers. This does not 

constitute "seasoning0 or crop storage as practised in  

SWL Lanka. Besides, drjage of the kerhel would be
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8.

at rimental to  obtaining good soft whit® coir, 
''urtfaezmore, nuts Just under mature cannot be stored 

fo r  a few weeks because spoilage w i l l  occur*

In the State of Tamil ladu and Karnataka 

where re ttin g  fa c ilit ie s  are not «re lia b le  for white 

c o ir , the harvesting system is  d iffe ren t to that in  

Kerala State. Only nuts fu l ly  mature 12 to 16 months 
old are harvested and that too at a frequency of onoe 

in  two months. IM s is  sim ilar to the practice® in  

9ML Lanka.

Harvesting is  done only by hmiaa climbers 

as in  Kerala. Although bamboo is  available in  sene area®, 

fo r  certain reasons of customs etc ., the bamboo with a 

knife is  not used for plucking coconuts from the ground. 
The plucked coconuts are gathered into heaps and
transported to central oopra making units. Use of 
coconuts fo r food nut purpose® is  not a® common as in  

b ra in .

At these processing units, the coconuts are 

husked and nuts used fo r  copra. Hi® lap*» of one or two 

weeks between harvesting and husking helps to p a rtly  dry 

til® husk of these coconuts which are nearly turning brown 

as they are fu lly  mature. The temporary storage upto 2 

weeks does not season the nuts as yell as in &ri Lanka, 
but causes the husks to dry out to be suitable for extrac­

tion o f brown coir f ib r e . Some of tins husks are therefor® 

used fo r making brown fib re  as in  S ri Lanka by mechanical 

methods (wet or dry Billing process), w hilst some husks 

are used as dew Stic SmL@
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9.

$.3 Process flew diagram *-

Hot available

6* Quality of finished products * -

Just under mature coconuts as harvested in  

the coastal areas of Kerala State are not ideal for copra 

manufacture* However} fresh green husks of such coconuts 

are the right quality for extraction of white coir* Such 

coconuts are suitable fo r use as food nuts for which there 

is  a heavy demand in these areas*

Fully mature coconuts as harvested in the
interior of Kerala State 3 and in the States of Tamil Nadu 

and Karnataka give rise to excellent quality copra. In 

fact those nuts which have commenced drying in the tree 

its e lf are suitable for ba ll copra* The husks from dry 

brown coconuts are the tight quality for extraction of 
brown coir by mechanical methods (wet or dry m illing) 
as in Sri Lanka.

7* Source of information *«

7*1 Directorate of Coconut Development2 Cochin} Kerala, India* 

7*2 Observations during v is it  to coconut areas o f India.

T.K.3.R. 1980
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION 

AND ASIAN & PACIFIC COOONUT COMMUNITY 

“ Consultancy Service on Coconut Processing, Technology” 

( Project UF/RAS/7S/Q49)

1. Technology sheet fo r -  HARVESTING COQONUTS USING TRAINED 

MONKEY (Small holdings).

2. Uses o f finished product : - The harvested coconuts are used as food 

nuts or fo r processing into copra.

3. Country o f origin INDONESIA.- Province o f  West Sumatra 

MALAYSIA -  East coast o f  Malaysian 

Peninsular.

THAILAND -  For t a l l  trees only.

See technology sheet fo r  coconut harvesting 

in the Philippines by use o f bamboo poles. 

See also technology sheet fo r  crop storage 

or seasoning o f whole nuts in Sri Lanka 

where-im harvesting practices are given.

4. Equipment/Requirements : -

4.1 Description : -  Trained monkey ( a particular species ) o f 

either sex but the female is  stronger and superior.

Working age o f  female 1 to 25 years.

Working age o f male 1 to 20 years.

An experienced man controls the monkey. The monkey is  t ied  and 

held by a long cord.

4.2 feterdala : -  Not applicable

4.3 Cost i -  Cost o f monkey 1 year old Hg,?500 (US $ 12)

Cost o f training ( l  month duration) R^750Q (US $ 12)
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The charges fo r harvesting (without gathering) 

is  one coconut per ten nuts harvested. The 

price o f one whole coconut is  60 in West 

Sumatra (Indonesia).

4*4 Capacity i -  One monkey can harvest 50 palms per working

day. On the basis o f palm density o f 150 trees 

per hectare, th is  w i l l  be ^  hectare per day

per monkey.

Assuming each palm y ie lds 7 nuts per harvest, 

the capacity per monkey per day w ill be 350 nuts. 

The payment which is  the value o f  \Q% o f the 

nuts w i l l  be -  Rp 60 x 35 • Rp 2100 (US $ 3.36)

5. Process

5*1 Process flow diagram : -  Not applicable.

5.2 Description o f the process : -  The special species o f monkey 

available in the province o f West Sumatra (Indonesia) is  the 

monkey that is  trained for harvesting. The same tecluiique is  

used in  the East Coast o f West Malaysia. In Thailand th is same 

monkey is  used but only fo r  the very t a l l  trees as the bamboo 

j>ole is  used fo r  trees upto about 15 metre height. I t  is  to be 

noted that in Thailand, harvesting by bamboo is  nut by nut with 

a knife attached to  the bamboo. The reason is  probably due to 

the enormous size o f the nut wltich makes the task more dangerous 

to the plucker. In the Philippines, and Sri Lanka, the entire 

bunch is  cut at the main stem using the knife attached to the 

bamboo.

Both sexes o f the monkey can be trained. The usual 

age fo r  training the monkey is  when 1 year old. The training 

takes about 1 month fo r  which the charges are Rjt?500. The cost 

o f  a 1 year old monkey i3  also Rp.7500. Therefore the cost o f 

the monkey a fter training w i l l  be Ri*l5,000or US $ 24. There are 

people available in the coconut areas o f West Sunatra who undertake 

the train ing.
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The working age o f the monkey is  1 to 25 years fo r  the 

female and 1 to  20 years fo r  the male» The female o f the species 

is  strong and superior fo r harvesting. Though a monkey is  trained 

at the age o f  1 year, the monkey needs another year to gain 

experience fo r  optimum performance.

The monkey is  tied  by a strong ligh t cord and held by 

the owner who controls the monkey. The man is  able to communicate 

with the monkey by using the words which have been taught to the 

monkey during train ing. The monkey is  instructed to climb a 

particu lar tree  and upon reaching the crown, the most mature bunch 

is  harvested nut by nut. The nut is  released from the bunch by turning 

the nut continuously so as to tw ist the stem attaching the nut,

When the nut has been turned by about 4 fu l l  rounds, the stem gets 

severed, and the nut fa l ls  down. Once the most mature bunch has 

been plucked, the man examines the next most mature bunch while 

standing at the bottom o f the tree . I f  i t  is  not yet ready fo r 

harvesting, the monkey is  instructed to  climb down and the next 

tree is  s im ilarly attended to .

Human climbers harvest nuts in  small holdings in Sri 

Lanka, Lidia, some provinces o f the Philippines, some provinces 

o f  Indonesia and some provinces o f Malaysia, The climber whilst 

at the crown is  able to  pick a whole bunch by cutting the main 

stem with a sharp knife. This makes the operation o f releasing the 

nuts from the palm much faster. However there is  a certain amount 

o f risk  involved in doing so. Therefore there are often instances 

o f these men preferring to remove nut by nut by turning the nut.

There is  an interesting variation in India as regards the climbing 

teClinique by men. A bamboo is  placed lik e  a ladder against the 

trees which are o f medium and greater height. The climber works 

himself up rapidly along the bamboo whi< has small foot holds at 

the stubs l e f t  where branches had sprung out. The balance height 

o f  the tree  is  climbed using the usual technique and the nuts 

harvested#

-  3 -

5,3 Product flow  diagram : -  Not applicable,
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6» Quality o f finished product : -  Not applicable.

7 Source o f  information Observations during v is its  to Vnest 

Sumatra province o f Indonesia and 

other coconut regions o f Indonesia, 

Thailand, Malaysia, Philippines, India 

and Sri Lanka*

T.K.G.R. 1979.
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UNITED NATIONS INDUSTRIAL DEVELOPMENT QRGAHISAJIOM

AND ASIAN & PACIFIC COCONUT COMMUNITT

"Consultancy Service on Coconut Processing Technology*8 
(Project W/8A8/WQh®l>

1. Technology sheet for s -  CROP STORAGE OR SEASONING} OF MATURE
«NOLI NUTS AFTER HUETS&XMQ

2. Benefits o f technology %

Storage o f nature whole nuts after harvesting brings about a 

seasoning (maturing, drying) of the whole nut. Thereby, coconuts 

of uniform and good quality can be nade available for making 

copra and desiccated coconut and thus improve the quality of 
these two products. (Seasoned or dried nuts are not suitable for 

cooking purposes or food mite).

For industrial processing, seasoned and dried nuts are 

easier and faster to dehusk. The husks come o ff clean. These 

husks are dry and are suitable for extraction of brown fibre  

after soaking.

Seasoning also results in  easier and faster splitting o f 
the husked nut due to dryage.

The coconut kernel and testa separate easily from the 

shell due to dryage, thus speeding up deshelling* This gives rise  

to unbroken half kernels for cup copra and unbroken whole kernels 

for desiccating.

Ssasoning results in  a clean dry raw shell free of husk 

matter which gives high quality charcoal suitable for activation.

3* Country of origin i »  SIX LAH&&

Sri Lanka is  unique in  following this practice o f storing coconuts 

prior to industrial processing.

iu Equipment i •  Not applicable
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5. Procee»

5.1 Prcsess £Low d iag li»



DEVELOPMENT OF NUT FROM FLOWERING TO HARVEST
M O N T H S

2 3 4 5 6 7 8 9 10 II 12 13 14 15 16
Male flowers pollen phase 

Female flowers receptive 

Fruit setting 

Kernel formation 

Dark colour of shell 

Water 'sloshes'

Husk dries out 

Nut completely ripe 

Nuts usually picked 

Nuts fall

8
KtJ
t

. -1

Source: COCONUTS by Reginald Child 
Longmans , London, I964

K
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5*2 Description of process

Coconuts are considered mature for industrial processing 

when they are approximately 12 to 16 months old from flowering»
On the basis o f poll nation occurring when the flower is  up to 2 

months old, mature coconuts would ba 10 to 1U months old from the 

stage o f polination* See the chart given in page 3 illustrating  

the development of the nut from flowering to harvesting* In the 

practice o f harvesting, nuts are picked on the basis of * maturity1f 
rather than age of nut, but the chart relates the various stages 

to age from flowering» Judment based on experience is  the means of 
assessing whether a bunch o f coconuts is  mature or not.

The following paragraphs give extracts from lea flet no. 27 

(196$) issued by the Coconut Research Institute (C .& .I*) now called 

the Coconut Research Board of Sri Lanka.

5«2«t Methods o f harvesting: -

In  some countries, natural m t - fa ll is  the practice. 

However, th is requires the regular monthly co llec tion  o f the 

fa lle n  nuts, i f  lose of copra and spoilage by germination is  

to  be avoided. Furthermore, there is  always the risk  o f 

crop th e fts .

In  consequence, i t  is  the custom in  Ceylon to cut down 

two bunches o f nuts, once every two months, making six picks 

a year. Monthly harvesting might be b etter, but the cost o f 

harvesting and co llec tion  would be doubled.

Many years ago, when the reputation of Ceylon copra 

was very high on the world market, the cocornt crop was 

harvested by climbers who could se lec t the righ t nuts. The 

work was slow, costly and exhausting. A sk ille d  climber 

could only harvest about 20 to 2$ palms per day.

This method has given way to  harvesting by means o f 

long bamboo poles, fitted  with sharp curved knives. This is  

naturally quicker and cheaper, but less accurate, as i t  is  

not easy for the picker to decide which are the correct two
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bunches to out down when the palms are t a l l»  Sometimes an

unrip® hunch gets dislodged from it s  supporting frond and 

hangs in v itin g ly , as though ready fo r  harvesting, sometimes 

unripe bunches are cut down accidentally as the heavy cut» 

tin g poles are not easy to  manage. Sometimes, when the men 

are working on contract, over harvesting is  deliberate» 4 

sk illed  man can harvest the crop from about 250 palms per 

day»

The s tr ic te s t supervision of these picking gangs is  

essen tia l» I t  is  not always appreciated that green unripe 

nuts y ie ld  much less  copra than rip e brown a its *

The resu lts o f an experiment conducted on 200 nuts 

each o f d iffe ren t ripeness from one harvest is  given belows

Average copra 
per nut

Green unripe nuts »U2 lb .

leLLowieh green nuts »k9 lb »

Bipe brown nuts .50 lb .

Overall standard fo r  
S ri Lanka

$•2*2 Method o f Crop Storage

Usually the coconuts are brought in to  a central depot 

and stacked» Sometimes, as in  the case o f a desiccated coco­

nut factory, the heap o f nuts covers an extensive area, but 

the height o f the stack is  seldom more than three fe e t . I f  

the fru its  are heapd to a greater height, say 6 fe e t, the 

work is  slowed, the under-lying so il is  compressed and the 

palms suffer. As the heap cannot be ven tila ted , the interior 

heats up and the fu lly  rip e n its  begin to  germinate»

It  is  advisable in  fa c t to  move the s ite  of storage
around the m ill area» Since a ir  is  excluded from the roots 

o f the palms and as a resu lt o f s o il compaction, the shelter­

ing palm® turn yellow  and are incUnsd to taper o ff and d ie»

Out-turn
n its per tonne o f copra 

52UO 

hh90 
UiiOO 

k92$
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the number o f m ite, во stored, depends; in  the case o f 

a desiccated eoconut factory , on the p rice o f nuts re la tiv e  to  

the se llin g  price of the manufactured product* In  the case of 
the estate, the normal storage period is  one month but i t  may 

be reduced, i f  ready money is  required or i f  copra prices are 

p a rticu la rly  good* On a 1,000 acre estate, there would be a 

fluctuating stock o f about $00,000 m ts*

5*2*3 Purpose o f Storage

The purpose o f storing nuts is  as fo llow s: »

lc  I t  makes i t  possible to  manufacture copra at a 

uniformly steady ra te , irresp ective  o f crop 

fluctuations*

2* Copra production can be suspended during periods 

of stormy weather when i t  is  more d if f ic u lt  to 

make good white copra»

3* Conversely copra production can be speeded up to 

take advantage of favourable market prices*

U* Hut storage make husking and sp littin g  very much 

easier*

5» The contained coconut meat hardens and a better 

qu ality  of copra or desiccated coconut is  obtained®

As indicated in  section 2, storage also assists in  

dehusking, deshelling, and u tilis a tio n  o f husk and shell*

5*2*U Storage Trials: •

A t r ia l was conducted at the C *R .l. in  order to compare
tbs qu ality o f copra, obtainable from stored and unstored nuts 

of different degreesef ripeness. The nuts used were graded to 

three degrees of ripeness and 1,500 nuts were used in  each, 
t r ia l.  Afterwards the resu lting copra was subjected to piece» 
by-piece examination w ith the resu lts shown below*
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Description of copra 

Fresh Uhstored Huts

Smooth; hard round 
Smooth, hard hut not round 
Rough, hard hut not round 
Strained, cracked or distorted 
Rubbery with testa couplets 
Rubbery with no skin 
Discoloured copra 
Over-ripe pieces 
Broken copra or empty ants

Stored Ruts S-

Staooth, hard round 
Smooth ¡, hard but not round 
Rough, hard but not round 
Strained, cracked or distorted 
Rubbery with testa esaplat© 
Rubbery with no skin 
Discoloured copra 
Over-ripe pieces 
Broken copra or empty nuts

Description of nats

Ripe Hear Ripe Ohripe
% % %

9.1 2 .9 0.9
1*5.1 2U.8 7.0
28.1 1*7.8 23.3
8.5 12.1* 12.1*

U.5 6.5 27.1
Nil 1.3 22.1

0.7 2.6 6.3
0.1* mi 0*1

3.6 1.5 0.8

8.5 5.1* 2.2

19.8 10.7 8.6

5U.9 61**5 50.2
6.5 9.6 7.3
3.9 U.o 20.1
0*2 1.2 5.7
0*2 0-2 0.8
2 .1* 0.1 N il
3.6 U.3 5.1

I

5*2.5 Conclusions; -
(a) The storage of ripe brown nuts does not improve the quality 
of the resulting copra, but there is a marked improvement when 
unripe green nuts are stored thusj

from ripe from unripe
Yield of No* 1 copra brown nuts green nuts

Without storage 90.82 1*3.62
With storage 89*72 68*32

(b ) The «mount of rubbesy copra is  reduced by storage for one month

from ripe 
nuts

from near 
ripe nuts

from unzip# 
green nuts

14.52 7.82 1*9.22
1**12 5.22 25.82

Yield of rubbezy copra 
Without storage 

With storage
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(c )  The y ie ld  o f No* 1 copra im& uastored brawn mate is  

s lig h tly  greater than that frost stored near rip e  yellow 
green nuts thus; •

fran rip e f  rcm  yellow

(d ) Unripe nuts produce an appreciable percentage o f offw hite 

or discoloured copra o r desiccated coconut; i f  the nuts are 

not stored before processing*

5*2*6 Recommendations

separate the green from the brown nuts, store the former fo r  

one month and convert the la t te r  in to  copra without storage*

I I .  The harvesting o f green unripe nuts must be prevented 

by more carefu l supervision*

H I .  Unripe green nuts should never be bought by K ille re  o f 

desiccated coconut, as the product w ill  be spoiled  by yellow -

granules.

5*3 Product flow  diagram -  Hot applicable

6* Quality of finished product: -

The quality of the whole nut a fte r  seasoning is  id ea l for 

Industria l processing of the kernel and the by-products as practiced in  

S ri Lanka*

7« Sources of inform ation: •

I*  Where a mixed crap is  harvested, i t  is  essentia l to

1* Coconut Research Board 

Lunuwila 

S ri Lanka

2* W rite rs  personal observations

T.I.QJL 1579
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UNITED NATIONS INDUSTRIAL DEVBLOPffaiT ORGANISATION 

AND ASIAN & PACIFIC COCONUT COMMUNITY 

"Consultancy Service on Coconut Processing Technology"

( Project UF/frAS/78/Oiq)

Technology sheet for : -  PRINCIPLES OF COPRA MANUFACTURE

Uses o f finished product : -

2.1 Edible Copra. Special grades and types are used 

d irec tly  fo r  edib le purposes.

2.2 M ill Conra. This is  used for milling to extract
the o i l.  Coconut o il has edible uses such as cooking 

o i l ,  margarines etc. Coconut o i l  also has industria l 

uses such as in the manufacture of soap, glycerine, 
cosmetics, detergents and a whole series of oleo-chemicals. 
M ill copra is  the most important commercial product 
from the coconut. However, in the densely populated 

coconut areas the fresh kernel (without drying into 

copra) is  a very important product as it  is  used as 

food nuts, thus meeting the fat requirements in the 

d ie t of the people.

Country of Origin : -  Copra is  manufactured in a ll  the coconut
producing countries for local use or for export.

Bauinaent : -  There are several types of dryers (kilns)
employed in  copra manufacture. However, these fa l l  

into four basic methods.

A. Natural drying

B. Direct heat smoke dryers
C. Direct heat smokeless dryers
D. Ind irect heat dryers.
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See the fo llow ing technology sheets where further

c la ss ifica tion  has been carried out and fu ll d e ta ils  such 

as equipment, method o f operation e tc . have been presented.

Pry& ft, Method,. A

A.1 COPRA MANUFACTURE BY NATURAL DRYING USING DIRECT SUN 

IN THE OPEN.

A . 2 EDIBLE BAIL COPRA MANUFACTURE BY NATURAL DRYING WHOLE

NUT IN THE SHADE.

Drying Method B

B. COPRA MANUFACTURE BY DIRECT HEAT SMOKE DRYERS USING 

TRADITIONAL FUEL OTHER THAN COCONUT SHELLS.

Drying Method C

C . 1 COPRA MANUFACTURE BY DIRECT HEAT SMOKELESS DRYERS

USING COCONUT SHELLS AS FUEL COMBINED WITH PRE-DRYING 

IN THE SUN.

C. 2 COPRA MANUFACTURE BY DIRECT HEAT SMOKELESS DRIERS USING

COCONUT SHELLS AS FUEL.

Drying Method D

D. i COPRA MANUFACTURE BY INDIRECT HEAT HOT AIR DRYERS WITH

NATURAL DRAFT.

D.2 COPRA MANUFACTURE BY INDIRECT HEAT HOT AIR DRYERS WITH 

FORCED DRAFT.

In  th is series o f technology sheets, an attempt has been 

made to separate the d irect heat dryers as smoke dryers (using 

husk, firewood e tc ) and smokeless dryers (using coconut shells as 

fu e l). Although most publications c la ss ify  both in  the same 

category, the w riter has separated them because w hilst the 

d irect smoke a ffe c ts  the quality o f copra, the la tte r  gives 

copra without the adverse e ffe c ts  o f d irect smoke.
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5, Process; -

5.1 Process flow  diagram; -

Mature fresh kernel (50$ moisture) 
preferably with fu lly  ripe-brown husk.

Inspection to  exclude tender
coconuts and gem inated nuts

Solar heat D irect heat
(Smoke)

D irect heat 
(Smokeless)

Indirect
heat
(hot a ir )

Application 
o f heat and 
a ir  c ircu l­
ation fo r  
evaporation 
o f moisture

Inspection fo r  proper dryage 
and redyying underdried copra

Store in  bulk fo r  T day 
to  cool o f f

Pack into jute bags or 
sim ilar m aterial which 
can ‘ breathe*

Bagged copra (6$ moisture)
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5®2 Principles of the process: -

5*2*1 Selection o f coconut. For optimum o il yield, freeh kernels 

of mature nuts only should be used for copra making* A nut
is  considered nature when i t 's  age is  between 12 to 16 

months from flowering* I f  there are nuts 11 months or 

younger that have been harvested, they should not be used* 

Imnature nuts do not make a noise when shaken because the 

cav ity  is  completely fu ll of water* When the nut matures 
some water is  lo s t and thus makes a noise (sloshes) when 

shaken* Of the mature nuts, those 12 to 14 months old are 

green or yellow  colour w h ilst, those 14 to 16 months are 

fu lly  ripe and brown in  colour due to  husk drying out*

Experience has shown that the fu lly  rip e nuts 

produce superior quality copra* In Sri Lanka, there is  a 

unique practice in storing the green o r yellow mature nuts 

for about a month to accelerate the drying of the whole nut*

This is  known as "Seasoning"* Ss® technology sheet "Copra 

Storage or Seasoning o f Mature Whole Nuts a fte r Harvesting"* 

The fu lly  ripe mats are not stored. This is  not necessary 

and furthermore they tend to germinate i f  they are exposed 

to  the sun and rain* Germinated nuts should not be used fo r  

copra manufacture as experience has shown that they are 

in fe r io r .

In  actual practice proper harvesting o f mature nuts, 

elimination of tender and germinated nuts donot happen when 

small holders themselves make the copra, particularly in the
absence of grading and lack of price incentives for good 

copra. This situation  has been aggravated due to  many coco­

nut regions having o i l  m illin g  capacities fa r  in  excess of 
the copra availability* The o il m illers are w illin g  to  buy 

copra o f ary in ferior quality when their capacity utilization  

is  only 20 to  301*
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In professionally managed large holdings and copra 

processing centres where there is free trade of the nut, only 

coconuts of the right quality are utilized for copraj particularly 

when there are grading systems and price differentials for good 

copra, Sri Lanka is  one such example.

In the Pacific region, nuts are not plucked from the tree 

but allowed to fa ll  naturally. This system, in addition to low 

cost of harvesting, has a tremendous advantage in that the nuts 

are fu lly  mature and have commenced drying out (14 to 16 months 
age). The exception would ofcourse be in the case of immature nut 
fa l l .  The natural nut fa l l  has one serious drawback in that 
during gathering; some nuts may be le ft  for long periods hidden 

in the undergrowth. Therefore, the incidence of germination is 

heavy as compared to plucked harvest.

3,2,2 Nature of the kernel; -

The various parts of the whole coconut is illustrated in 

figure I .

The moisture content is about 30% for wet kernel which 

has just been split open and water allowed to run out; when the 

entire kernel complete with testa is considered. However, i f  the 

kernel is taken to consist of thin imaginary layers, the leyer 

adjacent to the nut water would have a moisture content well 
above 30%, The moisture content of the different layers decline 

gradually towards the testa where i t  is the lowest.

The kernel contains o il, protein and sugar as the other 
important constituents. The o il content and the protein content 
are maximum at the testa and decrease towards the surface in 

contact with the nut water. The o il content of the wet kernel 
(with testa) is about 35% and upon dryage to copra, the o il content 
w ill be 65 to 70g.
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SHELL
(ENDOCABP)

HUSK 
r, - lEXOCARP)

BROUN SKIN 
(TESTA)

1
KERNEL 

(ENDOSPERM)

WATER
(LIQUID ENDOSPERM)

MOISTURE CONTENT 

OIL CONTENT

PROTEIN CONTENT

SECTION OF WHOLE COCONUT

FIGURE I



5*2*3 Growth of micro-organisms in the fresh kernel

The high moisture content and the presence of protein 

and sugar makes the fresh kernel an ideal medium for the growth 

of bacteria, fungi and moulds. It  is therefore liable to 

deterioration and very susceptible to attack by these organisms, 
with the development of free fatty acids and rancidity. In 

order to avoid (or minimise) this deterioration, it  is necessary 

to reduce the moisture content to 6£ as fast as is  practically 

poasible.

According to “Copra dryers" by G.B, Gregory, V«E. S ills  

and J.A, Palmer, page 4-Bulletin 32 of the Department of 
Agriculture, F iji :  -

"It  is important to realise that deterioration of fresh 

coconut meat commences as soon as it  is exposed to air, that is  

immediately the nut is sp lit. When the meat is cut out s t i l l  
more surface becomes exposed and deterioration w ill proceed more 

rapidly. The smaller the pieces the greater is the deterioration. 
Deterioration is increased by the presence of coconut water on 

the exposed surface of the meat after the nut has been sp lit.
A thin film of this sugary water promotes rapid fermentation 

which is quickly followed by penetration of the surface layers 

of the meat by invading micro-organisms. I f  fermentation and the 

subsequent decaying processes continue for several hours the 

surface of the meat becomes slimy; this product when dried, 
presents an unattractive and discoloured appearance".

The care for the kernel therefore commences from the 

moment the nut is opened. The lapse of time between opening the 

nut and commencement of drying should be as l i t t le  as is  practical.

In an experiment in Malaysia split nuts were le ft  exposed 

to the air for varying periods and then subjected to kiln drying. 
The resulting copra was assessed for quality. The following.
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results have been reported in "The practical aspects of copra 

deterioration" (F.C. Cooke 1937) -  Bulletin of the Department 
of Agriculture, Malaya*

Expt No. 
300 nuts 
per t r ia l

Delay period White 
before drying Copra (%) 

(hrs)

Slightly
discoloured 
or dirty 
copra (g )

Bed to Reddish 
black copra

(%)

1 N il 82 13 0
2 2 80 20 0

3 4 75 25 0

4 6 70 29 1

5 9 61 35 4
6 12 36 42 22
7 24 10 48 42
8 4S 0 17 83

There is a marked decline in white copra and an increase 

in badly coloured copra with increased exposure to air 

particularly beyond 4 hours*

In India, Malaysia and Sri Lanka, where the coconuts 

are opened only in the kiln area, this delay is  never allowed
to exceed 4 hrs. In many other countzles too, the lapse of
time is usually within 4 hrs*

According to the experiences in Sri Lanka, the meat of 
the ripe brown nut (and the seasoned coconut) is hard and fira  

and has better resistance to the growth o f micro-organisms and 

discolouring.

In the pacific region, ramming of fresh kernel into bags 

for transport to the dryers sets up conditions ideal for 

fermentation and spoilage* As li t t le  time as possible should 

therefore be lost between bagging and loading the dryers* This 

is not always possible with centralised copra processing for kernel 
transported over long distances by boat etc* As long as 

cutting the kernel (green copra) in  the fie ld  and bagging
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for transport is inevitable, the use o f clean bags and 

shortening the time of transport w ill minimise spoilage of copra.

According to "Copra processing in rural industries" by 

F.C. Cooke (FAQ 1958), the attack of micro-organisms on coconut 
meat containing 20 to 50% moisture can be described as follows: -

( f )  Penetration of bacteria, sometimes followed by
(2) leasts, occassionally, and only of secondary importance;
(3 ) Penetration of moulds, Aspergillus flab us s with a yellow -  

green colour,
(4 ) Penetration of moulds, Aspergillus niger with black colour,
(5) Attack by mould, Rhizopus nigricans, in itia lly  with a 

white colour, later turning from grey to black. (Black 

colour appearing particularly when coconut meat is kept in 

airless storage)•

The time taken in drying is also important as once 

deterioration of the copra has started, it  may continue until the 

product is  commercially dry. This is especially important in the 

case of sun drying where the temperature of 30° to 40° C encountered 

is inadequate to destroy the micro-organisms, In hot; low humidity 

(60 to 75i relative humidity) areas which are ideally suited for 

sundrying, this problem is not serious as the activity of the 

micro-organisms decrease with declining humidity. During a rt ific ia l 
drying where temperatures are between 50 and 70°  C, a l l  the micro­
organisms become inactive.

The extent to which the in itia l deterioration has set in 

has a bearing on the keeping qualities of the copra after dryage* 
This is particularly so i f  the copra is even slightly underdried.
In practice most of the copra produced by small holders (who 

account for 90i of the vorldfe copra) has moisture levels of 8 to 

I2j5 and sometimes even 15$«
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There has been a practice in the past to wash finger 

cut kernel in fresh clean water to remove the slimy matter.
This was carried out by large plantations with centralised 

processing fac ilit ie s  where the distances and methods involved 

(inter-island by boat) for transportation caused delays in 

drying. Sea water was not allowed to come into contact with 

the kernel. This practice has been done away with due to high 

costs involved.

In an attempt to improve the quality of Philippine copra,
V. Subramanyam, an FAD consultant, introduced a chemical dip 

pretreatment e This has since become known as the Subram anyara 
process (1966). The pretreatment involved washing the kernel 
in a dilute solution of a lkali (Sodium Carbonate), or acid 

(Sulphuric or Hydrochloric acid). The equipment used was very 

simple -  requiring wooden vessels and bamboo or rattan baskets 

for holding the kernels during the dipping operation. This 

process however meant an extra cost to the producer. The 

pretreatment of the kernel as cut pieces or in the half shell 
is  followed by ary of the traditional drying methods such as 

sun or kiln drying. This process which is only a surface 

action with penetration of less than a millimeter was found 

to be very effective in preserving the coconut from attack by 

micro-organisms. I t 's  usefulness was not only in protecting the 

kernel prior to drying but also in keeping qualities after dryage.

The in itia l tria ls  with alkaline treatment proved to 

be encouraging with minimal loss of o i l  and the quality of 
expelled o il was excellent (FFA under 0.l£ ) edible quality.
This process has not been put to commercial use due to 

milling problems when large tria ls  were conducted in the 

U.S.A. The alkaline treatment resulted in a soapy surface 

causing slip  in the expeUers. The acid treatment was supposed 

to cause corrosion problems with milling equipment.
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5*2.4 Equilibrium moisture coatmt of dry copra

Stored copra wLll gain or loose moisture until it  has 

reached a state of equilibrium with the moisture of the 

surrounding a ir . During rainy and humid periods, the copra 

w ill gain moisture and when the air is dry, the copra w ill 
dry out a l i t t le  to reach a lower equilibrium level of moisture. 
The equilibrium moisture level is  also affected by the 

temperature of the air.

Bustrillos and Banson (1949) determined the equilibrium 

moisture content of copra at various relative humidities at 
room temperature (28,5°C) and at 40°C, The results are plotted 

in figures I I  and I I I .  It  can be seen that at 28.5°C and 

relative humidity of 85$, the equilibrium moisture content of 
copra is  4$. This would rise to 5% at 90$ relative humidity 

and 6% at 95$ relative humidity.

At moisture levels of 5 to 7%, copra is  able to keep 

well without bacterial and mould action. Perfectly sound dry 

copra is  not attacked to any significant extent by insects 

(Mcfarlane 1962) unless it  is  stored for long periods or stored 

under bad conditions.

Commercially dry copra therefore has a moisture 

content of 5 to 7%. Some writers treat the level as 7% whilst 

some consider 6$ as the maximum.

When copra is dried in practice, it  is  common to find 

moisture levels of 8 or 10$ soon after processing. I f  this 

copra is  properly stored; allowing for breathing out in well 
ventilated stores» the moisture level w ill decrease to 5 or 6$.

It is  usual to find moisture levels in the region of 
3 to 4$ for copra received in Europe after shipment. This 

further dry age is  due to lower temperature and lower huaidity 

characteristic of the colder climates.

-  II -
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Fig. ft  Equilibrium curve for copra at room temperature, 28.5°C ± 3 (Bus* 
trillcs and Banzon, 1949).

Fig. lH Equilibrium moisture curve for copra at 40°C±2 (Bustrilios and 
Banzon, 1949).
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Some copra is  poorly dried leaving moisture contents 

of 10 to 15*. At such high levels deterioration is inevitable 

even though some dryage may take place due to good storage 

practices. Further dryage of copra w ill be retaxled i f  the 

copra is case-hardened or otherwise spoilt. Deterioration of 
dried copra is presented in section 5•2.10.

Copra with low moisture content burns readily and 

this ability declines with increase in moisture. The following 

behaviour for thin slices of copra at various moisture levels 

is of interest:

less than 7*
7 to 10* 

10 to 15* 
more than 15*

Burns readily 

Flame splutters 

Bums with difficulty  

Does not burn at a ll .

5*2.5 Scientific phenomena in dryage of kernel

When the nut is split open and water allowed to drain 

out, the concave surface earlier in contact with the nut water 
would have same surface water. This w ill undergo evaporation due 

to the exposure to air and the rate of loss of moisture is  

constant. This takes place rapidly in a few minutes. It is  

common to find that by the time the nuts are loaded onto the 

dryer, this surface moisture has already evaporated signifying 

a moisture drop from say 55* to about 50*.

The surface would tend to remain moist for a slightly 

longer period due to the easy movement of water nearby this 

surface but the rate of evaporation would gradually decrease.
This evaporation would last only one to two hours. In the 

subsequent dxying, more moisture within the kernel has to permeate 

or diffuse and move towards the surface to enable further 

evaporation. When the copra is  nearly dry this movement is 
extremely slow.
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Therefore dryage depends on three fundamental factors:

F irs t!?  The nature o f the kernel affecting a b ility  o f 

the moisture to  d iffu se or move to  the surface

Secondly The surface area o f the kernel fo r  transfer o f 

moisture to  the drying a ir , and

Thirdly The a b ility  o f the a ir  to  absorb the moisture 

being made ava ilab le fro® the kernel surfaces»

Let us consider the firs t  factor» Now, as regards the 

nature of the kernel affecting d iffu sion  of moisture, there is  

no possibility for improvement of the texture upto the present 
level of knowledge. However, the processing has to be carried 

out so as not to damage this ability . Case-hardening is  a major 
cause in  retarding dryage o f kernel. Case-hardening is  brought 

about when surface evaporation from the tissues of the coconut 
meat exceeds the rate of moisture diffusion from the interior 

to the surface. The surface then gets scorched or withered, 
forming a tough skin which arrests further diffusion o f moisture.

It  is  the practice in kiln drying to lay o ff firing
p eriod ica lly , particu larly overnight. This allows time fo r  

moisture w ithin to  d iffu se towards the a r t i f ic ia l ly  dried 

surfaces. This minimises i l l  effects such as cause-hardening, 

d iscoloration , starching etc.

Increase of temperature of the kernel and the moisture 

contained within would increase the ability  of d iffu sion  to the 

surface due to the increased vapour pressure. This w ill be so; 
as long as the temperature at the kernel surfaces is  lower 
(cooling due to evaporation) than the temperature within the 

kernel. This is  discussed further under section 5.2.8.

The perm eability or a b ility  for moisture diffusion through 

the kernel may vary from kernel to kernel depending upon variety 

and maturity of the nut. Bajasekharan, et a l (1972) obtained 

shorter drying tin es fo r  more mature samples.»
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Besides the nature of the kernel, particle size 

reduction would assist d iffu sion  o f the Moisture due to  reduced 
distances of movement and easy access to a surface in contact 
with the a ir. Particle size reduction which is  the same as 

surface area increase is discussed below.

The second fundamental factor favouring dryage is  

increased surface area for transfer of the moisture from the 

kernel to the a ir . Increase of surface area through reduction 

in particle size has various draw backs. This aspect is  presented 

in section 5.2.6 of this technology sheet.

The third factor affecting dryage is  the ability of the
drying a ir  to absorb the moisture being made available from, the 

kernel surfaces. There are three in terre lated  parameters which 

favour this ability : -

(1) lower relative tumidity
(2 ) higher temperature

(3 ) higher flow rate

Bach of these w ill be discussed in the proceeding sections.

5.2.6 E ffect o f p a rtic le -s ize  and surface .area Q.n_drying

From basic scientific considerations explained above, 
increase of surface area through particle s ize  reduction would 

promote both transfer of the moisture from the kernel surface 

to the a ir  as w ell as movm&ent of moisture w ithin the kernel 
to the surface due to reduced distances.

This infact is  the case with desiccated coconut where 

drying down to about 2 or 3$ moisture is  possible w ithin 20 to 

30 minutes.

Though it  is  not usually possible to cut the meat to 

small pieces when manufacturing copra in the fie ld , Palmer (1968) 
and de Vos (1956) have shown that the drying rate is  increased 

with particle size reduction. The comparative drying curves 

obtained by Palmer for various particle sizes (below 15 g, 50 to 

100 g and over 100 g) are illustrated in figure IV. The results
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Fig. W  Comparativa drying rates for copra pieces of different siane {Palmer, 
1968).

Trad itional k iln  
(48 h r » )

la rge  pieces kernel
in  tunnel with forced 
d ra ft at 90°C (11 hra)

3 Eza slices in sans 
tunnel (1 hr)

Fig. V Copra drying time curves for different copra sizes (Da Vm, 1956),



48

-  1 7  -

of the studies conducted by de Vos are shown in figure V*
The curve A is  for a trad ition a l d irect smoke dryer requiring 

48 hours fo r dry age down to 5£« The curve B shows the 

results obtained for large pieces of kernel dried in a tunnel 
at 90°C with an a ir  speed of 80 meter per minute. The time 

required to reduce the moisture to 5% was 11 hours. Curve C 

shows that dryage to 5% moisture took only 1 hour for kernel 
cut into th in  slices o f 3 m  thickness under the same drying 

conditions as fo r curve B,

It is  reported that the o i l  pressed from copra dried 

in  th is  manner has a good taste and flavour, not showing 

rancidity after 8 months o f storage. This method of drying 

can be used only when unopened nuts are transported d irec tly  

to the mill as finely cut kernel does not keep and thus 

cannot be transported over a long distance. There are now 

mills where coconuts are decorticated, fresh meat dried to 

copra and the copra milled for o il, a l l  operations being 

carried out at the same place (B.E. Grimwood, 1975), The 

o il is of extremely good quality, as there is no opportunity 

fo r  the deterioration  of either meat^ or copra during storage.

As regards the trad ition a l methods availab le for copra 

manufacture, particle size reduction w ill not be practical at 

the farm level, besides the deterioration that would be caused 

by micro-organisms.

Removal of kernel from the shell results in the 

exposure of the surface of the testa in addition to the surface 

exposed before deshelling. However, the nature of the testa 

is  such that it  would not help diffusion of water easily. 
Furthermore, the water content of the kernel is more at the 

concave surface and very lit t le  towards the testa . Removal of 
the testa would favour drying the kernel but this is  detrimental 
to the operation as the portion richest in o i l  and protein w ill
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be lost. Deshelling therefore does not appear to promot 
dryage particularly at the in itia l stage of drying. This 

has not been established conclusively through research but 
a recent experiment conducted in the Philippines appears to 

indicate that there is  no difference. In a series of 
experiments on sun drying, using a newly developed dryer, copra 

with 7% moisture was obtained in 125 hours with deshelling and 

124 hours with the shell intact. See "Seminar on copra drying" 
(page 58) by P.C.A. and P.C.A.R.R. (1978).

It is the practice to carryout in itia l drying with the 

shell intact for 2 days in Sri Lanka, India, Malaysia and for  

1 day in Thailand. Thereafter, the kernels are deshelled and 

drying continued. I f  there is  a disadvantage in this it  would 

be i f  the shell in itia lly  retards drying but this probably is  

not so. The advantages are many. It avoids contamination 

with sand, breakage of kernels during handling and loading 

dryers, and facilitates easy deshelling subsequently. This 

also means that the shells get dried to some extent whereby 

its performance as a fuel for copra drying is improved.

5.2.7 Effect of relative humidity on drying

Lower relative humidity favours copra drying as the 

drying air is  able to more readily absorb moisture than i f  

it  was more humid.

This is  an important aspect in the case of sun drying. 
Conditions ideally suited for sun drying includes the low 

humidity requirement, without which the resulting copra becomes 
mouldy and spoilt. Sun drying is carried out in many parts 

of the world under unfavorable humid conditions producing 

poor quality copra.

In the use of kilns and dryers, the relative humidity 

of the ambient air is  not a significant factor though 
decreased humidity is desirable. This is  because, in the 

a rt ific ia l drying methods; the increased temperatures employed 

improve the water absorbing properties. In scientific terms,

-  18 «
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raising of temperature of air reduces the relative hunidity. 
For every increase of 29°F (16.1°C), the water-holding 

capacity of a ir is  approximately doubled. This means that 
hot air at, say 160°F (71°C) is able hold .lust about twice as 

much water when compared to air at 130°F (55°C). In other 
words, i f  there is air at 130°F full y saturated with moisture 

upon raising the temperature to 160°F, the air would be only 

half saturated (5055 relative humidity). Thus, this a ir would 

now be capable of taking -  in more moisture and perform a 

drying function.

5*2.8 Effect of temperature on drying: -

Increase of temperature favours dryage of the kernel 
from the several consideration given hereunder: -

( i )  Increases moisture holding capacity of the 

drying air as discussed above,

( i i )  Increases ability of the moisture at the 

kernel surfaces to evaporate,

( i i i )  Increases ability of the moisture to diffuse 

towards the surface as mentioned in section 5.2.5

As can be seen, the raising of temperature is a major 
factor in  improvement to drying rates, though this represents 

a cost factor in processing. Although higher temperatures are 

favourable to faster drying, there are limits to the temperatures 

that can be applied to the kernel at various stages without 
causing damage or otherwise undesirable changes.

Palmer (1968) and Cardenas (1968) have demonstrated 

that high temperatures increase drying rates and therefore 

shorten drying time. The results of the studies are illustrated  

in figures 71 and VII. From figure VI, it  can be seen that the 

drying rate becomes very slow after the moisture level comes 
down to 10$.
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Cardenas (1968) charred the samples at 70°C towards the 

end of the 24 hour drying period, Rajasekharan, et al (I96t) 
obtained good results using 70°C for the first  8 hours and completing 

the drying at 60°C, Lozada and Costales (1977) used temperatures 

ranging from 90 to 110°C during the firs t  hour of the 5 hour 
temperature cycles with minimum temperature at 60°C, obtaining 

quality copra.

From the above results, the following would be safe limits 

of temperature for drying cycles.

70°C (158°F) -  for the in itia l stages of drying. This
would be for about 1 to 2 hrs for forced
hot air drying.

60°C (I40°F) -  for the subsequent stages of drying.

The adverse effects of excessive temperatures can be 

described as follows: -

In itia l stages: -  The kernel gets "cooked" or "baked" and
results in distortion of the copra cups.

Subsequent stages: -  Case-hardening results from the surface
being exposed to excessive temperatures 

at a time when the surface evaporation from 

the kernel exceeds the rate of moisture 

diffusion from the interior to the surface.
The surface then gets scorched or withered, 
forming a tough skin which does not permit 
further diffusion of moisture. This means 
mould and insect attack.

The other i l l  effects of excessive temperature 

are browning, scorching and carbonization 

of the o il. This means badly coloured oil 
after expelling. Moreover, the copra cake 

derived from it  may be so badly burned as 

to be unsuitable even for cattle feed.

- 21 -
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The drying air performs the important function of 
picking up moisture and flowing away from the copra. Therefore 

the more air that flows, more moisture that can be picked up; 
within certain limits. The minimum air flow must be such that 
the air after picking up moisture by passing through the copra 

is just under fu ll saturation. From pru leal considerations, 
an air flow rate above this minimum rate wi 'Id ensure efficient 

drying. This minimra rate would be high at the beginning and 

decrease with decreasing availability of moisture.

In the case of sun drying, natural movement of the 

surrounding air would play a significant role in drying the copra, 
such as in the case of open air drying of washed clothes on a 

windy day. Sun drying near the coastal areas is usually aided by 

adequate breeze. Another aspect of air movement for sun drying 

in hot areas w ill be the convection currents going up from the 

heated surface of the Earth.

In the case of a ll kiln drying operations and hot air 

drying with natural draft, the air flow is created by convection 

currents. For any given temperature of the drying air, therefore, 
there must be good circulation for the convection currents to 

carryout effective drying. Good circulation can be promoted by in 

two ways. Firstly, the design of the kiln with good ventilation. 
Secondly, facilitate good airflow through the copra bed.

In the second case, the depth of copra would be critical 
for any given type of arrangement of kernels. For kiln drying 

with half kernels with shell intact, experience has shown that 
the maximum depth of bed is  about 1 foot or 0.3 m. See technology 

sheet on "COPKA MANUFACTURE BY DIRECT HEAT SMOKELESS DRYERS USING 

COCONUT SHELL AS FUEL (Method C 2 ). In the case of kernels scooped 

out of the shell, the depth of bed is between 8 inches and 1 foot 

or 0.2 m and 0.3 m. This is because, here the kernels pack more

-  22 -
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densely than when in the shells See technology sheet "COPRA 

MANUFACTURE BY DIRECT HEAT SMOKE DRYERS (Method B). For finger 

cut copra* the depth of the bed is 4 to 8 inches or 0.1 to 0.2 a.
See technology sheet "COPRA MANUFACTURE BY NATURAL DRAFT HOT AIR 

(Method D 1)".

Too thick a liyer of copra "chokes" the free flow of hot 
gases hindering the convections! flow. This results in the hot 
gases impinging on the lowest layer* scorching and casehardening i t .

Forced circulation hot air dryers donot have problems in 

circulation. However as the air flow rate is increased beyond a 

certain level, there is  no corresponding increase in the drying 

rate because the availability of moisture for dryage would now 

depend upon the rate of moisture diffusion to the surface.

Results obtained by Rajasekharan, et al (1961) and Cardenas 

(1968) indicated that air flow rate did not greatly influence 

the drying time. See figures VIII and IX. From figure VII also, 
it  can be seen that the drying time was hardly improved by altering 

the a ir flow rate for any given temperature.

5.2.10 Deterioration of dried copra

According to "Copra processing in rural industries" hy 

F.C. Cooke (FAO 1958).

"The fundamental causes of the deterioration of a shipment 
of copra are to be found mainly in the country of origin. Careless 

methods of processing, insufficient drying, the practice of blending 

poor with good copra before shipment* are factors responsible 

for subsequent deterioration. The reabsorption of the moisture 

during damp weather is not serious i f  the copra is  well dried..

Tne microorganisms causing defects and thus decreasing 

the quality of the copra can be divided roughly into two groups: -
1. those which attack only the surface of the copra, and
2. those which penetrate deeply into the endosperm (meat).
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The microorganisms under 1 do not decrease the quality of 
the copra to any great extent; those under 2, on the other hand, 
considerably decrease not only the quality but also the quantity 

of the copra, as they split the fatty o il into glycerol (glycerine), 
Mater, and free fatty acids, the latter sometimes even being further 

broken down.

In addition, microorganisms encourage the damage caused by 

insects, particularly mites which have the effect of breaking the 

meat into pieces and powder, resulting in loss of weight.

Viet coconut meat with a moisture content of 20 to 50 percent 
is more liable to be attaked by bacteria, which is evidenced by 

the appearance of yellow and brown-colored layers on the surface 

of the copra.

Bacteria is most likely to develop in an atmosphere of 80 

percent relative humidity and & temperature of about 30°C. (86°F).
To avoid such damage, preventative action should be taken 

immediately in the early stages of processing, as even i f  le ft  

for only four hours after splitting a mucous layer can develop 

capable of spoiling the copra in about 8 hours. This bacteria l 

attack is dangerous as long as the meat has a moisture content of 
more than about 20 percent. The split nuts should, therefore, be 

exposed immediately to fu ll sunlight or be placed in an appropriately 

heated kiln. Overloading of kilns and insufficient heating should 

be avoided. The storage and carriage of split nuts or wet meat in 

bags also promotes such deterioration. The growth of moulds and 

bacteria during the drying process can be prevented by fumigation 

with vapors of burned sulphur.

In normal trade practice copra covered with a light white 

to grey-coloured layer of mould is  accepted as normal, and even the 

green moulds do not do very much harm. Black-coloured copra, 
however,- is judged to be of inferior quality.
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When copra is shipped from the coconut growing areas 

usually nothing can be seen of the moulds as they dry up, and 

in the case of well dried copra, a very thin layer of mould w ill 
become almost completely powdered during the time of transportation. 
This means that a heavy attack of mould can only be discerned by 

loss of weight, a certain smell and discoloration and, i f  subjected 

to great heat, this smell and discoloration becomes more apparent.

which, not being suitable for edible purposes, has to be refined 

so increasing the cost and limiting its uses. The press cake of 
highly infected copra is unsuitable for cattlefood so as well as 

the loss in the value of the o il, there is  no profit from the 

by-product. It  can be sold only as an ingredient of mixed fe rtilize r.

losses during storage and shipment decreases, and free 

fatty acid content increases, can be veiy serious as o il percentage 

and condition generally change continuously. A few examples are 

given hereunder: -

The result of such attacks is  coloured and bad smelling o il,

CHANGES IN COPRA DURING STORAGE

Oil
Sample Percentage Moisture Condition of Copra

(dry basis) (56)

Start
End of 2 months

Dry Copra
67«4 4.5 Clean and white
68.4 5.4 superficial mould

only; colour good

Undried Copra

Start
End of 2 months

64.4
23.5

12.1 Clean and white
64.7 slimy, black, mite-

ridden; wet and 

rancid

(F.C. Cooke, W.J. Hlackie, C.L. Southall).



LOSS OF GOFBA BI DECOMPOSITION BUBZMG STORAGE AND SHIPMENT

Conditions before Shipment Moisture
(* )

Loss of Copra 
by Decomposition (%)

Veil dried copra 6 Less than 0.5
Ordinary dry copra 6 - 8 0.5 -  2.0
Fairly dry copra 8 - 1 0 over 2.0

(F.C. Cooke, W.J. BXackie, C.L. Southall).

Schematically, the attack of microorganisms can be 

described as follows: -

A* On coconut meat containing 20 to 50 percent moisture: -

(1) penetration of bacteria, sometimes followed by
(2) yeasts, occasionally, and only of secondary importance;
(3) penetration of moulds, Aspergillus flavus, with a yellow- 

green colour,
(4) penetration of moulds, Aspergillus niger, with black 

colour,
(5 ) attack by mould, Rhizopus nigricans, in itia lly  with a 

white colour, later turning from grey to black. (The 

last colour appears particularly when coconut meat is  

kept in airless storage).

B. On copra, containing 12 to 20 percent moisture: -
moulds mentioned under A. (3 ), (4 ), (5 ).

C. On copra, containing 8 to 12 percent moisture: -

(6) moulds of the Glaucus species, only superficial,
(?) penetration of moulds, Aspergillus tamarii,
(8) occasionally, other less important moulds.
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D* On copra, containing lees than 8 percent moisture: *~

(9 ) Aspergillus cinnamomeus, a cinanmon-coloured mould, 
which is only superficial,

(10) Penicillum gaucum, gree-coloured and superficial,
( i t )  Aspergillus glaucus species, white to green, occasional 

and superficial*

Regarding insects reported to attack copra, the following 

are to be mentioned: -

(a ) on kiln processed copra, which has not been subjected
to sufficient heat: Carpophllus dimidiatus (known to
the trade as the "copra bug").

(b) on well processed copra: mainly Necrobia rufipes, 
Oryzaephllus ( Silvanus) mercator and Tribolixsa castaneum*

The firs t  is the most prevalent pest encountered on arrival
of exported copra* Re-drying, prior to shipment is  essential, while
fumigation at regular intervals with suplhur dioxide may also be 

*necessary.

5*3 Product How diagram: -

When wet kernel with 5056 moisture is dried, the yield,
depending upon the final moisture content is as follows: -

1880 kg wet kernel 50% moisture

.......................... L
1000 kg dry  copra (6% moisture)

1800 kg wet kernel 50* moisture

ÜPI, m is tu re )
1
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The out-turn of copra based on the national conversion 

rates for commercially diy copra is given hereunder: -

Country Nuts required per tonne dry copra

India 

Indonesia 

Malaysia 

Papua New Guinea 

Philippines 

Solomon Islands 

Sri Lanka 

Thailand
Trust Territories of the 

Pacific Islands
Western Samoa

6700

4-5QO (Sulawesi) 
5270
5500
4500
4500
4925
4450

4500
5300

The yield of nuts per h&ctare is  worked on the basis 

of a ten year average from the Statistical Yearbook (AFCC 1979)*

Nut production. Area planted and Yield per ha.

Nut Production 

Annual average 

1979 -  1978 

(million nuts)

India 5,918.5
Indonesia 6,717.0

Malaysia 845.5
P*N«G« 759*6

Philippines 9,268,4
Sri Lanka 2,319 .7

Thailand 556.3
T.T.P.I. 80.7

Solomon Islands 131,0
Western Samoa 199,3

26,845*0

Area Planted Y ie ld

Annual average

(1000 ha) (nuts/h&)

1,071,0 5,526

2 ,072 .3 3,241
319.4 2,647
249*3 3,047

2,307.5 4,01?
466,0 4,978

365,8 1,521

29.6 a, 726
33.1 5,468

32.9 6,058

6,946.1 3,865T o t a l
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6. Quality of finished product» «

Various copra grading practices exist in different coconut 
regions» in some countries there is  no grading and hence the pricing 

is  same irrespective of quality. This is  common in  regions using 

direct fired dryers using traditional fa d s  (ether than good shells 
only).

The Asian & Pacific Coconut Community has prepared a fins! draft 

on «Uniform Standard Specification for Copra* (April 1976)* There are
two grades specified irrespective o f the process used for making copra. 
The various characteristics specified for the two grades are given here­
under.

Characteristic Grade 1 Grade 2

(1 }  Moisture contact (percent by 

weight)* Hex. 6 8

(2 ) i d l  content (on moisture £re@ 

basis) percent by weight, Min. 68 66

(3 ) Free Fatty Acid ($  as Isu ric )
percent by weight. Max. 1 3.5

(k )  .Impurities percent by weight 
Max. Q.5 1

(5 ) Imiature kermis (wrinkled cups) 
percent by count. Max. Mil 5

( 6)  Mouldy cups, (percent by count) 
Max. mi k

(? ) Charred or Ыаек cup® (percent 
by count.) Max. Mil 5

( 6)  Broken cups or chips (percent 
hy weight) Max.

Mil passing 

through 3/8»

asesh sieve

Hot more than 

1 per cent pass- 

3/8* mesh sieve.

(9 )  Colour of the expelled o il on
5£* ceU  on the Lovibond colour 

scale expressed m  У* 5& ant 

deeper than 10 12
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7. Sources of information: -

7*1 Copra processing in rural industries by F.C. Cooke (FAO 1958), 
formerly Director, Coconut Research Institute, Ceylon and 

Department of Agriculture, Malaya.

7.2 Coconut Palm Products by B.E. Grimwood (FAC 1975).

7*3 Proceedings of Seminar on methods of copra drying jointly
organized by Philippine Council for Agriculture and Resources 

Research and Philippine Coconut Authority. (1978)

‘7.4 Coconut Research Board, Sri Lanka

7«5 Some aspects of copra drying by J.A. Palmer, Malaysia (1966)

7.6 Copra dryers by G.B. Gregory, V.E. S ills , J.A Palmer,
Department o f Agriculture, F i j i .  (1958)

7*7 Contribution from member countries and observations made
during v isits to member countries of the Asian and Pacific Coconut 
Ccmaunlty.

T.K.G.R 1980



63

Product Code : GCGN 12.01b 

Technology sheet no.: 1 / 7

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION 

AND ASIAN & PACIFIC COCONUT COMMUNITY 

"Consultancy Service on Coconut Processing Technology"

(Project UF/RAS/78/OU9)

t . Technology sheet for COPRA MANUFACTURE BY NATURAL DRYING USING
DIRECT SUN IN THE OPEN (Method A 1).

The method employed by small holders and 

Is suitable in hot and dry coconut regions.

2. Benefits of technology s- The simplest and cheapest method available
for copra manufacture. No investment except in some 
cases a barbecue is  used by constructing a cement or 

concrete floor. No operational costs except labour.

When properly carried out in areas suitable 

for effective sun drying, edible white copra is  obtained. 
As this is  rare, usually mill copra is  the resulting 

product.

3. Country of origin :«■ This traditional method for small holders is
employed in a l l  coconut regions. However in many regions, 
sun drying is  carried out in it ia lly  for a day or two only 

and then direct fired kiln dryers are used for final dry­
ing.

In India use of sun only is  very common during 

the dry season. The practice of alternatively sun drying 

during the day and kiln drying at night is  found in India. 

However, during the rainy season, drying is  solely by the 

use of kilns.

Sun drying is  common in the Philippines, but 
some of the copra is  found to be of poor quality. This is
probably due to sun drying in humid areas.



Copra manufacture solely by sun drying can 

be effective only in coconut regions with long periods of 
sunny clear skies, high mid-day temperatures (30 to 35°C 

in the shade) and low humidity air (60 to 70£ relative 

humidity). This is  one extreme of the climatic conditions 

for coconuts to grow. However, commercial cultivation in 

such areas is  possible due to there being adequate subsoil 
moisture. The other extreme of climatic conditions are 

rain or cloudy skie$, cooler mid-day temperature (such as 

25 to 30°C and very humid a ir (above 75  ̂ relative 

humidity). In such areas or whenever the weather has 

changed to these extrema conditions, sun drying becomes 
ineffective, and meaningless as spoilage takes place. The 
Importance of low humidity (dry a ir ) is  not properly un­
derstood in many coconut regions. Natural a ir movement 
is  another factor assisting sun drying.

The writer has observed that the following 

regions have hot and dry air with predictable long periods 

of sun which axe the ideal conditions for effective sun 

drying.

INDIA -  AUeppey and similar districts of Kerala
State

SRI LANKA -  Chilaw, Puttalam and Kurunegala districts of 
the North Western Province.

-  Eastern province.
PHILIPPINES -  Gebu Island of the Central Philippines. 
MALAYSIA -  North East regions of the Malaysian Peninsular.

There are likely to be numerous other regions 

where such climatic conditions are met. In regions where 

•very humid a ir is  prevalent most of the time, though sun 

drying is  practiced, i t  is  ineffective and spoilage is  

common.
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U« Equipment

1».1 Description of equipment

As already stated, no equipment is  required 

for the process of sun drying in the case of small holders. 
An open, clean yard is  used. Screens of bamboo, or 
coconut fronds are used to cover the copra at night or 
when rain suddenly breaks in.

The large scale copra manufacturers usually 

construct a barbecue (or drying floor) by cementing or 
concreting a suitable area. This helps in keeping the 

copra clean during preparation of the nut and the subsequent 
drying operation. Regular washing and cleaning the floor 

is  recommended.

A barbecue such as the one illustrated in techno­
logy sheet ’copra manufacture by direct heat dryers U3ing 

coconut shells as fuel combined with pre-drying in the sun 

( c i ) ’ is  30 feet square. This is  found in Sri Lanka.

In Sri Lanka and in some other countries a mov - 
able galvanised iron roof is  used to cover the floor with 

the copra at night or when rain breaks in. In this type of 
arrangement, the steel roof structure is  mounted on a set 

of steel wheels which run on two ra ils  installed on either 

side of the drying floor. When in use, the roof is  moved 

away to expose the drying floor to the sun.

In India i t  is  common to use a wire or cotton 

net held by bamboo above the drying floor, to protect the 

copra against birds.

In coconut regions outside the Community member­
ship, wooden racks or platforms are used for sun drying 

copra. They are about U feet x 2§ feet and sloping to
enable effective covering during rain.
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U*2 Materials for constructions-

For the drying floor of 30 feet x 30 feet used
in Sri Lanka, see the relevant technology sheet.

U.3 Cost of equipment:-

Cost of cemented floor 30 feet x 30 feet in 

Sri Lanka (1973 prices) Rs. 1 ,U50/» Current prices say
Rs. $000/- (US$ 330).

Cost of movable galvanized iron roof on ra ils  -  

estimated at current prices -  say Rs. 15,000/- (US$ 1,000).

Cost of net of different materials -  not available.

k*k  Capacity! -

The capacity for a floor of 30 feet x 30 feet
(900 square feet or 80 square meter) is  3000 nuts per batch 

which gives 609 kg copra using conversion ratios applicable 

to Sri Lanka. To handle 3000 nuts two experienced workers 

would suffice.

The time for one batch is  5 to 7 days drying, 
depending upon the intensity of the heat.
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5* Process; -

5 ,1  Process flow diagram

»

»

сорта by am drying 
combined with kiln drying

2 days)



Description of process

Coconuts of differing maturities are used for 

copra manufacture depending upon the practice existent in 

the different coconut regions in the member countries.

Special mention must bs made of the unique 

situation in Sri Lanka. Coconuts are harvested only at 

fu l l  maturity and further-more, the coconuts are stored op­
to U weeks to effect "seasoning". This results indrying out 
of those mature coconuts which are s t i l l  green and thus 

bring about uniformity in the nuts as well as improve the 

condition of the kernel for processing. This is  presented 

in detail in the technology sheet " Crop storage or seasoning 

of mature whole nuts after harvesting". The most important 
advantage of seasoning whole coconuts is  in hardening of the 

kernel and improved resistance to deterioration by bacterial 
action.

Climatic requirements are already discussed in 

section 3 of this technology sheet. The importance of 
climatic conditions for effective sun drying is  not properly 

understood in many coconut regions. Furthermore the most 
effective climatic factor is  low humidity. Natural a ir move­
ment is  another important factor.

The coconuts for copra making are transported to 

the manufacturing area as whole nuts in the case of India and 

Sri Lanka. In other countries, the husked nuts are transported. 
Care has to be taken in the case of husked nuts to process 

into copra within a few days as spoilage occur. Exposure to 

direct sun llgfct results in cracking of the husked nut.

Coconuts are husked, cracked open into two halves by 

striking a heavy knife or iron bar at the "equator" and the water
allowed to run out. I l l s  is  done early in the morning say by
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08«,00 hours in order to obtain a fu l l  day* s sun on the f ir s t  

day of drying. This facilitates maximum removal of moisture at 
the commencement o f drying, thus minimizing deterioration. It  

is  also important to dry the kernels as soon as they are opened 

out. Delay of more than four hours encourages bacterial action 

and deterioration sets in.

In India, Sri Lanka and Malaysia, the kernels are 

dried for 2 days in the sun in it ia lly  with the shell intact. At 
this stage, the kernels are easily detached from the shell due 

to the dryage and shrinkage. Thereafter sun drying continued 

until adequately dry. This means a total of 5 to 7 days depending 

upon the amount of heat each day from the sun. In Thailand the 

preliminary drying with the shell is  only for 1 day after which 

deshelling and further drying is  carried out. In Indonesia and 

the Philippines, the kernels are usually removed immediately after 

cracking and dewatering. This tends to break as well as contami­
nate the half kernels. Removal of the kernel from the shell and 

thus exposure of the testa surface does not appear to dry the 

kernel faster. This is  discussed in the technology sheet 
"PRINCIPLES OF COPRA MANUFACTURE".

The maximum temperature encountered by the copra 

when being sun dried in the open is  U0°C. This is  well below the 

critical temperature of 70°C above which copra is spoilt by charring. 
See technology sheet "PRINCIPLES OF COPRA MANUFACTURE".

Sun dried copra gives a final product of 10-15* moisture 

which is  too higi to avoid deterioration. However; in certain 

parts of India and Sri Lanka, tee moisture is  found to be 8-1 Q% 

and during storage further reduction to 5 or 6% takes place. In 

this manner, good quality sun dried copra is  produced in these 

two countries in certain areas where tee climate is  suitable.
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The copra is  packed into coir-net bags in India and 

Sri Lanka -  containing about 50 kg each. In other countries, 
plastic bags, jute bags and bamboo baskets are used to pack 

copra,

5.3 Product flow diagrams-

On the basis of moisture content of 5056 in the kernel 
when fresh and 10£ after sundrying, we haves-

1800 kg wet kernel {$0% moisture)

l
IQOO kg copra (1056 moisture)

<

The out-turn of copra is  variable from country to country, 
region to region within a country and dependent on the season. 
Prolonged dry weather reduces the size of the nut and the kernel 
and hence require many more nuts per tonne of copra.

The out-turn of copra for the different member countries 
on the basis of the national conversion rates is  given in the 

technology sheet “PRINCIPLES OP COPRA MANUFACTURE"

6. Quality of finished product:-

Various copra grading practices exist in different 

coconut regions.

The Asian & Pacific Coconut Community has prepared 

"Uniform Standards Specification for Copra" (Final draft April 
1970). There are two grades specified irrespective of the process 

used for making copra. The characteristics specified for the
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two grades are given in the technology sheet 
“miMCIPLES OF CGFRâ MANUFACTURE".

As discussed in section 5*2, the moisture content 
remains high (10 to 15$) in most countries where sun dried 
copra is  produced. In India and Sri Lanka however the 
moisture level is  brought down to 8-10$ as the weather con­
ditions are suitable for sun drying.

7 Source of Information?-
Personal observations during fie ld  trips to member countries 
of the Asian and Pacific Coconut Community.

T.K.G.R. 1980
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Product Code:- CCOT 12.01b 
Technology sheet no.: 1 / 8

ONITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION 

AND ASIAN & PACIFIC COCONUT COMMUNITY 
"Ccaaaqltanoy Service on Coconut Processing Technology11 

(Project UF/RAS/76/OU9)

1. Technology sheet for :» EDIBLE BALL COPRA MANUFACTURE BT
NATURAL BRUNO WHOLE NUT IN THE SHADE (Method A 2)
This is a small scale commercial activity as well as 
a household activity practiced in hot dry coconut 
regions.

2. Uses of finished product i- Ball copra has several uses.
2.1 In India, ball copra is consumed by the population

in non-coconut growing areas who have a liking towards 
it’s flavor. These are in the states adjoining the 
coconut areas of South India. The ball copra is 
broken into small pieces without removal of the testa 
(brown outer skin) and eaten either as it is or with 
jaggery (coconut sugar) or cane sugar. The consumption 
of edible ball copra in India is about 1*5,000 tonne 
per year.

2.2 In India, whenever the prices are favourable, ball 
copra (and edible white cup copra) is converted into 
desiocated coconut. The colour in this case is off- 
white or creamy. The testa is first peeled off and the 
copra disintegrated by machine. This however is not
a regular practice and is based on purely economic and 
marketing considerations• The usual method is by using 
■fixe fresh kernel such as in the Philippines and Sri Lanka.

2.3 In Sri Lanka, in the rural coconut areas ball copra is 
consumed occasionally as ^sambod1* by grating and then 
mixing with hot peppers.
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2«Л In Sri Lanka ball copra has medicinal uses as practiced
in the native herbal medicine systems. Such a use is 
also likely to be found in India.

2.5 In India ball copra is used for religous and cultural 
ceremonies symbolising prosperity and well being. The 
use of the fresh mature coconut is more popular for 
this in coconut growing areas.

^  3. Country of origin »-

INDIA i- Mainly in the hot dry coconut areas such as 
Mysore State (Tiputur area)
Lakshadweep Islands 
Karnataka State 
Kerala State
In India ball copra is made both on a commercial 
scale as well as a household process.

SRI LANKA.:- Only occasional household manufacture in rural
coconut areas towards the interior. This has become 
uncommon due to the ready saleability of fresh nuts 
in the market.

»
it. Equipment

Ц.1 Description of equipment

For commercial scale operations in India, "Ball 
copra stores” are constructed. They are two storeyed brick and 
mortar buildings, the upper floor and the four sides of the upper 
section being made of hard timber bars spaced 3 to it inches 
(75 to 100 mm) apart. The upper floor (platform) and the four 
upper sides are sometimes made of bamboo or arecanut stem wood.

The size of the store varies according to the scale 
of operation. I t  is common to find 5 or 6 compartments, each 
having 12 feet x 12 feet (3.65 m) in plan. The height of the lower



74

»  3 »

and the upper storeys is 6 feat» (1 *S a) each» Ons tapper 
compartment of 12 feet x 12 fe e t  x 6 fea t height can hold about 
1*000 to 500C nuts. (These are m a U  lèsole unfeusked nuts).

anali scale manufacturers use a wooden platform 

above the kitchen fire-place just below the roof.

In India and Sri Lanka where ball copra Is made as 
a household prooess, a few nuts are hung over the kitchen fire­
place at the roof level. SorastiiBes the attic is used.

t*.2 Materials for construction

Material requirements for the construction of 
one compartment 12 ft x 12 ft ball copra store is not available 
in details. These are however locally available low cost items 
such as bricks, timber (or bamboo, arecanut stem wood), mortar 
and thatching for the roof.

1*.3 Cost of equipment:-

For one compartment 12 ft x 12 ft the estimated 
coat is Indian Rs 2300/- (US| 300)

In <™all scale commercial manufacture and in 
household activities, the costs involved are negligible.

I*.l* Capacity

«

i

The capacity per compartment of 12 ft x 12 ft x 6 ft 
upper deck is 1*000 to 5000 small unhusked coconuts. One batch 
will take about 8 to 12 months*.

The capacity per batch for a small manufacture 
will be about 200 to 500 nuts depending upon the size of the 
platform above the kitchen fire. The time for one batch in 
this case is however about 6 to 8 months due to the regular 
hot smoke from the kitchen fire.
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si# Process; -

5*1 Process flow diagram: -
Fully mature, ripe, unhusked coconuts 
(selected dry* brown nuts).

1 r
Occassional heating 
with smoke of slow 
fire using traditional 
fuels particularly 
during rainy season.

Storage in the shade of a ball copra 
store for about 6 to 8 months initially.

Jr_____
Inspection (Shake for rattling sound)

Continue storage in the ball 
copra store for a further period of 
say 2 months after rattling sound 
is detected. (Total storage time 
8 to 12 months)

t

' >

Dehusk coconut carefully.

De shell carefully without 
damaging ball copra inside

< ►

Ball copra (complete, undamaged)
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5.2 Description of the process: -
For the manufacture of ball copra, only selected 

nuts are used. The coconuts which are fully mature, ripe and 
have commenced drying when harvested or nuts which have 
fallen naturally are used without husking. Such nuts have the 
outer skin turning to dark brown due to the dryags. A husked 
coconut cannot keep good for more than a few days as spoilage 
occurs. Furthermore even unhusked nuts which are not fully 
mature (green colour) also donot keep as spoilage occurs after 
one or two months.

Manufacture of ball copra is possible only in relative­
ly hot and dry areas of the coconut regions. This is discussed 
in section 3 of this technology sheet. When fully mature un­
husked nuts are kept for long periods in humid areas or during 
the rainy season, gemination tends to takes place. Ball copra 
cannot be made if the coconut germinates.

The selected unhusked coconuts are loaded onto the 
compartments of the ball copra store and allowed to dry naturally 
for 8 to 12 months.

In all cases the coconuts are placed on an elevated 
platform. This helps in keeping the coconut from germinating.
It is the writers experience to find coconuts lying on the soil 
having a damp patch on the area of the nut in contact with the 
soil. Supply of moisture either from the ground or the atmosphere 
promotes germination. In very humid regions it is not possible 
to make ball copra due to this reason. In the dry, hot areas 
where ball copra is made, the rainy season tends to promote ger­
mination. Therefore, the coconuts are smoked occassionally by 
burning a slow fire using traditional fuels on the ground floor. 
The fuels commonly used are paddy husk, coconut husk, dry leaves 
or cheap firewood. Poking the coconuts is also carried out
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occassionally even during non-rainy periods, to slightly 
accelerate the process of drying out the coconut. In the case 
of very small scale operators who have wooden platforms over 
the kitchen fire-place, there is no problem of germination 
during the rainy season due to the regular (daily) smoking 
caused by the daily cooking for the household.

Manufacture of ball copra has also to be in the shade 
as can be seen from the type of equipment used® Exposure of the 
fully mature unhusked coconut to direct sun light also promotes 
germination.

Although the manufacture takes 8 to 12 months, the 
coconuts have to be inspected to assess the extent of dryage 
after about 6 months of storage. At this time all the nut 
water would have dried out causing a shrinkage of the kernel 
inside. This releases the kernel in a ball shape from the 
hard coconut shell. The inspection is ty shaking each nut.
All nuts which have dried out properly would give a rattling 
sound caused by the loose ball shaped kernel. From this stage, 
further dryage of about 2 months is necessary.

After a total of 8 to 12 months, the coconuts are 
carefully dehusked and the coconut shell cracked to remove the 
ball copra. It is necessary to remove the ball copra without 
damage during the deshelling operation. Complete, undamaged ball 
copra keep well and demand ready sale as edible copra in India.

In India, usually very small varieties of coconuts are 
used for manufacture of ball copra. Verghese et al (1955) have 
shown that small sized coconuts are best suited for the process. 
The popular commercial varieties in India are Lakshadweep micro 
and Eriputuse (Mysore).

5.3 Product flow diagram:-
Mo accurate information can be had on the incidence of 

germination or spoilage of nuts during manufacture. In any event
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it would depend on the person selecting the coconuts and 
other criteria such as rain, humidity, effect of the smoke 
caused by the ocoassioml slow fixes etc which are hig^ily 
arbitrary.

In estimated loss of coconuts is %

1000 Mature unhusked coconuts

9$Q coconuts * f  ball copra

6. Quality of finished product

The meat of ball copra is soft, sweet and oily.
The colour is creamy as compared to bright white colour of 
the fresh kernel. Ball copra has a distinct odour and 
flavour.

Accurate recordings of moisture and oil contents are 
not available. However, the moisture content can be estimated 
at 2-3£ and the oil content about 7Q£.

?• Source of informations"

Personal observations and investigations during field 
trip to India.

«

«

T.K.G.E. 1980
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Product Codes CCCN 12«01 b 

Technology Sheet nod I  / 9 to 13

UNITED NATIONS INDUSTRIAL DSgELOFMENT ORGANISATION 

AND ASIAN & PACIFIC COCONUT COMMUNITY 

"Consultancy Service on Coconut Processing Technology”

(Project UF/RAS/78/OU9)

1. Technology sheet for »•  COPRA MANUFACTURE BY DIRECT HEAT SMOKE
DRYERS USING TRADITIONAL FUEL OTHER 

THAN COCONUT SHELLS. (Method B).

The method adopted by email holders.

2* Benefits of technology s- la  the direct heat moke dryers, the
products of combustion come into direct 

contact with the coconut meat. Hence 

the copra is  of poor quality. The 

benefits are;»

2.1 Low cost of copra manufacture due to use of
traditional fuel.

2.2 Low cost of equipment due to use of
traditional construction materials.

2.3 This method does does not need electricity,
petroleum based fuels and skilled  

Technicians.

The following however, are disadvantages of 
using traditional fuel such as husk and firewood etc.

( i )  Steoky odour and flavour. These smoky 

deposits on the other hand, offer some
resistance to mould attack such as in the case 

of smoked fish  or smoked natural rubber sheets.
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( i i )  Poor quality copra from darkening due to 

smoking, and scorching from occasional 
excessive heat at times of ignition of 
fuel.

( i i i )  Poor quality copra due to inadequate and 

irregular drying and case-hardening (10 -  
to 1 #  moisture) through lack of proper 
control. This high moisture content causes 

deterioration of the copra.

A technical assessment of using traditional fuel 
such as husk and firewood etc. is  given in  

section 5.2.

3. Country of origin s — Copra manufacture by direct smoke dryers
using traditional fuels such as husk, 

firewood, bamboo, or coconut shell mixed 

with these fuels is  practiced in the
following countries o f the Coconut Community:-

INDONESIA
PHILIPPINES
THAILAND

Smoke drying with husk and shell is  also 

found in the remote areas of western Samoa, 
Solomon Islands and Papua New Guinea.
In India, Malaysia and S r i  Lanka, the fuel 
used for direct dryers is  coconut shell 
only without nixing with other traditional 
fuels, thus giving a better grade of 
copra. In some parts of the Philippines, 
Papua New Guinea and Thailand, use of coconut 
shell only is  also practiced.
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lie Equipment

ii.1 Description of equipment and operation.

U.1.1 Traditional d irect smoke dryers used by small holders 

in Indonesia.

There is  no standard design for these kilns. The size 

and type of material used vary from island to island
and province to province.

The basic feature of these kilns is  the use 

of traditional construction material such as loca l 

round timber, bamboo, thatching etc. The copra platform 

has slats placed a few inches apart to permit upward 

flow of hot smoke and gases. The platform has a short 
side wall to hold the loaded copra. The larger kilns 

use old galvanised iron sheets for the roof.

Traditional fuel such as husk, firewood, 

bamboo or coconut shells mixed with these materials is  

burned inside a p it  about 1 m x 1 m x 0.5 m deep.

The side walls round the kiln direct the hot 

smoke and combustion gases upward through the copra 

placed on the platform. These side walls and roof 

protect the kiln from disturbances during wind and rain. 
The front opening provides access for charging fu e l as 

well as admission of fresh a ir  for combustion.

The k iln  illustrated in figure I  has a 1000 nut 

(222 kg dry copra) capacity per batch. The platform 

area is  2 m x 2 m (or h m ) .  The arrangement o f copra 

is  on a random basis and the height of copra loading is  

0,3 m (or 1 foot)« In Java and Sumatra, the kernels are 

scooped out of the shell before any dryingj whilst in  

Sulawesi, the deshelling i s  dons only after the drying 

i s  over. The cost of the kiln is  about ftp, 27,500 

(o r  US# lilt).
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The larger kilns in North Sulawesi have for example
2

a 3 m x 3 m platform (9 m ) with a capacity o f 2230 r.uts 

($00 kg copra per batch when loading copra up to 0*3 m height. 

The cost is  about Rp. 60,000 (or US$ 100), Here the increase 

in cost is  in proportion to the increase in capacity.

The use of husk as fuel is  about h'1% of the coconuts 

being dried. Although waste wood is  frequently ured, eotirates 

of usage are not available. The cycle time for one batch iE 2 
to 3 days. On the basis of 2 batches per week and $0 working 

weeks per year, the annual capacity is  100,000 nuts (22.2 tonne 

copra). On the basis of 321*0 nuts yield per ha., th is kiln can 

service 30 iia. The investment per 100 tonne annual dry copra 
capacity is US$ 200.

U»1*2 Traditional direct smoke dryers used by small holders in 

Thailand.

There is  no standard design for these kilns. The size 

and type of material used vary from province to province.
These kilns use as much as possible of locally available 

material such as round timber, bamboo, thatching etc.

The kiln illustrated in figure I I  is the type used in 

Saocui Islam! o f furathani Province in  Southern Thailand.

The copra platform is  made of 20 mm ( f '•) diameter iron 

bars spaced 75 mm (3 ") apart and placed on the side walls which 

are constructed of hollow cement blocks. The timber side wall 

above the platform is  0.6 m (or 2 f t )  high and the copra is  

loaded upto nearly 0.$ m or 1  ̂ fe e t which is  rather high. The 

usual arrangement of copra is on a random basis although in 

some areas, the lowest layer is  placed with the cup upwards.

The roof is thatched with ‘Nipa’ palm le a f and the 

support structure is made of coconut trunks (verticals) and

timber beams.
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Husk is  commonly used for firing the kiln. The 

fire  pit is  underground, being of 0.5 n depth. The side 

walls have a twin door opening for charging the kiln as 

w ell as to admit fresh a ir  for combustion.

The kiln has a 3000 nut (or 857 kg dry copra) 
capacity per batch. ( Coconuts in Thailand are very big 

compared to other member countries). The coconuts are 
husked, split in two and loaded with the shell intact.
Deshelling a fte r 1 days’ drying and reloaded fo r further 

drying. The platform area is  3 m x 2 m (6 m ).  The 

cost o f the k iln  is  about B 5000 (US$ 250).

The use of husk as fuel is  about 67% of the coconuts 

being dried. The cycle time for one batch is  2 to 3 days.

On the basis o f 2 batches per week and 50 working weeks per year, 

the annual capacity is 300,000 nuts (85.7 tonne dry co jra ).

On the basis of 1520 nuts yield per ha, this kiln can service 

197 ha. Investment cost per 100 tonne annual dry copra capacity 
is  US* 290.

U.1.3 Sariaya type trad itional d irect smoke dryer used by small 

holders in the Philippines.

This dryer i f  suitable for f la t  ground where there 

is  no flooding with water and the water table is  low such as 

in  Sariaya area of Luzon Province in Northern Philippines.

There are two other adaptations of this known as iagsanjan and 

Tay&bas which are suitable for different local conditions.

See sections li.l.i* and U.1.5* A ll these traditional dryers 
are called ’tapahan* which means "heating grill” in  the 
local language.

These ’tapahans* are constructed using mostly 

trad itiona l constiructlon materials. Some variations ex ist
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in  the use o f galvanized iron  sheets fo r  roof, stone and 

cement blocks fo r  side v a ils , iron  bars fo r  the g r i l l  etc.

The Sariaya type dryer is  illu s tra ted  in  figure I I I .
There are tvo p its , one narrow and 3 si deep and the other 

wider but shallower at 1 si deep. The two p its  are in te r­

connected by a narrow tunnel which slopes at about 20° to 

the horizontal. The f ir e -p it  or hearth is  at the bottom o f 

the narrow p it .  The copra g r i l l  made usually o f woven s p lit  

bamboo is  placed at the ground level, suitably supported by 

bamboo beams. The g r i l l  or platform has timber surrounds. 

Charging the dryer with a mixture of husk and shell is  from 

the mouth of the narrow pit. Both pits are covered by small 

roofs to project against the rain.

During combustion, the hot smoke and gases rise up 

the pit which is  wider, thus drawing fresh a ir from the 

narrower pit. The gases rise up the g r i l l  and come into con­

tact with the copra. The copra is loaded on a random arrange­

ment upto a height of about 0.2 m (or 8 inches}. Care has to 

be taken so as not to overload the g r i l l  or else there would 

be too much resistance to the flow of smoke through the kernels, 

This w ill render the dryer ineffective and create problems o f 

scorching of the copra at the bottom layer.

From the nature of the design, i t  can be seen that 

the dryer cannot be disturbed by gusts of wind. Another im­

portant feature is  that the copra loading has to be moderate 

so as to create and maintain a natural draught. Consequently 

the rate o f combustion becomes fa ir ly  regular. This avoids 

scorching the copra and ensures uniform quality through the 

depth o f the copra layers. However, the overall e ffe c t  o f the 

direct smoke is  to produce poor quality copra.

The reason to add husk to the shells is  that when 

shells alone are fired in  a pit or & p ile , they burn f ie r c e ly .  
Husks keep smouldering for a long period thus dampir^ down the
fiercely burling shells.

■ 7 ■
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4 . 1.3 SARIAYA TYPE TRADITIONAL

DIHSGT SMOKE DKY5R OF PHILIPPINES 

( COOKE 1936)

A. Copra platform
B. Hearth
C. Fire hole
D. Underground flue
E. Timber surrounds

FIGUnfi I I I

i

A

i
A. Copra platform
B. Hearth
C. Fire hole 
T > . Fire pit
E. Timber surrounds
F. Stone slab or iron 

plate

FIGURE IV

4.1.4 PAGSANJAH TYPE TRADITIONAL

DIRECT SMOKE DRIER OF PHILIPPINES

(COOKS 1936)
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The kiln i s  loaded with cups of kernel which 

have been scooped out of the shell soon a fte r  sp litt in g  

the nut. The usual practice with this type of k iln  is  

to sort out and reload each morning until a l l  the copra 

is  suitably dried. Those cups which are found to be 

adequately dry are removed from the process. The to ta l 

operation may take 2 to 3 days for 1 batch.

The capacity of the Sariaya type dryer is  about

1*50 nuts (100 kg copra) for the simple units having a p lat- 2
form area of 2 m . Twin type elaborate kilns are sometimes 

used. The large capacity dryers are however simple units 

arranged in a battery of three. These have combined capa­

cities upto U500 nuts (1000 kg copra) per batch. The use 

of husk is  about 67% and a small quantity of shells.

The estimated cost of th is small dryer is  P 300 

(US$ ¿|0) • On the basis of 1*50 nuts per batch, 2 batches per 

week, and 50 working weeks per year, the annual capacity is  

1*5,000 nuts (10 tonne copra)• On the basis of 1*020 nuts y ie ld  

per ha., this kiln can service 11 ha. Investment cost per 100 

tonne annual dry copra capacity US$ 1*00.

1*.1.1* Pagsanjan type traditional direct smoke dryer used by 

smallholders in  the Philippines.

This dryer is  a modification of the Sariaya type 

fo r  adaptation for sloping or h illy  coconut areas, such as 

in Fagsanjan area of Laguna Province o f the Northern Philippines. 

It  is  illustrated in figure IV. A ditch is  dug along the slope 

to form a 5f lu e 9 and at the lowest point, i t  serves as a f ir e p it  

or hearth. As seen in the illustration, a portion o f the ditch 

is  covered with stone and f i l l e d  up with earth s$ as to form a 

cavity. The platform is  constructed out of bamboo slats, and 

surrounded by coconut trunks. A roo f is  built using trad itiona l

-  9 -
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m a te ria ls . Sometimes, o ld  galvan ised  iro n  sheets are 
used for the roof.

A m ixture o f husk and s h e ll i s  placed in  the d itch  
outside the dryer and set fire . The smoke and ^ases tra v e l 

up the d itch  under the stone covering and move upwards 
through the bamboo s la ts  and the copra.

The loading of copra is  on a random arrangement.
The height of loading i s  limited to about 0.2 m (o r 8 in ch es) 
which i s  3 o r 1*. layers of nuts. The cups of kerne ls are 
scooped out of the s h e ll soon after sp litting the nuts in  h a lf .

The capacity of the dryer is  1000 to 1250 nuts
say 1125 nuts (250 kg copra) per batch. The g r i ll area is  

2about 5 ® • The cycle time per batch is  2 to 3 days. Fuel 
usage is  about 61% husk and a sm all quantity of shells. The

estim ated cost o f th is  d ryer i s  I4 600 (US$ 8 0 ).

On the basis of 1125 nuts per batch, 2 batches per 
week and 50 working weeks per year, the annual capacity is  112 ,300  

nuts (25 tonne dry copra). On the b asis of ¿¿020 nuts y ie ld  per 

ha, th is  k i ln  can se rv ice  30 ha. Investment cost per 100 tonne 

annual dry copra capacity I s  US$ 320.

U.1.5 Tayabas type tra d it io n a l d ire c t sank® d ryers used by sm all­

holders in  the P h ilip p in e s .

The d ryer i s  su itab le  fo r  f la t  ground w ith  high 

water table and sandy areas, such as the Tayabas area of 
Luzon Province of the Northern Philippines. The Sariaya 

type has a lim itation in  that the underground flu e s  sad p its  

go down as much as 3 m making i t  unsuitable in low laying 

areas due to the water problem, particularly during the wet

season
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A. Copra platform
B. Hearth
C. Fire pit
D. Door to fire pit
E . Timber surround-,
F. Bagging shelter and 

shell storage
C . Windshields ¡or copiu 
H. Windshields for tire pit

4.1.5 TAYA3A2 TYPE TRADITIONAL
DIRECT SMOKE DRYSR Of PHILIPPINES

FIGURE. V

(COOKE 1936)
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The Tayabas dryer Is illustrated in figure V.
In this dryer, the fire-pit of about 1 m deep is directly
under the g r i ll  or platform. The platform is constructed
about 1 m above ground level and is supported by the U
vertical poet© which also support the roof. In order to
direct the hot smoke and gases, side walls of woven split
bamboo is  used. The side walls extend upto 0,3 n stove
the platform. The side walls protect the dryer from
disturbances during gusts of wind. The platform is about 

2
10 a in area.

The husks are spread evenly in the fire-pit and 
set fire . The usage of husk in  about 67  ̂ of the nuts being 
processed. The cycle time is  2 to 3 days. The kernels are 

scooped out of the shell before drying is commenced.

The capacity of the dryer is  about 3000 nuts (or 
666 kg dry copra) per batch. The estimated cost is about 
9 2000 (0S$ 270).

On the basis of 3000 nuts per batch, 2 batches rer 
week and 50 working weeks per year, the annual capacity is 
300,000 nuts (66.6 tonne dry copra). On the basis of U020 nuts 
yield per ha, this kiln can service 75 ha. Investment cost 
per 100 tonne annual dry copra capacity is US$ 1*00.

U.2 Materials for constructions-

Traditional materials such as locally available 
timber, bamboo in various forms, roof thatching made of .iipa and 
coconut palm leaves, rattan etc. are used for these types cf kiln*;. 
Sometimes coconut trunks, Arecanut palm stems are used as tiil-cr. 
There are also many areas using iron bars for the grill or platform, 
galvanized iron sheets for the roo f and cement blocks or bricks 
for side walls.



4 .3  Saamary of design features o f the traditional d ire c t smoke d r ie rs :

Type of dryer Batch P la tfo r» Density of Height o f Heinht o f Aor-r
Capacity

(n u ts)
SESà
( n )

nuts per m2 Dlatfoitn 

above f i r e  

© it (m)

COT-H’ T.

lood (m)
f 1 j*“1

i f  w ithout 

su v 'r/ in .t

Traditional
d ryer
(Indonesia)

1000 4
(la rg e r ones 

upto 2500)

250 2 0 .3 6?. a huckii 
nnd or 

firewood

T ra d itio n a l

d ryer

(Tha iland )

3000 6 500 2 0 .5 67J husks

Sariaya  dryer 

(¿Ph ilipp ines)
450 2 225 3 0 .2 67.i husks 

and sor.ie s h e lls

Pagsanjan

(P h ilip p in e s )
1125 5 225 2 0 .2 £7.0 husks and 

so:,e sh e lls

Tayab&s dryer 
(Philippines)

3000 10 3oo 2 0 .3 67/J husks
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4a4 Swaaxy of operational features: -

Tro® of dryer Pre dry ing . Arrangement Removal Rotation o f ■I'J't’rirr o f

in the sun of nuts when of copra f ir in g s

loading
platform

shells (turning)

•
traditional
dryer
(Indonesia)

Usually 
one day

random N® regular None 
pattern

2 to 3

Traditional
dryer
(Thailand)

Usually 
on® day

bottom 
layer foe® 
upwards

After one A fte r 

day's one day
drying

2 :.o 3

Sariaya
dryer
(Philippines)

Usually 
one day

random before
drying

Usually 2 ‘ 3
daily, |||
during
inspection

Pagsaajan
dryer
(Philippines)

Usually 
on® day

random before
drying

Not
regular

2 t 3

Tayabas
dryer
(Philippines)

Usually 
on® day

random before
drying

Not
regular

2 t i 3
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4®5 Cost and capacity of direct smoke dryers: ~

Sa>«.ftfc Capacity Batch Batch Batch Coat

equivalent Capacity Capacity time ( US$)

in land area (Nuts) (Kg copra) (days)
(ha)

Traditional 30 1000 222 2 to  3 100

dryer
(Indonesia)

Traditional 197 3000 857 2 to 3 250
dryer
(Thailand)

Sariaya dryer 
(Philippines)

SI 450 100 2 to 3 40

Pagsanjan 30 1125 250 2 to  3 00

dryer
(Philippines)

Tayabas 75 3000 666 2 to 3 270
dryer
(Philippines)

Investment 

Cosi ?.er TOO 

tonne annuii dry 

Conra capacity

( M )

200

290

400

320

4 0 0



5. Process ; -

5.1 Process flow diagram: -

coconut

' r 
—

dehusking

cracking and dewatering

scooping out kernel

sundrying fo r  1 day i f  
weather permits.

loading platform in random 
arrangement

drying o f copra fo r 2 to 3 days 
using slow fire  with trad itional 
fuel (2 or 3 separate fir in gs , 
one each night).

allow to cool down

unloading and packing
into jute bags/bnmboo baskets.

copra (packed)
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5*2 Depreciation o f process* -

The trad itiona l d irect smoke dryers are used by m a il-  

holders . There are trad itional dryer® simpler than the five types 

presented in  th is technology sheet. They are the open platform 

type (without roof and side w alls ) and the platform and roof type 

without any side walls. These two тегу elementary designs are 

found in  certain  coconut areas outside the Coconut Community.
These driers produce very poor quality copra because o f the e ffe c t  

of gusts o f wind which create irregular and excessive heat. The 

five direct smoke dryers in this technology sheet have some 

protection from wind and rain by way of side walls and roofs.

Coconuts harvested fo r copra manufacture have different 

levels of maturity depending upon the customs prevailant in various 

coconut regions. The fact that nuts of inadequate maturity are 

used is  a major cause for production of poor quality copra. Germinated 

mute also give poor copra.

The nuts are transported to the copra kiln by the small­

holders and husked. In some areas, the nuts are husked at each point 
they are gathered and then transported to the k iln . In  th is case, 

the busks are transported separately they are to be used as fuel.
The busked nuts are cracked open ami water allowed to run out.

In seme areas, the kernel i s  forced out of the shell and 

then subjected to drying, whilst in  other areas, the kernel is  

removed after about a days drying. The latter practice is  superior 
as firs t ly , the kernels are easier to remove and thus donot break,
and secondly, the kernels with sheUe in tact can withstand mechanical 

damge during loading. The shall also offers protection from contact
Kith earth and Sand®

In some areas, when the weather is  favourable, an in it ia l 
day®e sun drying is  made use of but i t  is  effective only i f  the
hum idity is  low. The p ractice  re su lts  in  improving the quality of 
copra as in i t ia l  drying w ith  the ш Ш  h m t o f the sun avoids case
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hardening. An equally important advantage i s  that the copra is  

whiter. This is  because, by the time the kernel is  subjected 

to smoke drying, the kernel is  already p a rtia lly  dry. I f  the fresh, 

wet kernel i s  subjected to smoke drying straightway, colouring 

occurs due to the шоке easily adhering to the wet, slimy surface.

The kernels are loaded onto the platform in a random 

arrangement. In very few areas kernels are arranged upwards fo r 

the bottom layer. This practice helps in avoiding the bottom 

layer getting case-hardened, coloured and scorched.

The kiln  is  charged with fuel such as cheap firewood, 

husk and even bamboo* These are spread evenly in the f ir e -p it  

before setting on fire . Shells only are not used because a p ile  

of shell would burn very fiercely  and thus burn the copra, 

unless shells are added one by. one which is  laborious and needs 

constant attention. Hence some shells are used by mixing with 

the husks. The correct method of using shells is  not known. See 

technology sheet on "COPRA MANUFACTURE ВТ DIRECT HEAT ЗЖЫЕГЗ 
DRIERS USLNil COCONUT SHELL AS FUEL" (Method C. 2 ).

Fuels such as husks and firewood give low heat compared 

to coconut shells. Husks are o f low density and contain much 

moisture, particularly when they are fresh and green. The type o f 

firewood available in coconut areas is  of low to medium density timber 

which also contain a fa ir  amount of moisture. When such materials 

are set on fire  they keep smouldering (burn without flame) fo r  long 

periods like in  a cigarette. The thick smoke is  due to moisture and 

vapours from pyroligneous liquors and wood tar. In these circumstances 

the heat emanating is  low due to partial combustion. A fter consider­

able time, the husks and firewood ignite throwing up fla res  and hot 

gases. This causes excessive heat resulting in scorching and case- 

hardening. There is  also the risk o f the dryer i t s e l f  catching f ir e  

i f  the H u e s  are high enough to  set f i r e  to the copra bed.

Although low heat is  desirable for the process, the smoke 
coming in to  contact with the copra » lo u r e  i t  thus spoiling the
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quality® The smoke deposits Import an undesirable odour and 

flavour to the copra and the o il extracted from it  subsequently.

This disadvantage far outweighs the small benefit introduced 

ty  the smoke deposits in resistance to mould attack such as in  

the case o f smoked fish  or smoked natural rubber sheets.

Dry mature coconut shells are very dense and comparable 

to high density timber (hardwood). These have low moisture leve ls . 

For example coconut shells have about 12% moisture which comes 

down to 6 or 8$ when dried in  open a ir  or in the copra kiln  when 

intact with the kernel. When set on fire , after a very b rie f 

period of in it ia l smouldering, the material ignites and flames are 

seen. When flames are present there is  complete combustion, burning 

a ll the products of thermal decomposition in the material. The wood 

tar which is  responsible for the colouring also burns without coring 

into contact with the copra.

The use of dry coconut shells in piles or thick layers 

spread in a fire -p it  gives excessive heat though the smoke is  clean. 

The technique of using coconut shells arranged in a chain one locked 

into another or "nested" is  not known in many coconut regions in  the 

world. In Sri Lanka, India and Malaysia this technique is  used 

extensively. When the shells are ignited at one end of the chain, 

the fire  moves slowly from one shell to another like a fuse. Thus, 

the rate of heat given out is  controlled.

The process of drying copra in  the smoke dryers takes 2 
to 3 days. This firin g  is  done in 2 or 3 nights. When suitably 

dry, the copra is  unloaded and packed into jute bags, bamboo baskets 
etc. and sold to copra buyers.

5*3 Product flow diagram

The resultant copra has 10 to 1%  moisture. On tthe basis 

of & fin a l moisture content of 1ujf and original moisture content o f

50£ m  havei -



1800 kg wet kernel (50% Moisture)

1000 kg copra \10% moisture)

The out-turn of copra is  variable from country to country, 

region to region within a country and also dependant upon the season. 

Prolonged dry weather reduces the sise of the nut, i t 's  kernel and 

hence many more nuts are required to make a tonne of copra.

The out-turn of copra for the different member countries 

on the basis of the national conversion rates is  given in  the techno­

logy sheet "PRINCIPLES OF C0P1A MAHUF ACTORS’8.

Quality o f finished products -

Various copra grading practices exist in d ifferen t coconut

regions.

The Asian and Pacific Coconut Community has prepared 

"Uniform Standard Specifications for Copra" (Final draft -  April 1978). 

There are two grades specified  irrespective of the process used fo r 

making copra. The characteristics specified for the two grades are 

given in  the technology sheet "PRINCIPLES OF COPRA FANUFACT uRS".

As discussed in section 5«2, the copra is  coloured brown 

due to the use of direct smoke kilns which is  a major quality 

deficiency of the method used.

The moisture content usually found for th is copra is  10 

to  15$ which is  another major deficiency in the copra. This however 

is  due to inadequate drying or sometimes i f  the copra is  case-hardened, 

no further dryage is  possible. In any event, copra o f 10 - 

moisture is  saleable in the countries where this direct smoke dryers 

are ■ used due to lack of proper enforcement o f  grading and pricing.
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This i s  % matter o f  trading practices in  such areas. Such

copra has to  bs further dried by the o i l  B illers prior to processing.

7* Source o f  information? -

7*1 Review and techno-economic evaluation o f various copra 

production methods applied in  the A.P.C.C* region by
Mr» K. ¥arnakolasiagai», and J. Camacho (UHIDO/APCC 19?6).

7*2 Copra processing in  rural industries by F*C. Cooke (FAO 1958) 
formerly Director Coconut Research Institute of Ceylon and 

Dept* of Agriculture of Malaysia.

7*3 Personal observations during fie ld  v isits to member countries 

of the Coconut Comunity.

7.U S ta tis tica l Yearbookon Coconut -  APCC 1979. The average nut
production per ha. per year to determine the capacities of kilns 

on hectarage basis was calculated on a ten year average (1969 to 

1978) of nut production and area planted as per tables 5 and 6
in  the yearbook*

S.K.U.R, -  I960.-
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Product code: CCCN 12.01 b 

Technology sheet no: I  / 14

UNITED NATIONS INDUSTRI/J DEVELOPMENT ORGANISATION 

AND ASIAN AND PACIFIC COCONUT CCMHUNITT 

"Consultancy Service on Coconut ProcessIra; Technology"

( P ro ject l  :'/EAS/?8/049)

1. Technology sheet fo r : - COPRA MANUFACTURE BY DIRECT HEAT

SMOKELESS'» DRIERS USING ¡.GFQNUT SHELLS AS 

FUEL COMB INED WITH PRE-l Ri lNG IN THE SUN 

(Method C 1 ).

2® Benefits o f Technology : -

The copra manv fa ;tured by th is  

method iu. o f good q u a lify , The main features 

a re ; the use o f "seasoned" coconuts, predry i:y 

in  the s».;a combined with d irect heat aaokefei t. 

drying*

3» Country .o f o rig in

S r i Lanka is  the only country 

employing th is  technology v/ith "seasoned" cceonuts

Use o f coconut shells as fuel 

with or without pre-drying in  the sun is

a lso  p racticed  in  India, M alaysia , Ph ilip p :.:-* ; ,, 
Papua New Guinea but the nuts are not

seasoned as in  S r i Lanka. The in e v ita b le  lap : a
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Sectional elevation
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o f one te seven dayu between harvesting and copra 

aamfaetur® does net result in  "seasoning1* •

W Equipment

4«! Description o f equipment! ®

4«1ft! The Barbecue. This io  a specia lly  constructed cemented

flo o r  and is  part o f  the Ceylon Copra K iln . The s p lit  nuts 

before going into the l i l n  are spread out fo r  one day’ s 

pre-drying in  the sun.

The deta ils  given hereunder have been extracted from 

le a f le t  Ho* 20(1 >73) leaned fey the Coconut Research Board 

of Sd. larnka.

A sketch o f a barbecue is  given in  figure I .  The 

neraal width o f the barbecue is  30 feet. The length varies 

according to  the s ite  o f the k iln  and the maximum quantity 

of suits intended to be s p lit  per day. For smaller kilns 

the length o f the barbecue is  normally the same the length 

o f the k iln  and i s  situated in  front of same. For th is  k iln , 

the length is  30 fe e t»

The arrangement o f retaining w a ll, drain, surrounding 

w all e tc . are shown in  the sketch» The top o f the wearing 

surface at centre i s  111 inches above ground le v e l and the 

edges 12 inches above ground le v e l.  Water flows along the 

sloped surface to  the openings shown on either side and enter 

the drain which leads the water away from the barbecue through 

a catch p it  for disposal»

On determination o f the length o f the barbecue the 

foundation is  marked on the ground with a width o f 30ft. 

internally» Trenches fo r foundation are cut along the edge o f 

the area thus marked. The depth and width of the foundation

depends on the s o i l  at site® An average depth of 18n and width 

o f 18" w e  su ffic ien t fo r hard sed l« An 18" wide wall is  b u ilt  -
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Jack roof

Copra platform

[ fire  pit

/ / / / / ,
J2l

Sectional end elevation i

I

N 19
Ventilation windows- 6 x 12 every 2 ft  
at 1 ft  above-ground level on the 
back wall

U Nos 9 x 9  brick 
p illars for varandah

STANDARD SRI UN!:,'. C0P7.A i;TL’I oV*»
FIGURE II
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above the foundation up to a height of 6“ above ground level» 
Setaintng v a il and surrounding v a il kkn wide each are constructed 

above the 18* wall, on either side o f same; leaving roan at the 

centre to form the drain» The drain should be eloped to carry 

water and is  4* deep at the end where the catch pit is  to be 

situated. The enclosure thus constructed is  fille d  with earth in  

3* layers up to the height shown in «ketch* The earth East he 

wetted with water while fillin g  and well rammed. It  is  sloped 

ftc® the centre to the two edges, the height at centre being U" 
above the edges. The surface o f the barbecue is  la id  above the 

consolidated fillin g  and way be made with concrete b* thick, or 

brick-paved 3" thick and caveat-rendered, or rubble-paved and 

©event-rendered depending on availability  and economical purchase 

• f  these materials at a given site* I t  is  preferable to use rubble 

(granite blocks) and even the side walls way be constructed with 

rubble i f  available locally . The top wearing surface should be 

finished rough with cement sand mortar 1:3 end should be at least 1* 

thick in  case o f brick or rubble paving* Expansion joints are la id  

as shown in  sketch and should be fille d  with bitumen,! wide layer 

• f  cement and sand 1 :li should be laid  below the expansion, joints 

before paving to prevent coconut water seeping through and fermenting 

under the paving* The edges of the drain and floor are rounded o ff 
fo r smooth flow of water.

U*1«2 The standard Sri Lanka Copra k ila i •

The details given hereunder have been based on lea f­
le t  Ho* 15 (1568) issued by the Cooonnt Research Board o f Sri Lanka.

The Ceylon Kiln is  a simple structure, consisting essentially  

of a fire  p it, a copra g r i ll  or platform, a corrugated iron roof, 
fitted  with a jack roof and a covered working verandah* There can
be minor variations in  design and sis© to suit different conditions 

and individual requirements* It  is  also possible to effect economies, 
by using locally  available materials such as unfired mud bricks, 
round timber, coconut trunks, wooden slats, eadjan' roof, etc»



The H i »  illustrated la  fig . H  has a total capacity o f 109000 

nuts allowiag a daily intake of 2,$0© oats* t e l le r  M ins to salt 

individual needs ean he bu ilt on the sans principle»

mCAMTIOKs A fire  pit measuring 30 feet x 12 feet x  2 feet deep 

should he narked out and excavated» i f  the bottom is  loose and sandy, 
about 7 cubes o f gravel should be spread evenly and then well reamed 

to provide a firm foundation for the walls which should be bu ilt ip  to 

a height o f 2 feet, 1®@», up te ground level»

WALLS: For the fir s t  2 feet the walls are II* inches thick. There­
after the thickness is  reduced to 9 inches up to the copra platform.
Above this i t  is  further reduced to i$| inches, so providing the ledge 

to support the platform»

The two gable-end walls are built up to a height o f feet and 

the back wall to a height o f 7 feet above ground level, but the front 

wall does not reach above ground level»

The walls are strengthened by tU~inch. p illa rs , which also 

support the roof» The fire  p it is  divided into six  compartments by 

Hire 6-inch walls, sim ilarly supported by p illa rs»

TOiTILiTIOS: Eel as are provided in the two gable walls and the back
w all and the front of each section of fire  p it is  open» The ventilation  

holes are 6 inch x 12 inch and are set 2 feet apart, one foot above 

ground level»

Anple ventilation is  provided above the copra platform. Humid 

a ir  can escape via the jack roof, under the eaves and from the gable ends.

fERMDAH: The four p illa rs  supporting the roof are f  inches x 9 inches»
The verandah should be paved with bricks, cemented in position so as to 

provide a firm floor»

ROOF: The timber for the main uprights should te well-seasoned jak and
for the team® well-seasoned coconut rafters» The rafters should be la id  

2 feet apart and the peepers 3 feet apart»
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A corrugated iron roof I s  generally te bo preferred to 

a eadjan roof* because i t  dees net require frequent renewal* but 
a cad^aa roof allows ism® ventilation* keeps the k iln  warmer at 

night end so prevents sooty drops of condensed water fa llin g  down 

on the copra»

THU njfFGBM GR GRIl&s Well-matured Arecanut trees should be 

selected fo r making the platform. They should be sp lit into slats 

about 1§ inches broad, placed length-wise across the dividing walls 

with their ends resting in  the ¿«inch ledges o f the side walls» 
S igh tly  broader slats should be placed across these longitudinal 
Slats and secured together with galvanised wire in  order to keep 

the platform firm ly in position»

A HalM Ua leg or a strong fla t  plank one-foot width* should 

he la id  along the outer edge o f the platform to prevent the copra 

i s on fa llin g  o ff»

DRj&MSs To lead away the rain water fa llin g  fro » the roof* a drain 

must be provided»

4.2 Materials and labour fo r constructions -
6— n m m iJ iM M — a — M a B a — b m m w W m b — W M « W M № iV M a « w

4.2«t For the barbecues -  

Material t -

9500 nos» bricks 

£& cubes river sand 

21 bags Portland cement 
1 g l. bitumen (or plastic asphalt A)

at 60/» 570.00 

at 18/- 81.00
at 12/- 336.00 

at 2/« 2.00 989.00

labours -
3.6 cubes 18* brickwork in  eensot
sorter 1:4 at 30/- 78.00
1 .5  sqrs«* ill*  brickwork as above at
20/ - 30.00
10.6 cubes fillin g  underfloor in  3* 
layers watered and w ell rowed - at 7/- 7U.20
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9»© sqrs. 3® brick-pared aM 
rendered fkOQT at 1^ * 162©00

125.0 I . f t .  gle8t®rlag aad fontibg 
drain sfe 10̂ ° 62.50

Contingencies for «loosing site, 
cutting foundation «to* 51»» 30 j»61.00

Coot of natsrial 989.00
Coot of labour 1*61.00

Total cost (1973 prices) Bs 1,450.00

for tbs Standard Sri Lanka Copra Him

Materials» «  

Bricks 12,000
20 bags

Sand 2 cubes
Qrsrol 11 cubes
GUgr 15 oart loads
Lisa 50 bushels

Timber* ®

leU  plats o and ridge plates 33®s3®z5® 1» pieces
EUdge plates for Jack roof 33*x2»z3® 3 pieces
Cross beans 11&®xi»®z5® 1» pieces
ling posts 3®z3®z3® 1» pieces
ling posts fo r Jack roof I|«n3*x2® 1» pieces
Coconut rafters 8* long 16 pieces
Coconut rafters 11»® long 16 pieces
Eeepers 2* z  1 ® 1»55 feet
Sins sheets 2!» w«g» arts 8® long 16 pieces

21» w»g» art» 9* long 16 pieces
21» w»g» vst» 7» long 16 pieces

Galvanised ridging 33 feet
Clip® 200

Platform =
1 H alnilla log or 1 heavy pXaiakj, 1 foot width 30 feet long
Jr@®ami trees for slats 10 trees

mm $ 1/16 inch» g®og® 10 lb
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Labour: -  Bétails not available

4.3 Cost of construction: -

4.3*1 The barbecue

Materials
Labour

Total cost (1973 prices)

Estimated costs in 1979 "  Rs. 5000/®
1 US$ -  Ha. 15/60

989/»
46l/®

I4y0/»

(US$ 320)

4.3.2 The Standard Sri Lanka Coora Kiln: -

Total Cost of construction Rs. 25,000/® (US'$ l600)
1 US$* Rs. 15/60

4.4 Capacity

Capacity of barbecue per day 3000 nuts
Capacity of standard kiln per day 2500 nuts

The k iln  is worked on the basis o f a daily intake 

of 2500, each batch lasting 4 days. It is  possible to work 

6 or even 7 days a week depending upon availability of nuts 

For the purpose of determining the annual capacity, le t us 
take 10,000 nuts per week, 50 working weeks per year.,

Annual capacity La 500,000 nuts (100 tonne copra).



109

-  10 ~

5» Process : -

5.1 Process flow diagram : -

Fully ripa 
coconuts

T
T

No sun drying on 
barbecue i f  weather 
is  unfavorable

I

Stored or seasoned 
mature coconuts

Husking

Transport to barbecue

Cracking and dewatering 
(no deshelling)

Spreading on barbecue face up­
wards for 1 day pre-drying in 
the sun (weather permitting)

Load kiln platform face upwards 
for bottom layer. Mscdjnm height 
of loading 12 inches.

1st firin g  1st evening
allow to cool

2nd firin g  2nd day early morning

Turn the copra

3rd firing  2nd evening 
allow to cool

4th firin g  3rd day early morning

deshelling



5th firing 3rd evening 
allow to cool

V

6th firing 4th day early morning 
allow to cool & turn copra i f

■ ------J necessary
v

7th firing 4th evening 
allow to cool

V

8th firing 5th day early morning

'f

Unload copra, sort out cups 
requiring further drying

'f

grading of copra and bagging

<■ »

N .  graded copra 
< N v/ > (bagged)
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5.2 -

5.2.1 Behuskira & sun drying

The whole nuts which are heaped close to  the central 
copra manufacturing unit are dehusked in  the yard. The dehusked 

nuts are brought to  the barbecue where they are cracked and water 

allowed to run out to the drain. The s p lit  nuts (without
deshelling) are spread evenly with the face upwards on the 

barbecue. The pre-drying in  the sun for a few hours during the 

f i r s t  day helps the "wet" kernel (About 50% moisture) to  in it ia l ly  

dry out (About 25 to  30% moisture) without any a rtific ia l heat 

action. This promotes a lesser incidence o f grade 2 ami 3 copra 

subsequently.

5.2.2 S t e j j g i l j g

In the la te  afternoon on the 1st day, the s p lit  halves 

are loaded onto the k iln  platform (o r  g r i l l ) .  The bottom most 

layer is  placed face upwards so that the shell acts as a shield 

where the hot gases fir s t  Imping on the nuts. Other layers are 

\ arranged at random upto a total depth of 12 Inches (0.3 m). I f  

good white copra is  required, the other layers are placed face 

downwards. The shells ( l e f t  from previous batches) are arranged 

in  the f i r e  p it  in  para lle l double rows. The shells are arranged 

in  a special manner each shell being f i t t e d  into the next or 
"nested" so that when the row is  ign ited at one end, the f i r e  moves 

slowly from one shell to  another l ik e  a fuse. Thus the rate of 
heat given out is  controlled. The copra drying process needs 

sight fir in gs  over about four days. OesheUing is  done on tj&

3rd day a fte r  the 4th f ir in g .

The method of operating the k iln  is  given below: -

H O a
Early morning S p lit the nuts

7.00 a.m. to  4.30 p.m. Sun-drying i f  possible

5.00 p «*. to 10.30 pom. Load chambers k and B and

1st f ir in g , 2 double rows 

o f shells per chamber.
Allow to cool.10.30 p.m,
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2nd Day
2.00 a.m. to  7.00 a.m. 2nd firin g , 1 double row of 

shells per chamber.

4.00 p.m. Turn the copra

5*00 p«Ai to 10*00 pfR« 3rd firin g , 1 double row of 
shells per chamber.

10.00 p.m. Allow to cool.

(On the second day chambers 
C and D are loaded with new 

kernels and fire d )•

3r4..Sffi
2*00 to 7 e00 &• A* 4th firin g , 1 double row of 

shells per chamber.
4.00 p.m. Remove shells and rearrange 

in chamber A only; chamber B 

is now empty. The rearrangement 

gives a second rotation for
the kernels.

5.00 p.m. to  10.00 p.a. 5th firing , 1 double row of shells

10.00 p.a. Allow to cool.

(On the third day, chambers 

B & F are loaded with new 

kernels and fire d ).

4th Bar
2.00 a.m. to 7.00 a.m. 6th firin g , 1 double row o f shells

4.00 p.m.
5.00 p«m. to 10.00 p.ou

Turn the copra i f  necessary
7th firing , 1 double row o f shells

10.00 p.m. Allow to cool
(On the fourth day, chamber B is  

loaded with kernels fro® C and D 

after deshelling. Hence chambers 
C and D are loaded with new kernels).

5th Day
2,00 a.m. to 7.00 a.m. 8th firin g , a short double row 

according to requirements.

5.00 p.a. Remove the copra and return any 

undrisd for further drying.
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The usage o f shells is  50$ with one day’ s predrying 

in  the sun. This can be reduced to 30$ with longer predrying 

in the sun. With no predrying, the shell usage is about 67$.

In  the Sri Lanka k iln , the drying temperature is  maintained 

at about 55°C (131°F) producing good quality copra. Higher 
usages of shell (say 100$) would reflect forcing the pace of 
drying by using too many rows o f shells and higher drying 

temperatures resulting in mild discoloration o f the copra due to 

oxidation o f the o il.

5.2.3 Copra Grading; After the copra has been cured it  is  sorted 

in to follow ing grades: -

No. 1 copra 
No. 2 copra 
No. 3 copra

This sorting must be done very carefully otherwise 
serious penalties msp be imposed by the buyers.

5.2C4 Grades: -

No. 1 copra: The pieces are hard, smooth, crisp and
uniformly greyish white: they break cleanly and with a snap 
exposing a sharp straight edge with a uniform peanly lustre, 
indicating uniform drying to below s ix  per cent.

No. 2 copra: ( l )  Distorted copra from under-ripe nubs.

(2) Thin and broken copra from over-ripe
nuts.

(3 ) Scorched, burnt or off-coloured copra.
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8o« 3 copras (1 ) AH copra of ka la ti stags, ite «, rubbery

or immature copra

(2 ) A ll kernels o f decayed nuts.

5*2*5 An analysis of causes of deterioration or spoilage of copra

applicable to Sri Lanka is  given hereunder as per le a f le t  

Mo* 25 (1970) issued by the Coconut Research Board.

Cause

4» Careless Harvesting

(1 ) Under-ripe nuts 

(K alati)

(2 ) Over-rips nuts

(3 ) Slipshod collect­
ion

E ffect Importance

Thin, torn, distorted, Major
corrugated rubbery

pieces

Thin, broken, sometimes Generally
discoloured pieces o f Minor

high o il content

Blade, rotten coconut Generally

meat, owing to “eye- Minor

re t81

B* Careless pre-treatment

(I*) Husking and s p lit ­

tin g  on sand or in  

a muddy yard or bag­

ging of cut meat

(5 ) Uncovered heaps o f
husked nuts exposed 

to hot sun

Adherence of d ir t  and 

pieces of husk or
f ib r e

Severe cracking causing
serious sliming i f  l e f t  

over-night

Generally

Minor

Major

Broken pieces and
•emails®

(6 ) Careless splitting Minor
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(7 ) Delay a fte r sp lit­
ting before heat 

applying

Development o f 

gummy slime and 

d ir t  adhesion

Major

CD Eaia on s p lit  nuts Developing o f 
gummy 'slime? d is­

coloration &M 

'pitting*

Occasional

(9) Coconut water le ft
to dry up in  s p lit  

halves

Development o f 

gummy slims colour 

and d ir t  adhesion

Major

0» Careless Manufacture 

( 10)  Over-loading Production of
scorched, "stewed* 
and slimy copra. 

Drying irregu lar

Major

a n Excessively long 

delays between f ir e s

Moisture condensation 

with ■pitting" and

sliming
Major

0 2 ) Dee o f broken and 

d ir ty  shells as fu e l

ifcoky pieces Minor

0 3 ) Use o f shells o f  ir r e ­

gular diameter fo r  

chains

Staoky pieces Major

O W Use o f  damp shells, 

wood, husks or 

ccnbustible rubbish

7ery smoky pieces Major

(15) Shell lin es  too close 

to  k iln  walls

Case-hardening 

scorching an!

Major

d istorting o f  pieees
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(16) Over-firlng (early ) "Case-hardening* and Major
distortion of pieces 

and irregular drying

(1?) Over-firing (la te r) (a ) Superficial scorching Minor
(b ) Internal discoloration Major
(c ) Carbonization with Major 

loss o f o il

(16) Shell lines too fa r Slimy copra B&d«*ray Major
between fires

( 19) Under-drying with
subsequent continued 

neglect to dry

(8 to 18$ moisture) Major
Heavy development of 
superficial moulds 
(10 to 15$ moisture) Major
Decomposition of surface 

tissue, with penetrating 

moulds and insect.

(over 15$ moisture) General decomposition Serious
with heavy mould and 

slime growth

D. Faulty Kilns

(20) Too open (with heavy 

wind)

(21) Too closed, (iz*> 

adequate exit for
a ir )

(22) Inadequate firep it  

ventilation (with 

overloading)

(23) Damp firep it

Both scorching and slim» 
ing and smoke due to 

disturbance of fire s

Copra stewed, slimy and 

oversmoked

Both scorching and

sliming excessive 

smoke and irregular 

drying

Slow drying and smoky 

copra due to smoky and 
uncertain fires

Major

Major

Major

Occasional



1 1 7
- l e ­

ft* Careless Storage and 
Transport

m Bain or seawater on 
copra in  bags

Heavy mould and 
insect attack

Major

(25)

1ia Mould and Heavy 

insect attack
Common

(26) Wet and dry copra in 
contact

Mould and insect 
attack

Conaon

F* Unavoidable Causes

(27) Prolonged storage 
of superior copra

Superficial moulds 
and surface dis­
coloration through 
oxidation

Minor

(28) Inperfect ■neat*
development in  ait® 
(defective nuts)

Babbery and often 
discoloured thin 
ragged copra

Minor

5#3 Product flow diagrams «

1680 Ig net kernel from i&2$ mats ($0ji moisture)

V

Sun dried (About 2$ to 30% 
i* Moisture)

r *

О
1000 Kg copra m  moisture)
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6. Quality of finished product: -

Whilst Sri Lanka has her own method of grading copra, tbs 

following is  the uniform standards for copra as proposed by the 

Asian & Pacific Coconut Coaminity (Final draft April 1978),

Characteristic Grade 1 Grade 2

a. Moisture content (percent by
weight), Max, 6 8

b. Oil content (on moisture free
basis) percent by weight, Min. 68 66

c. Free Fatty Acid (as 1auric)

percent by weight. Max, 1 3.5

d. Impurities percent by weight. Max.. 0.5 1

e. Immature kernels (wrinkled cups)

percent by count. Max, Nil 5

f . Mouldy cups, (percent by count)
Max. Nil k

I» Charred or black cups (percent
by count) Max. Nil 5

h. Broken cups or chips (percent N il passing Not more than
by weight) Max. through 3/8" 1 percent

mesh sieve passing 3/8"
mesh sieve.

1# Colour of the expelled oil on 
5|" call on the Lovibond 
colour scale expressed me X*
SR not deeper than 10 12

Sources of information

1.
2.

3 .

Asian and Pacific Coconut Community, Jakarta 

Coconut Research Board, Sri Lanka 

Writers personal observations

T.K.G.R. 1979
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UNITED !IA TE0N3 INDUSTRIAL IjEVKLOPiLOIT ORGANISATION 

AND ASIAN & PACIFIC COX I H COHHJNITY 

18Consultancy Serv ice  on Coconut Processing Technology*'

(P ro je c t UF/RA.5/7 9/ qU9)

1. Technology sheet fo r i -  COPRA HATJFACTUUE B’i  DIRECT HEAT SMOKELESS
DRYERS USING COCONUT SHELL AS F'JEL (Method C 2 ) .

Usual method used by larg e  copra m anufacturers and 

sm all-ho lders in  S r i Lanka, In d ia  and M alaysia . Th is 

method has been adopted in  soma parts of the P h ilip p in es 
and Papua New Guinea from the I960 s . Th is has a lso  been 

ju s t  introduced to Western Samoa and the Solomon Is la n d s .

2 . B e n e fits  of technology s -  In  the d ire c t heat smokeless d rye rs , although

the products o f combustion come in to  contact w ith the k e rn e l, 

no smoky odour, fla vo u r or colour i s  imparted due to the 

nature o f the smokeless gases. The b e n e fits  of these dryers 

ares -

2.1 The q u a lity  of copra is  b ette r than th at
manufactured by using d ire c t heat smoke d ryers w ith husk 
and firewood as fu e l. Use of d ry cooonut sh e lls  su ita b ly  
arranged g ives smokeless heat w ith reg u la r and co n tro lled  

h eat.

2 .2  Although the q u a lity  i s  n e a rly  as good as th a t made 

using in d ire c t heat d rye rs , the cost o f processing is

low due to the e ffic ie n c y  of the d ire c t heat method and 
due to use of re a d ily  a va ila b le  s h e ll ad fu e l.
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2.3 Although good quality copra is  obtained,

there is  no need fo r  e le c tr ic ity , petroleum based 

fuel and sk illed  technicians.

3. Country of o rig in ; -

SRI LANKA. In  S r i Lanka copra is  manufactured m ainly by 

ce n tra lise d  processors. Th is i s  possib le due to the 
existence of free  trade in  coconuts. Copra m anufacturers 

purchase nuts e ith e r d ire c t ly  from sm all holders o r through 

co n tracto rs. Large holders u su a lly  make th e ir  own copra 

and i s  known as estate  copra.

Good q u a lity  copra is  produced by using fu lly  nature , 

"seasoned" coconuts with 1 day's pre-drying in  the sun 

and then k iln  drying w ith coconut s h e lls . The kerne ls 
are k iln  d ried  w h ils t s t i l l  in ta c t w ith  the s h e ll fo r 

2 days before e jectin g  the kernel fo r fu rth e r dryage. 

I n i t ia l  arrangement of kerne ls on the platform  is  
methodical and not random. Th is combined system fo r copra 
manufacture i s  unique fo r S r i Lanka.

INDIA AND MALAYSIA a lso  use these d ryers w ith sh e lls  and is  
u su a lly  predried in  the sun i f  the weather perm its.

PHILIPPINES, THAILAND AND PAPUA NEW GUINEA have sta rted  to 

use these d ryers w ith  sh e lls  in  some areas from the 
i960 s . A new d ryer has been developed re ce n tly  a t , 
U n ive rs ity  o f the P h ilip p in e s , Los Banos, Laguna 

(P h ilip p in e s ). Th is d ryer has not ye t been put in to  

co m ero ia l operations and the technology i s  not ye t 
published . Th is d ryer i s Ja lso  o f the d ire c t  heat smoke­
le s s  type but uses coconut husk charcoal as fu e l.



WESTERN SAMOA AND SOLOMON ISLANDS have just introduced 

these d irect heat smokeless dryers from 1979»

Equipment : -

U.1 Description o f equipment and operation : -

li.1 .1 S ri Lanka standard copra k iln .

Similar kilns are used In Malaysia and India, probably 

introduced by the B ritish  planters during the early part 

o f th is century.

The kiln  shown in  figure I  comprises o f a battery o f 

three simple units, each unit 12 f t  x 10 f t  being divided 

into two f ir e  chambers. This type o f k iln  is  used in  estates 

and by central processors. The k iln  can be doubled In length 

fo r  doubling the capacity.

The k iln  is  a simple structure, consisting essentia lly  

o f a f i r e  p it , a copra g r i l l  or platform, a corrugated iron 

roo f f it t e d  with a jack roof and a covered varandsh. There 

can be minor variations in  design and size to suit d iffe ren t 

conditions and individual requirements. I t  is  also possible 

to e ffe c t  economies by using lo c a lly  available materials such 

as unfired mud bricks, round timber, coconut trunks, wooden 

s la ts , cadjan roof (p la ited  coconut leaves) etc.

A cemented drying flo o r  (o r  barbecue) 30 f t  wide is  

constructed adjascent to the k iln  in fron t. The length o f 

the barbecue is  the length o f the k iln  which in  th is case 

is  30 f t .  This is  very useful in  keeping the kernels clean 

during preparation o f the nuts and the day9 s sun drying.
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The k iln  i s  fire d  using dry coconut sh e lls  from the 
previous batch of copra. The sh e lls  are arranged in  rows 

("nested'*) and ig n ited  a t one end. The f ir e  moves slow ly 

(about 2 fe e t per hour) from one sh e ll to another lik e  a 

fuse thus g iving  out co ntro lled  h eat.

Ihe operation o f the k iln  i s  as fo llo w s .
. s t  ,1 day

E a rly  morning

7.00 am to U.3 0  pm

5.00 pm to 1 0 .3 0  pus

10,30 pm 

2nd day
2.00 am to 7,00 am 

U.00 pm

5*00 pea to 10.00 pa

10.00 pa

-.rdJ day
2 .00 am to 7.00 am 

U.00 pm

S p lit  2500 nuts

Sun-drying i f  possib le

Load chambers A and B and
1s t  f ir in g , 2 double rows o f sh e lls

per chamber
Allow  to cool.

ncl2 °° f ir in g , 1 double row of sh e lls
per chamber

Tu rn  the copra 
rd.Jy f ir in g , 1 double row o f sh e lls  

per chamber 
A llow  to co o l.
(On the second day chambers G and D 

are loaded w ith  new kerne ls and f ir e d ) .

IIth  f ir in g , 1 double row of sh e lls

per chamber
Remove sh e lls  acid rearrange a l l  the 

kerne ls in  chamber A o n ly .

Chamber B is  now empty. The 
rearrangement g ives a second ro ta tio n  
fo r the k e rn e ls .
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$.00 pm to 10.00 pm 
10.00 pm

i th .u day

2.00 am to 7*00 am 

it.00 pm

$.00 pm to 10.00 pm

10.00 pm

2.00 am to 7*00 am

5.00 pm

5th f ir in g , 1 doable row o f shells 
Allow to cool

(On the third day, chambers E & F 

are loaded with new kernels and f ir e d ) .

6**1 f ir in g , 1 double row o f sh e lls .

Turn the copra i f  necessary.
th7 fir in g , 1 double row o f  shells. 

Allow to cool.

(On the fourth day, chamber B is  

loaded with kernels from C and D 

a fte r  deshelling. Hence chambers 

C and D are loaded with new kernels).

8th f ir in g ,  a short double row 

according to requirements.

Remove the copra and return any 

undried fo r farther drying

The usage o f shells is  50$ with one day*a pre-drying in  

the sun. IM s can be reduced to 30£ with longer predrying in  

the sun. With no predrying, the shell usage is  about 67%,

In the Sri Lanka k iln , the drying temperature is  maintained 

at about 55°C (131°F) producing good quality  copra. Higher 

usages o f shell (say 100^) would re fle c t  forcing the pace o f 

drying by using too many rows o f shells and higher drying tem­

peratures resulting in mild d iscoloration o f the copra due to 

oxidation o f the o i l .

For fu l l  d eta ils  o f construction and operation o f the 

copra k iln  and the barbecue see technology sheet "COPRA MANUFACTURE

BY DIRECT HEAT SMOKELESS DRYERS USING COCONUT SHELLS AS FUEL 

COMBINED WITH PRE-DRYING IN THE SIM (Method C 1 )« .
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The area o f the platform is  36O square fe e t  (32*7 m ) 

and the height above f ir e -p it  is  7 f t  (2.1 m). Total capacity 

is  10,000 nuts (2030 kg copra) per batch o f k days. When 

loading the kiln  with new kernels, the kernels are arranged 

with the bottom layer facing up. The height o f loading is  

never allowed to exceed 1 f t .  The kiln  i s  operated on the 

basis o f a da ily  intake o f 2500 nuts. The barbecue has a 

capacity to  prepare and sun dry up to 3000 nuts per day.

The present cost o f the k iln  is  Rs 25,000 (US$ 1600).

Hie estimated cost o f the barbecue is  Rs 5000/® (03$ 320).

Hie to ta l cost is  Rs 30,000/- or US$ 1920.

On the basis o f 10,000 nuts per week and 50 working weeks 

per year, the capacity per annum w il l  be 5^0,000 nuts or 

100 tonne* This k iln  can cater to  100 ha (220 acres) on the 

basis o f an average o f y ie ld  o f 5000 nuts per ha (2275 per acre ). 

The investment per 100 tonne copra capacity per year is  US$ 1920.

Some refinements to the design and the use o f standard 

construction materials was introduced by the Coconut Research 

Board, S ri Lanka in  1972. There is  however, no basic change 

to the design and operation o f the standard k iln . This 

improved kiln  is  presented in  section U.1.2.

U.1.2 Improved Sri Lanka copra k iln .

This improved version o f the standard Sri Lanka k iln  

was introduced by the Coconut Research Board in  1972. Hie 

design and operation is  basica lly  the same. The dimensions 

are nearly the same and the capacity is  id en tica l. Improve­

ments have been e ffec ted  in  a deeper f i r e  p i t ,  lower copra

2
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platform (eliminating the need fo r steps) and superior 
d r a f t control through & p a rtly  covered front wall fo r the 
f i :e  chamber as s-?sil as the var&ndA‘having a .T.Trcur.'ilng ,.a 1*
Th#s number- of ventilating window a t the rear wall hax'-a been 

reduced to half the number. The rear w a ll is constructed 
upto 1*8 as above the copra pia&foi-a. 1

The kiln illustrataci in  figure II i s  & triple unit 
haring six f i r e  chambers. This facilitates a daily intake 
o f 2500 nuts although the to ta l holding cap acity  la 10,001 tuts*

An identical k iln  has been installed in  Western Sano*
ir ; 19?? and i s  now in operation ,

The b i l l  o f quantities fo r construction and th-s 1972 
prices applicable to Sri Lanka are given hereunder: -

Improved S ri  Lanka. Copra k iln

(? ) -do-in  15 | !' x ’O f*1 p il la r s  i t  

superstrvtet'.irt?,

B i l l  of Qoentiti-js fo r trip le  unit (6 f ir e chambers)

Item D escrip tion Unit Quan­
t i t y

Rate
Rs.

Amo wit 
Rs, c.

CD Allow  fo r c lea rin g  s ite , removing trees
e tc .

i
Item « 75.00

(2) Sartnwork-excavations in  p it Cubas U1.2 10.00 112.00

(3 ) Earthw ork-excavations in  foundation n k.9 10.00 U9.Ô0

CD 6rt th ick  R *G .C .(1 :2 :U )(1”) in foundation 

reinforced with 1 la y e r B«R«C* do,8® * 2,0 Soo.oo 1,000.,00

(5) Brickw ork in  C t. Mtr. 1*U ini 16® 

foundation n u k 275.00 3?--i 00

v->) -do-in i jv :'i5evdatio:i*-i, t %,k 273,00 3b ■ »00

1,5 âvv.QO U35.00
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(a ) -do-in 9" x  9" p illa rs  in superstructure 9 0 .3 290.00 87.00

(9 ) -do-in 13|" w ills  in superstructure 9 U .2 275.00 1 ,1 5 5 .0 0

Cio) -do-in 9” walla in  superstructure n 1 .6 275.00 UUO.GO

< n ) -do-in " walls in superstructure sqq, 3 .2 100.00 320.00

(12)
(1 3 )

-do-in walls in fire -p it  partitions 

Earth-filling under floors in 3"

a . U.2 100.00 U20.00

(1U)

layers well-rammed

D.P.C. in Ct. Mtr. 1*3 blended with
Cubes 1j»0 12.00 12.00

(1 5 )

tar and sand
0 * 1 .  Sheet roof fixed complete as

Sqq. 1.2 ho.oo U8.00

(16)
per detail
3* brick-paved cement rendered flo o r

m 12.8 225.00 2,880.00

(1T)

finished rough
Exte rn a l p la ste rin g  in C t, lim e mortar

m 2.0 100.00 200.00

( 18 )
1:2:7 finished
Mature ■" arecanut reepers fixed

m 10.0 Uo.oo Uoo.oo

(19)

to form copra deck 

9" x 12n R.C.C. 1 i2 :U (l") in lintol 
reinforced with U Nos.^B M .S, rods and 

§■" stirrups at 9" centres including

9 3.9 10.00 3 9 0 .0 0

(20)
G.I. pipe ra il to carry sliding shutters l . f t .
Weld rassh shutters ©n rear wall

3U .6 8.00 2 7 6 .8 0

(21)

fixed complete
Wbld Mesh fixed on it* x 2" frames

S .ft. U o .o 3.00 120.00

(22 )

complete

Doors 3” x U” Jak frames and 1" Jak

S .ft. 57.0 2 .5 0 392.50

sashes inclusive of door furniture S .ft. 30.0 10.00 3 0 0 .0 0

(23)
(aw

Cowls fixed as per detail 
Sliding shutters out of G » I, Sheets 

on 1" x 3" Jak frames fixed complete

6.0 5 .0 0 3 0 .0 0

(25)

w ith  fittings as per detail
6" x 2" Near R.C.G. beams to Support

S .ft. 72.0 6 .0 0 U3 2 .0 0

(26)
Copra deck.
White washing and p a in ting

L .ft . 3 3 .0

Item
2.50 82.50

1U 3.20

T o t a l 1 0 , 6 0 0 .0 0
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The total cost (1972 prices) 
Estimated prices (1980)

Cost of barbecue (1980)

Total cost Rs 1*0,000/» (03$ 2600).

Rs 10»600/« 
Rs 35,000/»

(D3| 2250/-)

Rs 5,000/- 
(03$ 320/ -)

As in the case of the standard kiln, a barbecue 

30 f t  (9*1 m) wide is  constructed along the length of the 

kiln which in this case is  10.2 m. The nuts are prepared 

here and sun dried (with the kernel intact) for one whole 

day i f  the weather permits.

The firing using coconut shells is  the same as for 

the standard kiln.

2The area of the platform is 38.8 m and the height 
r’ -pit is  2.1 m. Total capacity is  10,000 nuts
(2030 kg copra) per batch of k days. When loading the kiln  

for the firs t  time, the bottom layer is arranged face upwards 
and the rest at random. The height of loading is  not more 

than 1 foot. The kiln is operated on the basis of a daily 

intake of 2500 nuts. The barbecue has a capacity to prepare 

and sun dry upto 3000 nuts per day.

The cost of the kiln (1980 prices) with tbs barbecue 

is  Rs U0,000/- (US$ 2600).
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4 .1 .3  S r i Lanka sm all-holders k iln  (C ooke t y n e y  -

Th is is  su itab le  fo r sm all ho lu i igs unto 66 acres 

(30 hectare) or fo r decentra lised  proo ic tio n  on large e sta te s , 
thus e lim inating  the need fo r transfertin ..-; to a cen tra l yarn ,

Tn is K .iln  illu s tra te d  in  fig u re  .ia . is  an improvised 
version  of the S r i Lanka standard copr t K lin , but of reduced 

cap ac ity . I t  produces bette r q u a lity  ;or.ra in  n a if tne time 

(2 j days) without unduly fo rcing  the drying process, wnich 
could cause case-hardened or scorched copra. Tn is re fined  
design is  almost id e n tic a l to the M alaysian 30 acre k iln  

(see sectio n  4 .1 .5 ) .

The design is  based on the t ra v e .lin g  cone of heat 

given by a 12 f t  long double row o f n ested  coconut s h e lls .
The ra te  of movement o f the f ir e  is  about 2 f t  per hour.

when the copra g r i l l  is  7 fee t aoove the f ir e - p it  

the cone o f hot gases is  5 f t  in  diam eter, thus determ ining 
the width o f the copra g r i l l  and the k iln  i t s e l f .  Tne length 

of the g r i l l  is  therefo re  10 f t ,  f ire -p it , 12 f t  and o ve ra ll 

length of the k iln  16 f t .

A heat spreader consisting  of a piece of f la t  galvanized 
iro n  1 f t  8 inches x  10 f t  is  nailed  to  tne underside of the 

g r i l l  d ire c t ly  above the area of the iL .re -p it to  prevent 

overheating the copra. The roof of tro; two wings is  protected 

from sparks by two f la t  sheet3 of galv-ynized iro n  on the 
underside. Although the k iln  uses muc;■, tra d it io n a l 

construction m ate ria ls which are i n f i a . l i a b l e ,  there is  no r is k  
o f f ir e  due to th e  design. Furthermore, th e  conditions 
in sid e  the k iln  are  not a f f e c t e d  by gu s ts  of w in d .
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The use o f cad.lan (p la ited  coconut leaves) fo r the 

walls is  preferred to  galvanized iron sheet or brickwork 

because i t  allows admission o f a ir  evenly into the f ir e -  

p it without any disturbance associated with ven tila tion  

holes. This material also keeps the a ir  inside warm so 

that no moisture condensation or ch illin g  occur on cold 

nights as is  the case with galvanized iron. When hot humid 

a ir  is  ch illed , undesirable convection currents throw the 

cold moisture - laden a ir back onto tne copra, which becomes 

ch illed  by the deposit o f cold condensed water.

The kiln is  cheap to build because most o f the 

construction materials ::uch as hardwood poles, coconut ra fters , 

sp lit  areca palm, plaited coconut leaves, co ir string, and 

old bricks -  are available in rural areas.

The shells usea as fuel should be those o f mature nuts, 

dry and free o f husk. The fu el should be sorted into large 

and small shells in order to avoid interlocking which occurs 

when a small shell enters the cavity o f a larger one, resulting 

in a period o f undesirable smoking and smouldering. The lin e  
o f shells should be loose, to  allow free ventilation  and 

prompt ign ition  o f a preheated shell. The large shells should 

provide the f ir s t  f ir e .  The shells are la id  in the serrated 

brick hearth in a para lle l double row. When the chain is  

f ir s t  l i t ,  to avoid any excessive production o f smoke, i t  is  

desirable to ign ite  some shells outside the kiln  and bring 

them in as soon as they are burning fie r c e ly . The f ir e -p it  

doors should thereafter be kept closed to prevent any 

disturbance o f the f ir e s .

I t  has also been found that 1500 nuts which have 

been previously sun dried fo r  about eight hours can be dried



«33

with eight double fires , allowing two hours' rest 

between fires.

In rainy weather the coconut halves have to be put 
straight on the kiln, and the drying should be started 

with two fires, one at each end, separated by a temporary 

wall in the middle. An extra day's drying is also necessary 

-  that is , twelve fires in a ll; however, in itia l sun drying 

reduces fuel consumption by 30 percent.

Even whiter copra can be obtained by burning a one 

inch layer of coconut charcoal in the hearth. In such a 

case, the length of charcoal layer w ill be 12 ft and when 

ignited at one end, takes fifteen hours to burn away and 

gives radiant heat without smoke. About 113 kg of charcoal 
is required to dry 1500 nuts. With careful burning this 

amount of charcoal can be obtained from the shells of 2500 

nuts, but the purchase of additional charcoal is justified  

only i f  a premium is obtained for the white copra produced.

The usage of shells is 5Q;i with a day's pre-drying 

in the sun. The kernels with the shells intact are loaded 

on to the platfgra in itia lly  in a methodical manner. The 

lowest layer is placed face upwaras and the rest downwards 
upto a maximum height of 0.3 m. After two firings, the kernels 

are ejected from the shells, and rearranged at random 

ensuring turning of the copra from the top layers to the 

bottom. In order to facilitate these operations, a separate 

working platform and ladder are provided as shown in the 

illustration.

2The area of the copra g r i l l  is 50 sq ft  (4.5 m ).
The capacity is 1500 nuts per batch lasting 2.5 days.

- 15 -
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On the basis of 2 batches of 5>OJ nuts per w<ek 

and 50 vorKing weeks per ye-";, the annual capacity is 
1 >1,000 nuts (3 0  tonne of e? ra). >’or an average nut 

production of 4980 per ha per ye a r, th is  K iln  can se rv ice  
30 ha (6b a c re ).

4 .1 .4  M iniature M alaysian k iln  - J-- oke type fo r 4 ha (10 acre]

Th is m iniature * iln , u-signed in  M alaysia fo r 

sm all holdings upto 4 ha, to dry t j J coconuts and ; ie ld  
c r is c , white undistorted arc uniform ly dry copra ir . f ifte e n  
hours.

The k iln  illu s tra te d  i r* f iru re  IV has o vera ll 
dimensions 2.1 m x J .9  ra arv- '--'••entered w ith an att* p roof 
(thatched w ith palm leave?,), T;.e copra platform  it s e lf  
occupies c a lf  th is  rectangular space and is  constricted  

out of evenly spaced Mnicong'' (n ip a ) palm s la ts  at a height 
of 1.5 n above grouna le v e l. The platform  is  located in sid e  

a wooden chamber whose heiprr reaches 0 .3  ra above the le v e l 
o f the p latform . The topi of the chamber is  open aid 0 .3  m 
below the eaves to  re m it  e x it  of moisture laden a ir . About 
75 nm below the platform  is  a heat spreader made of sheet iron  

w ith  perfo rations and held h o rizo n ta lly  by w ire . The fro n t 

o f the chamber has a drop shutter fo r loading the K iln  as 

well as fo r inspection and cleaning the heat spreader.

A tunnel leading in to  the base o f the chamber forms 
the hearth , in  which a sing le  chain o f coconut sh e lls  is  burnt 
continuously. The f ir e  tunnel co n sists o f two w a lls  of loose 
b ric k  la id  along the ground leading in to  the base of the 
chamber. These w a lls , each s ix  b ricks high, are la id  :).3  m 

apart and a sheet iro n  cover 1.8 m x  0 .5  ra is  place on top 
of the bricKS. The sheet iron in covered with rammed c la y
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door
drop shutter

chamber covered 
with planks

clay

coconut 
on iror

copra

heat spreader 
75 mm below 
platform

fir e  tunnel 
not less than 
0.3 m x 0.4 m

Half sectional front elevation End elevation

4.1.4 MINIATURE MALAYSIAN KILN 

UOOKE T’iPE

FiiìJrC'. 17
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to avoid loss of heat. The portion of the brick walls 

outside the chamber is arranged with serration to admit 
air for combustion. The base of the chamber is  filled  

to a height of 3.5 m with rammed clay leaving a hole in 

the centre which is lined with loose bricks. The hot gases 

emerge from this hole and move upwards whilst fresh air  

is drawn into the tunnel from outside. There is a flap 

door at the rear of the chamber above the clay fillin g  to 

facilitate inspection and cleaning the clay base.

A kiln w ill last for over two years i f  proper main­
tenance is carried out such as by applying preservative to 

the timber. The attap roof however needs replacement after 

1 year.

To operate the Kiln, clean, dry coconut shells of 
uniform size are interlocked or "nested” loosely and laid in 

a single line on a sheet iron tray. This tray, 1.5 m x 0,2 m 

is drawn out of the tunnel for placing the shells and inniting. 
The shells are placed with the hollow (concave) surface facing 

the chamber and it  is this same end that is ignited. Use of 
a lit t le  kerosene or scrap rubber aids prompt ignition. Once 
l i t  properly, the tray is moved into the fire  tunnel. Since 

the burning end of the line of shells is innermost and against 
the draft of fresh air, the flames are directed away from the 

shell next in line for ignition. Thus, the rate of combustion 

and heat given out is regular and slow. I f  the other end of 
the line of shells was ignited, the flames would have rapidly 

ignited the shells next in line, causing heavy output of heat, 
thus spoiling the copra and possibly destroying the kiln.
The sectional area of the tunnel is of importance for smooth 

operation. I f  the cross section is much smaller than 0.3 m x 

0.4 m, the speed of the draft is  too excessive for the fire ,
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resulting in difficulty in maintaining the flames and 

thus creating smoke.

When the first line of shells is comuletely burnt, 
the tray is withdrawn for reloading with the second line 

of shells. At the enu of the second firing, the copra 

is  turned over. A further 3 firings ( 5 in a ll ) are 

l i t  in succession to dry the copra adequately. The copra 

is dried throughout with the shells intact, and ejected 

only at the end of the fifth  firing.

A line of shells 1.5 m long is made up of 40 halves 

and burns for 3 hours. For the five firings, 200 halves 

( shells of 100 whole coconuts ) are consumed in a total 
time of about 15 hours. The fuel usage is therefore 1004 

of the shell supply. A batch can be conveniently processed 

each day.

2
The platform area is 1 m , height of loading is 0.2 m 

and the arrangement of kernels is at random throughout the 

process. On the basis of 100 nuts per batch and only 100 

working days per annum, 10,000 nuts (1950 kg copra) could 

be processed per annum. I f  the average nut production is 

2650 nuts per ha, this represents the output from 4 ha per 
year. For small holdings it  is economical for two holders 

to own and share one kiln. In such instance, the capacity 

can be doubled by working for 200 days a year.

4.1.5 Malaysian copra kiln (Cooke type) for 14 ha (30 acre)

This kiln illustrated in figure V is  suitable for 

coconut lands upto 30 acre in extent. I t ’ s superior design 

and operation produces good quality copra in reduced time.

The drying platform 1.8  ra x 1,2 m made of evenly spaced 

"nibong" (nipa) palm slats and cheap wirenatting is located
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double door for sloping roof with G I sheet
loading copra under the thatching
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4.1.5 MALAYSIAN COPRA KILN 

COOKE TYPE

FIGURE V
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1.8 m above grounu le v e l. The simple attap roof (th a t­

ched w ith palm le a v e s ) extends upto a height of 3.2 m.

The portion o f the k iln  below the platform  is  longer; being

4 .2  m so as to accomodate a f ir e - p it  of 3 m length . In  
th is  manner, the f ir e - p it  extends by 0 .6  m from each end 

beyond the length o f the copra p latform . There are two 
doors on e ith e r side fa c ilit a t in g  easy replacement of sh e ll 
at one end when sh e lls  are burning at the other end. The 

upper compartment has a sm all double door arrangement fo r 
loading and unloading tne copra. The e n tire  K iln  and the 
doors are covered on the sides w ith wooden planks (w e ll 
dried before in s ta lla t io n ) . The wooden planks are fastened 
upto a height of 0 .2  m, below the eaves of tne roof perm itting 
e x it  of moisture laden a ir . The admission of fresh  a ir  fo r 

combustion is  through f ilt r a t io n  between tne plamcs at the 
lower region of the k iln . Large gaps are avoided between 

the Dlanks as strong gusts of wind would d istu rb  the slow 

f i r e , tending to over-heat the copra.

The two sloping roofs of the extended f ir e  p it nave 

galvanized iro n  sheets as fire protection. These sheets 
are covered on top w ith thatching to  prevent heat lo sse s .
The thatching should not be placed in  contact w ith the 
galvanized iro n  sheets as i t  w i l l  crumble due to the heat.

Despite the combustible nature o f the construction 

m a te ria ls , the f ir e  r is k  is  low. I f  the tim ber is  su ita b ly  

treated  w ith  p re se rva tive s , a k iln  l i f e  o f over 2 years can 
be an tic ip ated . Most K iln s  have been found to  la s t  seve ra l 

ye a rs .

The f ir e - p it  is  made of two rows of loose bricKS 
placed w ith  se rra tio n s , k s in g le  row of c lean , dry coconut
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shells loosely nested, la id  over a length of 2.4 ra is  fired  

each time. I f  the kernels have not had a day's pre-drying 

in  the sun, the f i r s t  f ir in g  is  with a double row and 

thereafter single rows are used. To prevent undue smouldering 

and smoKing, ign ition  of a few shells outside the Kiln in it ia l ly  

is  recomnendeu. Once a lin e  o f shells has been ign ited, i t  

requires no further attention. A single row o f shells 2.4 m 

long usually comprises o f 70 halves, requiring 4 hours fo r  

burning. A double row would comprise of 1 5) halves requiring 

only 3i hours fo r  burning due to the higher intensity o f 

heat rapidly ign iting the shells next in lin e .

Kor Kernels that have been predried in the sun for 

a day, the shell consumption is  560 halves (280 whole shells ) 

per 400 nuts being processed. That is  70,0. Without any sun 

drying, 80 ̂  of the shell supply is  consumed. I f  the Kiln is  

used with reduced capacity -  say 250 nuts per batch the shell 

usage goes upto 100 .̂ In this instance the copra quality 

is  improved uue to lower height of copra load on the platform 

(say only 0.1 m). When the load of copra is  decreased, the 

hot gases escape faster through the copra reducing discoloration.

2
The kiln  platform area is  2.1 m , height o f copra 

load 0.2 ra. The kernels are dried throughout with the shells 

in tact. The copra arrangement is  random except fo r  the top 

layer which is  arranged face down, a fter two fir in g s , the 

copra is  turned fo r top layers to  come down but the 

rearrangement is  at random. A to ta l o f 6 fir in gs  is  carried 

out to dry the copra adequately. Allowing fo r intervals 

between f ire s  and fo r a fu l l  n ight's rest fo r the operator, 

dry copn without previous sun drying can be obtained in 

a to ta l o f  30 hours.
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On the basis o f t*00 nuts per batch, 2 batches 

per week and 50 working weeks per annum, the annual 

capacity is  40,000 nuts (7.6 tonne o f uoora). Far a 

productivity o f  2650 nuts per ha per year, the k iln  can 

service 30 acres (14 ha).

4.1.6 Malaysian version o f Sri Lanka copra Kiln

For centralised copra processing and estates in 

Malaysia, a version o f the Sri Lanka copra kiln  is  

u tilized . These are also multiple type, the number o f 

units depending upon the to ta l capacity required.

The type o f kiln shown in figure VI is  installed  

at the copra processing centre o f the Federal Agricultural 

Marketing Authority. (F.A.H .A.) in babak Bemnm D istric t, 

Selangor. A single unit of 4000 nut capacity is  4.8 x 4.3 m 

in plan with the copra platform 2.4 m above ground le v e l.

The kiln  is  constructed with bricks and cement raotar, the 

walls rising 0.3 m above the platform fo r holding the copra. 

The f ir e -p it  is  at ground le v e l.

A cemented drying flo o r  is  constructed adjascent to 

the kiln  fo r  preparation o f the nuts and sundrying i f

weather permits.

Dry coconut shells from the previous batch are 

arranged in 3 separate lin es , each lin e  consisting o f a 

t r ip le  row o f nested shells. There are 6 such fir in gs  fo r 

completing the process. This means 6 fir in gs  o f 9 rows o f 

shells in 3 days fo r  each unit k iln  holding 40GO nuts.

The practice in Sri Lanka is ;  f i r s t  f ir in g  4 rows and seven 
more fir in gs  o f 2 rows per unit Kiln (2 f i r e  chambers) over 

4 days fo r  2500 nuts; re flectin g  a less intensive heat 

application spread over a longer period.
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The operating procedure is  as follows : -

1 day early morning 

daytime 

2 pn to 7 pm

rui2 day previous miunight 

to 5 am

midday

2 pm to 7 pm

3 day previous midnignt 

to 5 am 

2 pra to  7 pm

4*"*1 day previous midnight 

to 5 am 

midday

s p lit  the nuts

sun dry 
sti f ir in g  3 t r ip le  rows o f shells 

2nd fir in g  3 t r ip le  rows

Turn the copra - top layer to 

bottom and vice versa.

3 fir in g  - 3 tr ip le  rows

4th fir in g  -  3 t r ip le  rows

5th f ir in g  -  3 t r ip le  rows 

6tn f ir in g  -  3 tr ip le  rows

Unload Kiln, deshell, cool fo r

one day and then pack.

The shell consumption varies frcm 80 to 100io o f the 

coconuts being processed.

Each single unit o f the Kiln has a platform area of2
20.6 m , height above the f ir e -p it  being 2.4 m. The kernels 

are dried throughout with the snells in tact. The arrangement 

o f copra on the platform is  random and the height o f load is  

about 0.2 m and never allowed to exceed 0,3 n. A to ta l of 6 

fir in gs  is  carried out nnu a batch takes 3 days.

The present cost o f each unit o f the k iln  is  estimated

at M* 2500 (US* 1 U O ).

On the basis of 4000 nuts per batch per unit Kiln, 

one batch per week and 50 working weeks per year, the annual 

capacity is 200,000 nuts (38 tonne copraj. This unit can 

cater to 75 ha based on a yield of 2650 coconuts per ha per 

annum. The investment cost per 100 tonne annual copra capacity 

is  USd 3000.
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4.1.7 Indian version of miniature Malaysian kiln 

(Verghese & Thornes 1952)

This kiln is constructed on the principle of the 

miniature kiln of Malaysia where the technique of 
operation is that of the 3ri Lanka kiln.

The kiln illustrated in figure VII has a drying 

chamber made of suitable earth with internal dimensions 

of 1.0 m x 1,0 m and 1.75 m height. The walls are 0.23 m
(9 inch) wide and the front wall is short by 0.3 m for (
provision of a wooden plank. The wooden plank is removed
for loading and unloading the kiln. An inspection door is
provided on the rear wall. The earth used for the chamber
is well worked red soil which is  the material used commonly
for village buildings. This so il is  however mixed with
adequate amounts of sand so as to prevent cracking due to heat.

The entire chamber is  suitably protected from rain 

by means of a roof thatched with plaited coconut leaves.
The roof is supported by a simple bamboo structure and 8 Nos 
posts.

- 26 -

Four wooden blocks are fixed at the four corners 

internally in level with the front wall for holding a wooden 

frame. This is the support for the 4 g r ills  made of woven 

bamboo slats. Each g r i l l  is loaded with 100 coconut halves 

and placed one over the other, the lower-most resting on the 

wooden frame. A perforated sheet iron; suspended by iron 

wire from the wooden blocks and held horizontally 0.5 a  below 

the g r i l l  serves as a heat spreader.

The base of the drying chamber is f il le d  upto 0.45 m 

with the earth mixture, leaving provision for a fire  tunnel 
as shown in the diagram. The tunnel 0.3 n width x t,9 m length
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begins 0.38 m from the rear wall and continues 0.9 m 

beyond the front wall. A sheet iron tray 1.8 m x 0.25 m 

and 0.1 m deep is  loaded with a douole row o f nested coconut 

shell halves vdth the hollow (concave) surface towards the 

chanter. The end nearest the chamber is  ignited and the 

tray noved into tne tunnel. The portion o f the f i r e  tunnel 

which is  outside the chamber is  covered with a thick sheet 

iron when the k iln  is  working. I t  is  to be noted that in 

India the shells are rather small compared with shells in 

the nearby countries. Hence the use o f a double row o f 

shells w i l l  not be excessive. The estimated shell consumption 

is  tQCha. However due to  regular sun drying the shell 

consumption is  very much less.

2The platform of the kiln has an area o f 1 m and the 

capacity is  200 coconuts (30 kg copra) evenly spread on the 

four g r i l ls .  The actual batch tine is  34 hours which is  

2 days fo r practical purposes. On tne basis of 200 nuts batch, 

2 batches per week and 50 worning weeks per year, the annual 

capacity w il l  be 20,000 nuts (3 tonne copra). On the basis 

of an average nut production o f 5530 per ha, the Kiln can 

service u ha (10 acres) o f coconut land.

4.1.8 Indian version o f Sri Lanka copra kiln : -

For central copra processing and large holdings, 

a version o f the Sri Lanka copra kiln  is  u tilized . These are 

also multiple type, the number of units depending upon the 

.to ta l capacity required.

The type o f k iln  shown in figure V III is  a tr ip le  unit 

installed  at Parurthaluk o f f  Cochin in  herala State. The 

capacity is  10,000 nuts per batch. The copra platform made
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o f arecanut palm slats is  28 f t  x 9 f t .  The height o f 

the platform is  5 f t  above ground le v e l. The f ir e -p it  

is  at ground le v e l. The kiln  is constructed out o f Kabuk 

blocks which are blocks cut out o f a special variety o f 

hard s o il commonly found in India (and Sri Lanka). There 

are small ventilation  holes on the rear wall. Tne rear 

and two side walls -are constructed 2 f t  above the le ve l 

o f the copra platform. There is  no front wall. The kiln  

has an open varandah. The roof is  o f cadjan (p la ited  

coconut leaves) and the roof structure out o f timber.

The cadjan roof needs replacement every year and the 

arecanut palm slat platform every two years.

A cemented drying flo o r  is  constructed in fron t o f 

the k iln  fo r  purposes o f preparing the nuts and sun-drying. 

A large nylon net supported by bamboo 3 t ilts  at a height of 

about 7 fee t o ffers  protection from birds, particu larly 

crows who attack the kernels. Sun drying is  carried out 

every morning with kiln  drying in the night.

The following materials and prices are estimated 

fo r  the construction o f the Kiln: -

&SSI

Kabuk -  14)00 blocks 

Timber fo r roof structure 

Lime and sand 

Cad.jans fo r  roof

Arecanut palm stems fo r  platform

Labour

Total •

Estimated dost 

(Indian Hs)

2000/-
2000/-
400/-

100/-
500/-

1000/-

Es 6000/-

(US$ 750/-)
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It is interesting to note that transport of coconut 
for the processing centre is by country boat using narrow 
water-ways. In this particular location, the water-ways 
run dry during low tide. So, transport is during high tide. 
The boats commonly used are 40 ft (12 ra) long and maximum 
width 5 ft (1.5 raj and these cost about ¡is 5000/* (USip 625). 
Two men riding the boat, move it  by pusning with bamboo poles.

Dry coconut shells from the previous batch are 
arranged in triple rows for the first night. This triple 

row arrangement is special in that two rows are first nested 
and placed ad.lascent to each other and tne third - row 
comprising of the smallest shells; is nested and placed on 
top of these two rows. There are two triple rows for each 

kiln unit for the first firing and thereafter two double rows.

The operating procedure is as follows.

,3t ,1 day early morning split the nuts
daytime sun dry
4 pm to 10 pm 1Ŝ  firing with two triple rows

„nd ,2 day morning remove shells

daytime
r

' sun dry
4 pm to 10 pm 2nc* firing with two double rows

3 day daytime sun dry
4 pm to 10 pm 3rd firing with two double rows

. th ,4 day daytime sun dry

evening packing

The technique of alternatively sun drying during the 

day and kiln drying by night in this manner is unique. This 

however is labour intensive and will be suitable only where 
labour is very cheap. Such a system of alternatively sun
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drying w ill also require special types of climate where 

there is plenty of sun combined with dry air. There is 

a large saving of fuel. Coconut shell consumption is 

only 15% during the summer where plenty of sundrying is 

possible. During the rainy season, the consumption is 50%,

The area of the platform is 252 sq ft (23.4 m^).
The height above fire -p it is 5 ft  ( 1.5m). The height of 
copra load is about 1 ft  (0.3 m). Removal of shell is done 

only after one fu ll day's sun drying and the firs t  firing.
The arrangement of kernels is face upwards for the first  

firing only.

The capacity per batch for the triple unit is 10,000 

nuts (1500 kg of copra) lasting ц. days. The cost of tne kiln 

is Indian Rs 6000/» (US$ 750).

On the basis of 10,000 nuts per batch each week,
50 working weeks per year, the annual capacity is 500,OOO nuts 
(75 tonne of copra). For an average yield of 5530 nuts per 
ha per year, this kiln can service the nut production from 

90 ha. The investment cost per 100 tonne annual copra capacity 

is USS 1000.

4 .1.9 Improved Tayabas Dryer (Tapat) of the Philippines

This is  an improved version of the traditional copra 

dryer found in Tayabas area of Luzon Province of Northern 

Philippines. The traditional dryer is presented in section
4.1.5 of the technology sheet "COPRA MANUFACTURE BY DIRECT 

HEAT SMORE DRYERS USING TRADITIONAL FUEL OTHER THAN COCONUT 

SHELLS (Method B )«.

The use of husk as fuel for drying copra has been 

practiced from the early days in the Philippines. In 1956,
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the Philippine Coconut Administration (now known as 
Philippine Coconut Authority) developed copra dryers by 
modification of the traditional ones and adapting them 
to use coconut shells in nested rows. The improved Tayabas 
dryer shown in figure IX is one such development. It is 
the "Tapat" type meaning that the heated g r ill is directly 
above the fire, in the local language. The improvements 
compared to the traditional one are mainly: -

( i )  use of shell instead of husk,
( i i )  fire-pit at ground level instead of underground.
( i i i )  copra g rill and worKing floors elevated instead 

of at ground level.
(iv ) refinements to construction materials used.

As in the case of the traditional dryer, the improved 
dryer is suitable for low lying, sandy areas since the high 

water table w ill not create problems.

The b i l l  of materials for the kiln of 2000 nuts
capacity is given hereunder: -

Item Soecification fiBflBüjg
(pcs)

Wooden posts 3" x 3" X 19 ft 6
Wooden beams 2n x X 16 ft 4
Wooden Joists 2" x 3" X 14 ft 18
Wooden Joists 2 " x 3" X IS ft 18
Studs 2 " x 2 " X 16 ft 8

Studs 2 " x 2" X 14 ft 4
Studs 2" x 2 " X 8 ft 4
Door clamp head 2 * x 4" X 6 ft 3
Flooring planks 1 " x 6" X 6 ft 14

Bricks 2“ x 4" X S'* 630

Mipa shingles 1300
Bamboos 4" é 110
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Rattan for tying 
shingles £ x 12 ft long 700

Rattan for tying 
trusses 7  4 x 12  ft  long4 300

Adobe stones 320

Cement bags 4
band cubic yards 2

Machine bolts f "*  * 6" 12

Cut washers 5" -
for £ 0 bolts 12

Nails 3«, 5 kg
Nails 1*" 10 kfe

The operating procedure is as follows: -

Load the dehusked nuts on to the charging platform 
and split to drain the water out. Arrange the kernels with 
shell intact on the platform. The lowest layer must have 

face upwards, thereafter load at random and finally the top 
layer with face downwards. Arrange two double rows of strung 
coconut shells from the previous batch in the fire-pit and 
ignite one end of each double row. Note that since the shell 
usage is 50%, those half shells with the "eyes" are pierced 
and a string passed through them to form a row. After seven 
hours of heating with the first firing, new coconut shells 
shall be arranged in two single rows. _The batch will take 
2 days practically. The degree of dryness of the copra may 
be determined by a whitish line which develops along the cross 
section of the meat as it  is dried. Unload the copra onto 
the discharging platform and eject the kernel from the shell 
with a scoop* The copra is inspected and underdried ones 
returnee, to the next batch but arranged on the top layer.
The copra that is adequately dry is chopped and stored 
preferably unbagged.
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The сорт platform is 105 sq ft (9.8 ra ) and at a 
height of 6 ft 6 in (2 m) above the fire-pit. The height of 
copra load is about 8" (0.2 m).

The present cost of the kiln is about i? 5000 (US$ 671). 
Batch capacity is 2000 nuts or 444 kg copra.

On the basis of 2000 nuts per hatch of 2 days, 2 biitches 
per week and 50 working weeks per year, the annual capacity 
will be 200,000 nuts or 44.4 tonne copra. For an average 
nut production of 2650 per ha per year, the Kiln can cater 
to the nut production fran 75 ha. The investment cost per 
100 tonne annual dry copra capacity is US$ 1500.

4.1.Ю De Vapor improved dryer, of the Philippines.

As in the case of the improved Tayabas dryer (4.1.9), 
this kiln is another improvement developed by the Philippine 

Coconut Administration in 1956 with a view to utilizing 
coconut shells instead of the tradition^ husks.

The design of this kiln illustrated in figure X is 
actually a further improvement as given in "Coconut Processing" 
by R.G. Eraata (U.C.A.P, 1971). It is basically like the 
Sariaya type traditional dryer ( see section <+.1.3 of technology 
sheet "COPnA MANUFACTURE BY DIRECT HEAT SMOaE DRYERS USING 
ТНжДТКЖнЬ FUEL OTHER THAN COCONUT SHELL (Method B)". The 
location of such kilns must be on flat ground without flooding, 
such as in the Sariaya area of Luzon Province of the Northern 
Philippines.

The illustration gives a single unit kiln but these can 
be constructed in a battery of several single units or several
twin units.

There is a wide choice of materials available for 
construction. The b ill of materials given hereunder is for the 

simplest type using hollow cement blocks and Nipa shingles: -

2
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De Vapor improved dryer (2000 nuts J 
Bill of materials

(using cement hollow blocks and Nipa shingles,)

Item Sj3Qci|4s,ation wuant ity quantity
for dryer for shed

Cement 94 fafa 17 bags 5 bags
Sand 1.5 cu.m. 1 cu.m.
Gravel 1.5 cu.m. 2 cu.m.
C.H. blocks 6" X  8" x 16" 267 pcs
Common wire nails 1 kg 1 kg
C.W. nails 2" 1 kg
C.W. " 3" 1 kg 1 kg
C.W. " 4" 1 Kg 4 Kg
W.I. post straps j it j it7 x t-f x 22»4 4 12 Kg
Machine bolts 4" fa x 8" 8 pcs.

it rr fa X 6» 12 pcs.
Plain G.I sheets GA fafa 26 - 36» x 8* 4 pcs.
Steel bars 3/8» / x 20* 18 pcs.
G.I. wire fat 16 1 kg
G.I. grates 6^" x 11^" 4 pcs.
Posts (yacal) 5" x 5" x 8' 6 pcs.
Apitcng (class 2 timber)?-
Girts 2" x 5" x 12' 8 pcs.
Bottom chords 2" x 4» x 16' 10 pcs.
Top chords 2" x 4" x 12» 10 pcs.
Web members 2" x 3" x 10' 2 pcs.

ft ft 2» x 3" x 12' 6  D C S .
Purlins 2» x 3" x 12' 20 pcs.ft 2" x 3" x 8' 10 pcs.
Collar plates 2» x 4" x 12' 4 pcs.
Cleats 2» x 2» x 12' 4 pcs.
Facia board 1» x 10" x 12' 4 D C S .

ft ft 1» x 10» x 10' 4 pcs.
It ft 1" x 10" x 8' 2 pcs.

Cross bracings 2» x 3” x 12' 6 pcs.
Sidings 1" x 10" x IQ' 4 pcs.

ri 1" x 10" x 12' 2 pcs.
Top & bot. plates 2" x 4" x 12’ 6 pcs.
Floor joist 2» x 4" x 14’ 6 pcs.

Form lumbers 1» x 6" x 12' 20 pcs.» it 2» x 2» x 12' 11 pcs.
Bamboo 4" fa 5 pcs. 5 pcs.
Mipa shingles 42" long 500 pcs.
Rattan strips long size 1 buna]
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The operating proceaure is as follows: -

Split the nuts, drain the water and arrange on copra 
platform with face upwards for bottom layer. Thereafter arrange 
at random and finally, the top layer should have face downwards. 
Firin? should commence within 4 hours of opening the nuts to 
avoid spoilage. Arrange the coconut shells in the 4 chutes with 
concave side downwards and start fire at the fcotton. After the 
first R hours of continuous firing, allow to cool and scoop 
the kernel out of the shell. Rearrangement of kernels will be 
at random. Now, fire only one chute for each of the two 
tunnels. The total effective heating time is 16 hours, the 
full batch taking practically 2 days. Tne degree of dryness 
of the meat can be determined by a whitish line which develops 
along the cross-3ection of the meat as it is dried. Discharge 
the copra and store preferably unbagged.

It is important to clean the floor area below the platform 
regularly as fibre and dry copra pieces will accumulate. This 
presents a fire hazard.

2The copra platform is 77 sq ft (7.1 ra ) and at a height 
of 6 ft (1.8 n) above the fire place. The height of copra load 
is 1 ft (0.3 ra).

The present cost of the kiln is about 9 7000 (US* 940). 
Batch capacity is 2000 nuts or uuu kg copra.

On the basis of 2000 nuts per batch of 2 days, 2 batches 
per week and 50 working weeks per year, the annual capacity is 
200,000 nuts or 44.4 tonne copra. For a nut productivity of
2650 per year per ha, the kiln can service 75 ha.
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4.1.11 Papua New Guinea version o f Sri Lanka Kiln: -

These kilns have been introduced to PNG in the 1960s 

hy the private sector owned large plantations. These kilns 

are located on a decentralized b a s is . Each subdivision of 

about 100 hectare (220 acres) in the plantation is  served 

by one of these K iln s . The re su ltin g  copra is  graded under 

the category o f "hot a ir  dried" copra.

A sim ilar but multiple unit k iln  has been recently 

introduced fo r centralised copra processing in the private 

sector large plantations o f bolomon Islands.

The kiln  illu stra ted  in figure XI comprises of two 

copra platforms of d iffe r in g  sizes with a f ir e  cnamber 

beneath each platform. The larger bed 'A ' is  22 f t  x 20 f t  

and the smaller one * B* 1l f t  x 20 f t  positioned adiascent 

to each other. The f ir e p it  is  Z\ f t  below ground leve l and 

the copra platform f t  above ground le v e l. The copra 

platform has horizontal wooden beams and a welded wire mesh 

with 3 inch x 1£ inch holes, hooden boards 1 inch thick 

are placed round the platform upto 3 f t  height to hold the 

copra. The copra platform has central supports o f 3 inch 

diameter galvanized iron pipe as shown in the figure.

The main structure has 6 inch x 2 inch ve rtica l timber 

posts which support the copra platform and the roof. The 

side walls and roof are o f corrugated galvanized iron sheets. 

Ivhilst new sheets are used fo r the roof, the side walls can 

manage with second hand sheets. The obvious choice o f brick 

and cement mortar for side walls is  not being used due to 

the absence of mud fired  bricks in PNG. The use o f hollow 

cement blocks is  contemplated fo r  new kilns. At the bottom
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of the side vails, provision is made for admission of 
fresh air far combustion of the fuel. In the case of 
some kilns, the provision for this appeared to be inadequate.
The side walls are constructed upto roof level. Ventilation 

or exhaust of moisture laden air is  only through the jack roof 
provided at the top.

A working varandah and a temporary store is provided 

adjascent to the kiln. An outside platform elevated to the 

level of the copra platform serves to receive and weigh 

green copra, and then loading the kiln. The kiln has a 5 f t  x 

5 ft  window adjascent to this open platform to enable load 

the copra bed.

The cost of each kiln unit is about K. 3000 -  1900 

prices. This is  US$ 4,200. ( l  K -  1.4 US$).

A group of men who are assigned for harvesting coconuts, 
gather the naturally fallen nuts, husk and split the nuts in 

two and pack into jute bags. The half kernels are packed with 

the shell intact and the kernels facing down to facilitate  

complete draining of the nut water. Open trucks or open 

trailors with tractors haul these bags from the plantation to 

the kiln area. The bags are weighed and each worker's effort 

is  recorded against the number indicated in the bag. A bag 

weighs upto 1?0 lb . and a minimum of 5 bags is expected from 

each worker. The splitting of nuts commences around 8 or 9 

in the morning and by 12 noonj a ll  the kernels are transported, 
and made ready for firing in the kilns.

The fresh kernels with the shell intact are loaded on to 

the larger platform 'A ' upto a height not exceeding 15 inches 

(0.4 a ) .  This platform under ideal conditions can hold ?2 bags,
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which at an average weight of 75 kg (165 lb ) w ill be 5400 kg. 
Since the weight of fresh kernel is about twice that of the 

shells, this represents 3600 kg of fresh kernel (at 50% 
moisture). When dried down to 6% moisture, this would be 

reduced to about 2000 kg. Since the conversion factor for 

Papua New Guinea is 4750 nuts per tonne, each kiln unit can 

process 9500 nuts every two days. I f  it  is necessary to 

process 9500 nuts (72 bags) daily, a twin kiln unit or two 

single kilns have to be installed.

The kiln is fired using dry coconut shells obtained 

from the previous batch of copra. The shells are nested 

and arranged in double rows. Alternative double rows are 

arranged with the hollow (concave) surface facing the same 
direction. This means that when the rows are ignited two 

consecutive rows would have the fire  moving in opposite 

directions thus giving out well distributed heat to the copra. 
The writer observed that the temperature inside the fire  

chamber to be hotter ( 60°  C) than the kilns operated in 

Sri Lanka. Furthermore, there have been cases where kilns 

have caught fire .

The operation of the kiln is  as follows: -

morning Load kernels with shell intact 

onto platform A and arrange 

nested coconut shells in the fire  

pit.

9 pa to 5 a.m.

12 noon to 8 p.m 18t firing -  7 double rows of shells 

2n<̂  firing -  7 double rows of shells

8 am t o  4  p.m. 3' firing -  7 double rows of shells
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4 pm to 6 pm Allow to cool

6 pra to 8 pat

9 pm to 6 am

Transfer a ll copra to platform 

•B' (which also ensures rotation 

of the copra)

4^  ̂ firing -  4 double rows of 
shells.

~rd .2___¿ay
8 am to 4 pa 5th firing -  4 double rows of 

shells.

4 pa to 8 pa 

8 pm

, th .4 day
8 am

Allow to cool

Unload copra,(Fresh kernels for 

next batch loaded commencing 

morning as per 1 day).

Deshell kernels. Pack copra 

into bags. Store shells for 

use as fuel.

The total area of the platforms A and B is 660 sq. ft . 
2

(6t.3 m ) but the area A where fresh kernels are loaded
2is 440 sq. f t .  (40.9 m ). The density of nuts (when wet)

2on platform A is 232 per m .

The capacity of the kiln is 9500 nuts (5400 kg green 

copra with shell intact or 2000 kg dry copra) every 2 days. 
The total manufacturing time is however 3 days. When 

loading the kiln with green copra, the arrangement is at 
random. The height of the loading is not allowed to 

exceed 15 inches (0.4 m). The shell consumption is 100* 
of the nuts being processed.
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The* present cost j f  the kiln is  K 3000 ( UiSifc 4,200).

On the basis o f 9 -00 nuts per batch of 2 days, 2 batches 

per week and 50 working weeks per year, the -mnual capacity 

is  950,000 nuts or 540 corme green copra with shell intact 

(as weighed at receiving) or 200 tonne dry copra. The investment 

costs on the basis o f 1(X) tonne dry copra per year w i l l  be US$ 2100,

Taking a y ie ld  o f 3050 nuts per hectare per year; this 

k iln  can service 311 ha or 685 acres. In actual practice 

however, each subdivision (about 100 ha) of the plantation has 

such a kiln  installed .

4,2 Materials fo r construct" on: -

Traditional mater.ala such as lo ca lly  available timber, 

bamboo in various forms roof thatching o f Nipa and Coconut palm 

leaves, rattan, bricks, stones etc are used fo r  these kilns. 

Sometimes arecanut pains stems and coconut trunks are used.

Thus, the costa are kept quite low. Use o f galvanized iron 

sheets fo r  the roof, cement works and such other material tend 

to increase costs. B ills  o f quantities where available have 

been given in  the respective sections.
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Type of dryer Batch
capacity

(nuts)

Platform
area

7 ? )

Density
of nuts 

2per m

Height of
platform 

above 
fire -p it

Height of 
copra load

( » )

Approx fuel 
usage 

without 
sundrying

Standard 
Sri Lanka 
Copra kiln  
(Triple unit)

10,000 32.7 230 2.1 0.3 67* shells 
( 50*  with 
1 day sun 

drying)

Improved 
Sri Lanka 
Copra kiln  
( Triple unit)

10,000 38.8 200 2.1 0.3 67$ shells 
(50* with 
1 day sun 

dryipg)

Small holders 
kiln
Cooke type 
(S ri Lanka)

1,500 4.5 330 2.1 0.3 67% shells

Miniature 
Malaysian kiln  
Cooke type

100 1.0 100 1.5 0.2 100* shells

Malaysian 
Copra kiln  
Cooke type

liOO 2.1 200 1.8 0.2 80* shells

Malaysian version Us000 
of Sri Lanka kiln 
(Single unit)

'20.6 200 2.4 0.2 80 to 100* 
shells

Indian version
of miniature 
Malaysian kiln 
Cooke type

200 1.0 200 1.5 0.3 
(with slate)

100* shells 
(estimated)

Indian version 
of Sri Lanka
oopra kiln  
(Triple unit)

10,000 23.4 430 1.5 0.3 50*  shells 
(15* with
sundrying
alternatively)

Improved
Tayabas dryer 
(Philippines)

2,000 9.8 200 2.0 0.2 50*  shells

Be Vapor 
improved dryer 
(Philippines)

2,000 7.1 280 1.8 0.3 50*  shells

Papua Hew Guinea 9*500 61.3 230 3.0 0.4 100* shells
version of S r i (wet ke rn e ls)
Lanka copra k i ln



U«U Sufwoary of operational features:-
Type of dryer Pre-drying 

in the sun
Arrangement 
of nuts when 
loading plat-

form

Removal
“ “©T—
shells

Rotation Nisnber of 
of copra firings  
(turning)

Standard 
Sri Lanka 
Copra kiln 
(Triple unit)

regularly 
one day

in itia lly  
lowest layer 
face upwards

After k 
firings

After 2
firings

8

Improved 
Sri Lanka 
Copra kiln 
( friple unit)

regularly 
one day

In itia lly  
lowest layer 
face upwards

After U 
firings

After 2
firings

8

Small holders 
kiln
Cooke type 
(S ri Lanka)

regularly 
one day

In itia lly  
lowest layer 
faoe upwards

After 2
firings

After 2 
firings

8

Miniature 
Malaysian kiln 
Cooke type

Usually 
one day

Random After
complete
drying

no rotation 5

Malaysian 
Copra kiln 
Cooke type

Usually 
one day

Random except After 
top layer complete 
face down- drying 
wards

After 2 
firings

6

Malaysian 
version of 
Sri Lanka kiln  
(Single unit)

Usually 
One day

Random After
complete
drying

After 2 
firings

6

Indian version 
of Miniature 
Malaysian kiln  
Cooke type

Regularly 
one day or

more

N*Ae N*A. NU . N.A.

Indian version 
of Sri Lanka 
Copra kiln 
(ikiple unit)

Regularly 
each day 
alter­
natively

Face upwards 
lowest layer 
f ir s t  firing  

only

After 1
day sun
dryingStl
firing

Before each
firing due 
loading un­
loading each 

day

3 firings  
combined with 
sun drying

Improved
Tayabas dryer 
(Philippines)

No Lowest layer
upwards top 
layer down­

wards

After
complete
drying

no rotation (21* hours)

De Vapor 
Improved dryer 
(Philippines)

No Lowest layer 
upwards top 
layer down­

wards

After 
8 hr 
in it ia l 
firing

After 8 hr
in it ia l
firing

(16 hours)

Papua New Guinea No 
ve rsio n  o f S r i 
Lanka copra k iln

Random A fte r 
cample 1b  
drying

After 3
firings

5



U.5 Cost and Capacity of direct heat smokeless dryers
Type of dryer Capacity 

equivalent 
in land area

Batch Batch Batch 
Capacity Capacity time 

dry copra

■ Cost Investment 
cost per 
100 tonne 
annual copra

(ha) (nuts) (kg) (days) (08$) capacity
" W

Standard 
Sri Lanka 
Copra kiln 
(Triple unit)

100 10,000 2000 it 1920
(includes 
barbecue)

1920

Improved 
Sri Lanka 
Copra kiln  
(Triple unit)

100 10,000 : ggo U 2600
(includes
barbecue)

2600

Small holders 
kiln
Cooke type 
(Sri Lanka)

30 1,500 300 2.5 N.A. NJU

Miniature 
Malaysian kiln 
Cooke type

k 100 19 1 NJU NJU

Malaysian 
Copra kiln
Cooke type

11* Uoo 76 2 NJU NJU

Malaysian version 
of Sri Lanka kiln 
(Single unit)

75 Ì4,000 760 3 11i*0 3000

Indian version 
of miniature 
Malaysian kiln 
Cooke type

it 200 30 2 NJU NJU

Indian version 
of Sri Lanka
Copra kiln  
(Triple unit)

90 10,000 1500 k 750 1000

Improved 
Tayabas dryer 
(Philippines)

75 2,000 kkk 2 6?1 1500

Be Vapor 
Improved dryer 
(Philippines)

I S 2,000 hhh 2 9U0 2100

Papua New Guinea 
version of Sri 
Lanka copra kiln

311
(100 actual)

9,500 2000 3 1*200 2100

#  S J U  Information not available



-  49  - 167

5 Process : — 

$.! Process flow diagram:
mature coconut

. r ~ ;~ .~  '! dehue'C

•*______i~  ̂c 1 » w» jJ QTt» —-— ft.
• ì  copra 
: lln.L...__ J

X "

transport whole
nut to copra

"■¡(.On orsa

„ t if f fo r d to 4
W tí • k 1 : f  or

:inir.;-'‘ ( in
•■i i t ar.ert onJ.y/ 

1 d3husx

rusk {dry, brown;

dehusk crack 
and dewater

pack into 
lute bags

trrinupolt to 
copra k iln

\
\

dehusked nut

( dapua New Guinea 
only )

r
!Ì cracking ana dewatering

T

\  /  4\  /
coconut wa or 

(waste)

I
V
i

fresh  coconut kernel halves 
with shell intact for 
drying without delay.

pre drying in the sun fo r  
! day in most cases

dry coconut' 
shell halves
(fu e l fo r  next bcr-tch) JL

kiln drying using coconut shells 
from previous batch as fu el. See section 
4.4 fo r processes involving rotation o f 
copra during drying.

deshelling ( in  some cases such as in 
Sri Lanka, deshelling a fte r partia l
drying).

dried kernels

■f

inspection.

copra
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5.2 Description of process: -

The use of coconut shells as fuel for direct fired  

kilns is practical by small holders as well as centralised 

copra processors including coconut estates.

Coconuts harvested for copra manufacture have different 

levels of maturity depending upon the customs prevailant in 

various coconut regions. In many regions nuts are harvested 

before fu ll maturity and used for copra making. This is a 

major cause for production of poor quality copra. Germinated 

nuts also result in poor copra.

In Sri Lanka coconuts are harvested at fu l l maturity 

and furthermore, those nuts which have not commenced drying are 

stored with the husk for 2 to 4 weeks for "seasoning". See 

technology sheet "CROP STORAGE OR SEASONING OF MATURE WHOLE NUTS 

AFTER HARVESTING". This is  a major factor resulting in the 

production of good quality copra.

In other countries the coconuts are dehusked in the 

farm and the nuts transported to the kiln.

The dehusked nuts are cracked or split, in half and the 

water allowed to run out. Whereever a cemented platform is  

available, this pretreatment can be carried out without 
contaminating the coconut kernels. In most cases, the coconuts 

are sun dried for a whole day provided that the weather permits. 
However, sun drying is useful only i f  the a ir  has low relative 

huaidity (dry a ir ).

The kernels with the shell intact are loaded onto the 

copra platform. Depending upon the practices prevailant in 

different regions, the kernels may be arranged methodically. In 

some cases the bottom layer is  placed with kernel facing upwards.



and in some the upper layer facing downwards. Section 4.4 gives 

details of arrangements of kernels for different processes in 

this technology sheet.

The kiln is fired using coconut shells from the previous 

batch. These shell halves are quite dry as they have been 

subjected to drying along with the kernels in the dryer. The 

smoke 1з quite clean due to the nature of the coconut ehell 
which is comparable to dry hardwood. The existence of a flame 

through-out the firing ensures complete combustion which is a 

major cause in giving out a clean smoke, thus avoiding discoloration 

of the kernel. The nesting of half shells and ignition as described 

in section 4.1 ensures regular and controlled heat for drying the 

kernels to give good quality copra.

In some cases, the copra is  rotated so that the bottom 

layers and the top layers interchange giving rise to uniformly 

dried copra.

It is the practice in Sri Lanka to eject the kernel 
from the shell after partial drying and then subject the meat 
only for further drying. However, there are cases presented in 

this technology sheet where the ejection of the kernel from the 

shell is  only after complete drying.

The dried meat is  inspected after cooling. Those not 
quite dry are dried further by placing on the top layer with a 

new batch. The operator knows through experience whether the copra 

is  adequately dry. The best guide is the crispness and the nature 

o f the section when a copra cup is broken for testing.

The dried copra is usually stored in bulk for sometime 

to ensure thorough cooling. Grading and sorting of сорта is 

carried out in son» countries before bagging.
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5.3 Product flow diagram: -

The copra, i f  properly dried using coconut shells as 
described in this technology sheet; should have a moisture 

content of around 6*. On the basis of a moisture content of 
5056 in the fresh Kernel, the product flow diagram w ill be: -

1880 kg wet kernel (50% moisture)

i
1000 kg dry copra (6% moisture)

Tne out-turn of copra for different member countries on 

the basis of the national conversion rates is given in the 

technology sheet "PRINCIPLES OF COPRA MANUFACTURE".

6. Quality of finished product: -

Various copra grading practices exist in different coconut 
regions.

The Asian and Pacific Coconut Community has prepared "Uniform 

Standards Specification for Copra" (Final draft April 1978). There 

are two grades specified irrespective of the process used for making 

copra. The characteristics specified for the two grades are given 

in the technology sheet "PRINCIPLES OF COPRA MANUFACTURE".

As discussed in section 5.2, the use of coconut shell as fuel 
though direct fired, results in copra of good quality and is far 

superior to that produced using direct fired smoke kilns using husks 
etc. The copra is nearly as good as that produced using indirect
dryers »
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7. Source of Information: -  ,

7.1 Review and techno-econcmic evaluation of various copra 

production methods applied lk  the APCC region by M. Varnakulaeingain 

and J. Camacho (UNIÛO/APCC 1*976).

7.2 Copra processing in rural industries by F.C. Cooke (FAO 1958) 
formerly Director Coconut Research Institute of Ceylon and
Department of Agriculture of Malaya.

7.3 Personal observations during fie ld  visits to member countries
„ of the Coconut Community.

7.4 Statistical Year book on Coconuts : -  APCC 1979. The average 

nut production per ha per year to determine the capacities of 
kilns on hectarage basis was calculated on a ten year average 

(196? to 197?) of nut production and area planted as per tables 

5 and 6 in the yearbook.

TKG& 1980
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION 

AND ASIAN & PACIFIC COCONUT CQMh UNITY 

«Consultancy Service on Coconut Processing Technology” 

( Project UF/kAS/78/OU9)

1. Technology sheet for s- COPRA MANUFACTURE BY INDIRECT HEAT DRYERS 

WITH NATURAL DRAFT HOT AIR (Method D 1)

This method gives good quality copra.

2. Benefits of technology:-
Indirect heat’ dryers produce high quality 

white copra by heating the coconut meat indirectly.
The products of combustion donot come into contact with 

the coconut meats Instead, the hot combusted gases heat 
clean a ir  through a heat exchanger without mixing with 

the a ira The hot a ir  comes into contact with the coconut 
meat drying it .  Indirect heat dryers are also called 

•hot a ir" dryers®

Indirect heat dryers can be of two types -  
those using natural draft for circulation of the hot a ir and 

those using a forced draft for the hot a ir. For indirect
dryers using forced draft, see technology sheet “COPRA 

MANUFACTURE BY INDIRECT HEAT DRYERS WITH FORCED DRAFT HOT AIR 
(Method D 2 )."

The benefits of using indirect heat dryers 

with natural draft hot a ir  are as follows: -

2.1 Any type of fuel can be used:- husks, fronds, shells or 

firewood. Hence cost of fuel is  within suitable limits.
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2.2 Excellent quality white copra can be produced 
provided that the dryer is  operated properly. There
is  no discoloration of the copra due to deposits of >
pyroligneous matter from smoke such as in  the direct boat 
smoke dryers. This however w ill not hold true i f  the 

heat exchanger has leaks.

2.3 Edible grade copra is  possible i f  proper pretreatment 
of the kernel is  ensured to avoid contamination and 

deterioration prior to drying,

2.It Due to the excellent quality copra, deterioration
during storage and shipment can be minimized. This means 
minimal loss of o il during storage as well as better 

quality o il when expelled.

The following are the disadvantages of using this type 

of dryer.

(a ) Higher usage of fuel compared to direct 

dryers, depending upon the heat transferred to the hot air.

(b ) High cost of maintenance due to need for 

replacement of the tunnel with second hand drums which 

are expensive compared to incomes in coconut areas.

3® Country of origin i«

The simple dryers using second hand Ith gallon petroleum 
drums for the flue appear to have been introduced to the Facific 

region during the 1950s. The use of these drums were originally  

for drying cocoa and these have been adopted for drying copra 

subsequently. The countries using these dryers ares -



WESTERN SAMOA 

SOLOMON ISLANDS 

PAPUA NEW GUINEA 

PHILIPPINES

Similar dryers have been in use in the following countries 

»  Tonga, F iji  & Comoro Islands which are not members of the 

Coconut Community.

The large capacity copra dryers presented in the latter part 
of this technology sheet have been in use for con; iderable time. 
Both 'Chula* type and ’Pearson* type were develop? cl in England.
The Chula dryers were commercially manufactured eommencing 1923*

Equipment: -

U.1 Description of equipment and operation

li.l .l "WESTEC" village copra dryer of Western Samoa.
The Western Samoa Trust Estates Corporation (owned by 

the government) adapted the village cocoa c-ryer to dry 

copra in the 1950s. This is used extensively, by the 

small holders except in very remote areas where the 

traditional smoke dryers or sun drying is carried out.

Investigations during fie ld  v isit to Fapua New 

Guinea revealed that very similar copra dryers adapted 

from cocoa diyers were introduced to large estates in 

New Britain and New Ireland in the 1950s. These are now 

widely used in Papua New Guinea and are responsible for 

about lfi% of the copra production.

The dryer shewn in figure I  consists of a flue 

made of $ second hand I4I4 gallon petroleum drums connected to 

a chimney 6 inch diameter x 1li feet height. The 5 drums 
are connected to each other by means of soft steel straps



I
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wire mesh for 
copra platform

A

A. 1 .1 WEST EC village; copra dryer 

{ WESTERN SAMOA)

FIGUhE I

- j
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without leakage of a ir. The drums are installed with a 

small incline upwards towards the chimney to facilitate  

flow of combustion gases.

A wooden structure is  constructed to hold the 

12 ft  x 6 f t  platform on which the kernels are loaded. The 

platform made of cocoa wire (BSS \  inch wire mesh) is  

about 6 ft  above the ground level. The platform has a 

1 inch thick wooden board 12 inch wide placed vertically  

round i t  to protect the kernels from fa lling. The hot air 

chamber is  enclosed with old jute bags which have been 

soaked in dilute cement grout to make them fire  proof.
A gap of 2 or 3 inches above the ground level must be kept 
to admit fresh air for circulation.

The dryer is  suitably sheltered by a shed made of 
timber structure and corrugated galvanized iron sheets for 

the roof. I t  is  convenient to construct the kiln within
reasonable distance from the farmers house to facilitate  

easy supervision.

The requirements of materials for the construction 

of the dryer is  given hereunderi-

Timber for the shed: -

Posts 3" x 3" x 12 ft  long 6 units
Rafters 2" x 4" x 14 ft  long 10
Tiebeame 2" x 3n x 14 ft  long J|
Bracings 2* x 3" x 14 ft  long 4
Purlins 2" x 3" x 16 f t  long 6
Standers 2" x 6* x 10 f t  long 4

Plates on top 2" x 3" x 2 ft  long 2
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Timber for the drying chamber

Posts 2" x 3* *  12 ft  long 7 units

Plates 2" x 3" x 10 f t  long 2

Cross pieces 2» x 3" x 12 f t  long 10

Floor ¿oints 2" x It" x 7 ft  long 16

Board 1 " x 1 2 " x 1 2 f t  long 2 ) for side walls

Board 1" x 12" x 6 f t  long 2 ) of copra bed. 
)

Miscellaneous items

Second hand I4JU gallon petroleum drums 5 units
Wire mesh BSS £ inch, 3 f t  wide, 28 feet
Corrugated 0.1 roofing sheets 7 ft long 18 unit8
Ridge capping 8 ft  long 2 units
Nails U inch 6 lb

Mails 3 inch 6 lb

Roofing nails 5 lb
Flat heads 1§ inch 3 lb
Staples | inch 3 lb
Cement 3 bags
Jute sacks -  second hand 20 units
Iron straps for joining drums U straps
Chimney 6 inch diameter lit ft  height

2
The platform area is 72 sq.ft (6.7 m ),  with a capacity 

of 2000 nuts per batch. The cost of the kiln is  about 
WS# 300/“ (0S$ 350/“) -  1980 prices. This cost can be re­
duced considerably i f  bush timber is used. The drums need 

replacement every six months whilst the timber structure 
and the shed etc would last nearly 10 years» The annual 
maintenance cost is  about WS$ k$ (US# 52/50). The replace­
ment of empty drums appear to be d ifficu lt today with 

limited availability and rising costs. Deterioration of 
the drums is aggravated due to the intermittent usage rather 

than regular use.
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Harvest of coconut in Western Samoa is by gathering 

naturally fallen nuts periodically (every 2 to b weeks).
The nuts are axed in the fie ld  by the small holders, and 

kernel scooped out with a metal device to obtain "finger cut" 
green copra. This is packed into baskets woven from tradi­
tional local material and transported to copra traders. The 

traders purchase the finger cut kernel and manufacture copra.
One man, in an 8 hour working day can gather about 350 nuts in 

the fie ld , axe in half, scoop the kernel (about 250 lb s ), pack 

and transport same. This is done in two lots of 125 lbs, each 

at the end of a half day's work. The kernel is  carried like  

a * pingo" with two baskets tied to the two ends of a pole 

which rests on the shoulder in the middle. This work iB done 

by members of the farmer's family and not by paid labour.
An assigned value for a day's work of this nature may be about
W.S.f 3.00 (US$ 3.50). Those nuts used for food purposes are 

gathered in the field , husked and then transported without 
splitting open. This is  now the practice for the coconut cream 

plant. The desiccated coconut factory which used to operate in 

the early 1970's also used to purchase husked nuts*

I f  the farmer has a reasonable sized coconut land, he may 

have his own copra dryer. In this case the whole coconuts are 

carried to the drier and the axing into half and scooping the 

kernel is  carried out besides the dryer. There are also copra 

traders who purchase the kernel and dry it .

The 'finger cut' kernels are loaded onto the platform 

to a depth not exceeding 8 inches (0*2 m). The open end of the 

flue tunnel is  fired using husks with the shells intact. A copra 

trader would use firewood as he purchases kernel only from the 

farmers. Good clean a ir  heated by the hot flue tunnel, rises 

through the kernels drying i t .  The combusted gases and smoke 
travel through the flue tunnel and escape via tbs chimney.
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Firing the dryer is  carried out through 2 evenings, 

each f ir in g  lasting about 12 hours. Only one man is  

needed to operate this dryer. The capacity o f the dryer 

is  1500 lbs (680 kg) o f fresh kernel which correspond .> 
to 50% wet kernels from 2000 whole nuts. The yield ib 

about 375 kg of dry copra {$% moisture). The fuel con­
sumption is  61% of husks with shells in tact.

On the basis o f  2000 nuts per batch (la s tin g  two 

days)# two batches a week, and $0 working weeks per year, 
the annual capacity would be 200,000 nuts (37.5 tonne dry 

copra). On the basis o f 6000 nuts yield per ha per year, 
this dryer can service 33 ha of coconut land. This capacity 

however is  never u tiliz ed  because the dryers hardly work 

even once a week; depending upon the availability of nuts. 
Besides, the people are otherwise occupied in subsistence 

farming and fish ing. The investment costs for dryers per 

100 tonne dry copra capacity per year is  US| 933»

ii.1.2 "KUKUM" copra dryer of Solomon Islands.

This i s  a dryer developed by the Department of 
Agriculture in the 1950s. This was adapted from the WESF8C 

village copra dryer detailed above. The installation and 

development work was carried out in  lukum within the manic* -  
pality of the capital city Honiara. Hence the name of the 

dryer.

The Kukum dryer as developed in the I95OS had i t 's  

flue made of four empty petroleum drums installed below ground 

level. The firs t  drum which was lagged internally with concrete, 
projected outside the drying chamber and served as a firebox. 
There was a baffle  plate above the second drum to spread the 

heat. The la s t drum was connected to a chimney. The drying
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platform w e b  2  feet above ground level and this suitably 

protected by a roof made of traditional materials. A fu ll  
report of this kukum dryer appears in the South Pacific 

Commission’ s Quarterly Bulletin for July 1956.

The kukum dryer now installed by the small holders 

and co-operatives is  much simpler. This dryer is  extensively 

used in the Solomon Islands, being responsible for about 50  ̂

of copra produced (Some estates use Chula forced draft dryers).

The figure I I  illustrates the kukum dryer commonly 

installed at present, as per the pamplet issued by the 

Ministry of Agriculture and Lands called "Building a copra 

dryer". The dryer comprises of a flue made of U empty 

petroleum drums placed on stones at ground level with an 

incline of 1 ft  in 12 ft  of flue which is about 5°. A six 

inch diameter chimney 6 ft  long is  connected to the closed 

end of the drums and this in turn connected to a vertical 
chimney of x.he same size but 12 ft  height.

The copra platform is 12 ft  x 6 ft  and located 6 ft  

6 in above ground level. On either side of the platform is  

a 3 ft  wide raised walkway 3 ft  3" above ground level. The 
platform has wooden members to support the weight of the copra.
A wire mesh of BSS \ n or 1/8" size is  placedon the wooden 

framework of the platform. Wooden boards 1" x 12" are placed 

round the four sides of the platform to protect the copra from 

fa lling o ff. The chamber is  covered with cement coated second 

hand jute sacks which are nailed onto strips of wood round 

the four walls. A gap of 3 inches above the ground level 
is  necessary- for admission of fresh air for circulation.

T l :  d ryer i s  su ita b ly  protected w ith  a roo f and stru ctu re  

fc.de of traditional m ateria ls.. --'Ithough a roof cf 2h f t  x 2U ft
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in plan with a jack roof is recommended the small holders 

appear to manage with a simple roof of 12 f t  x 20 ft® Besides, 
several dryers had the drums placed horizontally or, the ground 

giving rise to faulty operation where the products of combus­
tion and smoke came out directly without going through the 
flue. This smoke appeared to come into contact with the 

kernels, affecting i t ’ s q u a lity . The importance o f a slight 

slope for the drums is  not well understood by the farmers.
Too much of an incline on the other would push the hot gases 

rapidly, reducing the efficiency of heat exchange. A fu rth e r 
problem encountered i s  that many farmers have done away with 

the chimney arrangement. This again leads to contamination 

of the kernels with smoke. The following information is  

given in the pamphlet: -

Where to build

-  Sheltered from high winds 

»  Dry ground
»  Near to road or wharf

Sharing the dryer

-  Sharing the dryer w ill mean continuous use
because the drums rust when idle. (This has been 

solved in some areas t*y the introduction co-operative 

managed dryers which can be hired out by farmers).

Materials for construction and costs (Sl$)

-  1* units second hand petroleum drums 
- 6 x 3  foot galvanized iron chimney

%a 2.00 12.UÜ

section of 6 inch diameter 21.00
-  H bags cement *a 6.50 13.00
-1 0  second hand jute bag® & 0.20 2.UU
• ‘¿S f t  of BSS wire mesh

of standard width 3 ft «& 1.16 3U.00
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Some n a ils  and p la in  w ire 3.00

k Boards 1" x  12" timber 36 ft 15.00
Timber and le a f  panels (no value) -

Labour (no value) -

Cost of materials (purchased) 
Cost of bush timber and lea f

100.00

panels (assigned va lue) 25.00
Cost of labour (assigned  value) 25.00

Total cost of dryer SI# 1 5 0 .0 0

(US# 180/®}

The platform  area i s  72 sq f t  (6.7 bP )  with a 

capacity of 1oOO nuts per batch. The total cost of the 

dryer (1980 prices) as given above is  US# 180. The drums 
need replacement every six months whilst the timber structure 

may la s t  severa l years. The thatched palm lea f roof is  re­
placed every year but th is  does not incurr costs like the 

drums. The annual maintenance cost is  about SI# 37/50 

(or USf h5).  The replacement of drums which are corroded 

appear to be d ifficu lt today w ith  the limited availability  

and r is in g  co sts . Due to lack of continuous use of the drum, 
the corrosion i s  aggravated.

Larger capacity dryers are installed by using twin, 

triple o r multiple flue arrangements with a large common 

platform.

Harvest of coconut in Solomon Islands is  by gathering 

naturally fallen nuts periodically -  say every 2 to U weeks. 
The ke rn e ls therefore are fu lly  mature. There appears to be 

an incidence of about 5% germinated n u ts. The nuts are trans­
ported to the k i ln , axed and kernels scooped out to  g ive
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'f in g e r  cut9 green copra* Some times the nuts are axed 

in  the f i e ld  and kernels scooped out. The green copra is  

then transported to  a dryer in  which case the husk and eheli 

le ft  in  the fie ld  is  later collected as domestic fuel. This 

i s  the case of cooperative operated dryers where cheap f i r e ­

wood is  used along with some husk and shell. However, in  most 

cases the fuel used is  the husk intact with the shell.

The finger cut kernels are loaded onto the platform 

usually within 4 hours of opening the nut. The depth of kernels 

does not exceed about 4 inches (0.1 m) which is  2 layers.
The open end of the flue tunnel is  fired with husks in tact with 

shell. Infact, the f ir in g  should be commenced in the morning 

before the kernels arrive for loading. This w ill mirdmixe 

exposure of the kernels between opening the nut and commence­
ment of dryage.

The operation of the dryer is  carried out as follows:-

.s t  .1 day 10«00 am 

11.Ou am 

noon to 8 pm 

8 pm

heat the dryer with a low fire
load the dryer
f i r s  the dryer

Allow to cool overnight

day 10.00 am turn the copra for uniform dryage
11.00 am to 7pm fire  the dryer

7.00 pm allow to cool overnight

3A day lu.uu am Unload and pack the copra

Only one man is needed to operate this dryer. The 

capacity of the dryer is  750 lb  (340 kg) of fresh kernel which 

is the meat from 1000 nuts. The yield is about 188 kg of
d ry copra. The £u@i consumption is  about 67% of the husk w ith  

s h e ll intact.
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On the b asis of 1000 nuts per batch (la s t in g  2 days), 
two batches per week and 50 working weeks per ye a r, the annual 

capacity is 100,000 nuts (18.8 tonne dry co p ra). On the basis 

of 5500  nuts y ie ld  per ha per year, th is  d ryer can service 

18 ha of coconut land. This cap acity however is never utilized 

as in  the case of Western Samoa. The dryer is  hardly worked 

even once a week depending upon the availability of nuts.
Furthermore, the people are otherwise occupied in subsistence 

farming and fish in g  e tc . The investment costs fo r d ryers per 

100 tonne dry copra capacity per year is  US$ 957.

U.1.3 Philippine version of kukum dryers -

A kukum d ryer was in s ta lle d  in  December 197U fo r fu rth e r 

development and testing purposes at the Philippine Coconut 
Authority -  Agricultural Research Branch (FCA -  ARB), Bago OsM.?o, 
Davao City in Southern Philippines.

The figure I I I  illustrates the d ryer developed as at 
1978 which has since been recommended to farm ers. The fo llow ing  

construction details of the dryer (and results of some tria ls  

conducted) appear in the proceedings published on the seminar 
on l̂ETHODS OF COPRA DRYING" jointly organised by Philippine 

Council for A g ricu ltu re  and Resources Research and the Philippin©  
Coconut Authority (April, 1978)

»  The flu e  or fir®  tunnel »  it  is composed of h empty drums

(UU gal® capacity) interconnected w ith  a 1 inch overlap by the 
use of rivets. The end portion of the la s t  drum has a 6 in ch  

diameter opening at the center from where the chimney flue
i® connected horizontally.
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Soot trap and chimney -  The soot trap is made of a standard 
size kerosene can with a b inch diameter hole at the center 
top portion and another hole of the same diameter on the 

side of the can. The chimney is composed of h fragmented 
portions plain G. I .  sheet of 3 ft  long, 6 inch diameter 
which are joined end-to-end with an overlap. At the top 
most portion is the chimney "hat".

Heating chamber »  The proper heating chamber is 12 ft  long,
6 f t  wide and 5 ft  hign. The side walls are made of jute 

sack materials soaked in a cement and fire  sand mixture with 

1s1 ratio. The base portion or the front and rear side of the 

dryer is composed of 3 and 2 layers of 6 inch thick hollow 

cement brocks, respectively. An air-in iet 2 inches above 

ground level is provided along the longitudinal sides of the 

drying chamber.

Drying platform -  The dimension of the drying platform is  

12 ft  long x 6 ft wide x 1 ft  high. The flooring is  made
or inch diameter hole poultry wire with bamboo slats 
enforcement.

Baffle plate -  The baffle plate measuring 6 ft  long x 2 ft  

wide of plain 3.1. sheet is located inside the heating chamber 
and installed 18 inches above the f ir s t  drum. It  is  provided 

to reduce the production of scorched copra.

Inspection door -  An inspection door is provided to facilitate  

cleaning and repair as the case may be inside the drying 

chamber. It  measures 3 ft  8 inch high, and 1 ft  6 inch wide.
I t  is  located at the rear side of the heating chamber and 

situated between the concentrate base portion and drying 

platform.

Stair -  The stair is  12 ft  long, I f  f t  wide and 2 f t  high.
I t  is  provided along the longitudinal sides of the drying chamber.
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- Jute sack covering - Knitted jute sacks covering is  provided 

on the drying platform just after the arrangement of the 
split nuts.

-  Shed - The dryer ie protected from the rain by a roof made 
of corrugated li.I. sheetj 2h ft  long, 16 ft wide and Ui ft  

high. A jack roof is provided on top to permit the dispersal 
of moietur®«laden hot air.

The pamplet issued by the PCA - AAB has the following 

guide lines on construction of the dryers -

-  The dryer generally to be erected on rainy eievated land 
where water does not stagnate during floods and rain.

- The sidings or tne drying platform may be increased from
1 ft to ft to increase the capacity fro® 1000 nuts upto 
2000 nuts.

-  The dryer can be modified to some extent to suit varying 
local conditions and easily available traditional 
construction materials.

The list of materials for construction is given hereunder.

Posts - 8" x 12* mature coconut trunks
or any other poles

- Un x U" x 8’ lacal 
Plates -  2" i  li* x 6* Apitong

- 2" x U" x  12* Apitong 
uirts - 2" x b" x 12» Apitong

■ 2" x It" x 16f Apitong 
Roofing - b2n long nipa shingles 

« h ”f  bamboo 
-Long size rattan

For dryer For shed 
6 pcs.

6 pcs.
3 pcs.

3 pcs.
2 pcs

2 pcs.

38b pcs.
5 pcs.
k bundles
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Floor joist® - 2" x  3n x  6* Apitong 10 pcs.
Sid® board - 1" x  12" x 12* Apitong 2 pcs.

- 1" i 12" x 6* Apitong 2 pcs.
Studdinge -  ¡i” P Bamboo 3 pcs.
Flooring -  h" P Bamboo k pcs.
Stairs Posts - ii" 0 x U* round poles 6 pcs.

Joists - 2" x 3" x 16® Apitong 1 pcs.
Floor - 2* x U” x 12* Apitong 8 pcs.

Rafter and cross
bracing for top roof » 2" x 3n x 12* Apitong u pcs.
Rafter - 2" x 3n x 10' Apitong 6 pcs.
Purlins - 2" x 2" x 10’ Lauan 32 pcs.
Bottom chord - 2" x 3" x 12* Apitong 3 pcs.
King posts - 2" x 3" s 12* Apitong 1 pc.
Gross bracing - 2" x 3” x 12* Apitong 1 pc.
Chimney - f f  26 x 8* Plain G.I.

Sheets 3 pcs
Rivet a (slued oiu®} - 3/16" 0 4 kg
Gasoline drui - 2**x 3' U pcs.
Cement h bags
Jute sack*? - 2? gâ tas capacity $0 pcs

(16 of these for covering 
copra bed on top)

Common v x r e rails - U" long 1 kg
3" long 1 kg
2" long 1 kg
if' long i  kg

Form lumber * V  X 10" X 12* long 3 pee,.

Note? Apit, ng Ee&ns class 2 timber
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Th® estimated cost of the dryer is  P 5000

or USf 675

The area or tne platform is  72 sq ft  (6.7 in*) with 

a capacity of 1COO nuts per batch. The cost of the dryer 

as given above is  USf 675® Replacement of the drums v i l .  
be every months and the nipa shingles for the roof 

every year. The timber structure should la s t several jears. 

The annual maintenance cost is  around USf 150.

The follow ing operating procedure is  set out in the 

pamphlet issued by PGA -  AKB.

® Nut preparations®

Husk fu lly  mature nuts only 

Sp lit dehusked nuts into 2 (along the equator) 
and le t  the water run out properly.

Arrange the s p lit  nut halves on the platform with 

the two bottom layers facing up and the rest 

facing down in a "brick formation".
Cover the entire top portion of the drying platform 

with Jut® bags (copra sacks).

-  F iring the dryer

Start firing immediately after covering the 

platform with Jute bags.
Use readily available, inexpensive or less 

valuable fuel such as coconut husk, 

coconut shell or firewood.
After 8 hours of continuous firing, say from

10.00 am to b.Ou pa, allow to cool overnight. 
Deshell the meat and reload thus ensuring rotation 

o f  the copra.
The second firing is carried out as before say 

10.0U as to 6.UU pa and the copra allowed 
to dry overnight.

Tte copra is  unloaded th® n o t mond-sg.

-  1? -
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Only on© man is  needed to operate this dryer# The 

capacity is 1000 nuts or 222 kg o f dry copra per batch 

lasting 2 days. The fuel consumption is  equivalent of 
1250 whole husks which is  125$ o f the nuts being processed.

I f  coconut shell only is used, the consumption just balances 

the a va ila b ility  -  that is  100$. Hence a ll the husks 

(100$) and 20$ shells (which is  equivalent to 25$ husk 

shortage) are used. This enable the balance shells l e f t  

over to be converted to coconut shell charcoal which has 

a ready muncet fo r  export.

On tne basis o f 100U nuts per batch, 2 batches per week 

and 50 *ox-aing weeks per year, tne annual capacity is  

luO,OUO mite 'o r 22.2 tonne dry copra). On the basis of u020 

nuts yield per ha per year, this dryer can service 25 ha of
coconut land. The investment cost fo r  1U0 tonne dry copra 

capacity per year is  therefore 0S$ 30OO.

U#1*h Marehaiies type dryer in  Kicronesia (TTPI)

The origin of this dryer is  obscure and is  referred to 

by other names in  copra producing areas o f  the Trust Territories 

o f  the Pacific Islands. It  is  very suitable for farmers with 

small and large holdings in coconut. The Farm Institute uses 

this dryer exclusively. The people o f Karshall Islands,
Kuaie, Ponape and others use i t .  Figure IV illustrates this 

diyer which has a capacity o f $uQ nuts per batch.

The agricultural extension bulletin on construction and 

operation of the “Karshalles" type copra dryer is  published 

to assist farmers to produce better quality copra for export.
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The features of this natural draft hot air dryer 
are given as: -

Fuel economy 
Speed of drying 
Requires less labour

- use 100  ̂ shells only 
~ only about 1 3 hours
- This means more time for other

activ ities  such as fishing.

- Improved quality copra » This means better prices
- Cheaper and easier dryer to build 

Requires very little maintenance

Instructions on the construction of the dryer are
t*i fo llo w s: -

Location of the dryer should be near the farmers home 
to enable keep watch during drying. The dryer should 
however not be sited so as to make the wind blow the 

smoke towards the house.

Choice of materials - Use loca lly  available traditional 
materials as far as possible to keep the cost down from 
purchased materials.

Use bush timber for the frame o f the dryer and the roof.
Logs or poles can be used for the posts supporting the 
roof. The roof can be made o f coconut or other palm leaves.

The list of materials for construction of the tray and 

clsamber is given hereunder:«

Timber: -
2" x li" x 7' 6" long 3 units
2" x ii" x V  2$« long 2 

2« i  !i" x 3* 10" long 2 

2“ i  li" i  2' 2$“ ¿ong 7
2" x I*" x It* 1» long 2 

2* x hn x 2» 8" long 2 

2* i  I*  x h* 3* long 2
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2" x 2" x 1 » 11^ long k 

2" x 2" x U' 6" long 2 
2» x 8" i  7* 6" long 2 
2" x 8" x 3' 10" long 2 
1 " x 1 " x 3 ' 10* long 92

Miscellaneous items

Mails
Sheet metal liner (tobe cut to size) 264" x 19’ 11* 
(Cement coated, used jute bags can be substituted for 

above as covering for the drying chamber).
Sheet metal covers for fire  pits. -  Use old fla t  

roofing sheets.

Usually in the Pacific Islands, coconuts (which are 

allowed to fall naturally) are gathered, axed whole into two 

halves ano kernel scooped out for drying. For the purpose of 
this dryer, the coconuts are husked, sp lit in two, kernel 
scooped out and the shell used as fuel.

The following operational procedure is laid out: -

Load the tray with the kernel. The tray is  initially 
placed away from the pits. F il l  the pits with half shells. 
Sonot use husks or wood as they burn fast and give off 
uneven heat and will, need constant refilling. Set fire  to 

the shell®. Cover the pits with old f la t  sheet, making sure 

that there are no leaks. After sometime, the smoking stops. 
Mow close the door and push the tray of copra over the pits.

Check the temperature on the tray by feeling with the 

hands. The temperature should be about 135° F (57°C).
(Note that when the temperature is 60°C or more, & hm&n. 
hand cannot maintain contact with an object but has to
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withdraw immediately on contact). If the temperature of 
the tray is  excessive, open the door a lit t le  to let some 
heat out. If this is not done, the copra will be burned.
I f  on the other hand, the temperature is right, the door 
should be kept closed for the first two hours and le ft  

partially open afterwards.

Turn the copra in the tray with a shovel after about
2 hours and cover with three single layers of jute bags.
The copra should be turned in this manner so that the copra
w ill dry evenly. After the firs t  fire  goes out, two mors
firings are carried out, along with turning of copra as in

*
the f ir s t  firing. No care is needed after the second 

turning of tne copra but i t  is  wise to check temperature 

during the process. The correct sk ills and temperatures can 

be acquired after a few batches.

Once the copra is properly dried and cooled for 1 day, 
it is  bagged in jute sacks.

Only one man is required to operate this dryer. The
capacity is  $00 nuts or 111 kg dry copra (U$00 nuts per
tonne dry copra in TTPI).  A batch lasts practically 2 days.
The fuel consumption is 1QQ% of the shells. The platform
area is  7.2 ft x 3.8 f t  which is  27 ,k sq. ft . (2.5 a2). The2
density of nuts is  200 nuts per a .

On the basis of 500 nuts per batch, 2 batches per week 
and 50 working weeks per year, the annual capacity w ill be 

50,Quo nuts or 11.1 tonne dry copra. For a yield of 2725 

nuts per ha per year, this dryer can serve 18 ha (hO acres) 
of coconut land.
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4,1.5 "rtESTEC" estate copra dryer o f  itfestern Samoa,

The Western Samoa Trust Estates Corporation 

(owned by the government) introduced this large capacity 

dryer fo r  their estates from the 1950s,

The dryer shown in  figure V consists of 6 drying 

rooms located on the upper floor. Each drying room 8 ft  x 

3 f t  4 inches has 14 levels for trays to slide in and out.
At each level, 3 trays could be inserted into the depth of 
8 ft .  This makes it  42 trays per room. Each tray, 
approximately 2£ ft  deep x 3 f t  wide has a wooden frame and 

£n wire mesh. The maximum loading for one tray is  30 lbs 

(13.6 kg) of wet kernel. The 6 drying rooms can hold a 

maximum of 252 trays. The drying rooms have hinged doors 

to fa c i l ita te  loading and unloading copra. The roams 
are totally enclosed with wooden planks so as to direct 

the warm air upwards and escape at the top which is  le ft  

open. The upper floor of timber construction provides 

working space for loading, unloading, transfer of trays and 

packing finished copra. On one side of the upper floor, a 

half wall provides protection for the workers whilst admitting 

light above it .  Access to the upper floor is  by a wooden 

stairway within the building.

At the ground level 18 steel drums are arranged 

inside the lower portion of the drying chamber. The drums 
are interconnected air-tight with an overlap and laid out 

forming a *0* shape with 8 each way and 2 for the bend. The 

la s t drum is  connected to an 8 inch diameter chimney, of about 
25 ft  height. The firs t  drum is  made of thick steel as i t  is  

subjected to high temperature being the drum immediately next 

to the furnace. The rest of the drums are second hand 

44 gallon petroleum drums. These drums are usually replaced 

every six  months due to corrosion. The second drum (next
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to  the thick stee l drum) however needs replacement twice 

a week. The drying chamber at the end near the flu e bend 

has an inspection door. This also serves the purpose of 
entry to the chamber fo r  repair work etc. The chamber 
has U vents 20 inch x 7 inch on each side at the ground 

level to facilitate entry o f fresh air for circulation.

The furnace is  installed outside the drying chamber. 
It  is  constructed out o f fire  bricks held together by an 

angle iron framework with cross bracings. One foot above 

ground level, heavy fire  bars are fastened to hold the husk 

and shells during combustion whilst allowing the ash to 

drop down to the ground. The furnace dimensions are 

approximately 8 f t  x 3 ft  wide x l* f t  height.

The extra floor space at the ground level is  

used for scooping out the coconut kernels. This is well
ventilated  as i t  is  open from both ends. Usually, a separate 

shed is  made available for this scooping out operation.

The roof of the dryer is made of corrugated
galvanised iron  sheets and a Jack roof is  provided fo r  

exhaust of moisture laden a ir .

The b i l l  of materials for construction of the 

dryer is given hereunder: -

For drying rooms 

Pinewood 3" x 6n x 18 ft U pieces
ft 3" x 6" x 15 ft 2
H 3n x U" x 1U ft k
« 2" x 6" x 10 ft 26
ft 2* x It* x 10 ft 16

Rustic 1" x 10« x 18 ft 2k
R 1" x 10" x ft 12
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T» Us 1" X 6“ x 17 ft 2it pieces
91 1" x 6" x 13 ft 2lt

Flat galvanized Iron sheets 3 ft
26 gauge 20 sheets

Hardwood girders it" x 6" x 16 f t 1
n it" x 6" x 1$ ft 1
It it" x 6" x 12 ft 2
n it" x 6" x 11 f t 1
n it" x it" x 16 ft 1
n kn x U" x 15 ft 1
ft it" x U" x 8 ft 1

Hardwood joists 2" x 8" x lit ft 21
R 2” x 8" x 8 f t 8

Hardwood studs 2" x it" x 8 ft 28
ll 2” x It" x 10 ft 22

Hardwood plates 2" x it" x 16 ft i
ra 2" x it" x 12 ft 2
n 2" x it" x 8 ft 1
n 2» x it" x 16 ft 1
m 2" x it" x lit ft 1
R 2» z 10“ x 12 ft 1

For flooring : -

Hardwood planks 1" x 8" x lit ft 21
№ 1“ x 8" x 16 ft 21
R 1" x 8“ x 12 ft 12

For side walls: -

Hardwood planks 

For roof: -

1" x 10" 1152 lin ea r f t

Hardwood ra fters 2" x 6" x 21 ft 11
ft 2" x 6" x 6 ft 11

Hardwood purlins 2" x 3" it50 linear f t
Corrugated galvanised iron  sheets 
3 f t  x 9 f t  2k sheets

Corrugated galvanized iron sheets 
3 ft  x 6 ft  2k sheets
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For door® and shutters: -

Hardwood planks 1» x 12" x 12 ft 9 pieces
39 1" x 12" x 1U ft 3

For stairways -

Hardwood 2" x 12" x 11* ft 3
n 2" x 12" x 12 ft 8
R 1*" x 1*" x 7 ft k
fi fe" x U* x 12 ft 1
R 2" x !*■ x 16 ft 2

Miscellaneous itemss «

Creosote (wood preservative) 15 gallons
Cement 112 pound bag® 150 bags
Mails li" 112 lb

R 3» 112 lb
R 2|" 112 lb
R 2" 28 lb

For furnace and flues:-

Square bricks 11*28 pcs
Taper bricks 280 pcs
Fire clay 6 bags
Coarse salt {9k lb ) Ì  pc®
Furnace door 1 pcs
Fire bars (heavy) 1 pcs
U* gallon drum» (second-hand) 1? pcs 
Thick steel drum 1 pcs 
Chimney 6 inch diameter 25 ft

The estimated cost of construction namely 

materials, labour and supervision (i960 prices) is  

WS| 20,000 (BSt 23,300)

The estimated annual maintenance costs (1980 prices) 
is  WS$ 3000 (USt 3500)
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The effective plan area of the six drying rooms 

i s  (2^ ft  x 3 trays) x (3 ft  x 6 rooms) which is  7^ f t  x 18 ft  

" 135 sq f t  »  12.5 ®2* This is  the platform area in plan. 
However due to the use of trays (at 11* levels), the useful 
area is  11* fold. The effect of this is  rapid fxow of air 

circulation as the depth o f kernex on any tray is  very l i t t le .  
The total height o f the loading o f ll* levele of trays is 

10 ft  (3*0 m). The nominal capacity for each room is  1000 lb  

(average 25 lb  for 1*0 trays) green copra at 50$ moisture.
The total capacity for 6 rooms is  6000 lb  green copra per day. 
The l i fe  or these dryers is  10 years.

Naturally fallen nuts are gathered by groups of 
men every 2 to 1* weeks for any given plantation area. The 

whole nuts are loaded onto trucks from collection points and 

transported to the kiln area. Workers assigned to the kiln 

area axe the whole nut into 2 halves longitudinally.

Another set of workers scoop the kernel out -  with a metal 
instrument giving rise to "finger cut" green copra.

The operation of the furnace requires 1 man each 

for 3 shifts but there is  no f ir in g  between midnight and 6 am 

the follow ing morning. The dryer however retains i t s  heat 
throughout. At 6 am the furnace is  loaded with more fuel to 

heat the dryer for the day's operation. By 8 am a group of 
about 2 men responsible for the actual operation of the dryer 
report for work. They unload the copra from the previous 

day and reload any underdried copra to the 7 upper levels. 
This clears the 7 lower levels for the loading of fresh 

kernel in the morning.

The green copra "cut" or scooped by the men 

besides the kiln area; is  loaded onto the trays, the load 

for each tray not exceeding 30 lb . These trays are placed 

in the dryer at the 7 lower levels. After drying the fresh
kernel for about 2 hours, the upper le v e ls  are cleared as



the underdried copra from the previous day's processing 

would have dried completely. Thereafter the lower trays are 

transferred to the 7 upper levels and subjected to further 

drying of 12 hre. This enables load new kernels to the 7 lower 
levels before midday thus maximizing the capacity utilization.
The total of 1U hrs drying is  usually adequate for making good 

copra. A second shift of men operating the dryer unload the 

7 upper levels which are adequately dry, before going o ff duty 

at midnightc- The operations of loading, transfer and unloading 

trays take about 1 hour each»

The movement of the copra on a "contra flow" basis 

ensures production of good quality white copra as the wettest 
copra is  placed at the lower levels which are hotter.

The fuel used is husk with shell intact» I t  is for 

this purpose that the whole nut is transported to the kiln area.
The consumption is  only ¥>% of the coconuts being processed, 
reflecting very efficient heat exchange for a hot a ir dryer.
The main reasons for this efficiency are (a ) large capacity 

which reduces unit heat losses (b) long flues ( large area for 

heat exchange) giving maximum opportunity to transfer heat.
The surplus of 10% of husks with shell intact is  sold to people 

of the area who use i t  as domestic fuel.

The daily capacity of 6000 lb  (2727 kg) green copra 

with 50% moisture corresponds to 3190 lb  (1U$0 kg) of dry copra 

with 6% moisture. On the basis of an out-turn of copra at 
5300 nuts per tonne dry copra, the daily capacity is  equivalent 
to 7685 nuts. The dryer works 6 days a week. For a 50 working 

week year, the annual capacity w ill be b35 tonne dry copra or
2.3 million nuts. On the basis of a yield of 6000 nuts per 
hectare per year, one such dryer can serve 380 ha (61*0 acre) of 
coconut land. In actual practice however, such a dryer is  in­
stalled for about every 200 ha or UUO acres.

The cost of the dryer is  US$ 23,300 and the maximum 

capacity is  U35 tonne dry copra per year. On the basis of 100 

tonne dry copra capacity per year, the investment cost is  US$ 5350.
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it. 1.6 Chula dryer m®del NDO -  natural draft

Chula dryers; f irs t  introduced in 1923» are 

manufactured by Tyneside Engineering Ltd, EXswick, 
Newscastle-on-Tyne, England. They are used in Sri Lanka 

and India for the manufacture of edible white copra. For 
chula dryers working on the forced draft technique, see 

technology sheet "MANUFACTURE OF COPRA 3Y INDIRECT HEAT 

DRYERS WITH FORCED DRAFT HOT AIR (Method D 2).

The NDO dryer (figure VI) is  a natural draft dryer, 
capable of producing 800 kg dry copra in 2¿4. hours continuous 

operation. I t  consists of two parts; drying chamber and air  

heater. The long drying chamber rests at one end on the air  

heater and at the other on steel supports. Its  steel frame­
work, in sections convenient for transport and erection, is  

covered with asbestos-lined steel-sheet panels. Each end is  

closed with strong double doors of asbestos-lined steel 
fitted with a simple but strong bolting device. Steel slides 

are fitted inside the chamber to hold a number of trays, of a 

size convenient for handling, on which the copra is  spread to 

dry. These trays have angle steel frames and bottoms of 
expanded steel mesh.

Ihe air heater consists of a furnace and flues.
The furnace 2.3 o f cast iron and specially designed to burn 

wood, dry coconut husks,and other solid fuel. The inside of 
the furnace is  protected by a special cast-iron lining in 

sections which are durable and renewable. The drying air  

enters around the sides of the furnace and is  heated by 

passing through heating chambers. It  is  then carried through 

the flues along the bottom of the drying trays. Regulators 

are provided on the furnace door and on the chimney base to 

regulate the draft. A thermometer outside the chamber 
indicates the temperature during drying.

Seasoned nature coconuts are selected for charging 

the dryer. They are husked, sp lit in two, kernels scooped
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FIGURE VX



oat and. loaded straightaway to avoid discoloration. Within 

20 minutes o f ligh tin g  the f i r e  the drying can begin. Hi®

NDO drier is  essen tia lly  a continuous dryer. The trays 

loaded with kernel are put in  at the cool end o f the drying 

chamber. When a tray o f dried copra is  taken out, i t  is  

replaced by a tray o f wet coconut at the cool end, and the 

intervening trays are pushed along the stee l ra ils  provided.

Thus the trays gradually progress toward the hot zone o f the 

d r ie r, as charging and emptying go on continuously. Six trays 

o f copra can be unloaded approximately every four hours. I t  

is  essential to  make certain that each tray is  fu l ly  loaded.

Since this is  a natural-draft furnace, no motor or motive power 

o f any kind is  required.

The da ily  capacity o f the dryer is  80G kg o f dry 

copra. On the basis o f 1*925 nuts per tonne dry copra fo r  S ri 

Lanka, this capacity is  about 1*000 nuts. For a 6 day week 

and 50 working weeks per year, the annual capacity is  21*0 tonne 

or 1.2 m illion  nuts. On the basis o f a y ie ld  of 5 0 0 0  nuts per 

ha. per year, th is dryer can serve 21*0 ha. or 530 acres.

U.1.? Pearson dryers

Pearson patent dryers o f English make are used in 

Sri Lanka fo r  the production o f edible white copra. The dryers 

are available in  2 models

Small model -  capacity 300 kg dry copra per day 

Large model -  capacity 1500 kg dry copra

per day

The large model is  double ended, with two stoves on 

e ither side and a common chimney a t the centre. The stoves are 

made o f f i r e  brick. Flue gases from the stoves pass through 

four sets o f large stee l flu e pipes, arranged beneath the four 

drying tables. At the inner end o f each set o f pipes, there is
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an adjustable damper. The stoves are located in a pit 5 ft  

below ground leve l. The lowermost drying table is  about 7 f t  

(2.1 m) above the pit or 2 ft  above ground level. This 

arrangement facilitates economical working as well as enlarges 

the capacity of the dryer.

The sides of the drying chamber are enclosed a ll  
round from the floor to the roof, with a ir openings near 
ground level. These openings are shuttered to regulate the 

supply of air for circulation so as to control the temperature 

of the hot air.

The kiln is made of a steel frame building UO ft  x  
56 f t  covered with corrugated galvanized iron (G I ) sheets, 
and outside walls of brick and cement. The inner walls are 

made of angle iron and Tee iron framing and corrugated G. I. 
sheet claddings. The flue pipes are fabricated from mild steel 
sheet and flanged as required and set into junction boxes. The 
main p illars of the building are of round mild steel sections.
At i t 's  apex, the kiln is  provided with a special ventilation 

to o f f through which the chimney rises.

For this dryer, deshelled fresh coconut kernels are 

loaded. For efficient operation, the coconut meat is  loaded 

to a depth not exceeding 12 inches (0.3 m) on to three levels 

on the trellised drying tables. The dryer works on a continuous 

basis with any given lot of kernels taking 5 days to dry.

The fuel recommended by the manufacturers is  firewood 

and butt-ends of coconut fronds etc. Coconut shells should not 
be used as the acidic fumes produced would corrode the flues 

and other metal parts, reducing the li fe  of the dryer. The 
collection and transportation of large quantities of butt-ends 

of coconut fronds may not be practical and economical. Hence 

the operation of this dryer is  advantageous where firewood is  

abundant.
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The large model, when in regular operation can put 

out 1500 kg o f dry copra da ily . This corresponds to a da ily  

intake o f 7500 nuts based on the out-turn o f copra in  Sri Lanka. 

On the basis o f 6 working days a week and $0 working weeks a 

year, the annual capacity w il l  be U50 tonne dry copra or 2.25 
m illion  nuts. For a y ie ld  o f 5000 nuts per ha. per year, this 

large model can cater to U$0 ha. or 1000 acres.

The small model has a single stove and a chimney 

designed on the same principle as the large model.

The small model, when in  regular operation can put 

out 300 kg o f dry copra each day. This is  a da ily  intake o f 

1500 nuts. On the basis o f 6 working days a week and 50 

working weeks a year, the ann lal capacity w il l  be 90 tonne dry 

copra or 450,000 nuts. This means -  the dryer can serve 90 ha. 

or 200 acres o f coconut land.

U.2 Materials fo r  construction:-

The ind irect heat natural draft dryers of lo ca l 

construction with much trad itional material a~e cheap. The 

maintenance costs are however high because fo r  rural coconut 

areas with rural incomes replacement o f flu e  tunnels with second 

hand stee l drums is  too expensive fo r  small farmers.

The ind irect heat natural draft dryers presented in 

the la t te r  part o f this technology sheet which are capable o f 

making edible white copra are constructed out o f s tee l. These 

dryers therefore are expensive. In  order to  economise, the 

dryers are designed fo r  large aapacities.

In  each section, the materials used fo r  construction 

have been presented in  d e ta il.
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U.3 Summary of design features of indirect heat natural 
draft hot air dryers.

Type of dryer Batch Platform Density Height Height Approx
Capacity area of nuts of of fuel

(nuts) Tm2j per m2 platform
above

fire -p it
" 1 S T "

copra
load
T = r

usage

WESTS G village  
dryer (W. Samoa)

2000 6.7 300 1.8 0.2 673 husk 
+673 shell 
intact

KUKUM dryer 
(Solomon Islands)

1000 6.7 150 2.0 0.1 673 husk 
+67? shell 
intact

Philippine version 
of koleum dryer 1000 6.7 150 1.5

♦ baffle
0.1 1003 husk 

+203 shell
”Marshalles® dryer 
( T T P I  ) 5oo 2.5 200 0.8

(above
baffle )

0.15 1003
shells

W E S T E C  estate 
dryer (W. Samoa) 7700 12.5 615 2.3 3.0 303 husk 

(1U trays) (1 layer +30% shell 
per tray) intact

C3HJLA dryer 
model NDO liOQO

(daily)
N.A N.A. N.A. N.A. N.A.

(solid
fuel)

Pearson dryers:-

Snail model 1250
(daily)

N.A. N.A. 2.T 0.3 N.A.
( solid 
fuel)

Large model 7500
(daily )

N.A. N.A. 2.1 0.3 N.A.
(solid
fuel)

Note: N.A. “ Information not available



_U.it. Summary of operational features: -

Type o f dryer Arrangement 
o f nut3 when 
loading plat- 

form

Removal 
o f shells

Rotation 
o f copra 

(turning)

Number o f 
fir in g s

WESTEG v illa ge  
dryer (tf. Samoa)

Random Scooped out 
before dry­

ing

No 2 fir in gs  
during 2 
nights 
(12 hrs 
each)

KUK'JM dryer 
(Solomon Islands)

Random Scooped out 
before dry­

ing

No 2 fir in gs  
during 2 
afternoons 
(8 hrs each)

Philippine version Bottom A fter 1 A fter 2 fir in gs
o f Kukum dryer layer

upwards
f ir in g deshelling during 2 

days (8 hrs 
each)

"Marshalles” dryer 
(T T P I )

Random Scooped 
out before 
drying

A fter 2 hrs 
heating + 
once more
la te r

3 fir in gs  
(U hrs 
each)

U3STEC estate 
dryer (W. Samoa)

Random Scooped out 
before dry­

ing

No 1 f ir in g  
o f 1U hrs.

CHULA dryer model NDO Random Scooped out 
before dry­

ing

No (2U hrs.
continuous)

Pearson dryers: -

Jimall model Random Scooped out 
before dry­

ing

No Continuous
fir in g

Large model Random Scooped out
before dry­

ing

No Continuous
fir in g



k * S Cost and Capacity of the dryers

Type of dryer Capacity Batch Batch Batch Cost Investment
equivalent Capacity Capacity time 
in land (nuts) dry copra (day$ (03$) 
area (kg)
t r o

cost per 
100 tonne 
annual ocxra 
capacity
t m r

WES1EC village  
dryer (W. Samoa) 33 2000 375 2 350 933

KUKUM dryer 
(Solomon Islands) 18 1000 188 2 180 957

Philippine version 
of Kukum dryer 25 1000 222 2 675 3000

"Marshalles” dryer 
( T T P I  )

16 500 111 2 N.A. H.A.

WSSTEC estate 
dryer (W. Samoa) 380 7700 

(200 actual)
1U50 1 23,300 5,350

CHULA, dryer 
model NDO 21*0 h000 800 1 N.A. N.A.

Pearson dryers:-

Snail model 90 1500
(daily)

300 5 N.A. N.A.

Large model h5o 7500
(daily)

1500 5 N.A. N.A.
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5. feocesas -

$.1 Proceos flow idiagram: -

bagged «sopra
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5.2 Description of process

In the indirect heat hot a ir dryers with natural 
draft, kernels are subjected to drying without the shell. 
Hie only exception to this is  the Philippine version of the 

Kukura dryer developed recently.

As detailed in each section, mature coconuts are 

subjected to various pretreatments depending upon the 

practices existing in each country or region. The kernels 

are loaded onto the dryer and the dryer fired as described. 
The arrangement of kernel is  generally on a random basis.
In some cases, the copra is  not turned or rotated during the 

drying operation. As can be seen, some of the simple hot air  

dryers have the copra turned. This gives uniform dryage.
Ihis however is  not practical in the case of the commercially 

manufactured large capacity dryers. Hie use of a series of 
trays at different levels with very thin layers of kernel 
loading is  the answer to this problem. By having thin, layers 

of kernel, you facilitate easy air circulation through it ,  
thus eliminating scorching and discoloration. Therefore 

rotation of the bed of copra is  not required. The loading 

onto several trays ofcourse means extra labour.

After the required drying process, the copra is  

unloaded. Any underdried copra should be returned for further 

dryage. Die dried copra is  allowed to cool off for one day 

before bagging.

5.3 Product flow diagrams -

The copra wi ch has been dried properly using these 

dryers should have the moisture level brough down to 6% from 

the in itia l level of about $0%»
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1880 kg wet kernel ($0% moisture)

1000 kg dry copra ( 6% moisture)

The out-turn of copra for different member 
countries on the basis of the national conversion rates is
given in the technology sheet "PRINCIPLES OF COPRA 

MANUFACTURE”.

6. Quality of finished producti-

Various copra grading practices exist in different coconut
regions.

The Asian and Pacific Coconut Community has prepared 

"Uhifbrm Standards Specification for Copra" (final draft April 1978). 
There are two grades specified irrespective of the process used for 

making copra. The characteristics specified for the two grades are 

given in the technology sheet "PRINCIPLES OF COPRA MANJFACTURE".

v/ith the use of hot a ir dryers, i t  is possible to obtain 

excellent quality copra provided that certain care is  taken during 

processing. Hot air dryers cannot be treated as miracle machines 
disregarding the many factors which contribute towards making good 

copra. The main areas are

(a) Minimum exposure and proper care during pretreat- 
ment of the coconut before drying. The more the 

kernel is  exposed to a ir, greater the decline in 

quality. The maximum lapse of time between opening 

the nut and commencement of drying is  U hrs. No 

drier however good, can make good copra starting 

with bad material.
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(b ) Condition of the flues in that they must not have 

leaks; in which case direct smoke w ill discolour 

the copra.

(c) Proper slope of the flues, and chimney height for 

proper draft. I t  is the writers experience to 

have observed many hot a ir  dryers using old l*U 

gallon drum flues without a slope. The smoke 
comes out at the combustion end, gets drawn into 

the drying chamber (instead of fresh a ir ) due to 

the convectional draft for the supposed hot air  

and the dryer works like a direct smoke dryer, 
defeating the purpose of the hot air dryer.

(d) Supervision and operational care to ensure correct 

temperatures, rotation of copra etc.

7. Source of information; -

7.1 Review and techno-economic evaluation of various copra production 

methods applied in the APCC region by M. Vamakulasingara and
J. Camacho (UNIDO/APCC 1978)

7.2 Copra processing in rural industries by F. C. Cooke (FAO 1958) -  

formerly Director Coconut Research Institute of Ceylon and
Department of Agriculture of Malaya.

7.3 Contributions from member countries and personal observations 

during fie ld  v isits  to member countries of the Coconut Community.

7.1* Statistical Tear Book on Coconuts: -  APCC 1979. Hie average nut 
production per hactare per year to determine the capacities of 
dryers on hactarage basis was calculated on a ten year average 

(1969 to 1978) of nut production and area planted as per tables
5 and 6 in  the yearbook.

T.K.G.R. 1980
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION 

AND ASIAN & PACIFIC COCONUT COMMUNITY 

"Consultancy Service on Coconut Processing Technology* 

(Project UF/RAS/78/049)

1. Technology sheet for : -  COPRA MANUFACTURE BY INDIRECT HEAT
DRYERS WITH FORCED DRAFT HOT AIR (Method D 2)

This method gives good quality copra 

in the shortest possible time.

2. Benefits of Technology : -  Indirect heat dryers produce high quality
white copra by heating the coconut meat indirectly. 
The products of combustion usually donot come into 

contact with the coconut meat. Instead, the hot 
combusted gases heat clean air through a heat 
exchanger without mixing with the a ir . This hot 
air in turn comes into contact with the meat, drying 

it .  In the case of some dryers, the products of 
combustion get mixed with a large quantity of a ir  

and then this mixed hot air comes into contact with 

the meat to dry i t .  In this case, the thermal 
efficiency is high but the fuel has to be carefully 

selected.

The benefits of using indirect heat
dryers with forced draft hot air are as follows:

2.1 Any type of fuel can be used:- husks, fronds, shells, 
firewood or o il. This however is  not the case for 

those dryers mixing the products of combustion with 

fresh a ir for drying. Use of traditional fuels w ill 
minimize operational costs. Use of o il though 

expensive, is  reliable as the system is  automatically 

controlled.



2«2 Excellent quality white copra can be produced in the
shortest possible time due to the forced draft of hot air.

2.3 Edible grade copra is possible i f  proper pretreatment of 
the kernel is ensured to avoid contamination and 

deterioration prior to drying.

2.4 Due to the excellent quality copra, deterioration during 

storage and shipment can be minimized. This means 
minimal loss of coconut c il during storage as well as 

better quality of o il when expelled.

The following are the disadvantages of using 

indirect heat dryers with forced draft.

(a ) The large capacities and heavy investment limit 

their use for large estates with centralized 

processing.

(b ) High costs of operation and maintenance.

(c ) Need for diesel engines or electricity and skilled 

technical personnel.

3« Country of origin ! -  The hot a ir dryers presented in this technology
sheet have been developed and comnercially manufactured 

in England since 1923. These Chula dryers are manufactured 

by Tyneside Engineering Ltd, ELswick, Newcastle-on-Tyne,
England.

These dryers are known to be used in Sri Lanka, 
India, Malaysia, Solomon Islands and Papua New Guinea.
They may be in operation in other member countries as well.

Mention must be made of a new dryer that has 

been recently developed by H.A. Lister Fam Equipment Ltd., 
Raglan House, 56 Long street, Dursley, Gloucestershire
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GL 11 4JB, England, This indirect heat forced draft 

hot air dryer has been installed  in F i j i  Islands, 

There are several capacities available.

-  3  -

4. Equipment; -

4.1 Description of equipment and operation

4.1.1 Chula hot air dryer model BDO (solid fuel)

This dryer has a capacity of 1200 kg of dry 

copra or about 2250 kg of wet kernel (50^ moisture) per 
24 hour working day. This corresponds to about 6000 nuts 

per day based on the out-turn of copra for Sri Lanka,

The dryer consists of a drying chamber and an 

a ir  heater with a furnace and power drivenfan, a ll of 
which can be housed in a comparatively small building.
This is illustrated in Figure I . In this figure, the dryer 
is shovn without the drying chamber and fan etc, so that 
the furnace, the flue pipes and the two-way valve can been 

seen. The drying chamber is located above the flue pipe 

area., and the fan positioned above the furnace.

The furnace has machine-ribbed plates for maximun 

heat transfer. They are made of a special grade of cast 
iron. The furnace has an internal lin ing of the same cast 
iron in removable sections to protect the furnace casing 

from the heat. Under ordinary conditions, these inner 

plates last for a number of years and are replaced periodically 

when necessary.

From the furnace the flue gases pass through 

along jointless steel tubes into a small chamber at the 

other end of the machine, and then back through another 
set of tubes into another small chamber next to the furnace.
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4 ¡!«  I CHULA HOT AIR DRIER MODEL BDQ (Solid fuel)

FIGURB I



219

-  5 -

The flue gases finally  leave through a chimney which is  

connected to this second small chamber • Where the flue 

tubes enter the small chambers at each end of the machine, 
there are expansion joints to allow for expansion and 

contraction of the machine ccmponants. The expansion 

joints comprise of sockets which when packed with the 

asbestos packing provided, fora snake-tight joints.

The air to be heated enters the machine at floor 

level through small doors on the sides and passes o/er the 

heated flue tubes and the ribbed furnace casing. The fan 

which is located above the furnace draws this air which has 
got heated and delivers through the coconut meat. The 

fan is  the only moving part of the machine. It revolves 

on a shaft running on ball bearings attached to the outside 

of the machine. From the fan, the air passes to the drying 

chamber through a two way valve which enables the direction 

of the hot air to be reversed at w ill.

The drying chamber is  located above the flue tube 

casing and is  made of double sheet steel panels lined  with 

asbestos. The bottom is  formed of strong perforated stee l 

plates and the space between this plate and the top of the
flue tube casing forms an air passage.

Three discharge doors are f it t e d  along one side 

of the drying chamber. The top i 3 closed by three easy- 
running sliding doors which can be pushed open on ra ils  

projecting from the side of the machine. The small rollers  

upon which these doors run, can be withdrawn into the frames 

of the doors by the movement o f a lever. This enables the 

doors when closed; to be lowered until they rest on the top 

flange of the chamber, thus preventing any air from escaping. 
Each sliding door is  fitted with an exhaust air outlet which 

can be closed by a sliding shutter. There are two thermometers
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fitted, one to measure the temperature above the coconut 
meat and the other below.

On the side of the machine opposite to where the 

three discharge doors are located, a platform is fixed to 

facilitate the workers to load the machine with kernels.

To operate the diyer, the three discharge doors 

are shut and kernel loaded through the top sliding doors 

until level with the top. The kernel is usually without 
shell, thus maximizing the dryer capacity but the kernels 

tend to be broken up during the scooping out operation from 

the shell. It  is possible to load the drying chamber with 

half kernels with the shell intact. In this case, there is  

a slight loss of capacity but, good unbroken half cup copra 

can be obtained because deshelling is nearly automatic after 

dryage.

A ll the outlets from the a ir chamber below the 

perforated plate are closed and the two way valve is  raised 

in order to permit the hot air to enter the a ir passage below 

the copra bed. From here, the hot air passes through the 

perforated plate and upwards through the copra bed, exhausting 

from the open sliding doors at the top. After the firs t  2 

hours of drying, the sliding doors are closed into position 

but the slid ing shutters le ft  open, thus offering some back 

pressure after the in itia l heating and dryage of surplus 

moisture. After a total of 12 hrs drying, the partly dried 

copra shrinks in depth by about 0.2 m. Now the direction of 
air flow is reversed. This is done by closing down the two- 
way valve, closing the shutters of the top sliding doors and 

opening the doors of the a ir  passage below the perforated plate. 
These doors now act as outlets fo r  the exhaust a ir after the 

hot a ir  passes through the copra bed downwards. The reversed 
a ir  flow is maintained for 8 hrs after which the air flow is  

reverted to the original direction for 2 hours.
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During the total drying time of 22 hr», the moisture 

gets reduced from 50iS to about 6%, The copra is unloaded every 

24 hrs, the unloading and loading of fresh kernel taking about 2 hrs.

The fan of this type of dryer can be driven by a diesel 
engine or a motor i f  electricity is available. The effort required 

to operate this dryer is merely to attend to the diesel engine 

( i f  not motorized) and load the fire . One good operator is capable 

of attending to 4 machines. It is  important to note here that a 

good experienced operator is  necessary to ensure tn&t the correct 
temperatures are maintained during the drying. Excess temperature 

w ill discolour the copra whilst i f  the temperature is allowed to 

cone down, complete drying cannot be obtained during the standard 

cycle time.

The capacity of this dryer is 1200 kg dry copra or 6000 

nuts per day. On the basis of 5 working days a week and 50 working 

weeks per year, the annual capacity w ill be 360 tonne dry copra 

or 1.8 million nuts. For an annual yield of 5000 nuts per hectare 

(as in Sri Lanka), this kiln can cater to 360 ha or 790 acres.

1.2 Chula hot dryer a ir dryer model ED1 (solid fuel)

This dryer has a capacity of 2000 kg dry copra or 
3800 kg wet kernel (5035 moisture) per 24 hour working day. This 

corresponds to about 10,000 nuts per day based on the out-turn 

of copra for Sri Lanka.

The dryer is identical in design and operation to the 

chula dryer model BD0 (section 4*1.1) except for a larger capacity. 
The dryer is  illustrated in the figure I I .

The capacity of the dryer is  2000 kg dry copra or 10,000 

nuts per day. On the basis of 6 working days a week and 50 working 

weeks per year, the annual capacity is 600 tonne copra or 3 million 

nuts. For an annual yield of 5000 nuts per hectare as in Sri Lanka, 
this dryer can service 600 ha 1300 acres*



222

-  à -

4,1.2 GHULâ НОГ AIR DRIER MODEL BD t (Salid faáL) 
(Tue Views of the dryer)

FIGUES I I
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4*1.3 Modified Chula dryer model BDI (Mixed hot a ir, diesel fired) 
in Solomon Islands.

This Chula dryer model BDI which was originally fired  

by solid fuel has been modified locally to use diesel fuel and 

works on "mixed" hot air. A set of these machines is  being 

utilized for centralised copra manufacture in the estate sector.
The dryer is basically as illustrated in figures I  and I I  in 

this technology sheet.

The main modifications are as given hereunder; -

The flue pipe heat exchanger and the chimney have been 

removed and a special combustion chamber introduced. Inside 

this combustion chamber, a white diesel ( automotive grade) fired  

burner is  worked. The burner is  a low a ir pressure type mod*-!, 
the a ir  supply coming from a centrifugal blower powered by a 2 HP 

electric motor.

When the equipment is working, the combusted gases 

(which are fully combusted) get mixed with a large quantity of 
fresh a ir. Due to the large mixing ratio, the * mixed* hot air 

is  clean. The main circulation fan is of centrifugal type 

powered by a 7.5 HP electric motor.

The fallen liarvest is gathered on the estates at 
various points, whole nut axed and the kernel "finger cut" and 

packed into bags. These bags are transported by trucks and 

tractor t ra i lo r  equipment to the dryer area. Whilst some kernels 

reach the dryers within 4 hours, those from the furthest areas 

appear to be exposed for 4 to 6 hra which is  longer than the 

desirable limit of 4 hra.

To operate the dryer, "finger cut" kernel is  loaded 

until heaped upto 8 inches (0.2  m) above the top level with the 

sliding doors kept open. This slight overloading helps to maximize
the capacity from the nominal 2000 kg to  2250 kg dry copra per batch.

-  9 -
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The burner is fired at "high bum" and the mixed 
hot air circulated upwards through the copra for 7 hours. During 
this time, the saturated air coming out of the top sliding door 
area is exhausted to the atmosphere. The temperature of the mixed 
hot air before passing through the copra is controlled at 140°F to 

I50°F (60°C to 66°C). The optimum back pressure during in itia l 
drying is about 1 ft  head of water. At the end of 7 hrs of drying, 
the level of kernel shrinks down to about 8 inches below the top 

flange of the drying chamber.

The top sliding doors and shutters are now closed for 

reversing the air flow. The two way valve is raised to admit air  

from the top of the copra and make it  flow downwards. The air 
doors provided in the air passage below the perforated plate are 

opened only slightly so as to permit exhaust of about o f the 

air. The balance of about 7056 o f the a ir  (with i t 's  heat) is  

recirculated through a regulated shutter. The burner for this 

second drying works at "low burn", conserving valuable fuel. The 

30g air exhausted is made up with an equivalent amount of fresh 

a ir  for the "low burn" o f the burner.

The drying time for this reversed flow with partial 
circulation is  12 hrs with the temperature maintained at 140°F (60°C).

The total drying time is  19 to 20 hrs. Unloading takes
2 hrs and loading another 2 hrs. The total drying cycle takes
24 hrs.

-  10 -

The fuel consumption on a per tonne dry copra basis is  

maintained at 16 gallons of automotive diesel. This could be as 

high as 20 gallons i f  the recirculation technique was not used.
I f  on the other hand, i f  pure hot a ir only was used through a 
heat exchanger, the fuel consumption would, have been in the range 

of 30 to 40 gallons of furnace o il per tonne dry copra. Despite 

the uodification for use of "mixed hot a ir and the partial 
recirculation system, the operation of these dryers has become 

very expensive due to high fuel costs.



225

-  11 -

These dryers are operated in a battery of several units. 
One experienced operator for each of the three shifts could 

attend to 4 or 6 machines. The operator has to ensure that a ll  
units are working properly by checking the temperatures and i f  

necessary adjusting the burners and regulating shutters etc.

Loading and unloading the set of machines is carried out 
on two shifts depending upon the times at which the "finger cut* 
kernel is transported to the centralised drying area. For each 

shift there is a separate group of men. The shift hours are 6 am 

to 2 pm and 2 pm to tO pm. The number of men is  based on an 

average of 1 man per dryer, Another group of men is responsible 

for bagging the dry copra which is le ft  in bulk in the store for 

1 day after the drying operation. This enables the surplus heat 
in the copra to move out as well as permit any surplus moisture 

(say 7 or 8%) to breathe out and be reduced to the optimum level 
of or below.

The capacity of the dryer is  2250 kg of dry copra per 
day or 11,250 nuts (based on 5000 nuts per tonne in Solomon 

Islands), The nominal capacity is 2000 kg for the model BDI,
This increased capacity is possible due to two factors. One: -  

overloading upto a height of 8 inches above the flange at the 

top and, Two: -  Finger cut kernel have a better packing density.
On the basis of 6 working day3 a week and 50 working weeks per 
year, the annual capacity w ill be 675 tonne dry copra or 3.375 million 

nuts. For a yield of 5500 nuts per ha, this dryer can service 

615 ha or 1350 acres of coconut land.

4,1,4 Chula hot a ir dryer model BD2 (o i l fired)

This chula dryer is similar to the model BDI presented 

in section 4.1.2 but i t  can be constructed in various capacities
ranging from 666 kg to  6000 kg dry copra per 24 hr working day, 
by the addition o f unit drying chambers. See figure I I I ,



Ufo

4.1.4 CHUM HOT AIR DRYER MODEL BB 2 (o il firad)

FIGURE I I I
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The a ir heater of this machine consists of an o il 
burner with thermostatic control, an air chamber and a fan 

worked by an electric motor.

The drying chamber is built up in units of 666 kg 

dry copra capacity. Several units can be added to the drying 

chamber within the limits of the capacity of the o il burner.
The manufacturers have 3 sizes of air heaters for selection 

depending upon the capacity required.

In this model of dryer, the direction of airflow 

can be reversed as in models BIX) and BD1. This ensures 

uniform drying of the copra.

Drying chamber units can be cut o ff from one another 
by division plates which donot obstruct the flow of air below 

the perforated plate. The various units can therefore be loaded 

independently at different times for continuous operation. As in 

the case of the other models, the drying chamber is  loaded with 

kernels from the top and when ready, discharged from the side.

The o il burner is automatically controlled by means of 
a thermostat and therefore is reliable in operation.

The maximum capacity is 6000 kg dry copra per day or 

30,000 nuts (based on 5000 nuts per tonne). Cn the basis of 
a 6 day week and 50 working weeks per ye a r , the annual capacity 

will be 1800 tonne dry copra or 9 million nuts. For a yield of 
5000 nuts per ha per year, this dryer can serve 1800 ha or 4000 acres.

.2 Materials for construction

These dryers are of sophisticated design catering to high 

capacities for centralized processing. A ll the dryers use cast 
iron and or steel componants with centrifugal fans powered by a 

diesel engine or electric motor. Some dryers use o il burners. In 

such cases, o il storage fac ilities  with service tanks are necessary. 
Electrical installations are necessary i f  diesel engines are not used.



4.3 Simmaxy of operational features

Type of dryer Batch
capacity
(nuts)

Hours of 
drying

£asL
used

Power
used

Chula dryer 
Model EDO 6,000 22

Firewood
etc.

Diesel engine 

or electric
motor.

Chula dryer 
model BDX 10,000 22

Firewood
etc.

Diesel engine 

or electric
motor

Modified chula 

dryer BDI 11,250 20
Auto­
motive
diesel

Electric
motor

Chula dryer 
model BD2 30,000 22

Black
diesel
or fur-

Electric
motor
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4.4 Summary of cost and capacity of the dryers

»

Srpe of.dryer Capacity
equivalent
M  ĵand area

Batch

capacity

Batch 

capacity 

ton copra

Batch
time

Coat

(ha) (nuts) (kg) (days) (us$)

Chula dryer
model BDO 

Chula dryer

360 6,003 1200 1 H.A.

model BDI 600 10,000 2000 t N.A.

Modified chula
dryer BDI

Chula dryer 
multiple unit

615 11,250 2250 1 N.A.

model 1800 30,000 6000 1 N.A.
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5. Procesai -

$.1 Process flow diagrams -

O stature coconut

transport whole 
nut to dryer
(Sri Lanka)

husk and 
split into two

1i
____ i

carefully scoop 
out kernel

axe whole nut 
(mainly Pacific 
region).

scoop ("finger 
cut") kernel and 
pack into hags

transport to

fresh kernel
without shell

load dryer and start 
firing as detailed

reverse direction of 
air flow as detailed

unload dry copra and
reload next lot of fresh kernel

bulk storage for 1 day
to allow cooling

pack copra into Jute sacks.

bagged copra
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5.2 Description of process; -

In the indirect heat hot air dryers vdth forced draft, 
the kernels are dried without the shell.

In the Pacific region, the whole nut is axed into two; 
longitudinally and the meat taken out by a metal scoop. The 

"finger cut" green copra is packed into bags and transported by
trucks and tractor trailors to the centralized processing area.

In certain areas, the lapse of time between opening the 

kernel and processing appears to exceed the maximum desirable limit 

of 4 hrs.

In Sri Lanka, the whole nut is transported to the dryer 
area and "seasoned" by storing voider the shade for 3 to 4 weeks. 
Thereafter, the nuts are husked, split in two along the 'equator* 
and the meat scooped out carefully.

In other countries where the fibre industry is  not 
developed, the nuts are husked in the fie ld  and the husked nuts 

transported to the dryer area. Sometimes they are sp lit in two 

and water allowed to run out before transportation.

The kernel without shell is  loaded as detailed in the 

case of each type of dryer. A ll the forced draft dryers have 

arrangements for reversing the direction of flow of the hot a ir. 
This is very important to obtain uniformly dried copra. This is  

the equivalent action to ' turning' or rotating the copra in some 
cases of natural draft systems (Direct heat smoke dryers method B, 
direct heat smokeless dryers -  methods Cl and C2, Indirect heat 
natural draft hot air dryers -  method Dt). Forced draft systems 

give the quickest method for drying copra but is also the most 
expensive method.
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The most important aspect of the operation is to 

control and maintain the temperature of the hot a ir within the 

desirable limits at the various stages. An experienced operator 
can ensure that the copra is dried without discoloration and 

within the standard drying time.

After unloading the copra, it  is kept in bulk storage 

for 1 day before packing into bags. This serves two purposes. 
One, the heat is allowed to escape and Two, any excess moisture 

is  breathed out leaving the copra at t% moisture or less.

5.3 Product flow diagrams -

The copra which has been dried using these indirect 

heat forced draft dryers usually conform to 65» moisture level. 
Assuming the moisture level of tne fresh kernel to be at 5056 
before dryage, we have: -

1880 kg wet kernel (50% moisture)

1QQQ kg dry copra ($56 moisture)

The out-turn o f copra fo r  different member countries 

on the basis of the national conversion rates is given in the
technology sheet "PRINCIPLES OF COPRA MANUFACTURE".
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6. Quality of finished product? -

Various copra grading practices exist in different
coconut regions*

The Asian and Pacific Coconut Community has prepared 

"Uniform Standards Specification for Copra" (Final draft April 1978). 
There are two grades specified irrespective of the process used 

for making copra. The characteristics specified for the two grades 

are given in the technology sheet "PRINCIPLES OF COPRA MANUFACTURE"

With the use of indirect heat forced draft hot air dryers, 
it  is possible to obtain excellent quality copra in the shortest 

possible time. However, certain care has to be taken to ensure 

what is possible is achieved. There appears to be a tendency to 

treat such dryers as miracle machines. The following factors 

contribute towards making good copra: -

(a ) Minimum exposure and proper care during pretreatment of the 

coconut before drying. The more the kernel is exposed to  

a ir  or the more pieces the kernel is broken up into, greater 

the spoilage and the resulting decline in quality. The raaximun 

lapse of time between opening the nut and commencement of drying 

is  4 hrs. No dryer, however good, can make good copra starting 

with bad material.

(b ) Condition o f the flues to ensure there are no leaks or else 

the smoke w ill discolour the copra. Besides flues kept cleaned 

would improve the efficiency of heat exchange.

(c ) Cleanliness o f the drying chamber particularly when the 

machine has been rested.

(d ) Supervision and operational care to ensure correct 

temperatures are maintained and that the air flow is 

reversed to obtain uniform drying.
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7* Source of information: -

7.1 Copra processing in rural industries by F.C. Cooke (FAO 1958)
-  formerly Director Coconut Research Institute of Ceylon and
Department of Agriculture of Malaya.

7.2 Coconut Palm products by B.E. Grimwood 

(FAO 1975).

i
7.3 Contribution from member countries and personal 

observations during fields visits to member countries
of the Coconut Community.

7.4 Statistical Yearbook on Coconuts -  APCC 1979. The 

average nut production per hactare per year to determine 

the capacities of dryers on hactarege basis was calculated 

on a ten year average (1969 -  1978) o f nut production
and area planted as per tables 5 and 6 in the yearbook.

i

T.K.G.R, 1980,


