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A valid criticism against the poor performance of many
agricultural extension services in coconut producing countries
is that the gervices do not have or lknow what to "extend"., A
gimiler analogy can be applied to & conaultancy aervice on
coconut processing technology.

"Registering" coconut processes applied in the APCC
countries, may be a simple achievement and considered unimportant,
vhen one views the deluge of impressively formulated and identified
objectives and programmesg pouring out of intemational agencies
and institutions. The fact is, that the disappointments from two
URE Development Decades, could be traced to the failure to execute
the basic "Eome Work® essential for achieving the ultimate
ob;]ectives.

H

UNIDO, which concieved and supervised t‘he execution of
this project, rightfully owns the entire credit for an important
programme of meaningful benefits to APCC and APCC member countries.
UNIDO has provided APCC with a firm bagis from which APCC must now
build and develop an essential service to those countries and
individuales reliant on the cocomut for their economic surwvival.
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\ o7 yor 7«,

Godofzedo P Reyes J
Director

i3 June 1980.=



INTRODUCTIOHN

The Umited Natiens Industri«l Develepment Organisation, Vienna,
funded and executed thie project "Establishment of Cocomut Processing
Technology Consultency Service® for the Asian and Pacific Cocomut

Community based in Jakarta. The project wae initiated in 1978 and
completed within 18 monbhs.

Coconut Processes, commercial and household, applied in the
APCC member countries were documented in individual technology sheets by
Consultants for specialised areas and by the Project Kanager/Coconut
Proceseing Technologist. Each technology sheet carries a product eode,
based on ths Customs Cooperation Council Nomenclature (CCCN) which has
replaced the Brussels Tariff Nomenclature (BTN)., This facilitates easy
reference Yo determine import or export duldes, freight rates, etc, as
well as coding for library systems. where there are co-products or by-
products in a process, only the main product has been taken inmto
consideration for coding. ’

The immediste objective of the project is to make the techno-
logy sheets available to all concerned as a "Comsultancy Service® in
the framework of technical cooperation among developing countries and
cthers interested in improving the coconut provessing disc}plim..

The technology documented is not only on 'lnjor commercial
processes but also on the hitherto, scmewhat neglected,rural and house-
hold processee. These processes offer a large scope for further develop-
ment with appropriate and suitably scaled technology, in order to bring
sbhut the commercialisation of msw or improved products.

The development of the Coconut Processing Sector through
technical cooperation in existing commercial processes and the impuovement
of rural and household products, could mean higher incomes and better
living conditions for several hundred millicn people living in the cocomt
areas of the world.
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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)

This document is one of VII parts: -

PART X COCONUT HARVESTING AND COPRA MANUFACTURE
PART II COCONUT OIL EXTRACTION

PART III  COCONUT OIL REFINING AND MODIFICATION
PART IV DESICCATED COCONUT MANUFACTURE

PART V DGHMESTIC COCONUT FOOD PROCESSES

PART VI COCONUT CCIR FIBRE AND PROBUCTS

FART VII  COCONUT SHELL PRODUCTS AND OTHER PROCESSES

Theses Technology sheets have been prepared by -

P,C. Catanaoan, UNIDO Consultant on oil extraction
H.B.W, Patterson, UNIDO Consultant on oil refining
P.M. Abaca, UNIDO Consultant on non traditional food

T.K.G, Ranasinghe, UNIDO Project Maneger/Coconut Processing Technologist,

1979/1980
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COCONUT HARVESTING AND COPR4 MANUFACTURE

List of Technology sheets

Nsme of Technology sheet

Natural fall coconut harvest - mainly Pacific

Harvesting coconuts - Philippines

Harvesting coconutes - India

Harvesting coconuts using trained monkey -
Indonesia, Malaysia, Theiland,

Crop storage or Seasoning of mature whole
nuts after harvesting ~ Sri Lanke

Principles of copra manufacture

Copra manufacture by natural drying using
d.rect sun in the open (Method A 1)

Edible ball copra manufacturse by natural
drying whole nut in the shade (Method A 2)
= mainly India

1/9 to 13 Copra manufacture by direct heat smoke dryers

using traditional fuel other than coconut shells
{Method B)

9e
10,
1.
12,
130

Traditional direct smoke dryer of Indonesia
Traditional direct smoke dryer of Thailand
Sariaya {ype dryer of Philippines

Pagsanjan type dryer of Philippines

Tayabas type dryer of Philippines

24

32
63

72

79

iv
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I/15 to 25

1/26 to 32

1/33 to 36

Copra manufacture by direct heat smokeless 100
dryers using coconut shells as fuel combined

with pre drying in the sun (Method C 1) =~

Sri Lanka,

Copra manufacture by direct heat smoksless 119
dryers using coconut shell as fuel (Method C 2)

15, Sri Lanka standard ccpra kiln

16, Improved Sri Lanka copra kiln

17 Sri Lanka small holders kiln

18, Miniature Malaysian kiln

19, Malaysian copra kiln

20, Malaysian version of Sri Lanka copra kiln
21, Indian version of miniature Malaysian kiln
22, Indian version of Sri Lanka copra kiln

23, Improved Tayabas dryer of Phllippines

24, De Vapor improved dryer of Philippines

25, Papua New Guinea version of Sri Lanka copra kilu.

Copra manufacture by indirect heat dryers 172
with natural draft hot air (Method D 1)

26, WESTEC village copra dryer of W. Samoa
27. Hukum copra dryer of Solomon Islands

28, Philippine version of Kukum dryer

29, Marshalles type dryer of Micronesia (TTPI)
30. WESTEC estate copra dryer of W. Samoa

31, Chula dryer model NDO -~ Sri Lanka etc,

32, Pearson dryers - Sri Lanka ste,

Copra manufacture by indirect heat dryers 215
with forced draft hot air (Method D 2)

33. Chula hot air dryer model BDO ~ Sri Lanka etc,
34, Chula hot air dryer model BDYt - Sri Lanka ste,
35, Modified Chula dryer model BD! - Solomon Islands
36, Chula hot air dryer model BD2 Sri Lanka etc,



Product code CCN 08,01
Pechniology sheet No. I / 1

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION

AND ASIAN & PACIFIC COCONUT COMMUNITY

"consultang Ssrvice on Cocconub Proeesainj 'Ibchmlgg"

(Project UF/RAS/78/049)

1. fechnology Sheet for t= HATURAL FALL COCONUT HARVEST
- mainly Pacific

2, Uses of finished produst :-

2.1 The naturally fallen nuts being fully mature, make

good quality copra. These from selected varieties are used
a8 seednuts,

2.2 The nuts are alsop suitabls for desiccatsd coconub.

2.3 These coconuts are ussd for culinsry purpcass in the
Pacific region. The psr capita consumption in this region
is 300 to 500 nuts per person psr year, which is several
fold compared to that in Asian member countries.

3. Cowmtry of Origin

PAPUA NEW GUINEA, SOLOMON ISLANDS, WESTERN SAMOA

Coconuts are not plucked but allowed to fall
naturally in the Pacific region. In some countries like
Philippines and Sri Lanka, natural fall harvest is prags-
tised only for the very tall trees in large holdings as
plucking would be very inconvenient.

h. Egquipment or facilities :-

Workers are required for gathering the nuts into
heaps, periodically. Where nuts are cut open and kernel
soccoped out in the field, the sams work force is engaged
for this on a piece rate basis. In small holdings, the
farmer and his family members will carry out the gathering,
axing the nuts and scooping out the ksrnel.



5. Process: =
5.1 Process flow disgram: -

Q mature coconuts on the tree

Natural fall when dry
(14 to 16 months age)

gathering into heaps

mature coconuts
for copra or culinary purposes,

axing whole nut
into 2 halves longitudinally.

scooping out kernel (finger
cut) and bagging

transport to copra kiln

finger cut kernel
ready for copra manufacture
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5.2
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Danc:d.p’don of Process i-

Hervesting coconuts in the Pacific region
is by gathering the naturally fallsm nuts every 2
te L weeks, Under nommsl circumstances, only fully

mature dry nuts of 1l to 16 months age from flowering
will fall naturally.

Natural fall harvest ensures that only
fully mature nuts are obtained. The excepiion however
is vhen thers is premature nutfall during adverse
conditions such as dry weesther. Another important
advantage is that it is the cheapsst method available
bscause no labour ie expsnded in plucsking the nuts.
There is an important disadvantage in that due to
the undergrowth, many nuts ars not seen when gathering.
Since the nmuts are fully ripe, they tend to germinate
if not gathered esach time. A8 a result it is common to
see about S¥% of all nuts have germinated when opensd
out for copra making.

The group of men emgaged for gathering
into heaps alszo exs the nut into two; longitudinally
&nd scoop the kernel to obtainm "finger cut™ kernel.
The sams workers bag the copra for cocllsction by
trucks., The workers are psid on a pisce rate basis.
In the case of small holders, the farmer and his
family members carryout thess funoctions and either
mekes his own copra or =11 the lernel to ancther
¥ho has & kiln.

In the estate sector of Papua New Cuinea,
the practice differc depending upon the type of
dryer ussd. Only in the case of Sri Lanka type
idinsy the nuts are husked in the field, split open
into two along the equator, amd packed into bags with
the helf shell intact. This is transported by
truck and the kiln loaded with the half shell intact.
Paymant for gathering, husking, splitting and bagging
is on & pisce rate bagis,
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In the estats zector in Western Samoca,
whole nuts are transported to ths kiln area, axed
in half and kernel scooped. The purpose of transporting

the whols nut iz because the husk and the shell (intac%)
are used for fuel.

It i3 interesting to aote that whilst one
grovp of workers is harvesting, another group clears
the undergrowth in some other ares of the plantation.
The two groups rotate their tasks periodisally.

Dstails of preparation of nuts for conra
manufacture are dealt with fully in the relevant
technology sheets.

5¢3  Product flow diagram se

Hot availabls.

6. Quality of finished product =

The nutz are fully matws and henoe are in the ideal
condition for copre manufacture.

Ts Soures of Information 1=

OCbservation during fisld visite to member
countries in the Peacific regiom.

T.E.G.Rs 1980
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Product code ¢ CCOCN 08,01
Technology sheet no: I / 2

UNITED NATIONS INDUSTRIAL DEVELCPMiINT ORGANISATION

AND ASIAN & PACIFIC COCONUT COMMUNITY

WConsultancy Service on Coconut Processing Technology"

(Project UF/BAS/78/049)

Technoloxy Sheet for : = HARVESTING COCONUTS (Smell & Large

Holdings),.

Uses of finished product : - For processing into Copra, Desiccated

Goconut or consumed as fresh nuts for
cooking; and other miscellanecus food
items, By product - Husks (in 3 to &
segments) are mainly used as fuel for
copra drying if the farm has a copra
dryer. Otherwise they are allowed to
perish, Some husks are used for
extraction of coir fibre.

Country of origin 1+ - PHILIPPINES
Equipment

Description of equipment: -

uc devica

Several bamboo poles Jointed togsther and knife attached to
upperncst bamboo, The inner curve of knife is abtoud 250 mm
diameter which is bigger than a coconut, BEach bamboo is about
3 meter long., 7The joint is made with 2 pegs at right angiles,
The lower portion of sach bamboo is strengthened against burst
by tying with rattan. The number of bamboos linked together
will depend upen the height of the trees which in turn depends
upon the age. Ususlly not more than 5 bamboos are linked
together because beyond that the device cannot be managed.
Trees taller than about 15 meter are harvested by professional
climbers in small holdings,
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Trees whick are climbed
have V shaped notches

Inner curve
about 250 mm
(10") diameter

1&112

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 of the

notch is parallel to the E;'
ground. Cutting notches is i;
however injurious to the e
health of the tree, This

practice of climbing is

being done away with in

most areas, In larger 2 pegs

holdings, the nuts fram " at right

vary tall trees are allowed angles

to fall naturally and are Tied with
collected regularly. gz;zzgnz? avold

Husking device

This is a wooden horse

type device with a

verticle spike fastened
to it. It has a wooden
base frame and thus can
be carried from place to
place,

Materials for construction

Plucking device
One knife

Y ¢—— upto 5 bamboos
Jointed together

Plucking device

Lo

steel spike —p|

10 mm(28"
maximum

‘1tﬁ
1
7

Husking device
Five bamboos specially prepared, each 3 meter (10 ft) long.

Pegs for easy assembly and dismantling of joints.
Movable Husking device = Wooden hcrse with verticle spike
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4e3 Cost of equipment

Plucking device
R Us$ (1US$ = P 7.42)
Knife 25 3037

5 Bamboos (a) 6 30 460k

Total 55 70“’

Hug device

Total cost # 70.00 US$ 9.43

Lol Capacity
Use of bamboo

A group of 3 men with one plucking bamboe can harvest
and gather nuts in an area of 2 Hectare per day of about 10 hours
working time, On the basis of 156 trees per Hectare and 5 nuts per
tree per harvest (harvesting every 45 days which is & times a year),
the capacity will be 1560 nuts per group of 3 men,

Payment per 1000 nuts # 10 (US$ 1,35).

Use of human climbers

Group of 3 men with two climbers can pluck the nuts of
about 80 trees per day of about 10 hours., On the basis of 5 nuts
per tree, the capacity for the group will be 400 nuts (about 3
Hectare),

Payment per 1000 nuts # 25 (Us$ 3.37)

Huslcing

One man using the wooden horse and spike can husk about
1000 nuts per day of 10 working hours.

o Pegment per 1000 nuts P 10 (US$ 1.35)

:J Paym&xt for gathering and transporting upto Copra dryer or central
" point on premises for despstch per 1000 nuts # 10 (US$ 1.35),
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5. Process
5¢1 #rocess flow diagram: =
mature coconuts on the tree
_ | -4
plucked using human climbers; Naturali
bamboo with : . for plucking Y fall for
imife '3 tall trees tall trees
4
gathering nuts into heaps
v

husking and transporting to
central place,

Y L 4

husked nuts : ; : ; husks (by-product)
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52 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 tc be 10 to
14 months old from polination which is 12 to 16 months old from
flowering. The youngest nuts plucked therefore will be Jjust

‘!' mature or sometimes just under mature, The oldest nuts will be
on the verge of falling naturally.

Onoce the nuts are gathered into small hsaps, they are
husked using the movable wooden horse and spike. The husks ars
removed from the nuts in 3 to 4 segments depending upon the size
of the nut. The husks are left on the land unless there is a
copra dryer in the premises in which case the husks are used as
fuel for firing.

The husked nuts are separately transported using a
cart to either the copra diyer 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 : = 1000 whole nuts (1200 Kg)

!

1000 husked nuts (800 Kg) 1000 husks (400 Kg).
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Quality of finished product

The nuts must be fully 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 net be immature nuts or germinated nuts

for processing into Copra or Desiccated coconut,

Source of information

Investigations during field visit to Davao in
Mindanao Island, Philippines,

TOK;G.R ‘9790



Product sode: CCCH 08.01
Technology sheet nos I / 3

UNITED RATIONS TNDUSTRIAL DEVELOPMENT ORGANISATION

AND ASIAN & PACIFIC COCONUT COMMUNITY

%Consul tancy Service on Coconut Processing Technology"”

{Project UFZMS[IBZM )

1o Technology Sheet for s« HARVESTING COCONUTS (INMDIA)
2. Uses of finished ucts s-

3e

ke

261

2.2

2.3

2.4

The fully mature.coconut iz used for manufacture of oup

gopra and desiccated coconut. HNute from selooctsd varieties
are vsed as seed nnts,

The nut when plucked at full matwrity with drying
commenced on the tree (14 to 16 months age) can bs used

for maldng edible ball copra if suitably stored without
huﬂking.

Coconut is used for on‘linary; purposes particularly in
Kerala State,

In Eerala husks of coconuts just under mature (10 to 12
months age) are retted to extract white coir fibre. This
is an important cottage industry swpporting a large
population.

Comtry of Or:lg:.l_n fo

INDIA - mainly Kerala State followsd by Tamil Kadu
end Karmateka States,

Equipment :-
het Description of equipment :-

Lke1s1 Ladder of single bamboo - ses figwe I. Though bamboo
i8 available in some arsas, it is not used as
, & plucking device but as & ladder to climb the tree.
.1,2 Sharp curved knife - see figure II
and loop for the feet.
belo3 Husking device - ses fifure III.

1k
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fastened to the tep

fork like arrengement !
of the bamboo for |
/ phcing against the ~a_ |

foot holds and grips e
for tbe hand provided  [| Y
by the stumpe of I
branches from the ™\ H H
el | 3 |
: Lt height of
- ) 2.4 bamboo about
|
Smell slope for
. stability to epable
a2 ¢limb without another i
¢ man holding it i1 W
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End elevation Front elevaticn

FIGURE I LADDER (F SINGLE BAMBOO
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FIGURE II SHARP ENIFE FOR HARVESTING COCONUTS
NPT RO _—_“-_m—-

2
-

13

= Just above

knee level

.t

/ ef operator

metal strap
¥ to prevent
) wooden stand
l 1 — from burste
e i ing open
i *‘_‘ L
L4 Greund level
|
] D
! o
. |
l\\ 1" \
——tNSL Y
57 ; ‘%o
Front view Sids view

FIGURE 111 HUSKING DEVICE
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Materials for sconstruction 3= o
Hot appliocsbls
Cost of equipment -

ho3.1 The bamboo will be about Rs 5/= (US§ = =/61)
h.3.2 The cost of the knife is about Rs 10/= (US§ = 1/22)
he3.3 The cost of the husking device is Rs 15/= (U3 = 1/83)

Capeoity s-

4 skilled humen climber can hervest about
S0 trees in & working day. The harvesting charge for
100 trees varies from Rs.20 to Rs.25 (US$ 2/50 to 3/=).
The harvesting in white coir areas is every month
whilst other areas it is once in 2 menths.

The capacity for husking by a akilled worker is
1500 to 2000 nuts per normal working day. Payment is on
piece rate basis and variss baetween Rs 6§/= to 10/=
(0S$ = /73 to 1/22) per 1000 coconuts depending upon
the area.
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S. Process &t -
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S.1 Process flew diagrams ¢ -

rebem A a8 in Kerala State

O

Just under mature nuts
(10 to 12 month age)

human climbe all
the way up and
cute the bunch
by knife

initial climb ueing
bamboo ladder; balance
on his own and then
cut the bunch by knife

fresh gresn husks
for white ecolir

gathering nuts
into heape

huelkding within & couple

of days and transperting

cocomt for copra manufacture
or culinery purposss
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tem B a8 in other States

mature coconut
{12 to 16 months age)
harvested every 2 months

buman climbers cut
the bunches by knife

gethering into heape

husking and transporting

brown husks -
for brown coir : ;
er domeetic fuel

, <> coccmt for copra manufacture
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Dascription of proosss :-

In Xerala State where the white coir
industry exists, coconuts just under mature, (10 to 12
months age from flowering) are harvested monthly.
Skilled climbers go all the way upto the crown by 'uaing
& loop round the two feet for gripping them onto the
tree trunk. In some areas, s ladder mads of a single
bamboo is used to climb upto & certain height of the tree
ard the balance is climbed on hls own with the help of the
loop for the feet. The footholds and grips for the hand
are the stumps left over from the 'al*bemating shoots or
branches which come off the bamboo. The bamboo has a
fork like device fastenad at the top to place against
the tree. The bamboo is placed with a slops to provide
stability for a climber without another man holding it
at ground level., Owing to its simplicity and light welight,
the bamboo can be easily carried by the climber from
tres to tree. |

Onoe at the tep of the tree or crown, the
sslected bunch is cut down by the use of the sharp knife
with one strong jolt. The nuts are gathered, put into
hesaps and husked with the husking device. The nuts go
for food nut purposes eér for making copra whilst the
fresh green huske are retted for white coir,

For centralised copra manufacturing units,
the whole nuts are transported by bullock carts, boats
(where baskwater canala are aviilable) to the central
yard. Here dshusking is dome, immediately followsd by
splitting the nute for copra drying.

In these arsas, the msximum lapse of tims
between hervesting and copra manufacture is about thres
or four daye which is inevitable if the nuts have to be
transported to central copra dryers. This does not
constitute ®seasoning® or crop storage as practised im
91 Lanke. Besides, dryage of the kerhel would be

17
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ot rimental to obtaining good soft whiie colir.
‘urthermore, nuts just under mature cannot be stored
for a few wesks because spoilage will ocouwr.

In the Stats of Temil Nadu and Karnatake
where retting facilities are not svailable for white
¢coir, the harvesting system is different to that in
Ksrala State. Only nuts fully mature 12 to 16 months
old are harvested and that too at a frequency of once
in two months, This is similar to the practices in
Sri Lanka,

Harvesting is done only by human climbers
@8 in Xerala. Although bamboo 18 gvellable in asome areas,
for ceriein reasons of customs etg.,, the bamboo with a
knife is not used for plucking coconuts from the ground.
The pilucked coconuts are gathered into heaps and
trensported to central copra making units., Use of
coconuts for food nut purpozss is not as common 28 in
Esrals.

4t these processing umits, the coconuts are
husked and nuts used for copra. The lapse of ons or two
weeks between harvesting and husking helps to partly dry
the husk of these coconute which are nearly turning browm
88 they ars fully mature. The temporary storage upto 2
weeks does not season the nuts as well as in Syi Lanka,
but cguses the husks to dry out %o be suitabls for extrac—
tion of brown colr fibre. Soms of the husks sre thersfore
used for making brown fibre as in Sri Lanke by mechanical
methods (wet or dry milling process), whilst soms husks
are used as domestic fusl, '

18
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9.

5«3 Progess flow disgran i-

Not available

6. Quality of finished products i=

Just under mature coconuts as harvested in
the coastal sreas of Kerala State are not idsal for copra
manufacture. However, fresh green husks of such coconuts
are the right quality for extractlon of white coir. Such
coconuts are suitable for uss as food nute for which there
is a hsavy demand in these areas,

Fully mature coconuts a8 harvested in ths
interior of Kerala State, and in the States of Tamll Nadu
and Karnataka give rise to excellent quality copra. In
fact those nuts which have commenced drying in the tree
itself are suitabls for ball copra. The husks from dry
brown coconuts are the vight quality for extraction of
brown coir by mechanical methods (wet or dry milling)
a8 in Sri Lanka.

7. Source of informsiicn i-

7.1 Directorate of Cooconut Development, Cochin, Kerala, Indis.

7.2 Observations during visit to coconut areas of India.

T.K.3.R. 1980
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Product code : CCCN 08,0!
Technology sheet mot 1/ 4

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION
AND ASIAN & PACIFIC COCONUT COMMUNITY
uConsultancy Service on Ccconut Processing Technology"
{Prgject UF/RAS/78/049)

f. Technology sheet for : = HARVESTING COCONUTS USING TRAINED
MONKEY (Small holdings),.

2, Uses of finished product : - The harvested coconuts are used as food
nuts or for processing into copra,

3. Count f ori : = JINDONESIA.~ Province of West Suasatra
MALAYSIk - East coast of Malagysian
Peninsular,

THAILAND = For tall trees only.

See technology sheet for coconut harvesting
in the Philippines by use of bamboo poles,
See also technology sheet for crop storage
or seasoning of whole nuts in Sri Lanka
where-in harvesting practices are given,

4o Eguipment/Reguirements : -

Lo1 Description : - Trained monkey ( & particular spscies ) of
either sex but the female is strcnger and superior,

Working age of female 1 to 25 years.
Werking age of male 1 to 20 years,

An experienced man controls the monkey., The monkey is tied and
held by a long cord.

Le2 Materisls t = Not applicable
be3 st : = Cost of monkey 1 year old Rp7500 (U3 § 12)

Cost of training (1 month duration) Rp7500 (US $ 12)
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The charges for harvesting (without gathering)
is one coconut per ten nuts harvested, The
price of one whole coconut is R 60 in West
Sunatra (Indoneaia),

hels GCapacity : = One monkey can harvest 50 palms per working

day. On the basis of palm density of 150 trees
per hectare, this will be -15 hectare per day

per monkey, ’

Assuming each palm ylelds 7 nuts per harvest,
the capacity per monkey per day will be 350 nuts,
The payment which is the value of 10% of the

nuts will be - Rp 60 x 35 = Rp 2100 (US $ 3,36)

5 Process

501

5¢2

Process flow diagram : - Not applicable,

Description of the process ¢ -= The special species of monkey
available in the province of West Sumatra (Indonesia) is the
monkey that is trained for harvesting., The same teclnique is
used in the East Coast of West Malaysia, In Thailand this same
monkey is used but only for the very tall trees as the bamboco
pole is used for trees upto about 15 metre height. It is to be
noted that in Thailand, harvesting by bamboe is nut by nut with
a8 knife attached to the bamboo. The reason is probably due to
the enormous size of the nut which makes the task more dangercus
to the plucker, In the Philippines, and Sri Lanka, the entire
bunch is cut at the main stem using the lmife attached to the
bamboo.

Both sexes of the monkey can be trained, The usual
age for training the monkey is when { year old, The training
takes about { month for which the charges are Rp7500. The cost
of a 1 year old monkey is also Rp7500. Therefcore the cost of
the monkey after training will be R 15,0000r US § 24, There are
people available in the coconut areas of West Sumatra who undertake
the training,
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The working age of the monkey is 1 to 25 years for the
female and 1 to 20 years for the male. The female of the species
is strong and superior for harvesting. Though a monkey is trained
at the age of 1 year, the monkey needs another year to gain
sxperience for optimum performance,

The monkey is tied by a strong light cord and held by
the owner who controls the monkey, The man is able to coumunicate
with the monkey by using the words which have been taught to the
monkey during training, The monkey is instructed to ¢limb a
particular tree and upon reaching the crown, the most mature bunch
is harvested nut by nut, The nut is released from the bunch by twrning
the nut continucusly so as to twiét the stem attaching the nut,
When the nut has been turned by about 4 full rounds, the stem gets
severed, and the nut falls down., Once the most mature bunch has
been plucked, the man examines the next most mature bunch while
standing at the bottcin of the tree, If it is not yet ready for
harvesting, tie monkey is instructed to climb down and the next
tree is similarly attenced to,

Hunan climbers harvest nuts in small holdings in 3ri
Lanka, India, some provinces of the Philippines, same provinces
of Indonesia and some provinces of Malaysia, The climber whilst
at the crown is able to pick a whole bunch by cutting the main
stem with a2 sharp knife, This makes the operation of releasing the
nuts from the palm much faster, However there is a certain amount
of risk involved in doirg so. Therefore there are often instances
of these men preferring to remove nut by nut by turning the nut,
There is an interesting variation in India as regards the climbing
technique by men. A bamboo is placed like a ladder against the
trees which are of medium and greater height, The climber works
himself .up rapidly along the bamboo whic has small foot holds at
the stubs left where branches had sprung out. The balance height
of the tree is climbed using the usual technique and the nuts
harvested,

5¢3 Product flow diagram : - Not applicable,
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Quality of finished product

Source of information
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Not applicable.

QObservations during visits to hwest
Sumatre province of Indonesia and
other coconut regions of Indonesia,
Thailand, Malaysia, Philippines, India
and Srl Lanka,

TQK.G.R. 1979.



Product code: CCCN 08.01
Technology sheet no: I / 5

UNITED NATIONS INDUSTRIAL DEVELOFPMENT ORGANISATION
AND ASIAN & PACIFIC COCONUT COMMUNITY

“Consuliancy Service on Coconut Processing Technology®

(Project UF/RAS/78/0L9)

1. Technology sheet for 3 = CROP STORAGE OR SEASONING OF HATURE

WHOLE WUTS AFTER HARVESTING

2. Bemsfite of techmlog ]

Storags of mature whole muts after hnmstmg brings about a
seasoning (maturing, drying) of the whole mut. Thereby, cocomts

of uniform and good quality can be made available for making
copra and desiccated cocomut and thus improve the quality of
these two products. (Ssasomed or dried muts are not suitable for
cooking purposes or food mats),

For industrial processing, ssasonsd and dried muts ars
easier and faster to dehusk., The husks come off clean. These
husks are dry and are suitable for extraction of brown fibre
after scaking.

Seasoning also resulis in easisr and faster splitiing of
the husked nut due to dryage.

The cocomut kermel and testa separate essily from the
shell dus to dryage, thus speeding up deshelling. This gives rise
to unbroken half kernels for cup copra and unbroken whole kermels
for deesiccating.

Seasoning resultis in a clean dry raw shell free of husk
metter which gives high quality charcoal suitable for activation.

3. Country of origin t = SRI LANKA

Sri Lanka ie umique in following this practice of storing cocomuts

prior to industrial processing.

L. Equipment ¢ = Not applicable
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5. Proceas

5.1 Process flow diagrem

Coconuts approximately 12 to
16 months from flowering

Harvesting & gathering

Inspection and sorting of mite

P\

k4

4

N §7

Younger than Between 12 to Older than 14 months and
12 months used 1l months-for fallen nuts-ready for
&8 food muts seasoning Industrial processing

Storage for
3 to b4 weeks

)

A
e

Whole cocomut ready for
dehusking etc. for
industrial processing



DEVELOPMENT OF NUT FROM FLOWERING TO HARVEST
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S+2 Description of process

Coconute are considered mature for industrial processing
when they are approximately 12 to 16 months old from flowering.
On the basis of polination occurring when the flower is upto 2
months old, mature coconuts would be 10 to 14 months old from the
stage of polination, See the chart given in page 3 illustrating
the develomment of the mut from flowering to harvesting. In the
practice of harvesting, muts are picked on the basis of 'maturityf
rather than age of mut, but 4¢he chart relates the various stages
to age from flowering. Juci%.ent based on experience is the means of
assessing whether & bunch of coconuts is mature or not.

The following paragraphs give extracts from leaflet no. 27
(1965) issued by the Cocomt Regearch Institute (C.R.I.) now called
the Cocomut Research Board of Sri Lenka.

5e2¢1 Methods of harvesting: =
In some countries, natural mit-fall is the practice.
However, this requires the regular monthly collection of the
fallen nuts, if losc of copra and spoilage by germination is

to be avoided. Furthermore, there is always the risk of
crop thefte,

In consequence, it is the custom in Ceylon to cut dowm
two bunches of muts, once evsry iwo months, making six picks
a year. NMonthly harvesting might be better, but the cost of
harvesting and collection would be doubled.

Many years ago, when the reputation of Ceylon copra
was very high on the world market, the cocomt crop was
harvested by climbers who could select the right muts. The
work was slow, costly and exhausting. A skilled climber
could only harvest about 20 to 25 palms per day.

This method has given way to harvesting by means of
long bamboo poles, fitted with sharp curved knives., This is
naturally quicker and cheaper, but less accurate, as it is
not easy for the picker to decide which are the correct two
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bunches2 to cut down when the palms are Gall. Sometimes an

unripe bunch gets dislodged from its supporting frond and
hangs invitingly, as though ready for harvesting, sometimes
unripe bunches are cut down accidentally a8 the heavy cute
ting polee are not easy to manage. Sometimee, when the men
are working on contract, over harvesting is deliberate. 4
skilled man can harvest the crop from about 250 palms per
day.

The strictest supervision of these picking gangs is
essential. It is not always appreciated that green unripe
mts yield much less copra than ripe brown mts.

The results of an experiment conducted on 200 mmts
each of different ripensss from ons harvest is given below:

Average copra Out-turn
per mt mts per tonns of copra
Green unripe muts #k2 1b, 5240
Yellowish green mts  oL9 1b, LLgo
Ripe brown muts «50 1b. L1400
Overall standard for L92s

Sri Lanka

Method of Crop Storage

Usually the cocomuts are brought into & central depot
and stacked, Sometimes, @28 in the case of a desiccated coco-
nut factory, the heap of nuts covers an extensive area, btut
the height of the stack is seldom more than three feet. If
the fruits are heapd to a greater height, say 6 feet, the
work is slowsd, the under=lying soil is compressed and ths
palms suffer. As the heap cannot bs ventilated, the interior
heats up and the fully ripe muts begin to germinate.

It is advisable in fact to move the sibe of storage
around the mill area. Since air is sexcluded from the roots
of the palms and as a result of soil compaction, the shelter-
ing palme turn yellow and are imclined to taper off and die.
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The mumber of mts, so stored, depends; in the case of
a desiccated cocomut factory, on the price of muts relative te
the selling price of the mamufactured product. In the cese of
the estate, the normal storage period is one month but it may
be reduced, if ready money is required or if copra prices are
particularly goods Om a 1,000 acre estate, there would bs &
fluctuating stock of about 500,000 nuts.

Purpose of Storags
The purposs of storing muts is a8 follows: =

l: It makes it possible to manufacture copra at a
uniformly steady rate, irrespective of crop
fluctuations,

2+ Copra production can bs suspended during periods
of stormy weather when it iz more difficult to
make good white copre.

3. Conversely copra production can be speeded up to
take advantage of favourable merket prices,

Lbo MNut storege make husking and splitting very amuch
easier.

Se The contained cocomut meat hardens and a better
quality of copra or desiccated cogomut is obtained.

48 indicated in section 2, storage alsc zssists in
dehusking, dsshelling, and utilisation of husk and shell.

Storage Trisle: =

4 trial was conducted at the C.R.I. in order to compare
the quality of copra, obtainable from stored and unstored nuts
of different degreesef ripeness. The muts used were graded to
three degrees of ripeness and 1,500 muts were used in each.
trial. Afterwards the resulting copra was subjected to pieces
by-plecs cxamination with the resulis shown below,
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Description of copra Description of muts
Fresh Unstored Nuts’~ Rips Near Ripe Unripe

2 £ 4

Smooth, hard round 91 2.9 0.9
Smooth, hard but not round h5.1 24.8 7.0
Rough, hard but not round 28.1 47.8 23,3
Strained, cracked or distorted 8.5 12k 12.4
Rubbery with testa complste Le5 665 2701
Rubbery with no skin N4l 103 22,3
Discoloured copra 0.7 2.8 6.3
Over-ripe pieces 0.4 )& 0,1
Broken copra or empty mats 3.6 1.5 0.8
Stored HRuts
Smooth, hard round 805 Seb 2.2
Smooth, hard but not round 19,8 10.7 8.6
Rough, hard but not round U 6lie5 502
Strained, cracked or distorted 6.5 946 73
Rubbery with testa complete 3.9 40 20,1
Rubbery with no skin 02 1,2 57
Discoloured copra 02 0.2 0.8
Over-ripe pieces 2.4 0,1 N4l
Broken copra or empty mts 3.6 Le3 Sel

Conglusions: «

(a) The storage of ripe brown mts does not improve the quality
of the resulting copra, but there is a marked improvement when
unripe green muts are stored thus;

from ripe from unripe
Yield of Ho. 1 copra brown muts green mits
Without storage 90.8% 43.6%
With storage 89.7% 68433

{b) The smount of rubbsry copra is reduced by storage for ons month

from ripe from near from unripe
Yield of rubbery copra nuts ripe muts green nuts

Without storage L.5% 7.8% 49.2%
With storage 418 5.2% 25.8%



6.

Te

31

{(c) The yisld of No. 1 copre from unstored brown nuts is
elightly greater than that from stored near ripe yellow

green mts thus: =
from ripe from yellow

Yield of Noo. 1 copra brown muts green mts
Withput storage 90.8% 87.9%
With storage 89.7% 90.2%

(d) Unripe muts produce an appreciable percentage of offwhite
or discoloured copra or desiccated coconut, if the nuts are
not stored befors processing.

5¢2e6 Recommendations

I. Where a mixed crop is harvested, it is essential to
separate the green from the brown mts, store the former for

ons month and convert the latter imbo copra without storage.

iI. The harvesting of green unripe nute must be prevented
by more careful supervision.

III. OUnripe green mits should never be bought by millere of
desiccated cocomut, a8 the product will be spoildd by yellow-
gramiles.

Se3 Product flow diagrem - Hot applicable

Quality of finished product: -

The quality of the whole mut after seasoning is ideal for
industrial processing of thes kernel and the by=prodmcis a8 practiced in

Sri Lanka.

Sources of information: e

1.

2.

Coconut Ressarch Board
Tumwiles
Sri Lanka

¥riter's personal obhssrvations

T.K.G.R. 1979
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Product code: CCCHN 12,01 b
Technology sheet no: I/ 6

UNITED NATIONS INDUSTRIAL DEVELOPMiNT ORGANISATION
AND ASIAN & PACIFIC COCONUT COMMUNITY

"Consultancy Service on Coconut Frocessing Technology®
( ect UF, 8 )

te Tecunolog: sheet for ¢t = PRINCIPLES OF COPRA MANUFACTUHE
2, Uses of finished duct : -

2,1 BEdible Copra. Special grades and types are used
directly for edible purposes,

2,2 Mill Copra, This is used for milling to extract
the oil, Coconut oil has adible uses such as cooking
oil, margarines stc, Coconut oil also has industrial
uses such as in the manufacture of soap, glycerins,
cosmetics, detergents and a whole series of oleo-chemicals,
Mill copre is the most important commercial product
from the coconut, Howsver, in the densely populated
coconut areas the fresh kernel (without drying into
copré) is a very important product as it is used as

food nuts, thus meeting the fat requirements in the
diet of the pecpls,

3. Count £ Or : - Copra is manufactured in all the coconut
producing countries for local use or for export.

be BEquipment : - There are several types of dryers (kilns)
employed in copra manufacture, Howsver, these fall
into four basic methods,

A, Natural drying

B. Direct heat smoke dryers

Co Direct heat smokeless dryers
D, Indirect heat dryers,
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See the following technology sheets where further
classification has been carried out and full details such
as equiment, method of operation etc, have been presented,

Drying Method A

A.1 COPRA MANUFACTURE BY NATURAL DRYING USING DIRECT SUN
IN THE OPEN,

4.2 EDIBLE BALL COPRA MANUFACTURE BY NATURAL DRYING WHOLE
NUT IN THE SHADE.

Prying Method B

B, COPRA MANUFACTURE BY DIRECT HEAT SMOKE DRYERS USING
TRADITIONAL FUEL OTHER THAN COCONUT SHELLS.

Brying Method C

Cet! 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 DRYERS USING
COCCNUT SHELLS AS FUEL,

Drying Method D

D.t COPRA MANUFACTURE BY INDIRECT HEAT HCT AIR DRYERS WITH
NATURAL DRAFT.

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

In this series of technology sheets, an attempt has been
made to separate the direct heat dryers as smoke dryers (using
husk, firewood etc) and smokeless dryers (using coconut shells as
fuel), Although most publications classify both in the same
category, the writer has separated them because whilst the
direct smoke affects the quality of copra, the latter gives
copra without the adverse effects of direct smoke,



5. Process: -

5.1 Process flow diagram: -

Mature fresh kernel (50% moisture)
preferably with fully ripe-brown husk.

Inspection to exclude tender
coconuts and germinated nuts

(:;:) Solar hesat

Direct heat Direct heat Indirect
(Smoke) {Smokeless) heat
, (hot air)

Application
of heat and

air circul~-
ation for

evaporation
of moisture

Inspection for proper dryage
and redyying underdried copra

Stare in bulk for 1 day
to cool off

Pack into jute bags or
similar material which
can '‘breathe!

Bagged copra (6% moisture).
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Principles of the process: =~

5+.20¢1 Sslection of cocomut. For optimum oil yield, fresh kernels

of mature muts only should be used for copra making. A mut
is considered mature when it’s age is between 12 to 16
months from flowering. If there are nuts 11 months or
younger that have been harvested, they should not be used.
Immature nuts do not make a noise when shaken because the
cavity is completely full of water., When the mut matures
some water is lost and thus makes a noise (sloshes) whsn
shaken, Of the mature muts, those 12 to 14 months old are
green or yellow colour whilst, those 1l to 16 months are
fully ripe and brown in colour dus to husk drying oute.

Experience has shown that the fully ripe muts
produce superior quality copra. In Sri Lanka, there is a
unique practice in storing the green or yellow mature mts
for about a month to accelerate the drying of the whole mut.
This is known as %Seasoning®. See technology sheet "Copra
Storage or Seasoning of Mature Whole Nuts after Harvesting",
The fully ripe mts are not stored. This is mot necessary
and furthermore they tend to gemminate if they are exposed
to the sun and rain. Germinated muts should not be used for
copra manmufacture a8 experiesnce has showmn that they are
inferior.

In actual practice proper harvesting of mature nuts,
elimination of tender and germinated nuts donot happen when
small holders themselves make the copre,particularly in the
absence of grading and lack of price incentives for good
copra. This situation has been aggravated due to many coco=
mt regions having oil milling capacities far in excess of
the copra availability. The oil millers are willing to buy
copra of any inferior quality when their cspacity utilization
is only 20 %o 30%.
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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 copra; 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 fall naturally. This system, in addition to low
cost of harvestiing, has a tremendous advantage in that the nuts
are fully mature and have commenced drying out (14 to 16 wonths 0
age), The exception would ofcourse be in the case of immature nut
fall, The macturali nut fall has one serious drawback in that
during gathering; some nuts may be left for long periods hidden
in the undergrowth, Therefors, the incidence of germination is
hsavy as compared to plucked harvest,

Nature of the kernel: -

The various parts of the whole coconut is illustrated in
figure Io

The moisture content is about 50% for wet kernel which
has just been split open and water allowed to run out; when the
suntire kernel camplete with testa is considered, However, if the
xernel is taken to consist of thin imaginary layers, the layer
ad jacent to the nut water wculd have a moisture content well

above 50%, The moisture content of the different layers decline
gradually towards the testa where it is the lowest,

The kernel contains oil, protein and sugar as the other
important constituents, The oil content and the protein content
are maximum at the testa and decrease towards the surface in
contact with the nut water, The oil content of the wet kernel

(with testa) is about 35% and upon dryage to copra, the oil content
will be 65 to 70%,
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WATER
{LIQUID ENDOSPERM)

SECTION OF WHOLE GOGONUT

FIGURE 1
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Growth of micro-organisms in the fresh kernel

The high moisture content and the presence of proiein
and sugar makes the fresh kernel an ideal medium for the growth
of bacteria, fungl 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 detericration, it is necessary
to reduce the moisture content to 6% as fast as is practically
poesible,

According to "Copra dryers" by G.B. Gregory, V.E., Sills
and J.A, Palmer, page 4-Bulletin 32 of the Department of
Agriculture, Fiji: -

"It is important to realise that deterioration of fresh
coconut meat commences as egoon as it is exposed to air, that is
jmmediately the nut is split., When the meat is cut out still
more surface becomes exposed and deterioration will proceed more
rapidily. 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 split,

A thin film of this sugary water promotes rapid fermentation
which is quigkly followed by penetration of the surface layers
of the meat by invading micro-organisms, If fermentation and the
subsequant decaying processes continue for several hours the
gurface of the meat becomes slimy; this product when dried,

presents an unattractive and disccloured 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 little as is practical,

In an experiment in Malaysia split nuts were left 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 Dspartment
of Agriculture, Malaya.

Expt No. Delay period White Sightly fed to Reddish
300 nuts before drying Copra (%) discoloured black copra
per trial (hrs) or dirty (%)
copra (%)

1 Nil 82 - 18 0

2 2 80 20 0

3 4 75 25 0o

& 6 70 29 1

5 9 61 35 N

6 12 36 42 22

7 24 10 48 42

8 48 .0 17 g3

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 countries 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 fim

and has better resistance to the growth of 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, 4s little time as possible should
therefore be lost between bagging and loading the dryers, Thie
is not always possible with centralized copra processing for kernel
transported over long distances by boat etc, As long as
cutting the kernel (green copra) in the field and bagging
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for transport is inevitable, the use of clean bags and
shortening the time of transport will minimise spoilage of copra,

fccording to "Copra processing in rural industries" by
F.C. Cooke (FAO 1958), the attack of micro-organisms on coconut
meat containing 20 to 50% moisture can be described as follows: -

(1) Penetration of bacteria, sometimes followed by

(2) Yeasts, occassionally, and only of secondary importance;

(3) Penetration of moulds, Aspergillus flabus, with a yellow -
green colour,

(4) Penetration of moulds, Aspergillus niger with black colour,

(5) Attack by mould, Rhizopus nigricans, initially 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 importent 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 75% 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 artificial
drying where temperatures are between 50 and 70° C, all the micro~
organisms become inactive,

The extent to which the initial deterioration has set in
has a bearing on the keeping qualities of the copra after dryage,
This is particularly so if the copra is even slightly underdried,
In practice most of the copra produced by small holders (who
account for 0% of the worlds copra) has moisture levels of 8 to
12% 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
prccessing facilities where the distances and methods involved
(h,rtex-ialand 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., Subrsmanyam, an FAQ consultant, introduced a chemical dip
pretreatment, This has since become known as the Subramanyam
process (1966), Ths pretreatment involved washing the kernel
in & dilute solution of alkali (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 any of the traditional drying methods such as
sun or kiln drying. This processz which is only a surface
action with penetration of less than a millimeter was found
to be very sffective in preserving the coconut from attack by
micro-organisms, It's usefulness was not only in protecting the
kernel prior to drying but also in keeping qualities after dryage,

The initial trials with alkaline treatment proved to
be encouraging with minimal loss of oil and the quality of
expelled oil was excellent (FFA under 0,1%) edible quality,
This process has not been put to commercial use due to
milling problems when large trials were conducted in the
UeSeAe The alkaline treatment resulted in a soapy surface
causing slip in the expellers, The acid treatment was supposed
to cause corrosion problems with milling equipment,
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Equilibrium moisturs content of dry copra

Stored copra will gain or loose moisture until it has
reached a state of equilibrium with the moisture of the
surrounding air, During rainy and humid periods, the copra
will gain moisture and when ths air is dry, the copra will
dry out a little to reach a lower equilibrium level of moisture,
The equilibrium moisture level is also affected Ly the
temperature of the air.

Bustrillos and Banzon (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 II and III, 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 socund 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
contert of 5 to T8, 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, If this
copra is properly stored; allowing for breathing out in well
ventilated stores, the moisture level will desrease to 5 cr 6%,

It is usual to find moisture levels in the region of
3 to 4% for copra received in Burope after shipment, This

further dryage is due to lower temperaturs and lower humidity
characteristic of the colder climates,
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Some copra is poorly dried leaving mcisture contents
of 10 to 158, At such high levels deterioration is inevitable
even though some dryage may take place due to goocd storage
practices, Further dryage of copra will be retai led if 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 vafrious moisture levels
is of interest:

less than 7% <« Burns readily
7 to10%8 = Flame splutters
10 to 15% Burns with difficulty
more than 15% Does not burn at all.

Scientific phenomena in d a 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 soms surface water, This will 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
& moisture drop fram say 55¢ to about 50%,

The surface would tend to remain moist for a slightly
longer period due to the easy mcvement of water nearby this
surface but the rate of evaporation would gradually dacrease,

This evaporation would last only one to two hours, In the
subsequent drying, more moisture within the kernel has to permeate
or diffuse ard move towards the surface to enable further
evaporation, When the copra is nearly dry this movenent is
extremaly slow,
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Therefore dryage depends on three fundamental factors:

Firstly The nature of the kermel affecting ability of
the moisture to diffuse or move to the surface

Secondly The surface area of the kermel for tranefer of
moisture to the drying air, and

Thirdly The ability of the air to absorb the moisturs
. being made available from the kernel surfaces,

Let us consider the first factor, Now, as regards the
naturs of the kernel affecting diffusion 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 of 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 of moisture,

It i8 the practice in kiln drying to lay off {iring
periodically, particularly overnight. This allows time for
molsture within to diffuse towards the artificially dried
surfaces, This minimises il1 effeets such as case~hardening,
discoloration, smrchiﬁg stc,

Increass of temperature of the kernel and the moisture
contained within would increase the ability of diffusicn to the
surface due to the increased vapour pressure, This will be soj;
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 permeability or ability for moisture diffusion through
the kernel may vary {rom kernel to kernel depending upon varisty
and maturity of the nut, Rajasskharan, et al (1972) obtained
shorter drying times for more mature samples.
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Besides the nature of the kernel, particle size
reduction would assist diffusion of the moisture dus to reduced
distances of movement and easy access to a surface in contact
with the air, Particle size reduction which is the same as
surface area increase is discussed bsiow,

The secord fundamental factor favouring dryasge is
increased surface area for trensfer of the moisture from the
kernel to the air, Increase of surface area through reduction
in particle size has various draw backs, This aspect 1s presented
in section 5.2,6 of this technology sheet,

The third factor affecting dryage is the ability of the
drying air to absorb the moisture being made avallabie from the
kernel surfaces, Thers are three interrelated parsmeters which
favour this ability: =

(1) lower relative humidity
{2) higher temperaturs
{(3) higher flow rate

Bach of these will be discussed in the proceeding sections,

Effact rhic giz purface area

Fram basic scientific considerations explained above,
increase of surface area through particle size reduction would

_ promote both transfer of the moisture from the kernel surface

to the air as wsll as movement of moisture within the kernel
to the surfacs due to reduced distances,

This infact is the case with desiccated cocomut where

drying down to about 2 or 3% moisturs is possible within 20 to
30 minutes,

Though it is not usually possible to cut the meat to
emall pieces when manufacturing copra in the field, 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 ard over 100 g) are illustrated in figure IV. The results




47

- 16 =
45&\
£.x

B BV\N : Nemwx More than 100 g
B o x
— = . ‘oa-.- -
< 3 \A"\ A 50-100 g
. . -
£ sof % atx f===d Lessthan15¢g
‘3 .
- 25p
[~
2
& 20}
(44
A
ks
2 10
Z= 5

s—

P gt fod L B & : 3 2 1 g ¢ 4 3 & £ 2 j 3 ; B £ R [ £ B 4
© 2 4 6 & 0 2 14 6 8 20 22 24 2 28 30

Drying time (h)

Fig. v Cthamﬁva drying rates for copra pleces of different sizes {Paimer,
1868).

80

Traditional kiln
(48 brs)

-~

Molsture contant (%)

’Largé pieces kermel
in tunnel w%th forced
~ draft at 90°C (11 hrs)

e 3 mm slices in same
~See <1 tumnel (1 hr)

8 1 i 3 Ml 3 [ el N
4 & g 8 18 12 W 1
Drying time (hours)

Fig. ¥ Copra drying time curves for diffarant copra sizes (De Vus, 1956).



of the studies conducted by de Vos are shown in figure V,

The curve A 1s for a traditional direct smoke dryer requiring
48 hours for drysge down to 58. The curve B shows the
results obtained for large pleces of kernel dried in a tumel
at 90°C with an air 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
eut into thin slices of 3 mm thickness under the same drying
conditions as for curve B,

It is reported that the oil pressed from copra dried
in this manner has a good taste and flavour, not showing
rancidity after 8 months of storage, This method of drying
can be used only when unopened muts are transported directly
to the mill as finely cut kernel does not keep and thus
cannot be transported over & long distance, There are now
mills where coccmuts are decorticated, fresh meat dried to
copra and the copra millied for oil, all cperations being
carried out at the same place (B.E. Grimwood, 1975), The
0il ls of extremely good quality, as there is no opportunity
for the deterioration of either meat, or copra during storage,

As regards the traditional methods available for copra
manufacture, particle size reduction will not be practical at
the farm level, besides the dsterioration that would be caused
by micro-organisms,

Removal of kernel from the shell results in the
axposurs 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 little towards the testa, Removal of
the testa would favour drying the kermel but this is detrimentsal
tc the operation as the portien richest in oil and proteim will
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be lost., Deshelling therefore does not appear to promot
dryage particularly at the initial stage of drying. This

has not been established conclusively through research but

a8 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.As and P.C.A.R.R. (1978).

It is the practice to carryout initial drying with the
shell intact for 2 days in Sri Lanka, India, Malaysia and for
1 day in Thailland, Thereafter, the kernels are deshelled and
drying continued, If there is a disadvantage in this it would
be if the shell initially 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,

b4 elative humidit d

Lower relative humidity favours copra drying &s the
drying air is able to more readily absorb moisture than if
it was more humid,

This is an important aspect in the case of sun drying,
Conditions idsally suited for sun drying includes the low
humidity requirement, without which the resulting copra beccmes
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 dry.ers, the relative humidity
of the ambient air is not a significant factor though
cdecreased humidity is desirable, This is because, in the
artificial drying methods; the increased temperatures employed
improve the water absorbing properties. In scientific terms,
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ralsing of temperature of air reduces the relative huaidity,
For every increase of 29°F (16.1°C), the water-holding
capacity of air is approximately doubled, This means that
hot air at, say 160°F (71°C) is able hold just about twice as
much water when compared to air at 130°F (5500). In other
words, if there is air at 130°F fully saturated with moisture,
upon raising the temperature to 160°F, the air would be only
half saturated (50% relative humidity), Thus, this air would
now be capable of taking - in more moisture and perform a
drying function,

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,

(ii) Increases ability of the moisture at the
kernel surfaces to evaporate,

(11i) Increases ability of the moisture to diffuse
towards the surface as mentioned in section 5.,2.5

As can be secn, 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 VI and VII, From figure VI, it can be seen that the

drying rate becomes very slow after the moisture level comes
down to 10%.




Fig.Vil.Effect of temperature on drying time of coconut {Cardenss, 1968).
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Cardenas (1968) charred the samples at 70°C towards the
end of the 24 hour drying period, Rajasekharan, et al (1961)
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 first 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 initial stages of drying, This

vould be for about § to 2 hra for forced
hot air drying,

60°C (140°F) - for the subsequent stages of drying.

The adverse effects of eaxcessive temperatures can be
described as follows: -

Initial stages: -

Subsequent stages: -

The kernel gets "cooked" or "baked" and
results in distortion of the copra cups,

Case-hardening results fram the surface
being exposed to excessive temperatures

at a time when the surface evaporation from
the kernel exceeds the rate of molisture
diffusion from the interior to the surface,
The surface then gets scorched or withered,
forming & tough skin which does not permit
further diffusion of moilsture, This means
mould and insect attack.

The other 111 effects of excessive temperature
are browning, scorching and carbonization

of the oil., This means badly colcured oil
after expelling. Moreover, the copra cake
derived from it may be so badly burned as

to be unsuitable even for cattle feed,
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Bffect of alr flow rate on drying

The drying air performs the important function of
picking up moisture and flowing away from the copra. Therefors
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 passring through the copra
is just under full saturation, From prua. ical considerations,
an air flow rate above this minimum rate w. '1d ensure efficient
drying. This minimum 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 will be the convection currents going up from the
hesated surface of the Earth,

In the case of all 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 eirculation for the convection currents to
carryout effective drying. Good circulation can be promoted by in
two waye, 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 maximmum depth of bed is about 1 fcot or 0.3 m, See technology
gheet on "COPRA MANUFACTURE BY DIRECT HEAT SMOAKELESS DKYERS 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 bescauss, here the kernels pack mors
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densely than when in the shell, 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 m,
See technology sheet "COPRA MANUFACTURE BY NATURAL DRAFT HOT AIR
(Method D t)",

Too thick a layer of copra "chokes" the free flow of hot
gasee hindering the convectional flow, This results in the hot
geses impinging on the lowest layer, scorching and casehardening it,

Forced circulation hot air dryers donot hLave 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 avallability 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 air flow rate for any given temperature,

52,10 Deterioration of dried copra

According to "Copra processing in rural industries™ by
F.C. Cooke (FAD 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 if the copra is well dried..

Tne microorganisms causing defects and thus decreasing

the quality of the copra can be divided roughly into two groups: =~
ts those which attack only the surface of the copra, and
2, those which penetrate deeply into the endosperm (meat),
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The miéroorganisms 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 oil inte glycerol {glycerine),
water, and free fatty acids, ths 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,.

Wet 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 0%, (86°F).
To avoid such damage, preventative action snocdld be taken
immediately in the early stoges of processing, as even if left
for only four hours after splitting a mucous layer can develop
capable of spoiling the copra in about 8 hours, This bacterial
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 full sunlight or be placed in an appropriately
heated kiln, Overloading of kilne and insufficient heating should
be avoided, The storasge and carriage of split nuis 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 will
becone 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, if subjected

to great heat, this smell and discoloration becames more apparent,

The result of such attacks is coloured and bad smelling oil,
which, not being suitable for edible purposes, has tov be refined
so increasing the cost and limiting its uses, The press cake of
highly infected copra is unsultable for cattlefood so as well as
the loss in the value of the oil, there is no profit from the
by-product, It can be scld only as an ingredient of mixed fertilizer,

Losses during storage and shipment decreases; and free
fatty acid content increases, can be very serious as oil percentage
and condition generally change continucusly., A few examples are
given hereunder: - '

CHANGES IN COPRA DURING STORAGE

Sample Pergiitage Moisture (ondition of Copra
(dry basis) (£)
Bry Copra
Start 674 Le5 Clean and white
End of 2 months 68,4 S5eds superficial mould
only; colour good
Undried Copra
Start YA 12,1 Clean and white
End of 2 months 23.5 64,7 slimy, black, mite-
' ridden; wet and
rancid

(FoC. Cooke, W,J, Blackie, C.L. Southall),
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LOSS OF COPRA BY DECOMFOSITICN DURING STORAGE AND SHIPMENT

X Moisture Loss of Copra
Conditions before Shipment (%) by Decomposition (%)
Well dried copra 6 Less than 0,5
Ordinary dry copra 6 -8 0.5 - 2,0
Fairly dry copra 8- 10 over 2,0

(Foco GOORQ, Wodo Blackie, C.L, Southa.ll).

Schematically, the attack of microorganisms can be
described as follows: -

&, On coconut msat 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 ysllow-
green colour,

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

(5) attack by mould, Rhizopus nigricans, initially with a
white colour, later turning from grey to black, (The
last colour appears particularly when coconut meat is
kept in airless storage),

Be On copra, containing 12 to 20 percent molsture: -
moulds mentioned under &, (3), (4), (5).

Ce On copra, containing 8 to 12 percent molsture: -

{(6) moulds of the Glaucus species, only superficial,
(7) penetration of moulds, Aspergillus tamarii,
(8) occasionally, other less important moulds,
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D, On copra, containing lecs than 8 percent moisture: -

() Aspergillus cinnamomeus, a cinammon-coloured mould,
which is only superficial, '

(10) Penicillum gaucum, gree-coloured and superficial,

(11) Aspergillus glaucus species, white to green, occasional
and superficial,

Regarding insects reported to attack copra, the following
are to be menticned: -

(a) on kiln processed copra, which has not been subjected

to sufficient heat: Carpophilus dimidiatus (known to
the trade as the "copra bug"),

(b) on well processed copra: mainly Necrobia rufipes,
Oryzaephilus (Silvanus) mercator and Tribolium castaneum,

The first 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
necesaa.ry.‘

5¢3 Product flow diagram: -

When wet kernel with 50% moisture is dried, the yield,
depending upon the final molsture content is as follows: -

1880 kg wet kernel m moisturs

000 dry copra (6% moistur

{ wet kerne molisture

1000 copra (1 isture



-29 -

The out~turn of copra based on the national conversion
rates for cammercially dry copra is given hereunder: -

Country Nuts required per tonne dry copra
~ India 6700

Indonesia 4500 (Sulawesi)

Malaysia 5270

Papua New Guinea 5500

Philippines 4500

Solomon Islands LS00

Sri Lanka 4925

Thailand bi50

Trust Territories of the

Pacific Islands 4,500
Western Samoa _ 5300

The yield of nuts per hactare is worked on the basis
of a ten year average fram the Statistical Yearbook (APCC 1979).

Nut production, Area planted and Yield per ha,

Country Nut Production Area Planted Yield

Annual average Armual average

1979 ~ 1978 1969 - 1978

(million nuts) {1000 ha) {putsiha)
India 5,918.5 1,071.0 5,528
Indonesia 6,717.0 2,072, 3 3241
Malaysia 8L5.5 319.4 2,647
P.N,.G. F5%.6 249,.3 3,047
Philippines 9226844 2,307.5 L,087
Sri Lanka 2,319,7 66,0 4,978
Thailand 556,3 365.8 15528
T.T.P.1. 8047 2946 2,726
Solomon Islands 181,0 3301 5468
Western Samoca 199,3 32.9 65058

Total 2@,8&3@{} 699&6‘5? 33@65

R, T ST O
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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 drysrs using traditicnal fuels (other than good shells
only).

The Asian & Pacific Cocomut Community hae prepared a finzl draft
on "Uniform Standard Specification for Copra® (April 1978). There are
two grades specified irrespective of the process used for making copra.

The various characteristics apecified for the two grades are given here-
under.

Characteristic Grade 1 Grads 2
(1) Moisture contast (percent by ’
weight), Hax, é 8
{2) 011 content (on moisture free
‘basis) percent by weight, Min, 68 66
(3) Free Fatiy 4cid (% as lauric)
percent by weight. Max. 1 3.5
(k) Impurities percent by weight
Hax, 0.5 1
(5) Immature kermele (krinkled cups)
percent by count. Max. il 5
{(6) Mouldy cups, (percent by count)
Max, WMl h
(7) Charred or black cups (percent |
by count.} Max, Nil 5
(8) Broken cups or chips (psrcont Nil passing Not more than
by weight) HMax. through 3/8® 1 per cent pass-
mesh sieve 3/8% mesh sieve.

(9) Colour of the sxpelled oil em
54® cell on the Lovibond colour
gcale expressed as Y* SR not
‘deeper than ‘ 10 12
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Sources of information: =

(3

Te2

Te3

“Toke

Te5

7.6

Te7

Copra processing in rural industries by F.C. Cooke (FAO 1958),
formerly Director, Coconut Research Institute, Ceylon and
Department of Agriculture, Malaya,

Coconut Palm Products by B.E, Grimwood (FAO 1975),

Proceedings of Seminar on methods of copra drying jointly
organized by Philippine Council for Agriculture and Resources
Research and Philippine Coconut Authority. (1978)

Coconut Research Board, Sri Lanka
Some aspects of copra drying by J.A. Palmer, Malaysia (1968)

Copra dryers by G.B. Gregory, V.E. Sills, J.A Palmer,
Department of Agriculture, Fiji, (1958)

Contribution from member countries and observations made

during visits to member countries of the Asian and Pacific Coconut
Community,

T.X.G.R. 1980,
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Product Code : CCCN i12.01b
Technology sheet no.: I/ 7

WITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION

AND ASIAN & PACIFIC COCONUT COMMINITY

"Consultancy Service on Coconut Processing Technology”
(Project UF/RAS/78/0L9)

te Technology sheet for = COPRA MANUFACTURE BY NATURAL DRYING USING

2,

3

DIRECT SUN IN THE OPEN (Method 4 1).

The method employed by small holders and
is suitable in hot and dry coconut regions.

Benefits of technolo t= The simplest and cheapest method available

for copra manufacture. No investment except in some
cases a barbecue is used by constructing a cement or
conorets 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.

Country of origin t= This traditional method for small holders is

employed in all coconut regions, However in many regions,
sun drying is carried out initially 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
gome 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 coconub 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 skies, cooler mid-day temperature (such as
25 to 30°C and very humid air (sbove 75% relative
humidity). In such areas or whenever the weather has
changed to these extreme conditiems; sun drying becomes
ineffective, and meaningless as spoilage takes place. The
importance of low humidity (dry air) is not properly un-
derstood in many coconut regions. Natural air 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 are the ideal conditions for effective sun
drying.

INDIA = Alleppey and similar districts of Kerala
State
SRI LANKA = Chilaw, Puttalam and Kurunegala districts of
the North Western Province.
= Eastern province.
PHILIPPINES - Cebu Island of the Central Philippines.
MALAYSIA - North East regions of the Malaysian Peninsular.

There are likely to be numerous other recions
where such climatic conditions are met. In regions where
very humid air is prevalent most of the times, though sun

drying is practiced, it is ineffective and spoilage is
commcn. '
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ko uipment :-

he1 Description of equipment

As alrea.d.y stated, no equipment is required
for the process of sun drying in the cass of small holders.
An open, clean yard is used. Screens of bamboco, or
cocanut fronds are used to cover the copra at night or
when rain suddenly breaks in,

The large scale copra manufacturers usually
construct & barbecus (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 barbecus such as the one illustrated in techno-
logy sheet 'copra manufacture by direct heat dryers using
coconut shells as fusl combined with pre-drying in the sun
( c 1) is 30 feet square. This is found in Sri Lanka.

In Sri Lanka end 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 rails installed on either
gide of the drying floor. When in use, the roof is moved
away to expose the drying floor to the sum.

In India it i3 common to use a wire or cotton

net held by bamboo above the drying floor, to protect the
copra against birds.

In coconut reglons outside the Community member-
ship, wooden racks or platforms are used for sun drying
copra. They are about 4 feet x 2} feet and sloping to
enable effective covering during rain.
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Materials for conairuction:-

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

Cost of equipment:-

Cost of cemented floor 30 feet x 30 feet in
Sri Lanka (1973 prices) Rs. 1,450/= Current prices say
Rs. 5000/= (US$ 330).

Cost of movable galvanized iron roof on rails =

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

Cost of net of different materials - not available,

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 upcn the intensity of the heat.
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5. Process: -
5.1 Process flow diagram
Coconut
Dehusking
Cracking and dewatering
J
In some countries
the kernel is Sun drying in the open with
removed immediately Y cup facing up.
after cracking (preliminary drying for 1 or 2 days)
|
Deshelling
¢
Swn drying in the open with
cup facing up for & total of
S to 7 days.
4
Kiln drying
if wmfavour-
able weather

<> Swn dried copra
copra by sun drying

combined with kiln drying
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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
full maturity and further-more, the coconuts are stored up-
to L weeks to effect "seasoning®, This results indrying out
of those mature coconuts which are still 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.

Climatdc¢ requirements are already discussed in
section 3 of this technology sheet. The importance of
climatic conditions for effective sun drying is not properly
mderstood in many coconut regions. Furthermore the most
effective climatic factor is low humidity. Natural air move-
ment is another important factor.

The coconuts for copra making are transported to
the manufacturing area as whole nuts in the cass 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 light results in cracking of the husked nut.

Coconute 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. This is done early im the morning say by
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08,00 hours in order to obtain a full day's sun on the first
day of drying. This facilitates maximum removal of moisture at
the commencement of 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 initially 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 kernsls are usually removed immediately after
cracking and dewatering. This tends to break as well as contami-
nate the half kernels. Removal of the kermel from the shell and
thus exposure of the teata surface dces not appear to dry the
kernel faster. This 1s discussed in ths technology shest
TPRINCIPLES OF COPRA MANUFACTURE",

The maximum temperature encountered by the copra
when being sun dried in the open is 40°C, This is well below the
critical temperaturs 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 high to avoid deterioration. Howeverj in certain
parts of India and Sri Lanka, ths moisture is found to be 8-10%
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 the climate is suitable,



5.3

70

= 8 -

The copra is packed intoc 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
GOpré.

Product flow diagram:-

On the basis of moisture content of 50¢ in the kernel
when fresh and 10% after sundrying, we have:-

1800 kg wet kermel (50% moisture)

1000 kg copra S10§ 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 psr 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 "FRINCIFLES OF COPRA MANUFACTURE"

Quality of finished product:=

Various copra greding practices exist in different
coconut regions,

The Asian & Pacific Coconut Commumity 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 characteristice specifisd for the
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two grades are given in the technology sheet
YPRINCIPLES OF COPRA MANUFACTUREY,

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 i3 brought down to 8-10% as ‘he weather con-
ditions are suitable for sun drying,

Source of Information:-

Personal observations during field trips to member countries
of the Asian and Pacific Coconut Community.

T.K.G.R. 1980
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Product Cods:- CCCN 12,01b
Technology sheet no.: 1/ 8

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANISATION

AND ASTAN & PACIFIC COCONUT COMMUNITY

"Conaultangy Service on Coconut Processing Technology"

{(Project UF/RAS/78/0L9)

1. Technology sheet for ¢-= EDIBLE BALL COPRA MANUFACTURE BY

NATURAL DRYING WHOLE NUT IN THE SHADE (Method A 2)
This is a small scale commerclal activity as well as

a household activity practiced in hot dry coconut
regions.

2, Uses of finighed product 3~ Ball copra has several uses.

241

2.2

2.3

In India, ball copra is consumed by the population

in nonecoconut 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

breken into small pisces 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 Indis is about 45,000 tonne
per year.

In India, whenever the prices are favourable, ball

copra (and edible white cup copra) is converted into
desiccated 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
the fresh kernel such as in the Philippines and Sri Lanka.

In Sri Lanka, in the rural coconut areas ball copra is
consumed occasionally a&s ™sambol™ by grating and then
mixing with hot peppers.
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2.4 In Sri Lanka ball copra has medicinel uses as practiced
in the native herbal medicine systems. Such a use 1is
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 3= Mainly in the hot dry coconut areas such as
Mysore State (Tiputur area)
Lakshadweep Islands

Karnataks Stats
Kerala State

In India ball copra is made both on a commercial
scale as well as & household process,

SRI IANKA:- 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.

2‘0 ul nt

4.1 Description of equipment

For commercial scale operations in India, "Ball
copra stores™ are constructed. They are two storeyed brick and
mortar bulldings, the upper floor and the four sides of the upper
section being made of hard timber bars spaced 3 to 4 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. It is common to find 5 or 6 compartments, each

having 12 feet x 12 fest (3.65 m) in plan. The height of the lower
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and the upper storeys is 6 feet (1.8 =} sach. OUns wpper
compartment of 12 feet x 12 feet x & fest helight can hold amoutb
4OOO to 5000 nuts. (These are mmall whole mhusksd nubts).

Small scale manufacturers use a wouden platform
abova the kitchen fire-place Just below the roof.

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

Materials for construction

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

Cost of squipment:-

For one compartment 12 £4 x 12 £4 the estimated
cost is Indian Rs 2300/= (US$ 300)

In small scale commercial manufactwre and in
household activities, the costs involved are negligible.

Capacity

The capacity per compartment of 12 ft x 12 ft x 6 £t
upper deck is 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 asbove the kitchen fire., The tims for one batch in
this case is however about & to 8 months due to the regular
hot smoke from the kitchen fire.
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5o Process: -
5.1 Process flow diagram: =

Fully mature, ripe, unhusked coconuts
(selected dry, brown nuts).

Occassional heating O__’ Storage in the shade of a ball copra

with smoke of slow gtore for about 6 to 8 months initially.
fire using traditional

fuels particularly
during rainy season.

Inspection (Shake for rattling sound)

Continue storage in the ball

coora store for a further period of
say 2 months after rattling sound
is detected. (Total storage time

8 to 12 months)

Dehusk coconut carefully.

Deshell carefully without
damaging bell copra inside

Ball copra (complete, undamaged)
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Description of the process:-

For the manufacturs 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 dryage. 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) alsc 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; germination tends to takes place. Ball copra
cannct be made if the coconut germinates.

The selected wnhusked coconuts are loaded onto the

coempartments of the ball copra store and allowed to dry naturally
for 8 to 12 months.

In all cases the coconuts awe placed on an elsvated
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
scil. 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-
minztion. 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 firewcod. GSmoking 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 fii-e-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 types of equipment used. Exposure of the
fully mature unhusked coconut to diredt aun 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. A%t this time all the nut
water wonld have dried out causing a shrinkage of the kermel
inside. This releases the kermel in a ball shape from the
hard coconut shell. The inspection is by shaking each nut.
All nuts which have dried out properly would give a rattling
gound caused by the loose ball shapsd 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. Verghsse et al (1955) have
shown that small sized coconuts are best sulted for the process.
The popular commercial varieties in India are Lakshadweep micro
and Triputur (Mysore).

Product {low diagram:-

No accurate information can be had on the inecidence of
germination or spoilage of nuts during manufacturs. In any event



7s

78

it would depend on the person selecting the coconuts and
other criteria such as rain, humidity, effect of the smoke
caused by the occassionzl slow fires etec which are highly
arbitrary.

An estimated lose of coconuts is 5%

1000 Mature unhusked coconuts

950 coconuts ‘of ball copra

Quality of finished product

The meat of ball copra is soft, sweet and oily.
The colour 1s creamy as compared %o 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 moigture content can be eatimated
at 2-3% and the oil content about 70%.

Scurce of informations=

Personal observations and investigations during field
trip to India.

T.K.GsRe 1960
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Product Code: CCON 12,01 b

Technology Sheet no.: I/ 9 to 13

UNITED NATIONS INDUSTRIAL DIVELOFMENT ORJANISATION

AND ASIAN & FACIFIC COCONUT COMMUNITY

“Consultancy Service on Cocomut Processing Technology”
(Eroject UF/RAS/768/0L9) '

1. Technology sheet for s= COPRA MANUFACTURE BY DIRECT HEAT SMOALE
DRYERS USING TRADITIONAL FUEL CTHER
THAN COCONUT SHELLS. (Method B).

The method adopted by amall holders.

2. Bensfits of technology :- In the direct heat smoke dryerz, the
products of combustion eome into direct
contact with the coconut meat. Hernce
the copra is of poor quality. The
benefits are:-

2.1 Low cost of copra mamfacture 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,
petroleun based fuels and skilled
Technicians. '

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

(1) Sroky 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 matural rubber sheets.
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(i1) Poor quality copra from darkening due to
smoking, and scorshing from occasional
excessive heat at times of ignition of
fuel.

(441) Poor quality copra due to inadequate and
irregular drying and case-hardening (1C -
to 15% moisture) through lack of proper
control. This high moisture content causes
deterioration of the copra.

A technical assessment of using traditional fuel
such a8 husk and firewood etc. is given in
section 5.2,

Country of origin :- Copra mahufacture by direct smoke dryers
using traditional fuels such as husk,
firewood, bamboo, or cocomut shell mixed
with these fuels is practiced in the
following countries of the Coconut Community:-

INDONESIA
PHILIFFINES
* THAILAND

Smoke drying with husk and shell is also
found in the remote areas of western Camoa,
Solomon Islands and Papua New Juineas,

In India, Falaysia and Sri Lanka, the fuel
used for direct dryeres is coconut shell

only without mixing with other traditional
fuele, thus g.ving a better grade of

copra. In some parts of the Fhilippines,
Papua New uyuines and Thailand, use c¢f coconut
shell only is alsoc practiced.
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4.1 Description of equipment and operation.

4.1.1 Traditional direct smoke dryers used by small holders

in Indonesia.

There i8 no etandard design for these kilns. The size
and type of material uced vary from island to island
end province to province.

The basic feature of these kilns is the use
of traditional construction material such as local
round timber, bamboo, thatching etc. The copra platform
has slats placed a few inches apart to permit upwara
flow of hot smoke and gasee. The platform has a short
gide wall to hold ths loaded copra. The larger kilns
use old gelvanised iron sheets for the roof.

Traditivnal fuel such &s husk, firewood,
bamboo or coconut shells mixed with theee materialc is
burned inside a pit about Tm z T m x 0,5 m deepe

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 cpening provides acc28s for charging fuel as
well as adnission of fresh alr for combustion.

The kiln illustrated in figure I has a 1000 nut
{222 kg dry copra) capacity per batch. The platform
area 382m x 2m (or kL m?). The arrancement of copra
is on & random batis and the height of copra loading is
0.3 m (or 1 foot). In Java and Sumatra, the kernels are
acooped out of the shell before any drying; whilst in
Sulawesi, the deshelling is dome only after the drying
is over. The cost of the kiln is aboul Rp. 27,5C0
{or USE Lli)e
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Tre larger kilns in North Sulawesi have for example
al3m x 3mplatform (9 m2) with a capacity of 2250 rnutse
(500 kg copra per batch when loading copra up to 0.2 m kel ht.
The coet is about Rp. 60,000 (or US$ 100). Here the incrcas
in cost 15 in proportion to the increase in capacity.

Tke use of husk as fuel is about 67% of the coconute
being dried. Although waste wood is frequently ured, ectirates
of usage are not available., The cycle time for one batch it 2
to 3 days. On the basis of 2 batches per week and 50 working
weeks per year, the annual capacity ie 100,000 nuts (22.2 tonnme
copra). On the basis of 3240 nuts yield per ha., this kiln can

service 3C ha. The investment per 100 tonne anmial dry copra
capacity is US§ 200.

Traditional direct smoke dfyers used by small holders in
Thailand.

There 15 no standard design for these kilns. The size
and type of materisl used vary from province tc province.
These kilns use as much as possible of locally availavle
material such as round timber, bamboo, thatching etc.

Theldln illustrated in figure II is the type used in
Sexul Island of Surathani Province in Southern Thailand.

The copra platform is made of 20 mm (") diameter iron
bars spaced 75 mm (3") apart and placed on the side iralls which
are constructed of hollow cement blocks. The timber side wall
above the platform is 0.6 m (or 2 ft) high and the copra is
loaded upto nearly 0.5 m or 1% feet 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 leaf and the
support structure is made of coconut trunks {verticals) and
timber beamsa.
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Husk is commonly used for firing the kiln. The
fire pit is underground, being of 0.5 m depth. The side
walls have a twin door opening for charging the kiln as
well as to admit fresh air for combustion.

The kiln has a 3000 mut (or 857 k3 dry copra)
capacity per batch. (Cocomuts in Thailand are very big
compared to other member countries). The coconuts are
husked, split in two and loaded with the shell intact.
Deshelling after 1 days' drylng and reloaded for furiher
drying. The platform area is 3m x 2 m (6 m?). The
cost of the kiln is about B 5000 (US$ 250).

The use of husk as fuel is about 87% of the coccmute
being dried. The cycle time for one batch is 2 to 3 days.
On the basis of 2 batches per week and 50 working weeks per year,
the annual capacity is 300,000 nuts (85.7 tonne dry comxra).
On the basis of 1520 nuts yleld per ha, this kiln can service
197 ha. Investment cost per 100 tomne annual dry copra copacity
is US$ 290.

Lsle3 Sariaya type traditional direct smoke dryer used by small
holders in the Philippines,

This dryer i: suitable for flat gréund where there
is no flooding with water and the water table is low rfuch as
in Sariaya area of Luzon Province in Northern Fhilippinec,
There are two other adaptations of this known as Fagsanjan and
Tayabas widich are suitable for different local conditions.
See sections L.1.4 and L.1.5. All these traditional dryers
are called "tapahan' which means "“heating grill" in the
local language.

These 'tapahans' are constructed using mostly
traditional constiuction materials. Some variations exist
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in the use of galvanized irom sheevs for roof, ctone and
cement blocks for side walls, iron bars for the grill etc.

The Sariaya type dryer is illustrated in figure III.
There are two pits, one narrow and 3 m deep and the other
wider but shallower at | m dsep. The two pits are inter-
connected by a narrow tunnel waich slopes at about 20° to
the horizontal., The fire-pit or hearth is at the bottom of
the narrow pit. The copra grill made usually of woven split
bamboo is placed at the ground level, suitably supported by
bamboo beams. The zrill or platform has timber surrounds,
Charging the dryer with & mixture of hu&k and shell is from
the mouth of the narrow pit. Both pits are covered by small
rocfs to project azainst the rain.

During combustion, the hot smoke and gases rise up
the pit which is wider, thus drawing fresh air from the
narrower pit. The gases rise up the grill and come into con-
tact with the copra. The copra is loaded on a random arran:e-
ment upto a height of about 0.2 m (or 8 inches). Care has to
be taken so as not to overload the grill or else there would
be too much resistance to the flow of smoke through the kernels,
Thlis will render the dryer ineffective and create problleins of
scorching of the copra at the bottom layer.

From the nature of the design, it can be seen that
the dryer cannct be disturbed by gusts of wind. A4nother im-
portant feature is that the copra loading has to be moderate
80 as to create and maintain & natural dreught. Consejuently
the rate ol combustion becomes fairly regular. This avoids
scorching the copra and ensures uniform quality through the
depth of the copra layers. However, the overall effect of the
direct smoke is to produce poor quality coprs.

The reason to add husk to the shells is that when
shells alone are fired in a pit or a pile, they burn fierccly.
Husks keep smouldering for a long period thus damping down the
fiercely burning shells,
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The kiln is loaded with cups of kernel which
have been scooped out of the shell soon after splitting
the nut. The usual practice with this type of kiln is
to sort cut and reload each morning until all the copra
is suitably dried, Thoss cups which are found to be
adequately dry are removed from the process. The total
operation may take 2 to 3 days for 1 batch.

The capacity of the Sarlaya type dryer is about
450 nuts (160 ky copra) for the simple units having a plat-
form area of 2 m2. Twin type elaborate kilns are sonetimes
used. The large capacity dryers are however simple units
arranged in a battery of three. These have combined capa-
cities upto LS00 muts (1000 kg copra) per batch, The use
of husk is about 67% and a small quantity of shells.

The estimated coet of this small dryer is B 300
(Us$ L4O). On the basis of LS50 muts per batch, 2 batches per
week, and 50 working weeks per year, the annual capacity is
45,000 nuts (10 tonne copra). On the basis of 14020 muts yield
per ha., this kiln can service 11 ha. Investment cost ner 100
tonne annual dry copra capacity US$ LOO.

Pagsanjan type traditional direct amoke dryer used by
emallholders in the Fhilippines.

This dryer iz e modification of the Sariaya type
for adaptation for sloping or hilly cocom:t areas, such as
in Pageanjan area of Laguna Frovince of the Northern Thilippines,
It is illustrated in figure IV, A4 ditch is dug along th2 slope
to form a "flue® and at the lowest point, it serves as a firepit
or hearth. As seen in the i1llustration, a portion of the ditch
is vovered with stone end filled up with earth £g as to fom a
cavity. The platform is constructed out of bamboo slate, and
surrounded by cocorut trunks., 4 rocf is built using traditional
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materials, OSometimes, old galvanized iron sheets are
used for the roof,

& mixture of huek and shell is placed in the ditch
outside the dryer and set fire. The smoke and _ases travel
up ths ditch under the stone covering and move upwards
through tiie bamboo slats and the copra.

The loading of copra 1s on & random arrancenent.
The height of loading is limited to about 0.2 m (or 8 inches)
which ie 3 or L layers of muts. The cups of kernels arc

" scooped out of the shell soon after splitting the nuts in half.

The capacity of the dryer is 1000 to 1250 nuts
say 1125 nuts (250 kg copra) per batch. The ¢rill area is
about 5 mz. The cycle time per batch is 2 to 3 days., Fuel
usage is about 67% husk and a small quantity of chells. The
estimated cost of this dryer is P 600 (US$ 680).

On the basis of 1125 muts per batch, 2 batches per
week and 50 working weeks per year, the anmual capacity ic 112,500
nuts (25 tonne dry copra). On the basis of LO20 nuts yield per
ha, this kiln can service 30 ha., Investment cost per 100 tonne
anmual dry copra capacity is US$§ 320.

Tayabas type traditional direct smoke dryers used by sn2ll-
holders in the Philippines,

The dryer is suitable for flat ground with hi:h
water table and sandy areas, such as the Tayabac area of
Luzon Province of the Northern Philippines. The Sariaya
type has a limitation in that the underzround flues 2id pits
go down &5 much a5 3 m maldng it unsvitable in low laying

areas due to the water problem, particularly during the wet
£€a80h,
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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 grill or platform. The platform is constructed
about 1 m above ground level and ie supported by the b
vertical poets 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 uptc 0.3 m stcve
the platform. The side walls protect the dryer from
disturbances during gusts of wind, The platform is about
10 n2 in area.

The husks are spread evenly in the fire-pit and
set fire. The usage of husk in about 67% of the nuts beirng
processed. The cycle time is 2 t¢ 3 days. The kerncls are
scooped out of the shell before drying is commenced.

The capacity of the dryer is about 3000 ruts (or
666 kg dry copra) per batch, The estimated cost it awvout
2 2000 (USs$ 270).

On the basis of 3000 nuts per batch, 2 batches rer
week and 50 working weeks per year, the amnual capacity ic
300,000 nuts (66.6 tonne dry copra)e. On the basis of L0200 ruts
yield per ha, this kiln can service 75 ha., Investment cost
per 100 tonne anmal dry copra capacity is USE 40O.

Msterisls for constructioni=

Traditional materials such as locally available
timber, tamboo in various forms, roof thatching made of .ipa and
coconut palm leaves, rattan etc. are used for these typec cf kilns,
Sometimes cocomt trunks, Arecanut palm steme are used as tirler,
There are also many areas using iron bars for the . rill or platicrr,
galvanized iron sheets for the roof and cement blocks or bricks
for side walls.
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Le3 Summary of design features of the traditional direct smoke Jdriers; -

£ er Batch Platform Density of Heipght of lHeifht of Arrr-vimate

Capacity ares puts per gz platfoim conra Tusl nence
(nuts) (mz) above fire load (1)  if witr-ut
it (m swoirsiny
Traditional 1000 dy 250 2 0.3 €77 husks
dryer (larger onss and ur
(Indonesia) upte 2500) fircwond
Traditional 3000 6 500 2 0.5 £7: husks
dryer
(Thailand)
Sariaya dryer 450 2 225 3 D62 675 husks
(Philippines) and sone shells
Pagsanjan 1125 5 225 2 0.2 £7% husks and
(Pdilippines) seue 3nells
Tayabas dryer 3000 10 300 2 Je3 €77 husks

(Philippines)



Lok Sumsary of operational features: =

Iype of dryver Pre drying . Arrangement Removal Rotation of lxiter of
in the sun of nuts when of conra firings

oadi shells (turning

platform
Traditienal Usually random Ne regular None 2to 3
dryer oae day pettern
{Indonesia)
Traditional Usually bettom After one After z 03
dryer one day layer face day's eone day
(Thailand) upwards drying
Sariaya Usually random before Usually 2 ': 3
dryer one day drying daily,
(Philippines) during

inspection

Pagsanjan Usually random pvefore Not 24 3
dryer one day drying regular
{Philippines)
Tayabas Usually randon before ot 2t,3
dryer one day drying regular

(Philippines)
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Cost and capacity of dirsct smoke dryers: -

Iype of
dryer

Traditional
dryer
(Indonesia)

Traditienal
dryer
(Thailand)

Sariaya dryer

. (Philippines)

‘ Pagsanjan

dryer
{Philippines)

Tayabas
dryer
(Philippines)

Capacity
equivalent
in Jand area
(ha)

197

75

Batch

Capacity Capacity

(Nuts)  (Kg copra) (days)

1000

450

1125

Batch

857

100

250

666

Bat.ch
time

2te 3

2te 3

2t 3

2t 3

2% 3

Cost

(1S9

109

250

40

270

93

Investrent,

Cost rer 120

tonne amual dry

conra canncity

(Usd)

233

290

400

329

430
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5. Process: -
5.1 Pracess flow diagram: -

caconut

dehusking

cracking and dewatering

scosping out kernel

sundrying for 1 day if
weather permits.,

loading platform in randcm
arrangement,

drying of copra for 2 to 3 dars
using slow fire with traditional
fuel (2 or 3 separate firings,
one each night).

.e allow to cool down

unloading and packing
inteo jute bags/bamboo baskets,

ecopra (packed)
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Depreciation of process: «

The traditional direct smoke dryers are used by rmall-
holders. There are traditional dryers simpler than the five types
presented in thie technology sheet., They are the open platform
type (without roof and side walls) and the platform and roof type
without any side walls., Thess two very elementary designs are
found in certain coconut areas outside the Coconut Cormunity.
These driers produce very poor qQuality copra because of the effect
of Zusts of wind which create irregular and excessive heat. The
five direct smoke dryers in this techmology shest have some
protection from wind and raim by way of side walls and roofs.

Cocomts harvested for copra manufacture have different
lsvels of maturity depending upon the customs prevailant in various
coconut regions, The fact that nuts of inadequate maturity are

used is & major cause for production of poor quality copra. Jerminated
mts also give poor copra,

The nuts ere transported to the copra kilnm by the small-
holders and husked. In some areas, the muts are husked at each point
they are gathered and then transported to the kiln., In this case;
ths husks are transported separately if they are to be used as fuel.
Thes husked muts are cracked open and water allowed to rum out.

In some aress; the kernel is forced out of the shell and
then zubjected to drying, whilst in other aress, the kernel is
removed after about a _dnya drying. The letter practice is superior
as firstly, the kernels are essier to remove and thus donot break,
and secondly, the kernels with shells intact can withstand mechanical

damage during loading. The ashell also offers protection from contact
with earth and sapd,

In scme areas, when the weather is fawourable, an initial
day®s sun drying is mads use of but it is effective only if the
humddity is low. The practice results im improving the quality of
copra as ipitial dryimg with the mild heat of the sun avoids case



96
w» 18 =

hardening. An equally important advantage is that the copra is
whiter. This is because, by the time the kernel is subjected

to smoke drying, the kernel is already partially dry. If the fresh,
wet kernel is subjected to smoke drylng straight}iay, colouring
occurs due to the smoke 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 for
the bottom layer. This practice helps in avoiding the bottom
layer getting case-hardened, coloured and scorched.

The Ikiln ie charged with fuel such as cheap firewood,
huek and even bambooc. These are spread evenly in the fire-pit
before setting on fire. Shells only are not used because a pile
of shell would burn very fiercely and thms burn the copra,
unless shells are added one by one which is laborious and needs
coastant attention. Hence some shells are used by mixing with
the huske. The correct method of using shells is not knowne See
technology sheet on ®COPRA MANUFACTURE BY DIRECT HEAT SOKhLESS
DRYERS USING COCONUT SHELL AS FUEL® (Method C, 2).

Fuels such as husks and firewood give low heat compared
to coconut shells., Husks are of low demnsity and contain much
moisture, particularly vhen they are fresh and green. The type of
firewood available in cocomut areas is of low to medium density tirber
which also contain & fair amount of moisture. Wien such materials
are set on fire they keep smouldering (burn without flare) for long
pericds 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 partlael combustion. After consider-
able time, the husks and firewood ignite throwing up flares and hot
gases. This causes excessive heat resulting im scorching and cace-
hardening. There is also the risk of the dryer itself catching fire
if the flames are high enough to sst fire to the copra bed.

Although low heat is desirable for the process, the smoke
coming into contact with the copre colours it thus spoilin: the
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quality. The smoke deposits impgrt an undesirable odour and
flavour to the copra and the oil extracted from it subsequently.
This disadvantage far outweighs the small benefit introduced

by the smoke deposits in resistance to mould attack such as in
the case of 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 levels.
For example coconut shells have about 12% moisture which comes
down to 6 or 8% when dried in open air or in the copra kiln when
intact with the kernsl. When set on fire, after a very brief
period of initial smouldering, the material ignites and flames are
seen., When flames are present there 1s complete combustion, burning
all the products of thermal decomposition inm the material. The wood

tar which is responsible for the colouring also burns without coming
inoto comtact with the copra.

The use of dry coconut shells in piles or thick layers
spread in a fire-pit zives excessive heat though the smoke 4s clean.
The technique of using cocomit shells arranged in a chain one locked
into another or "nested" is not known in many coconut rezions in the
world., Im Sri Lanka, India and Malaysia this technique is uced
extensively, wWhen 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 comtrolled.

The process of drying copra in the smcke dryers takes 2
to 3 days., This firing is dome in 2 or 3 nights. When suitably

dry, the copra is unloaded and packed into Jute bazs, bamboo backets
etc. and sold to copra buyers.

Product flow diagram

The resultant copra has 10 to 157 moisiure., On tthe basis

of a final moisture content of 1UZ and original moisture content of
0% we have: -
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1800 wet kernel (504 moisture

1000 kg copra §10% moisture)

The out=turn of copra is variable from country to country,
region to region within & country and also &ependant upon the season.
Prolonged dry weather reducee the size of the mut, itfs kernel and
hence many more mats are required to make a tonne of copra.

The out=turn of copra for the different member countries
on the basis of the mational conversion rates is given in the techno-
logy sheet WPRINCIFLES OF COPRA MANUFACTURE®.

Quality of finished preduct: -

Various copra grading practices exist im different coconut
regions,

The Asian and Pacific Cocomut Community has prepared
*Uniform Standard Specifications for Copre® (Final draft - April 1578).
There are two grades specified irrespective of the process used for
malking copra. The characteristics specified for the two grades are
given in the technology sheset RPRINCIPLES OF COPRA RANUFACT.uE%,

4s discussed in section 5.2, the copre is coloured brown
due to the use of direct smoke kilms which iz @ major quality
deficiency of the method used.

The moisture content usually found for this copra is 10
to 15% which is amnother major deficiency im the copra. This however
is due to inadequate drying or sometimes it the copra is case-hardened,
no further dryage is possible. Im any event, copra of 10 - 15%
moisture is saleable in the countries where this direct smoke dryers
are used dus to lack of proper enforcement of grading and pricing.
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This is a matter of trading practices im such areas. OSuch
copra has to be further dried by the oil millers prior to processing.

Source of information: =

Tol

7.2

Ts3

Tek

Beview and techmo-economic evaluvation of various copra
production methods applied in the 4.2.0.Ce¢ 1region by
Mr. M. Vernakulasingam, and J. Camacho (UNIDO/APCC 1978).

Copra processing in rural industries by F.C. Cooke (FAO 1958)
formerly Director Cocomrt Research Institute of Ceylon and
Depte of Agricuiture of Malaysia.

Personal observations during field visits to member countries
of the Cocomut Comsmunity.

Statistical Yearbockon Cocomubt - 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 nmut production and ares planted as per tables 5 and 6
in the yearbook.

?GK.GOR& bt 1980.‘
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Product code: CCUN 12,01 b
Technology sheet no: I / 14

UNITED NATIONS INDUSTRI:; DELVELOPMENT (LIGANISATION

A,

AND ASIAN AND PAC):IC COCONUT CCifi/UNITY

#Consultancy Service on Ccconut Processi:y: Technology"™
{Srolect 1/7/RAS/78/049)

Y, Technology sheet fcr ¢ ~ COPRA MANUFACTY(E BY SIRECT HEAT
SMOKELESS DEYERS USING «OCORUT SHELLS AS
FUEL COMENED WITH PRE~I.k:ING IN THE SUN
(Method C 1},

2, Benefits of Technology @ -

The coprs mant s .tured by thus
nmethod ir of good qualisy. The main featurae:
sre; the use of "seascone:ll® coconuts, predryin

in the sui combined with direct heat smoke ec:

dryinga
3, Country of origin ;s -
Sri Lanka is the only country
emploging this technology with "seasoned" cocconuts

Jae of coconut shells as fuel
with or without pre-drying in the sun is
also practiced in India, Malaysia, Philipp.rs:

[¢3

Papua New Cuinea but the nuis ars not
geasoned &3 in Sri lanka. The inevitable iopia
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of one to seven days between harvesting and copra
mamfacture does not result im “geasoning®e.

Lol Description of equipment: «

kele? The Barbecue. This io a specially constructed cemented

floor and is part of the Ceylonm Copra Kilm. The split muts
before going imto the Xilm are spread out for one day’s
pre-drying in the sun.

The details given hereunder have been extracted from
leaflet No. 20(1973) issued by the Coconut Research Board
of Sri lanka.

4 sketch ef & barbecue is given in figure I. The
normal width of the barbecue ie 30 feet. The length varies
according to the sise of the kiln and the maximum quantity
of muts intended o be split per day.  For smaller kilns
the length of the barbecue i® normally the same the length
of the kilm and is situated in front of same, For this kiln,
the length i3 30 fest.

The arrangement of retaining well, draim, surrounding
wall etc. are shown in the sketch. The top of the wearing
surface at centre ie 16 inches above ground level and the
edges 12 inches above ground level. Water flows along the
gloped surface to the openings shown on either eide and enter
the drain which leads the water away from the barbecue through
2 cabeh pit for éisposal.

On determination of the length of the barbecue the
foundation is marked on the ground with a width of 30ft.
internaily. Trenches for foundation are cut along the edge of
the grea thus marked., The depth and width of the foundation
depends on the 20il at site., An average depth of 18" and width
of 18» ars sufficient for hard scil, An 18" wide wall is built -
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above the foundation up to & height of % above ground level,
Retaining wall and surrounding wall 44" wide each sre constructed
above the 18% wall on either side of same; leaving room at the
centie to form the drain. The drain should be sloped to cairTy
water and ie 6" deep at the end where the catch pit is to be
situated. The enciosure thus constructed is filled witt earth im
3® layers up tc ths height showm in ckeich. The earth mast te
wetted with water while filling and well rammed. It i& sloped
from the centre to the two edges, the height at centre baing L%
above the edges. The surface of the barbecue is laid above the
consolidated £i1ling and may be made with concrete L* thick, or
brick-paved 3" thick and cement-rendered; or rubble-paved and
cement-rendered depending on availability and economical purchase
of these materisls at a given site. It is preferatle vo use rubble
(granite blecks) amd even the side walls may be corstructed with
rubble if available locally. The top wearing surface should be
finished rough with cement sand mortar 1:3 and should be &t least 1®
thick in case of brick or rubble paving. Expansion joints are laid
a8 shown in sketch and ashould be filled with bitumen i L4* wide lgyer
of cement and sand 1:l ehould be laid below the expansion joints
before paving to prevent cocomt water seeping through and fermenting

under the paving. The edges of the draim and floor are rounded off
for smooth flow of water.

The standard Sri Lanka Coprs kilms =

The details given hereunder have been based on leaf-
let Noo 15 (1968) issued by the Cocorut Research Board of Sri Lanka.

The ceyion,Kiln ie a simple structure, consisting essentially
ef a fire pit, a copra grill or platform, a corrugated iron roof,
fitted with a jack roof and & covered working verandah, There can
be minor variations in design and sise to sult different conditions
and individual requirements. It is also possible to effect economies,
by ueing locally available materials such a8 unfired mmd bricks,
round timber, coconut trunks, wooden slats, cadjam roof, etc,
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The kila illustrated in fig. II has a total capacity of 10,000
nuts allowing a daily intake of 2,500 muts. Sneller kilns to suit
individual needs can be bullt on the same princijle.

EXACAVATION: A fire pit measuring 30 feet x 12 feet x 2 feet deep
should be marked out and excavated, If the bottom is loose and sandy,
sbout 7 cubes of gravel should be spread evenly and then well rammed
to provide a firm foundation for the walle which should be built yp te
e height of 2 feet, i.8., up to ground level.

WALLS: For the first 2 feet the walls are 14 inches thick, There=-
after the thickness ie reduced to 9 inches up to the copra platform,
Above this it is further reduced to i inches, so providing the ledge
to support the platform.

The two gable-end walls are built up to & height of 7% feet and
the back wall to & height of 7 feet above ground level, but the front
well does not reach above ground level.

The walls are strengthensed by ili~inch. pillars, which also
support the roof, The fire pit ie divided into six compartments by
five 6-inch walls, similarly supported by pillars,

VENTILATION: Holes are provided in the two gable walls and the back
wall and the fromt of each section of fire pit ie open, The ventilation

holes are 6 inch x 12 inch and are set 2 feet apart, one foot above
ground level,

daple ventilation is provided above the copra platform. Humid
air can escape via the jack roof, undsr the eaves and from the gable ends,

VERANDAH: The four pillars supporting the roof are 9 inches x 9 inches,
The verandah should be peved with bricks, cemented in position soc a8 to
provide a firm floor.

ROOF: The timber for the main uprights should be well-seasoned jak and
for the beams welle-seasoned cocomub rafiers. The rafters should be laid
2 feet apart and the reepers 3 fest apart.
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4 corrugsted iron roof is generally to be preferred te
& cadjan roof, besause it does st require frequent renswal, but
a cedjem roof allows free ventilation, keeps the kilm warmer et

night and o prevents scoty drops of condensed water falling down
on the zopra.

THE FLATF(BM OR GRILL: Well-matured Arscarmt trees should be

selected for making the platform. They should be split imto slats

sbout 1% inches broad, placed length-wise across the dividing walls

vith their ends resting im the 2-inch ledges of the side walls,

Slightly brosder slats should be placed across these longitudinal G
slats and secured together with galvanised wire in order te keep

the platform firmly in pomitien,

4 Helmilla log er & strong flat plank omewfoot width, should
be laidalong the cuter edge of the platform to prevemt the copra
from falling eoff.

DRAINS: To lead away the reinm water falling from the roof, a drain
mist be provided. ' )

Materisls and lebour for comstructions =

ko2 For the barbecue: =

Material : -

9500 nose bricks at 60/= 570,00

kd cubes river sand at 18/= 81,00

28 bags Portland cement at 12/ 336,00

1 gl. bitumen (or plastic asphalt 4) at 2/« 2,00 989,00
Labours |

3.6 cubes 18* brickwork in cement

mortar 1:4 at 30/- 78,00

1.5 eqrs., 43* brickwork as above at
20/- 30,00

10.6 cubes £illing underfloor in 3¢
layers wstersd and well remmed - a% /- k.20




9.0 8qre, 3% brick-paved and cement-

rendered floor

125.0 L.ft. plestering and form!ag

drain

Countingencies for clearing &its,

cutting foundation ete,

Cost of materiel
Cost of lasbour

Total cost (1973 prices)

Materials: «
Bricks
Cemand

Sand

Gravel

Clay
Line

Tizber: -

Eall plates and ridge plates

Ridge plates for jack roof

Cross beams

King poste

Eing posts for jeck roof

Cocomt rafters

Cocomut rafters

Reepers

Zinc sheets 2h w.g. cwhe
2l woge cwho
2h WoZs TWhe

Gelvamised ridging

Clipse

Platforms =

he2,2 JFor the Standard Sri Laniks Coprs Eiln

at ﬂ% 162,00
at 50/~ 62450
Slie 30 161,00
989,00
461,00
Bs 1,450.00
12,000
20 bags
2 cubes
11 cubes
15 cart loads
50 bushels
33x32x5n i pleces
- 331x2wnx3e 3 pieces
14 xlynxoe s pieces
3'x3nx3e 4 pleces
t§9x3ex2e L pieces
8¢ long 16 pieces
14° long 16 pieces
2t x 1® 155 feet
8% long 16 pleces
9¢ long 16 pieces
7° long 16 pieces
33 feet

200

1 Halmiila log or 1 heavy plank, 1 foot width 30 feet long

Arecanut trees for slats

Gelvanised wire, 1/16 inch. gauge

10 trees
10 1b
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Labour: - Details not available

Cost of construction: -

4o3.1 The barbecue

Materials 989/=
Labour 461 /=
Total cost (1973 prices) 1450/ /=

Estimated costs in 1979 = Rs, 5000/= (U3% 320)
1 US$ = Rs, 15/60

4o3.2 The Standard Sri Lanka Copra Kiln: =

Total Cost of construction Re, 25,000/= (US$ 1600)
1 US$ = Rs, 15/60

Capacity
Capacity of barbecue per day 3000 nuts
Capacity of standard kiln per day 2500 nuts

The kiln is worked on the basis of a daily intake
of 2500, each batch lasting 4 days, It is possible to work

6 or even 7 days a week depending upon availabiliiy of nuts,

For the purpose of determining the ennuval capacity, let us
take 10,000 nuts per week, 50 workirg weeks per year,

Annual capacity lia 500,00C nuts (100 tonne copra).

108
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5. Process : -

5.1 Process fiow diagram : -

Fully rips - Stored or seasoned
coconuts maturs coconuts

[N
L.gl

Husking

Transport to barbecus

Y
Cracking and dewatering
(no deshelling)
‘ v
No sun drying on v Spreading on barbecue face up-
barbecue if weather wards for | day pre-drying in
is unfavorable -the sun (weather permitting)
‘] ¥

Load kiln platform face upwards
for bottom layer. Maximum height
of loading 12‘inches.

1st firing 1st evening
allow to cool

2nd firing 2nd day early morning

Tuwrn the copra

3rd firing 2nd evening
allow to ecool

4th firing 3rd day early morming

deshelling
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5¢th firing 3rd evening
allow to cool

6th firing 4th day early morning
allow to coel & turn copra if
NEeCeseary

7th firing 4th evening
allow to cool

8th firing 5th day early morming

Unload copra, sort out cups
requiréng further drying

grading of copre and bagging

[ l
_ graded copra
(bagged)

Noe 1! No, 2 No, 3

aN

A4
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5.2 Description of process: -

56241

52,2

hus & sun dr

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 split nuts (without
deshelling) are spread evenly with the face upwards on the
barbecus, The pre-drying in the sun for a few hours during the
first day helps the "wet® kernel (Abouti 50% moisture) to initially
dry out (Ahout 25 to 30% moisturs) without any artificisl heat

action. This promoctes a lesser incidence of grade 2 and 3 copra
subsequently. v

Kiln drying

In the late afternoon on the lst day, the split halves
are loaded onto the kiln platform (or grill). The bottom most
layer is placed face upwards so that the shell acts as a shield
where the hot gases first lmping on the nuts., Other layers are
arranged at random upto a total depth of 12 inches (0.3 m). If
good white copra is required, the other layers are placed face
downwards, The shells (left from previous batches) are arranged
in the fire pit in parallel double rows., The shells are arranged
in @ epecial manner each shell being fitted into the next or
"nested” so that when the row is ignited at one end, the fire moves
slowly from one shell to another like a fuse, Thus the rate eof
heat given cut is controlled., The copra drying process needs
eight firings over about four days. Deshslling is done on @
3rd day after the 4th firing. '

The method of operating the kiln is given below: -

st Day
Early morning Split the nuts
7.00 a.m. to 4£.30 p.m, Sun-drying if possible

5600 peite t0 10,30 pois load chambers A and B and
‘ ist firing, 2 double rows
of shells per chamber,
10:30 pom. Allow to cool.



2nd Day
2@00 &.l. tO 7om a'.m‘

4,00 p.m,
5.00 Psfie to 10,00 Pofls

10,00 pem,

3rd Day
2,00 a.,m. to 7om 8,

4,400 p.m.

5000 Polflls tQ ‘OOW o 2% N

10,00 peme

Ltk Day
2,00 a,n, to 7.00 a.m.
4,00 p.lte
5:00 poiie %0 10,00 p.m,
10,30 p.m,

+th Da
2:00 8olle %0 T.00 8.l

5600 psllle

112

2nd firing, 1 double row of
shells per chamber,

Turn the copra

3rd firing, 1 double row of
shells per chamber,

Allow to cool,

(On the second day chambers
C and D are loaded with new
kernels and fired).

Lth firing, t double row of
shells per chamber,

Remove shells and rearrange

in chamber A only; chamber B

is now emoty, The rearrangement
gives a sscond rotation for

the kernels,

5th firing, ! double row of shells
Allow to cool.,

(On the third day, chambers

E & F are loaded with new
kernels and fired),

6th firing, 1 double row of shells
Turn the copra if necessary

Tth Liring, t double row of shells
Allow to cool

{On the fourth day, chamber B is
loaded with kernels from C and D
after deshslling. Hence chambers
C and D are loaded with new kernels).

8th firing, a short double row
according to requirements,
Remove the copra and return any
undrisd for further drying,
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The usage of shells is 504 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 kiln, the drying temperature is maintained
at about 55°C (!BzoF) producing good quality copra. Higher
usages of shell (say 100%) would reflect forcing the pace of
drying by using too many rows of shells and higher drying
temperatures resulting in mild discoloration of the copra due to
oxidation of the oil,

Copra Grading: After the copra has been cured it is sorted
into following grades: -

No. 1 copra
Ro. 2 copra

No, 3 copra

This sorting must be done very carefully otherwlse
serious penalties may be imposed by the buyers,

Grades: -

Ko, ! 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 aniform peamly lustre,
indicating uniform drying to below six per cent.

Mo, 2 copra: (1) Distorted copra from under-ripe nuts,

(2) Thin and broken copra from over-ripe
nuts,

(3) Scorched, burnt or off-ccloured copra,
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Noe 3 copra: (1) All copra of kalati stags, i.e., rubbery
or immature copra

(2) 41l kernels of decayed muts.

5¢2¢5 An analysis of causes of deterioration or spoilage of copra

applicable to Sri Lanka is given hereurder as per lsaflet
Hos 25 (1970) iesued by the Coconut Research Board.

Cause Effect Importance
4. Careless Harvesting
(1) Under-ripe muts Thin, torn, distorted, Major
(Kelati) corrugated rubbery
pieces
{2) Overwripe muts Thin, broken, Scmetimes Generally
‘ discoloured pieces of Mipnor

high oil content

{3) Slipshed collect= Blazk, rotten cocomut Gensrally
ion meat, owing to “eye- Minor
ot ’

Be Carsless pre-treatmsnt

(L) Hueking and splite= Adherence of dirt amd Generally
ting on sand or in pieces of husk or Kinor
a muddy yard or bag- fibre
ging of cut meat

(5) Uncovered heaps of  Severe cracking causing Major
eked nuts exposed seriocus sliming if left
to hot sun overe-xight

{6) Careless splitting Broken pieces and Minor
*emalls®
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(7) Delay after split-
ting before keat
applying

(8) Rain on split nuts

(9) Cocomut water left
to dry up in split

halves

C. Careless Mamufacture

{10) Over-loading

(11) BExcessively long

delays between fires

(12) Usze of broken and

dirty shells as fuel

Use of shells of irre-
gular diameter for
chains

(13)

{14} Use of damp shells,
wood, husks or

combustible rubbish

(15} Shell lines tapclose

te kiln walls

115

Development of
gummy 8lime and
dirt adhesion

Major

Developing of
gusmy felime¥ dis-
coloration abd
‘pitting!

Occesional

Development of
gumny slime colour
and dirt sdhesion

Major

Production of
scorched, "stewsd®
and glimy copra.
Drying irregular

Major

Molsture condensation
with ®pitting® and
sliming

Major

Smoxy pieces Minor

Smoky pieces Major

Very smoky pieces Major

Case=hardening
scorching and
distorting of pieces

Major




(16)

an

(18)

(19)

-‘7-

Over-firing (early)

Over-firing (later)

Shell linss too far

Under-drying with
subsequent continued

neglect to dry

(over 15% moisture)

D. Fsulty Kilns

(20)

(21)

(22)

(23}

Too open (with heavy
wind)

Too closed, (ine
adequate exit for
alr)

Inadequate firepit
ventilation (with

overloading)

Damp firepit

UCase-hardening® and
distortion of pieces

and irregular drying

(2) Superficial scorching

116

Major

Minor

(b) Internal discoloration Major

(c) Carbonization with
loss of oil

Slimy copra mid-way
betwsen fires

(8 to 18%Z moisturs)
Heavy development of
superficial moulds

(10 to 15% moisture)
Decomposition of surface
tissue, with penetrating
moulds and insect.

General decomposition
with heavy mould and
glime growth

Both scorching and slim-
ing and smoke due to
disturbance of fires

Copra stewed, slimy and
oversmoked

Both scorching and
gliming excessive
emoke and irregular
drying

Slow drying and smoky
copra due to smoky and

uncertain fires

Major

Kajor

Major

Major

Sericus

Major

Major

HMajor

Occasional
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B. Careless Storage and

Transport
(2) Rain or seawater on Heavy mould and Major
copra in bags insect attack
{(25) Storege in damp godown Mould and Heavy Common
inBect attack
(26) Wet and dry copra im  Mould and insect Cozmon
qb T ceontact attack
Fo Unavoidable Causes
(27) Prolonged storage Superficial moulds Minor
of superior copre - and surface dis=
coloration through
exidation
(28) Imperfect “meat® Rubbery and often Minor
development in mts discoloured thin
(defective mts) ragged copra

qp 503 Product flow diagram: =

1880 Kg wet kernel from 14925 muts (50% moisture)
)

Y

Sun dried {(About 25 to 30%
moisture)

f‘f

&
1000 Kg copra (6% moisture)
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6e Quality cf finished product: =

Whilst Sri Lanka has her own method of grading copra, the
foilowing is the uniform standards for copra as proposed by the
Asian & Pacific Coconut Community (Final draft April 1978).

Characteristic Grade 1 Grade 2

&. Moisturs content (psrcent by
weight), Max, 6 8

b. 011l content {on moisture free
basis) percent by weight, Min. 68 66

€. Free Fatty Acid (as laurie)

percent by weight. Max, 1 3.5
d. Impurities percemt by weight. Max. 0.5 i
e, Immature kermels (wrinkled cups)
percent by count. NMax, Nil 5
f. Mouldy cups, (percent by count)
Max, Nil k
g Charred or black cups (percent
by count) Max. Nil 5
h. Broken cups or chips (percent Nil passingz Not more than ‘
by weight) Max. through 3/8* 1 percent

mesh zieve  passing 3/8%
mesh sieve.
i. Colour of the expelled oil on
Si® cell on the Lovibond
colour scale expressed as Y%
SR not deeper than 10 12

7 Sources of information

1. Asian and Pacific Cocomt Commnity, Jakarta
2. Coconut Research Board, Sri Lanka

3. Writers personal observations

T.K.G.R. 1979,
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Product Codej CCCN 12,01 b
Technology sheet No. 1/15 to 2¢

UL TED 'A FIONS INDUSIRIAL DEVELCPILNT ORGANISATION

A’1D ASIAN & PACIFIC JOX0IIT COMMMITY

“"Consultancy Service on Coconut Processing lechnology®

(Project UF/RAS/78/0L9)

i. Technology sheet for ¢t = CCPRA MAVJFAUTIIE BY DIRECT HEAT SMCHZLESS
DRYERS USING COCONUT SHELL AS FUEL {(Method © 2).

Usual method used by large copra manufacturers and
small=holders in Sri Lanka, India and Malaysia. This
me thod has been adopted in some parts of the Philippines
and Papua New Guines from the 1960 s, This has alasc been

just introduced to Western Samoaz and the Scolcmon Islands.

2, Benefits of technology s = In the dirsct heat amokeless dryers; although
ths products of combustion come into contact with tihe kernel,
ne smoky odour, flavour oy cclow is imparted due to the
nsture of the smokeless gases. The benefits of these dryers

&ras =

2ot The quality of copra is better than that
manufactured by using direct heat smoke dryers with husk
and firewood as fuel., Use of dry coconut shells suitably
arranged gives smokeless heat with regular and controlled
heat,

2.2 Although the Quality is nearly as good as that made
uging indirect heat dryers, the cost of processing is
low dus to the sfficiency of the direct heat method and
duz to use of readily availabls shell ad fuel.
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2.3 Although good Quality copra is obtalned,
there 15 no need for electricity, petroleum based
fuel and skilled technicians.

3. Country of origin: -

SRI LANKA. 1In Sri lanka copra is manufactured mainly by
centralised procescors, This 185 poesible due to the
existence of free trade in coconute. Copra manufacturers
purchase nuts either directly from small holders or through
contractors. Large holders usually make their own copra

and is known as estate copra.

Good quality copra is produced by using fully nmature,
"geasoned" coccnuts with 1 day's pre-dryin: in the sun
and then kiln drying with coconut shelles, The kerncls
are kiln dried whilst still intact witii the shell for
2 days before ejecting the kernel for further dryage.
Initial arrangement of kernels on the platform ie
methodical and not random. This combined system for copra
manufacture is unique for Sri lanka.

INDIA AND MALAYSIA also use these dryers with shells and is
usually predried in the sun 1f the weather permits.

FHILIFPINES, THALIAND AND PaPUA NEW GUINEA have started to
use these dryers with shells in some areas from the
1960 &, A new dryer has been davelened recently at,
University of the FPhilippines, Les Banes, Laguna
(Philippines). This dryer has net yet baen put inte
comnercial eperations and the technolegy is not yet
nublished. This dryer is'alse of the direct heat smoke-
less type but uses ceconut husk charcoal as fuel.
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WESTEZRY SAMOA AND SOLOMON ISLAYDS have just introduced
these direct heat smokeless dryers from 1979.

bhe Equipment : -
o1 Description of equipment and operation : =

L.1.1 Sri Lanka standard copra kiln.

Similar kilns are used in Malaysia and India, probably
introduced by the British planters during the early part
of this century.

The kiln shown in figure I comprises of a battery of
three simple units, each unit 12 £t x 10 ft being divided
into two fire chambers. This type of kiln is used in estates
and by central processors. The kiln can be doubled in length
for doubling the capacity.

The kiln is a simple structure, consisting essentially
of a fire pit, 2 copra grill or platform, a corrugated iron
roof fitted with a jack roof and a covered varandsh. There
can be minor variations in desipgn and size to suit different
conditions and individual regquirements. It is alsc possible
to effect economies by using locally available materials such
as unfired mud bricks, round timber, coconut trunks, wooden
slats, cadjan roof (plaited coconut leaves) etc,

A cemented drying floor {or barbecue) 30 ft wide is
constructed adjascent to the kiln in front. The length of
the barbecue is the length of the kiln which in this case
is 30 ft. This is very useful in keeping the kernels clean
during preparation of the nuts and the day's sun drying.
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The kiln is fired using dry coconut shells from the

pravious batch of copra. The shells are arrangsd in rows

("nested"} and ignited at one end,

a

{about 2

The fire moves slowly
fest per hour) from one shell to another like &
fuse thus giving out controlled heat.

The operation of the kiln is as follows,
at

1 day

Barly morning
7.00 am to 4.30 pm
5,00 pm to 10,30 pm

Split 2500 nuts
Sun-drying if possible
Load chambers & and B and

1“’ firing, 2 doubles rows of shells

per chamber
7030 pm Allow to cocl.,
Ep‘d day
T 2.00 am to 7,00 am 2nd firing, 1 double row of shells
per chamber
4.00 pm “Furn the copra
5,00 pm to 10,00 pm 379 piring, 1 double row of shells
par chamber
10,00 pm Allow to cool.,
(On the second day chambers C and D
are loaded with new kernels and fired).
Brd day
2.00 am to 7.00 am L™ firing, 1 double row of shells
per chamber
4.00 pm Remove shells and rearrange all the

kernels in chamber A only.
The
rearrangement gives a second
for the kermels.

Chamber B is now emptiy.

rotation
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. 5.00 pm to 10,00 pm Sth firing, 1 double row of shells
10,00 pm Allow to cool
(On the third day, chambers E & F
are loaded with new kernels and fired).
ht'h day
2,00 am to 7,00 am 61"h firing, 1 double row of shells.
4,00 pm Turn the ccpra if necessary.
5.00 pm to 10.00 pm 7th firing, 1 double row of shells.
10,00 pm Allow to cool.
(On the fourth day, chamber B is
loaded with kernels from C and D
after deshelling. Hence chambers
C and D are loaded with new kernsls).
Eth da
2,00 am to 7,00 am gth firing, a short double row
according to requirements.
5.00 pm Remove the copra and retwrn any

undried for further drying

The usage of shells is 50% with one day's pre-drying 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 kiln, 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 of snells and higher drying tem-

peratures resulting in mild discoloration of the copra due to
oxidation of ths oil,

For full details of construction and operation of the
copra kiln and the barbecue see technology sheet "COPRA MANUFACTURE
BY DIRECT HEAT SMCKELESS DRYERS USING COONUT SHELLS AS FUEL
COMBINED WITH PRE-DRYING IN THE SN (Method C 1)%,




lets2

125

1-7-

The area of the platform is 360 square feet (32.7 mz)
and the height above fire-pit is 7 £t (2.1 m)., Total capacity
is 10,000 nuts (2030 kg copra) per batch of L days. When
loariing the kiln with new kernels, the kernels are arranged
with the bottom layer facing up. The height of loading is
never allowed to exceed 1 ft. The kiln is operated on the
basis of a daily intake of 2500 nuts. The barbecue has a
capacity to prepare end sun dry upto 3000 nuis per day.

The present cost of the kiln is Rs 25,000 (US$ 1600).
The estimated cost of the barbscus is Rs 5000/= (US$ 320).
The total cost is Rs 30,000/= or US§ 1320.

On the basis of 10,000 nuts per week and SO working weeks
per year, the capacity per annum will be 500,000 nuts or
100 tonne. This kiln can cater to 100 ha (220 acres) on the
basis of an average of yleld of 5000 nuts per ha (2275 per acre).
The investment per 100 tonne copra capacity per ysar is US$ 1520.

Some refinements to the design and the use of standard
congtruction materials was introluced by the Coconut Research
Board, Sri Lanka in 1972. There is however, no basic change
to the design and operation of the standard kiln. This
improved kiln is presented in section L.1.2.

Improved Sri Lanka copra kiln.

This improved version of the standard Sri Lanka kiln
wa3 introduced by the Coconut Research Board in 1972, The
design and operation is basically the same. The dimensions
are nearly the same and the capacity 1s identical. Improve-
ments have been effected in a deeper firs pit,; lower copra
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pletform {eliminaiing *he nsed for steps) and supericy
draft control through s nerily covered front wall for the
£3ire chambar as well an ths varandsh'heving s sorrcunding o 1.

The muber of vantiisting window at the prear wall hsvs besn

reduced to nalf tha aumbsr, The rear wall iz sonsiruotec
upto 1.8 m zbovs the ooprs platform :

The kilpn illustreted in figares II i8 a txipls unit
huring 8ix fire chumbers., This facilitates & dally iataks
of 2500 nuts although the tetal helding capasity is 10,000 auta.

4n idenbticsl xiin hsg been installed in Wegte-u Samss
ir. 1979 mnd 48 now 3o cpsration.

The Lill of cusntisias for construction and thae 1972

proaes appligalls o Spi Lsnka are glven hersunder: -

Dopra kiln

Bill »f cuzntitizg for triple unit (6 fire chamberg)
; . BF:3 0 Rate Amcond
Irem ‘ Degcriplion Unit N

tity Ra, Rs. c.

Paan
wal
R

4llow for slearing site, removing trees

etc, - Item - 72.00
{2} Eartnwork-sxmcavations in pi% Cukbae  }1.2 10,00 142.00
{3} EBarthwork-cxcavations in foundstion ® Le9 1G.00 [

St

5% triek R.0.2.{1:2:L3{1") in Ffoundation
reinforced with ! layer BeR.C. Ho.8. & 2,0 50C.00 1,000.00
Brickwork in Ct. Mtr. Yelj 3a 169

7
Vol

foundation 8 1.4 275.00
. e 1 B e 2l
sdoein 1EE0Iousdations, ¥ T4 275.00

K ! K -
x *3z% pillars i

SuPerBLy s L | @ 1.8




(8)

(9)
(10)
£11)
(12)
(13)
(k)
{15)
(16)
(17)
(18)

(19)

(20)
(21)
(22)
(23)
(2k)
(25)

(26)

-‘o-

«do=in 9" x 9" pillars in superstructure

~do-in 133" walls in superstructurs
=do-in 9" walls in superstructure
-do-in L} ™ walls in superstructure

~do-in 43" walls in fire-pit pariitions

Earth-f11ling under floors in 3%

" layers well-rammed

D.P.C» in Ct. Mtr. 133 blended with
tar and sand

G.1. Sheet roof fixed complste a8
par detail

3® brick-paved cement rendered floor
ﬁnished'rough

External plastering in Ct, lims mortar

1:2:7 finished

Mature — arecanul respers fired
to form copra deck

9" x 12" R.CoC. 1:2:4(37} in lintol

reinforced with i Nos.3" M.S, rods and

4" gtirrups at 9" centres including

® 0.3
b be.2
n 1.5
%qq- 3.2
a8 . h.z
Cubes 130
Sqq. 1.2
@ 1208
® 2.0
n 10,0
% 3.9

G.I. pipe rail to carry sliding shutters I.ft. 3L.6

Weld mash shutters on ;-ear wall
fized complete

Weld Mesh fixed on 4® x 2% frames
complets .

Doors 3" x L' Jak frames and 1" Jak
sashes inclusive of door fwrniture
Cowls fixed as per detail

Sliding shutters ocut of G,I. Sheets

“on 1" x 3" Jak frames fixed complets

with fittings as per dstail

6" x 2" Near R.CeCo beams to Support
Copra deck.

White washing and painting

S.£4. Lo.O

S.ft.  57.0

Felbe 30,0
6.0

Sefte T2,0
Lofte 33.0
Item
Total

290,00
275,00
275,00
100,00
100,00

12,00

L0,00
225,00
100.00

40,00

10.00

8.00

3.00

2.50

10.00

5400

6.00

2,50

87.00
1,155.00
ih0.00
320,00
420.00
12,00
18,00
2,880.00
200.00

400,00

350,00

275.80
120,00
392,50
300.00

30,00

432,00

82.50
143.20

10,600.00
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The total cost (1972 prices) Rs 10,600/=

Estimated prices (1980) Rs 35,000/=
(Us§ 2250/=)

Cost of barbecus (1980) Rs 5,000/=
(us$ 320/=)

Total cost Rs L40,000/= (US$ 2600),

A8 in the case of the standard kiln, a barvecue
30 £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 if the weather permits.

The firing using coconut shells is the same as for
the Btandard kiln,.

Tha area of the platform is 38.8 m2 and the height
.pit 18 2.1 m. Total capacity is 10,000 nuts
(2030 kg copra) per batch of i days. When loading the kiln
for the first 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 the barbscus
is Rs 40,000/= (US$ 2600).
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Sri Lanka small-holders kiln (Coche tyne,: -

This is suitable for small toldil y:s unto 66 acres
(30 hectare) or for decentralised prociciion on large estates,

thus eliminating the need for transuor.ine to a centril yara,

Tnis «iln illustrated in fijure .i. is an imprecvised
version of the 5ri Lankn standara copri xiln, but of reduced
capacity, It produces better qualit’ :oren in nalf tne time
{2% days) without unduly forcing the a-~yin: process, wnich
could cause case-hardened or scorched :opra. 7Tnis refined
design is almost identical to the Malarsian 30 acre kiln
(see section 4.1.5).

The design is based on the trave  li:g cone of heat
given by a 12 ft long double row of nested coconut shells,

The rate of movement of the fire is about 2 ft per hour,

when the copra grill is 7 feet ascove the fire-pit
tne cone of hot gases is 5 ft in diameler, thus determining
the width of the copra grill and the k:iln itself, The length
of the grill is therefore i0 ft, fire-pit 12 ft and overall
length of the kiln 16 ft,

A heat spreader consisting of a piece of flat galivanized
iron 1 ft 8 inches x 10 ft is nailed to the underside of the
grill directly above the area of the [{.re-pit to prevent
overnealing the copra, The roof of trne two wings is protected
from sparks by two flat sheets of galvunized iren on the
underside. Although the xiln uses muc:. traditional
construction materials which are infliwvuable, there is no risx
of fire due 1o the design. Furthermor«, the conuitions

e
inside “he kiln =re not affected by susts of wind,

o
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The use of cadian (plaited coconut leaves) for the
walls is preferred to galvanized iron sheet or brickwork
because it allows admission of air evenly into the fire-
pit without any disturbance associated with ventilation
holes, This material also keeps the air inside wamm so
that no moisture condensation or chilling occur on cold
nights as is the case with galvanized iron. lihen hot humid
air is chilled, undesirable convection currents throw the
cold moisture - laden air back ontoc tune copra, which becomes

chilled by the deposit of cold condensed water.

The kiln is cheap to build because most of the
construction materials ruch as hardwood poles, coconut rafters,
split areca palm, plaited coconut leaves, coir string, and

old bricks - are available in rural areas,

The shells usea as fuel should be those of mature nuts,
dry and free of nusk. The fuel should be sorted into large
and small shells in order to avoid interlocking which occurs
when a small shell enters the cavity of a larger one, resulting
in a period of undesirable smoking and smouldering. The line
of shells should be loose, to allow free ventilation and
prompt ignition of a preheated shell. The large shells should
provide the first fire. The shells are laid in the serrated
brick hearth in a parallel double row., When the chain is
first 1it, to avoid any excessive production of smoke, it is
desirable to ignite some shells outside the kiln and bring
them in as soon as they are burning fiercely. The fire-pit
doors should thereafter be kept closed to prevent any

disturbance of the fires.

It has alsc been found that 1500 nuts which have

been previously sun dried for about eight hours can be dried
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with eight double fires, allowing two hours' rest
between fires,

~ In rainy weatner 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 all; however, initial 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 nearth. In such a
case, the length of charcoal layer will 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. Wwith careful burning this
amount of charcoal can be obtained from the shells of 2500
nuts, but the purchase of additional charcoal is justified

only if a premium is obtained for the white copra produced.

The usage of shells is 507 with a day's pre-drying
in the sun., The kernels with the shells intact are loaded
on to the platfgrm initially in a methodical manner. The
lowest layer is placed face upwaras and the rest downwards
upto a maximum height of Q.3 m. After two firings, the kernels
are elected 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.‘

The area of the copra grill is 50 sq ft (4.5 mz).
The capacity is 1500 nuts per batch lasting 2.5 days.
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On the basis of 2 batcies o' 15J)0 nuts per wrek
and 52 weorxking weeks per yei: . Uhe annual copacity is
152,000 nuts {30 tonne »f ¢ 1. For an average nut
production of 4980 per ha psr year, this xiln can rervice

30 ia (66 acre).
“iniature Yalaysian kiln - .- cke type for 4 ha (10 acre!

This ministure «iln, cosigned in ilalaysia for
small holdings upto 4 na, Lo dry 1)) coconuts and : ield

crisp, wnite undistorted ane uniformiy dry copra ir fifteen

The kiln illustrateit . {icure IV has overall
dim=nsicnz 2,1 m x J,% m ant sreltered with an att-p roof

ithatched with palm leavesj. Tre copra platform itself

cccupies aalf this rectanvular srace and is constricted

out of evenly spaced "nitong” (nipa) palm slats at a neirht

of 1.5 m above greouna level., The platform is located inside
a wnoden chamber whose heizi: reacnes 0.3 m above the level

of the platform. The top of the chamber is open ard 0,3 m
below the eaves to nermit exit of moisture laden air., Abocut
75 rm below the platform is s nheat spreader made of sheet iron
with perforations and held horizontally by wire. The front

of the chamber has a drop shutter for loading the xiln as

well as for inspection and cleaning the heat spreauer.

A tunnel leading into the base of the chamber forms
the hearth, in which a single chain of coconut shells is burnt
continuously. The fire tunnel consists of two walls of loose
brick laid along the ground leading into the base of the
chamber. These walls, each six briexs high, are laid 9.3 m
apart and a sheet iron cover 1,8 m x 0.5 i is place on top

of the bricks. The sheet iron in covered with rammed clay
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to avoid loss of heat., The portion of tne 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 2.5 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 filling to
faecilitate inspection and cleaning the clay base.

A kiln will last for over two years if 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 xiln, 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, 1.5m x 0,2 m
is drawn out of the tunnel for placing the shells and isniting,
The shells are placed with the hollow (concave) surface facing
the chamber and it is this same end that is ignited. Use of
a little kerosene or scrap rubber aids prompt ignition. Once
lit 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., If 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 gpoiling the copra and possibly destroying the kiln.
The sectional area of the tunnel is of importiunce for smooth
operation. If 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 crenting smcke,

When the first line of shells is comvletely burnt,
the tray is withdrawn for reloading with the second line
of shells, At the end of the second firing, the copra
is turned over., A further 3 firings ( 5 in all ) are
1lit in succession to dry the copra adequately. The copra
is dried throughout with the shells intact, and elected
only at the end of the fifth firing.

A line of shells 1,5 m long is :ade 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 1007

of the shell supply. 4 batch can be conveniently processed
each day,

The platform area is 1 mﬁ, 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 vrocessed per annum, If 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.

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, It's superior design

and operation produces good quality copra in reduced time,

The drying platform 1.8 m x 1.2 m made of evenly spaced

"nibong" {nipa) palm slats and cheap wirenetting is located
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1.8 m above ground level. The simple attap roof (that-
ched with palm leaves) extends upto a height of 3.2 m.

The portion of the kiln below the platform is lenger; being
L,2 m so as to accomodate a fire-pit of 3 m length, In
this manner, the fire-pit extends by 0.6 m from each end
peyond the length of the copra platform., There are two
doors on either side facilitating easy replacement of shell
at one end when shells are burning at the other end. The
upper compartment has a small double door arrangement for
loading and unloading tne copra, The entire «iln and the
doors are covercd on the sides with wooden planks (well
dried before installation). The wooden planks are fastened
upto a height of 0.2 m below the eaves of tie roof permitting
exit of moisture laden air. The admission c¢f fresh air for
combustion is through filtration between the plan«s at the
lower regzion of the kiln., Large gaps are avoided between
the planks as strong gusts of wind would disturb the slow

fire, tending to over-heat the copra.

The two sloping roofs of the extended fire pit nave
galvanized iron sheets as fire protection., These sheets
are covered on top with thatching to prevent heat losses,
The thatching shoulu not be placed in contact with the

galvanized iron sheets as it will crumble due to the heat,

Uespite the combustible nature of the construction
materials, the fire risk is low. If the timber is suitably
treated with preservatives, a kiln life of over 2 years can
be anticipated, Most «ilns have been found to last several

years,

The fire-vit is nmade of two rows of locse bricks

placed with serrations. A single row of clean, dry coconut
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shells loosely nested, laid over a length of 2.4 m is fired
each time, If the «ernels have not had a day's pre-drying

in the sun, the first firing is with a double row and
thereafter single rows are used., To prevent undue smouidering
and smoking, ignition of a few shells outside the xiln initially
is recommendea, Once a line of shells has been ignited, it
requires no furthner attention. A single row of shells 2.4 m
long usually comprises of 70 halves, requiring & nours for
burning. A douvle row would comprise of 1>) halves requiring
only 3% hours for burniné due to the higher intensity of

heat rapidly igniting the shells next in line.

For kernels that have been predried in the sun for
a day, the shell consumption is 560 halves (280 whole shells)
per 400 nuts being procéssed. That is 70,4, Without any sun
drying, 80: of the shell supply is consuned. If the xiln is
used with reduced capacity - say 250 nuts per batch the shell
usage goes upto 1JJes. In this instance the copra quality
is improved due to lower height of copra load on the slatfornm
(say only 0.1 m). When the load of copra is decreased, the

hot gases escape faster through the copra reducing discoloration,

The kiln platform area is 2.1 m2, tieight of copra
load 0.2 m. The xernels are dried throughout with the shells
intact. The copra arrangement is random except for the top
layer which is arranged face down., after two firings, the
copra is turned for top laryers to come down but the
rearrangement is at random. A total of 6 firings is carried
out to dry the copra adegquately, Allowing for intervals
between fires and for a full night's rest for the operator,
dry coor: without previous sun drying can be obtained in
a total of 30 hours.



‘60106

143

-23 -

On the basis of 400 nuts per batch, 2 batches
per week and 50 working weess per annum, the annual
capacity is 40,000 nuts (7.6 tonne of coora), For a
productivity of 2650 nuts per ha per year, the kiln can
service 30 acres (14 ha).

alaysian version of Sri Lanxa copri xiln

For centralised copra processing and estates in
Yalaysia, a version of the Sri lanka copra kiln is
utilized, These are also multiple type, the number of

units depending upon the total capacity required.

The type of kiln shown in figure VI is insgalled
at the copra processiﬁg centre of the Federal Agricultural
Marketing Authority. (F.A.M.A.) in babak Lernam Jistrict,
Selanger. 4 single unit of 4000 nut capacity is 4.8 x 4.3 m
in plan with the copra platform 2.4 m above ground level,
The kiln is constructed with bricks and cement motar, thre
walls rising G.3 m above the platform for holding the copra.
The fire-pit is at ground level,

A cemented drying floor is constructed adjascent to
the kiln for preparation of the nuts and sundrying if
weather permits.

Dry coconut shells from the previous batch are
arranged in 3 separate lines, each line consisting of a
triple row of nested shells. There are 6 such firings for
comnleting the process, This means 6 firings of 9 rows of
shells in 3 days for each unit kiln holding 4300 nuts,

The practice in Sri Lanka is; first firing 4 rows and seven
more firings of 2 rows per unit xiln (2 fire chambers) over
4 days for 2500 nuts; reflecting a less intensive heat
application spread over a longer period.
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The operating procedure is as follows: -

Iat day early morning gplit the nuts
daytime sun dry
2 pm tc 7 pm tSt firing 3 triple rows of shells
2nd day oprevious mianight 2nd firing 3 triple rows
to 5 am
midday Turn the copra - top layer to
bottom and vice versa,
2 pmto7 mm 3rd firing - 3 triple rows
3rd day previous midnignt hth firing - 3 triple rows
to 5 am
2 pm to 7 pm Sth firing - 3 triple rows
hth day previous mianight bth firing = 3 triple rows
to 5 am
midday Unloau xiln, deshell, cool for

one day and then pack,

The shell consumption varies fram 80 to 100% of the
coconuts being processed.

Each single unit of the xiln has a platform area of
20.6 m2, height above the fire-pit being 2.4 m. The kernels
are dried throughout with the snells intact, The arrangement
of copra on the platform is random and the height of load is
about 0.2 m and never allowed to exceed 0.3 m. A total of 6

firings is carried out ana a batch takes 3 days.

The present cost of each unit of the kiln is estimated
at Me 2500 (US¢ 11.0).

On the basis of 400 nuts per batch per unit xiln,
one batch per week and 50 working weeks per year, the annual
caprcity is 200,000 nuts (38 tomne copraj., This unit can
cater to 75 ha baseu cn a rield of 2650 coconuts per ha per
annum. 1he investment cest per 1) tonne annual copra capacity
is USs 3000,
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Indian version of miniature Malayaian kiln
(Verghese & Thomes 1952)

This kiln is constructed on the principle of the
miniature kiln of Malaysia where the technigue of
operation is that of the Sri Lanka kiln,

The kiln illustrated in figure VIl has a drying

chamber made of suitable earth with internal dimensions

of 1.0mx 1.0m 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 deoor 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 soil 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,

Four wocden 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 grills made of woven
bamboo slats, Each grill is loaded with 100 coconut halves
and placed one over the otner, 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 m below
the grill serves as a heat spreader.

The base of the drying chamber is filled upto J0.45 m
with the earth mixture, leaving provision for a fire tunnel

as shown in the diagram. The tunnel 0.3 m width X 1,9 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 double row of nestea coconut
shell halves with the hollow (concave) surfice towards the
chanber, ‘‘he end nearest the chamber is ignited and the
tray rnoved into tre tunnel. The portion of the fire tunnel
which is outside the chamber is covered with a thick sheet
iron when the kiln is working. It is to be noted that in
India the shells are rather small compared with shells in
the nearby countries. Hence the use of a double row of
shells will not be excessive. The estimated shell consumntion
is 100,i., However due to regular sun drying the shell

consumption is very much less,

The platform of tﬁe kiln has an area of 1 m2 and the
capacity is 20 coccnuts (30 kg copra) evenly spread on the
four grills. The actual batch time is 34 hours whicn is
2 days for practical purposes. On tne basis of 2J0 nuts batch,
2 batches per week and 50 worxing weeks per year, the annual
capacity will be 20,000 nuts (3 tonne copra). On the basis
of an average nut production of 5530 per ha, the «iln can

service 4 ha {10 acres) of coconut land,

Indian version of Sri Lanxa copra kiln: -

For central copra processing and large holdings,
a version of the Sri Lanka copra kiln is utilized. These are

also multiple type, the number of units depending upon the

total capacity required,

The type of kiln shown in figure VIII is a triple unit
installed at Parurthaluk off vochin in Kerala State, The

capacity is 1J,0J0 nuts per batch, The copra platform made
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of arecanut palm slats is 28 ft x 9 ft. The height of
the platform is 5 ft above ground level. The fire~-pit

is at ground level. The kiln is constructed out of habuk
blocks which are blocks cut out of a special variety of
hard soil 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 ft above the level
of the copra platform. There is no front wall, The kiln
has an open varandah., The roof is of cadjan (plaited
coconut leaves) and the roof structure out of timber.

The cadjan roof needs replacement every year and the

arecanut palm slat platform every two years,

A cemented drying floor is constructed in front of
the kiln for purposes.of preparing the nuts and sun-drying.
A large nylon net supported by bamboo stilts at a height of
about 7 feet offers protection from birds, particularly
crows who attack the kernels, OSun drying is carried out
every morning with kiln drying in the nignt.

B
The following mat.erials and prices are estimated

for the construction of the xiln: -

dtem Estimated Uost
(Indian hs)
Kabuk - 4000 blocks 2000 /=
Timber for roof structure 2000/ =
Lime and sand 400/ =
Cadjans for roof 100 /=
Arecanut palm stems for platform 530/=
Labour 1000/ =

Total ©° Hs 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 hignh tide.
The boats commonly used are 40 ft (12 m) long and maximum
width 5 ft (1.5 m) and these cost about is 5000/= (Usyp 625),
Two men riding the boat, move it by pusning with bamboo poles.

bry 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 adjascent to each other and the 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 tnereafter two double rows,

The operating procedure is as follows,

st

i day early morning split the nuts

daytime sun dry

4L pm to 10 pm ISt firing with two triple rows
an day morning remove shells

daytime ‘. sun dry

4 pm to 10 pm 2nd firing with two double rows
Brd day daytime sun dry

4L pm to 10 pm 3rd firing with two double rows
ath day daytime sun dry

evening packing

The technique of alternatively sun drying during the
day and kiln drying by night in this nmanner is unique, Thie
however is labour intensive and will be suitable only where

labour is very cheap. OSuch a system of alternatively sun
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drying will also require special types o climate where
there is plenty of sun combined with dry air. There is
a large saving of fuel. toconut shell consumption is

only 157 during the summer where plenty of sundryiag is

possible, During the rainy season, the consumption is 50%,

The area of the platform is 252 sq ft (23.4 mz).
The height above fire-pit is 5 ft (1.5m). The heirht of
copra load is about 1 ft (0.3 m). nemoval of shell is done
only after one full day's sun drying and the first firing.
The arrangement of kernels is face upwards for the first
firing only.

The capacity per batch for the triple unit is 10,220
nuts (1500 kg of copra) lasting 4 days. The cost of tne xiln
is Indian Rs 6000/= (US$ 750).

On the basis of 10,000 nuts per batch each wnek,
50 working weeks per year, the annual capacity is 500,200 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 US$ 1000,

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 Northemn
Philippines. The traditional dryer is presented in section
4.1.5 of the technology sheet "COPRA HMaANUFAUTURZ BY OIRECT
HEAT SMOAE DRYZRS USING TRAJITIONAL FUZL OTHER THAN COCONUT
SHZLLS (Methed 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 grill is directly
above the fire, in the local language. The improvements
compared to the traditional one are mainly: -

(1) use of shell instead of husk,

(11) fire-pit at ground level instead of underground.

(iii) copra grill 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
vater table will not create problems,

The bill of materials for the kiln of 2000 nuts
capacity is given hereunder: -~

dtem Specification Q%%%%%E!
Wooden posts. 3% x 3" x 19 ft é
Wooden beanms 2% x 6" x 16 ft I
Wooden Jjoists 2" x 3" x 14 £t 18
Wooden joists 2" x 3% x 18 ft 18
Studs 2" x 2" x 16 ft 8
Studs A" x 2" x 14 £t 4
Studs 2" x2"x 8 ft 4
BDoor clamp head 2" x k" x 6 ft 3
Flooring planks "x6"x 61t 1L
Bricks 2" x 4" x 8" 630
Nipa shingles 1300
Bamboos 4" 4 110

152
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a 1"

Rat:hril nﬁ:stying 3 612 ft long 700

L
Rattizsgzg tying % g x 12 £t long 300
Adobe stones 320
Cement bags 4
Sand cubic yards 2

]
Machine bolts %" x 6" 12
. ”®
Cut washers for % g bolts 12
Nails 3" > k8
Nails 13" 10 ke

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, KNote 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 nopra is inspected and underdried ones
returned 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 copra platform is 105 sq ft (9,8 m2) 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 # 5000 (USY 671).
Batch capacity is 2000 nuts or 4i44 k7 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
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 fram 75 ha. The investment cost per

100 tonne annual dry copra capacity is Ubyg 1500,

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 traditional nusks,

The design of this kiln illustrated in figure £ is
actually a further improvement as given in "Coconut Processing®
by R.G. Emata (U.C.A.P, 1971), It is basically like the
Sariaya type traditional dryer (see section 4.1.3 of technology
sheet "COPmh MANUFACTURE BY LIRECT HEAT SMOKE ORYZIRS USING
ThauITIONAL FUEL OTHER THAN COCONUT SHELL (Method B)", The
location of such kilns must be on flat ground without! floodins,
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 bill of materials given hereunder is for the

gimplest type using hollow cement blocks and Nipa shingles: -
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De Vapor improved dryer {2000 nuts)

Bill of naterials

{using cement hollow blocks and Nipa shingles)

Item Specification guantity Qwintity
for dryer for shed
Cement 9y FF 17 bags 5 bags
Sand 1.5 cu.m, i cu.m.
Gravel 1.5 cu.m. 2 cu.m,
C.H. blocks 6" x 8" x 16" 267 pcs
Common wire nails 140 1 kg 1 kg
C.W. nails 24 1 kg ‘
W, m 3v 1 kg 1 kg ”
C.Ww, © 4" 1 kg L K8
L "
W.1. post straps % X ;% X 220 12 kg
Machine bolts i" 4 xa 8 pcs.
" te " ﬁ x & 12 pcs.
Plain G.I sheets GA #£ 26 - 36" x 8! L pcs,
Steel bars 3/8% 4 x 20! 18 pcs.
G.1. wire FF 16 1 kg
G.1. grates 63" x 114 4 pes,
Posts (yacal) s% x 5% x at 6 pes,
Apitcng (class 2 timber)®
Girts 2" x 5" x 128 8 pcs.
Bottom chords 2" x 4" x 16? 10 nes,
Top cherds 2" x 4% x 12! 10 pcs,
Web members 2" x 3" x 10! 2 pcs,
" i 2% x 3m x 12! & pes.,
Purlins 2% x 3" x 12! 20 pcs.
i 2" x 3" x 8 10 pes,
Collar plates 29 X 4" x 120 L pes,
Uleats 2% x 2% x 12! L pcs.,
rFacia board " ox 10" x 12! 4L pes,
13 143 ‘ﬂ x ]O!F x 'Ol [‘ pcs.
" " " x 10" x 8¢ 2 pcs,
Cross bracings 2" x 3" x 12! 6 pcs,
Sidings " ox 1Y x 1 4 pes,
i " ox 10" x 12! 2 pes,
Top & bot. plates 2" x LM ox 12! 6 pcs.
Floor joist 2% x LM x 14 6 pcs,
Form lumbers 1" x 6" x 12! 20 pcs,
" n 2% x 2% x 12t tt pes,
Bamboo 4" 4 5 pes, 5 pes,
dipa shingles 42" long 500 pes,

Rattan strips long size t bunale
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The operating proceaure is as follows: -

S5plit 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,
Firinz should commence within 4 hours of opening the nuts to
avoid spoilagze. Arrange the coconut shells in the 4 chutes with
concave side downwards and start fire at the totton., after the
first 8 hours of continuous {iring, allow to cool and scoop
the xernel out of the shell. Rearrangement of kernels will be
at random, How, 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 deternined by a whitish line which develops
along the cross=-section 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,

The copra platform is 77 sq ft (7.1 m2) and at a height
of 6 ft (1.8 m) above the fire place. The height of copra load
is 1 £t (0.3 m).

The present cost of the kiln is about # 7000 (US¢ 940).

Batch capacity is 2200 nuts or sis kg conra.

On the basis of 2330 nuts per batch of 2 days, 2 batches
per week and 50 working weeks per year, the annual canacity is
230,000 nuts or L4.4 tome copra. For a nut productivity of
265N per year per ha, the kiln can service 75 ha.
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Papua New Guinea version of Sri lLanka £iln: =~

These kilns have been introduced to PNG in the 1960s
hy the private sector owned large plantations. These kilns
are located on a decentralized basis, Each subdivision of
about 100 hactare (220 acres) in the plantation is served
by one of these kilns. The resulting copra is graded under
the category of "hot air dried" copra.

A similar but multiple unit kiln has been recently
introduced for centralised copra processing in the private

sector large plantations of Uolomon Islands,

The kiln illustrated in figure XI comprises of two
copra platforms of differing sizes with a fire cnamber
beneath each vlatform. The larger bed 'A!' is 22 ft x 20 ft
and the snmaller one 'B' 11 ft x 20 ft positioned adiascent
to each other. The firepit is 23 ft below ground level and
the copra platform 74 ft above ground level. The copra
platform has horizontal wooden beams and a welded wire mesh
with 3 inch x 14 inch holes, Wwooden boards 1 inch thick
are placed round the platform upto 3 ft height to hold the
copra. The copra platform has central supports of 3 inch

diameter galvanized iron pipe as shown in the figure.

The main structure has 6 inch x 2 inch vertical timber
posts which support the copra platform and the roof, The
side walls and roof are of corrugated galvanized iron sheets,
Whilst new sheets are used for the roof, the side walls can
mamnge with second hand sheets, The obvious choice of brick
and cement mortar for side walls is not being used due to
the absence of mud fired bricks in PG, The use of hollow

cement blocks is contemplated for new kilns, At the bottom
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of the side waiis, provision 18 made for admission of

fresh air for combustion of the fuel., in the case of

some kilns, the provision for this appeared to be inadeqguate,
The sides 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 temporery store is provided
ed jascent 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 ft x
5 ft window ad jascent to this open platform to enable load
the ccpra bed,

The cost of each kiln unit is about K. 3000 - 1980
prices, This is US$ 4,200, (1 K = 1.4 US$).,

A group of men who are assigned for harvesting coconuts,
gather the maturally 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
camplete 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
ie recorded against the number indicated in the bag. A bag
weighs upto 170 1b, and & minimum of 5 bags is expected from
each worker., The splitting of nuts commences around 8 or 9
in the morning and by 12 nocn; all 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
(04 m). This platform under ideal conditions can hold 72 bags,
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which at an average weight of 75 kg (165 1b) will 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. If 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 (40° C) than the kilns operated in
Sri Lanka, Furthermors, there have been cases where kilns
have caught fire,

The operation of the kiln is as follows: -

1% 4
morning Load kernels with shell intact
onto platform A and arrange
nested coconut shells in the fire
pit.
12 noon to & p.m. 1Bt firing - 7 double rows of shells
S pm to 5 a.m. 2nd firing - 7 double rows of shells
2™ gay

8 am to 4 pem. 3™ firing = 7 double rows of shells
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4L pm to 6 pm Allow to cool
6mto 8 pan Transfer all copra to platform
'Bt (which also ensures rotation
of the ccpra)
9 pm to 6 am hth firing - 4 double rows of
shells,
Qrd day
8 am to 4 pm Sth firing - 4 double rows of
shells,
4L pmto 8 m Allow to cool
8 pm Unload copra,(Fresh kernels for
' next batch loaded commencing
morning as per 18t day).
ch day
8 am Deshell kernels, Pack copra

into bags. Store shells for

use a8 fuel,

The total area of the platforms A and B is 660 sq. ft,
(61.3 m2) but the area A where fresh kernels are loaded
is 440 sq. ft. (40.9 m2). The density of nuts (when wet)
on 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
rardom, The height of the loading is not allowed to
exceed 15 inches (0,4 m). The shell consumption is 100%
of the nuts belng processed,
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The present cost f the kiln is K 3000 (US$ 4,200).

On the basis of % .00 nuts per batch of 2 days, 2 batches
per week and 50 working weeks per year, the annual capacity
is 950,000 nuts or 540 onne green copra with shell intact
(a8 weighed a% receivin;') or 200 tonne dry copra. The investment
costs on the basis of 11¥) tonne dry copra per year will be US$ 2i30,

Taking a yield of 3050 nuts per hactare per year; this
kiln can service 311 ha or 685 acres, In actual practice
however, each subdivisicn (about 100 ba) of the plantation has
guch a kiln installed,

Materials for cconstruct-on: -

Traditional mater:.als such as locally available timber,
bamboo in various forms roof thatching of Nipa and Coconut palm
leaves, rattan, briciks, stones ete are used for these kilns,
Sometimes arecanut palm stams and coconut trunks are used,

Thus, the costs are kept quite low., Use of galvanized iron
sheets for the roof, cement works and such other material tend
to increzse costs., Bills of quantities where available have
been given in the respective sectlions.
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he3 Summary of design features of ths direct heat smokeless dryersi-

Type of dryer  Batch Platform Density Height of Heipght of Approx fusl
capacity area of nuts platform copra load usage

2 2 above without
(nute)  (w") perm® =5 (@) sund
{m)

Standard 10,000 32,7 230 2.1 0.3 67% shells
Sri Lanka (50% with
Copra kiln 1 day sun
(Triple unit) drying)
Improved 10,000 38.8 200 2.1 0.3 67% shells
Sri Lanka (50% with
Copra kiln 1 day sun
(Triple unit) drying)
Small holders 1,500 koS 330 2.1 0.3 67% shells
kiln
Cooke type
(Sri Lanka)
Miniature 100 1.0 100 1.5 0.2 100Z shells
Malaysian kiln -
Cooke type
Malaysian 400 261 200 1.8 0.2 80% shells
Copra kiln
Cooke type
Malaysian version 4,000 20,6 200 2.4 0.2 80 to 100%
of Sri Lanka kiln shells
(Single unit)
Indian version 200 1.0 - 200 1.5 0.3 100% shells
of miniature (with slats) (estimated)
Malaysian kiln
Cooke type
Indian version 10,000 23.4 430 1.5 0.3 50% shells
of Sri Lanka (15% with
copra kiln sundrying
(Triples unit) alternatively)
Improved 2,000 9.8 200 2.0 042 . 50% shells
Tayabas dryer
(Philippines)
De Vapor 2,000 Tel 280 1.8 0e3 50% shells
improved dryer
(Philippines)
Papua New Guinsa 9,500 61,3 230 3.0 O.ls 100% shells
version of Sri {waet kernels)

Lanka copra kiln
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liols Summary of operational features:=
Iype of dryer Pre- ng Arrangement Removal Rotation ~— Number of
Tt s

of nuts when of of copra firings
loading plat- shells (turning)

form

Standard regularly initially After i After 2 8
Sri Lanka ons day lowest layer firings firings
Copra kiln face upwards
{Triple unit)
Improved regularly Initially After i After 2 8
Sri Lanka one day lowest layer firings firings
Copra kiln face upwards
(Triple unit)
Small holders regularly Initially After 2 After 2 8
kiln one day lowest layer firings firings
Cocke type faoe upwards
(Sri Lanka)
Miniature Usually Random After no rotation 5
Malaysian kiln one day complate
Cocke type drying
Malaysian Usually Random except After After 2 6
Copra kiln one day top layer complete firings
Cooke typs face down- drying

wards
Malaysian Usually Random Afte After 2 6
versgon of one day compfete firings
Sri Lanka kiln drying
(Single unit)
Indian version Regularly Nok o Nedo N.i. N.4,

of Minjiature one day or
Malaysian kiln nors

Cooke type

Indian version Regu.arly Face upwards After 1 Before each 3 firings
of Sri Lanka each day lowest laysr day sumn firing due combined with

Copra kiln alter- first firing dryingi%l loading - sun drying
(Triple unit) natively only firing loading each
day

Improved No Lowest layer After no rotation (24 hours)
Tayabag dryer upwards top completa
(Philippinss) layer down- drying

wards
De Vapor No Lowest layer After After 8 hr (16 hours)
Improved dryer upwards top 8 hr initial
(Philippines) layer down- initial firing

wards firing
Papua New Guinea No Random After After 3 5
version of Sri complate firings

Lanka copra kiln drying



Type of dryer Capacity
equivalent
in land ares

(ha)

Standard 100

Sri Lanka

Copra kiln

(Triple unit)

Improved 100

Sri Lanka

Copra kiln

(Triple unit)

Small holders 30

kiln

Cooke type

(Sri Lanka)

Miniature L

Malaysian kiln

Cooke type

Malaysian 1

Copra kiln

Cooke type

Malaysian version 75
of Sri Lanka kiln
(Single unit)

Indian version L
of miniature

Malaysian kiln

Cooke type

Indian version 90
of Sri Lanka

Copra kiln

{(Triple unit)

Improved 75

Tayabas dryer
(Philippines)

De Vapor 75

Improved dryer
(Philippines)

Papua New Guinea 3
vergion of Sri
Lanka copra kiln

# Hehe Intrormation not availabls

(100 actual)

- 48 -

l4e5 Cost and Capacity of direct heat smokeless dryers:-

Batch Batch Batch .Cost,
Cagacitx Capacity time
dm copra
(nuts) (kg) (days) (US$)
10,000 2000 L 1920
(includes
barbecus )
10,000 2650 i 2600
(includes
barbecus)
1,500 300 2.5 N.A,
180 19 1 NJhe
LCo 76 2 N.4,
k4,000 760 3 1140
200 E o) 2 Nehs
10,000 1500 kL 750
2,000 Ll 2 67
2,000 NN 2 9Lo
9,500 2000 3 5200

166

cost per
100 tonne
annual copra

ca%}gi ty

1920

2600

N.A,

N.A,

Nobo

3000

N.A.

1000

1500

2100

2100
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Process: -
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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
level®s of maturity depending upon the customs prevailant in
various coconut regions., In many regions nuts are harvested
before full maturity and used for copra making, This is &
ma jor cause for production of poor quality copra. Germinated O
nuts also result in poor copra.

In Sri Lanka coconuts are harvested at full maturity
and furthermors, 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 countrlies 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

cortaminating 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 if the air has low relative
humidity (dry air).

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
scme casee the bottom layer is placed with kernel facing upwards,
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and in some the upper layer facing downwards., Section 4.4 gives
details of arrangemsnts of kernsls for different processes in
this tschnology 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 aleng with the kernels in the dryer, The
smoke is quite clean due to the nature of the coconut shell
which is coaparable to dry hardwood. The existence of a flame
through-out the firing ensures complete combustion which is a
major cause in giving out & 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 cames, 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 slect the kernel
from the shell after partisl drying and then subiect the meat
only for further drying. However, there are cases presented in
this technology sheet where the ejection of the kernel fraom 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
ef 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 copra is
carried out in some countries before bagging.
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53 Product flow diagram: -

The copra, if 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

504 in the fresh xernel, the product flow disgram will be: -

1880 kg wet kernel (50% moisture)

1090 kg dry copra (6% moisture)

Tne out=turn of copra for diffurent member countries on
the basis of the national conversion rates i=s given in the
technology sheet “PRINCIPLES OF COPhi MANUFAUTUREY,

GQuality of finished product: -

Various copra grading practices exdst in different coconut
regions,

The Asian and Pacific Coconut Community has prepared "Uniform
Standards Specification for Copra"™ (Final draft April.!978}. There
are two grades specified irrespective of the process used for making
copra, The characteristics specified for the two grades are givsn
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 zood gquaiity and is far
superior Lo that produced using direct fired smoke kilns using husks

eic, The copra ls nearly as goocd as that produced using indirect
dryers,




7. Source of information: -

7.1

7.2

7.3

Tl
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Review and techno-economic evaluation of various copra

production methods applied iﬁ'the APCC region by M. Varnakulasingam
and J. Camacho (UNIDO/APCC 1978).

Copra processing in rural industries by F.C. Cooke (FAO 1958)
formerly Director Coconut Research Institute of Ceylon and
Department of Agriculture of Malaya.

Personal cbservations during field visite to member countries
of the €oconut Community.

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
(1968 teo 1978) of nut production and area planted as per tables
5 and 6 in the yearbook.

TKGR 1980
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Product code: CCCH 12.01 b
Technology sheet no: - I / 26

UNITED NATIONS INDUSTRIAL DEVELOPMENT CORUANISATION

AND ASIAN & PACIFIC COCONUT COM:UNITY

"Consultancy Service on Coconut Processing Technology®

(Project UF/RAS/78/0L9)

1. Techmology sheet for := COPRA MANUFACTURE BY INDIRECT HEAT DRYERS

WITH NATURAL DRAFT HOT AIR (Method D'1)

This method gives good quality copra.

2 Benefits of technology:-

2,1

Indirect heat dryers produce high quality
white copra by heating the cocormt meat indirectly.
The products of combustion donot come into contact with
the cocomut meat, Instead, the hot combusted gases heat
clean air through a heat exchanger without mixing with
the air, The hot air comes into contact with the coconut
meat drying it. Indirect heat dryers are also called
®hot air® dryers.

Indirect heat dryers can be of two types -
those using matural draft for circulation of the hot air and
those uéing a forced draft for the hot air. For indirect
dryers using forced draft, see technology sheet "COFRA
MANUFACTURE BY INDIRECT HEAT DRYERS WITH FORCED DRAFT HOT AIR
(Method D 2)."

The benefits of using indirect heat dryers
with natural draft hot air ars as follows: =

Any type of fuel can be used:- husks, fronds, shells or
firewood. Hence cost of fuel is within suitable limits,
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262 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
pyreligneous matter from smoke such as in the direct heat
smoke dryers, This however will not hold true if the
heat exchanger has leaks.

2.3 Edible grade copra is possible if proper pretreatment
of the kernel is ensured to aveid 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 oil during storage as well as better
quality oil when expelled,

The following are the disadvantages of using this type
of dryer.

‘(&) 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 campared to incomes 1n coconut areas.

3¢ Country of origin :e

The simple dryers using second hand Lk gallon petroleum
drume for the flue appear to have been introduced tc 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 are: -
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WESTERN SAMOA
SOLCGMON ISLANDS
PAPUA NEW GUINEA
PHILIFPINES

Similar dryers have been in use in the follicwing countries
-~ Tonga, Fiji & Comoro Islands which are not memvers of the
Cocomut Community.

The large capaclty copra dryers presented :n the latter part O
of this technology sheet huve Dbeen in use for cow ideratie time.
Both *Chula' type and *Pearecon® type were developsd in England.
The Chuls dryers were commercially marnufactured cozmencing 1923.

k. PBjuipment: -

e’ Description of equipment and cperetion

lo1.1 ®WESTEC" village copra dryer of Western Saros.
The Western Samoa Trust Estates Corporatiocn (owned by
the govermment) adapted the village cocca cryer 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 fiield visit to Fapua New
Guinea revealed that very similar copra dryers adapted
from cocoa dryers were introduced to large estates in
New Britain and New Ireland in the 15508, These are now
widely used in Papua Kew (uinea and ars responsible for
about 40% of the copra production.

The dryer shown in figure I concists of a flue
wmade of 5 second hand Ll gallon petroleum drums connected to
a chimney 6 inch diameter x 1l feet height. The 5 drums
are connected to each other by means of soft steel straps
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without leakage of air. The drume are installed with a
emall incline upwards towards the chimney to facilitate
flow of combustlon gases.

A wooden structure is constructed to hold the
12 ft x 6 £4 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 it to protect the kernels from falling, The hot air
chamber is enclosed with old jute bags which have been
soaked in dilute cement grout to make them fire proof,
A4 gap of 2 or 3 inches above the ground level must bs 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. It is convenient to construct the kiln within
reasonable distance fram the farmers house to facilitate
easy supervision.

The requirements of materiale for the construction
of the dryer i2 given hereunder:-

Timber for the shed:-

Posts 3" x 3" x 12 £t long 8 units
Rafters 2" x 4" x 1} £t long 10
Tiebeams 2" x 3" x 1k ft long
Bracings 2% x 3" x 14 £t long
Purlins 2% x 3" x 16 ft long
Standers 2® x 6% x 10 ft long
Plates on top 2% x 3® x 2 £t long

BN
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Timber for the drzigchhamber

Posts 2% x 3" x 12 ft long 7 units

Flates 2% x 3% x 10 ft long 2

Cross pieces 2% x 3" x 12 ft long 10

Flcor joints 2" x L4* x 7 £t long 16

Board 1" x 12" x 12 £t long 2 ) for side walls
Board 1% x 127 x 6 £t long 2 ) of copra bed.

)

Miscellaneous items

Second hand Ll gallon petroleum drums S units

Wire mesh BSS 4 inch, 3 ft wide, ™ 28 feet
Corrugated G.I roofing sheets 7 f{ long 18 units
Ridge capping 8 £t long 2 units
Nails L inch " 6 1b
Nails 3 inch 6 1b
Roofing nails 5 1b
Flat heads 12 inch 31p
Staples 3 inch 31b
Cement 3 bags
Jute sacks = second hand 20 units
Iron straps for joining drums i straps
Chimney 6 inch diameter 1 £t height

The platform area is 72 sq.ft (6.7 m?), with a capacity
of 2000 muts per batch. The cost of the kiln is about
WS$ 300/= (US$ 350/=) - 1980 prices. This cost can be re-
duced considerably if 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 anmual
maintenance cost ie about WS LS (US$ 52/50). The replace=
ment of empty drums appear to be difficult today with
limited availability and rising costs. Deterioration of
the drums is aggravated due to the intermittent usage rather
than regular use,



Harvest of coconut in Western Samoa is by gathering
naturally fallen muts periodically (every 2 to 4 weeks).
The muts are axed in the field 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 kermel and manufacture copra.
One man, in an 8 hour working day can gather about 350 nuts in
the field, axe in half, scoop the kernel (about 250 1lbs}, pack
and transport same. This is done in two lots of 125 1lbs, esach
at the end of a half day's work. The kernel is carried like
& P pingo™ with two baskets tied to the two ends of a pole
which rests on the shouldsr in the middle. This work is done
by members of the farmer's family and not by paid labour.
An assigned value for a day's work of thie nature may be about
woS.§ 3.00 (US$ 3.50). Those nutz used for food purposes are
gathered in the fleld, husked and thea transported without
splitting open. This is now the practice for the coconut ecream
piant. The desiccated cocomut factory which used to operate in
the early 1970%s also used to purchase husked muts,

If the farmer has a reasonable sized cocormt land, he may
have his own copra dryer. In this case the whole cocomuts are
carried to the drier and the axing into half and scooping the
kernei is carried out besidec the dryer. There are alsoc copra
traders who purchase the kernei and dry it.

The *finger cut® kernels are loaded onto the platform
tc a depth not exceeding 8 inches (@02 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. Uood ciean air heated by the hot flue tunnel, rises
through the kernels drying it. The combusted gases and smoke
travel through the flue tunnel and escape via tr= chimney,
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Firing the dryer is carried out through 2 evenings,

each firing lasting about 12 hours. Only one man 18
needed to operate this dryer., The capacity of the dryer
is 1500 1lbs (680 kg) of fresh kernel which corresponc<
to 50% wet kernels from 2000 whole nuts, The yield i
about 375 kg of dry copra (5% moisture). The fuel con-
sumption is 674 of husks with shells intact.

On the basis of 2000 nuts per batch (lasting two
days), two batches a week, and 50 working weeks per year,
the annual capacity would be 200,000 muts (37.5 tonne dry
copra). On the basis of 6000 nuts yield per ha per year,
this dryer can service 33 ha of cocomut land. This capacity
however ies never utilized 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 fishing. The investment costs for dryers per
100 tonne dry copra capacity per year is US$ 933,

Le1.2 ®KUKUM" copra dryer of Solomon Islands.

This is a dryer developed by the Department of
Agriculture 4in the 19508, This was adapted from the WESTEC
village copra dryer detailed above. The installation and
development work was carried out in Kukum within the munic!-
pality of the capital city Honiara. Hence the name of the
dryer.

The Kukum dryer as developed in the 1950s had it’s
flue made of four empty petroleum drums installed below ground
level. The first drum which was lagged internally with concrete,
projected outside the drying chamber and served as a firebox.
There was a2 baffle plate above the second drum to spread the
heat. The last drum was connected to a chimnsy, The drying
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platform was 2 feet above ground level and this suitably
protected by a roof made of traditional materials. 4 full
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 II illustrates the kukum dryer commonly
installed at present, as per the pamplet issued by the
Mindstry of Agriculture and Lands called "Building a copra
dryer®, The dryer comprises of a fiue made of L empty
petroleum drums placed cn stones at ground level with an
incline of ' £t in 12 ft of fiue 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
cinimney of whe same size bubt 12 £t height.

The copra platform is 12 £t x 6 ft and located 6 ft
€ in above sround level. On either side of the platform is
& 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 3" 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
falling off. The chamber is covered with cement coated second
hand jute sacks which are najled onto strips of wood round
the four walls, 4 gap of 3 inches above the ground level
is necessarv for admission of fresh air for circulation.

Th: dryer is rsuitably protected with & roof and structure
sode of treaditional metsriais., Slthoush s roof cf 2 b x 24 £
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in plan with a jack roof is recommended the small rolders
appear to manage with a simple zcof of 12 ft x 20 {4. DBesides,
several dryers had the drums placed horizontally orn the ground
glving rise to faulty operation where the products of combus-
tion and smoke came out directly without going thrcugh the
five, This smoke appeared to come into contact with the
kernsls, affecting it's quality. The importance of a slizht
siope for the drums is not well unaerstocd by the farmers.

Too much of an incline on the other would push the nct zases
rapidly, reducing the efficlency of heat exchange. 4 further
problem encountered is that many farmers have done away wWith
the chimney arrangement, This again ieads to contamination
of the kerneis with smoke. The foiiowing information is
given in the pamphlet: =

where to build

= Sheltered from high winds
= Dry ground

= Near %o road or wharf

Sharing the dryer

= Sharing the dryer will mean contimuous use
because the drums rust when idle. {This has been
solved in some areas by the introduction co-operative
managed dryers which can be hired out by farmers),

Materials for conetruction and costs (SI§)

~ } units second hand petrocieum drums a 2,00 12,
6 x 3 foot galvanized iron chimney
section of 6 inch diameter 21.00

- 2 bags cement d 6.50 13.00
- 10 second hand jute bags & 0,20 2.w
= ¢5 ft of BSS 4" wire mesh

of standard width 3 ft & 1.16 34.00
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~ Some nails and plain wire 3.0V

= l} Boards 1% x 12® timber 36 ft 15.00L

« Timber and leaf paneis (mo value) -

- Labour (no value) -
Cost of materiais (purchased) 100.00
Cost of bush timber and leaf

panels (assigned value) 25,00
Cost of labour (assigned value) 25,00

Total cost of dryer si$ 150,00

(us$ 180/=)

The platform area i8 72 sq ft (6.7 mz) with a
capacity of 100U nuts per batch. The totai cost of the
dryer (1980 pricee) as given above is US$ 180. The drums
rneed replacement every six monvhs whilst the timber structure
may lazt several years, The thatched paim leaf root is re-
placed every year but this does not incurr costs like ths
drums. The annual maintenance cost 18 about SI§ 37/50
{or US§ L45). The repiacement of drums which are corroded
appear to be difficult today with the limited availability
and rising costs, Due to iack of continuous use of the drum,
the corrosion is aggravated,

larger capacivy dryers are instalied by using twin,
tripie or multipie flus arrangements with a Large common
platform.

Harvest of coconut in Solomon Isiands is by gathering
naturaily fallen nuts periodicaliy = say every ¢ to 4 weeks,
The kerneis therefore are fusly mature, There appears to bs
an incidence of about 5% germinated muts. The nuts are trans-
ported to the kiln, axed and kernels scooped out teo give
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finger cut' green copra. Some times the puta are axed

in the fieid and kernels scooped out. The green copra is
then transported to a dryer in which case the husk ard ehell
left in the field is later colliected as domestic fuel. This
is the case of cooperative opersted dryers where cheap fire-
wocd 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 L hours of opening the nut. The depth of kernels Q
does not exceed about 4 inches (0.1 m) which is 2 layers.
The open ena of the fiue tunnel is fired with husks intact with
shell. Infact, the firing should be commenced in the morming
before the kerpels arrive for loading. This will minimize
exposure of the kernels between opening the nut and commence-
ment of dryage. '

The operation of the dryer is carried out as foilows:-

1%% day 10,00 am heat the dryer with a low fire

1.0V am load the dryer

noon to 8 pm fire the dryer

8 m Allow to cool overnight 0
Zud day 10.00 am turn the copra for umiform dryagze

11.00 am to 7pm fire the dryer

7.00 pm allow to cool overnight
3“'1 day 10, am Unload and pack the copra

Only one man is needed to operate this dryer. The
capacity of the dryer is 750 1b (340 kg) of fresh kernel which
is the meat from 1000 muts. The yleld ie about 188 kg of
dry copra. The fuel consumption is about 67% of the husk with
ghell intact.
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On the basis of 1000 muts per batch {iasting 2 days),
two batches per week and 50 working weeks per year, the annual :
capacity is 100,000 nuts (16.8 tonne dry copra). On the basis
of 5500 muts yield per ha per year, this dryer can service
18 ha of coconut land. This capacity however is never utilized
a8 1in the case of Western Samoa, The dryer is hardly worked
even once & week depending upon the availability of muts.
Furthermore, the people are otherwise occupied in subsistence
farming and fishing etc. The investment costs for dryers per
100 tonne dry copra capacity per year ie US§ 957.

Philippine version of kukum dryepr:

4 kukum dryer was instalied in December 1974 for further
development and testing purposes at the Philippine Coconut
Aduthority - Agricuitural Research Branch (PCA - ARB), Bago Oshi ro,
Davao City in Southern Philippines.

The figure II] iiiustrates the dryer developed as at
1978 which has since been recormended to farmers. The following
construction details of the dryer (and results of some trials
conducted) appear in the proceedings published on the seminar
on "iETHODS OF COPRA DRYING" jointly organised by Philippine
Council for Agriculture and Resources Research and the Philippine
Cocomut Authority (Aprii, 1978)

- The flue or fire tunnei - it is composed of L empty drums
(Ll gal. capacity) interconnected with & 1 inch overlap by the
use of rivets, The end portionm of the last drum has & 6 inch
diemeter opening at the center from where the chimney flue
is connected horizontally.
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= Soot trap and chimney - The soot trap is made of a standard
size kerosene can with a 6 inch diameter hoie at the center
top portion and another hole of the same diameter on the
side of the can. The chimney is composed of L fragmented
portione piain G, I. sheet of 3 ft long, 6 ineh diameter
which are joined end-to-end with an overliap. At the top
most portion is the chimnsy ®"hat®,.

- Heating chamber - The proper heating chamber is 12 ft long,

6 ft wide and 5 ft nign. The side walls are made of jute
0 sack materials soaked in a cement and fire sand mixture with
1:1 ratio. The base portion or the front and rear side of the
dryer is compored of ] and 2 layers of 6 inch thick hollow
cement biocks, respectively. 4n air-intet 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 £% long x 6 ft wide x 1 £t high. The flocring is made
of & inch diameter hole poultry wire with bamboo slats
enforcement.

. - Baffle plate - The baffle plate measuring 6 ft long x 2 ft
wide of plain G.I. sheet 15 located inside the heating chamber
and instalied 18 inches above the first 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 £t 8 inch high, and 1 £% 6 inch wide.
It is located at the rear side of the heating chamber and
situated between the concentrate base portion and drying
platform.

» Stalr =~ The stair is 12 ft long, 14 £t wide and 2 £t high.
It is provided along the longitudinel sides of the drying chamber,




188

.17 =

Jute sack covering = Knitted jute sacks covering is provided
on the drying platform just after the arrangemeri of the
split nuts,

Shed - The dryer it protected from the rain by a roof made
of corrugated G.I. sheet; 2 ft long, 16 ft wide and L ft
high. & jack roof is provided on top to permit ithe dispersal
of moisture=laden hot air,

The pamplet issued by the PCA - A4B has the following

gulde lines on construction of the dryer: -

The dryer generaiiy to be erected on rairiy esevated land
where water does mot stagnate during fioods and rain.

The sidings of tne drying platform may be increased from
1 ft to 1% ft to increase the capacity from 1000 mits upto
2000 mts,

The dryer can be moaified to some extent to suit varying
local conditions and sasily availusdle traditional
construction materials,

The list of materials for construction is given hereunder.

For dryer For ched

Posts = 8% x 12! mature coconut trunks 6 pes.
or any other polea

- 4" x 4" x 8° Yacal 6 pes.

Plates - 2" x 4" x 6°' Apitong 3 pes.
- 2" x B x 12' Apitong 3 pes.

glrts « 2" x §" x 12¢ apitong 2 pes
= 2% x 4™ x 16 Apitong 2 pcs.
Roofing - 42" long nipa shingles 38 pes.
- hﬂ¥bamboo 5 pcs.

= Long &ize rattan L bundies
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The estimated cost of the dryer is B 5000
or US§ 675

The area or tne piatform is 72 sq ft (6.7 mz) with
a capacity of 1C00 nuts per batch. The cost of the dryer
as given above is US$ 675. Repiacement of the drums wi 1
be every months and the nipa shingles for the roof
eve:sy year. The timber structure should iast several years.
The annual msintenance cost is around US$ 150.

The foliowing operating procedure is set out in the
pamphlet issued by PCA = ALB,

- Nut preparstion:-

Husk fully mature nuts only

Split dehusked nuts into 2 (along the equator)
and let the water run out properly.

Arrange the split mut 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 jute bags (copra sacks).

- Firing the dryer

Stert firing immediately after covering ths
piatform with jute bags.
Use readily avajilable, inexpensive or less
valuable fuel such as cocomt husk,
coconut ghell or firewood.
Arter 8 hours of contimious firing, say frua
10,00 am to 6.0U pm, allow to cool overmight.
Deshell the meat and reload thus ensuring rotation
of the copraé.
The second firing is carried ocut as before say
1C.0U am to 6,0V pm and the copra allowed
to dry overnight.

The copra is unloaded the next moroing.
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Only one man is needed to operate this dryer. The
capacity is 1000 nuts or 222 kg of dry copra per batch
lasting 2 daye. The fuel consumption is equivalent of
1250 whole husks which is 125% of the nuts being processed.
If coconut shell omly is used, the consumption just balances
the availability - that is 100%. Hence all the husks
{100%) and 20% shells (which is equivalent to 25% husk
shortage) are used. This ensble the balance shells left
over to be converted to cocomut shell charcoal which has
a reacy murxetv for export.

On tne basis orf 10U nuts per batch, ¢ batches per week
and U wo:sxing weeks per year, tne annual capacity is
W0, 000 mute _or 22,2 tonne dry copra). On the basis of 4020
nuts yield per ha per year, thie aryer can service 25 ha of
coconut land. The investment cost for 1U0 tomne dry copra
capacity per ysar is therefors US$ 3000,

Marshalies type dryer in Micronesia (TTPI)

The origin of thie dryer is obscure and is referred to
by other names in coprs producing areas of the Trust Territoriss
of the Pacific Islands, It is very sultable for farmers wiun
small and Jarge holdings in coconut. The Farm Institute uses
this dryer exclusively. The people of Karshall Islands,
Kueie, Ponape and others use it. Figure IV illustrates this
dryer which has a capacity or 5U0 nuts per batch.

The agricuitural extension bulletin on construction and
operation of the "Marshalles® type copra dryer is published
to assist farmers to produce better quaiity copra for export.
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The features of thie natural draft hot air dryer
are given as: -

- Fuel economy = use 100%Z shells only
- Speed of drying -« only about 13 hours
- Requires lesg iabour - This means pore time for cother

activities such as fishing.
- Irproved quality copra - This means better prices
- Cheaper and easier dryer to bulld
- Regquires very little maintenance

Instructions on the comstruction of the dryer are
&t foliows: -

- Lecsiion of the dryer should be near the farmers home
tc enable keep watch during drying. The dryer should
however not be sited s0 a5 to make the wind blow the
sroke towards the house.

- Cholice of materials - Use locally available traditional
materials ae far as possible to keep the cost down from
purchesed materials. '

- Use bush timber for the frame of the dryer and the roof.
Loge or poles can be used for the posts supporting the
rocf. The roof can be made of coconmut or other palm leaves.

The 1ist of materials for comstruction of the tray and
chiamber is given hereunder:-

Timber: -

2% x L' = 7% 6" long 3 units
2% x 4" = 7' 2%" long
2% z 4" x 3' 10" long
2" z 4 x 2¢ 23" ‘ong
2" = k" x L4* 1% long
2% x 4™ x 2' 8" long
2% x i4® x L* 3% long

82 M N O~ NN
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2" x 2" x 1' 113 long b
2" x 2" x ' 6" long 2
2" x 8% x 7' 6" long 2
2% x 8" x 3' 10" long 2
1" x 1% x 37 10" long 92

Miscelilaneou2 items

Nails

Sheet metal iiner (tobe cut to size) 263" x 19* 1%
{Cement coated, used jute bazs can be substituted for
above as covering Sor the drying chamber),

Sheet metal covers for fire pits. = Use cid flat
reofing sheets,

Usually in the Facific Islands, cocomuts {which are
allowed to fall naturelly) are gathered, axed whole into two
halves anc kernel scooped out for drying. For the purpose of
this dryer, the coconuts are husked, split in two, kermel
scocped out and the shsll used as fuel.

The foliowing cperstional procedurs is laid out: -

Load the tray with the kermel, The tray is initially
placed away from the pite. Fill the pits with half shells.
Donot use husks or wood as they burn fast and give off
uneven heat and will need constant refiliing. Set fire to
the shells. Cover the pits with old flat sheet, making sure
that there are no leaks, After sametime, the amoking stops.
Now closes 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 temperaturs is 60°C or more, & human
hand cannot maintain contact with an object but has Lo
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withdraw immediately on contact). If the temperature of
the tray is excessive, open the door & littie to let some
heat out. If this is not done, the copra will be burned.
If on the other hand, the temperature is right, the door
should be kept closed for the first two hours and left
partially open afterwards.

Turn the copra in the tray with a shovel after about
2 hours and cover with three single layers of jute baygs.
The copra should be turned in this manner so that the copra
will dry evenly. After the first fire goes out, two more
firings are carried oui, along with turning of copra as in
the first firing. No care i& needed after the second
turning of tne copra but it is wise to check temperaturs
during the process, The correct skills 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 500 muts or 111 kg dry copra (LS00 nuts per
tonne dry copra in TTPI). A batch lasts prastically 2 days.
The fuel consumption is 100% of the shells. The platform
area ig 7.2 ft x 3.8 ft which is 27.4 sq. ft. (2.5 ng). The
density of nuts is 200 muts per ma.

On the basis of 500 nuts per baich, 2 batches per week
and 50 working weeks per year, the annual capascity will be
50,00C nute or 11.1 tonne dry copra. For a yieid of 2725

muts per ha per year, this dryer can serve 18 ha (LO acres)
of coconut land,
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9WESTEC" estate copra dryer of Western Samoa.

The Western Samoa Trust Estates Corporation
(owned by the govermnment) introduced this large capacity
drysr for their estates frem 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 ft L inches has 1} levels for trays to slide in and out.
At euach level, 3 trays could be inserted into the depth of
8 fts This makes it 42 trays per room. Each tray,
approximately 2% ft deep x 3 ft wide has a wooden frame and
4" wire mesh. The maximum loading for one tray is 30 lbs
(13.6 kg) of wet kernel. The 6 drying room3 can hold a
maxirum of 252 trays. The drying rooms have hinged doors
to fiacilitate loading and unloading copra. The rooms
are totally enclosed with wooden planks so as to direct
the warm air upwards and escape at the top which is left
open. The upper floor of timber comstruction provides
working space for loading,'unloading, transfer of trays and
packing finished copra, On one gide of the upper floor, a
half wall provides protection for the workers whilst admitting
light above it. Access to the upper fioor is by & wooden
stairway within the building.

At the ground level 18 steel drums are arranged
inside the lower portiom of the drying chamber. The drums
are interconnected air-tight with an overlap and laid ocut
forming & *J* shape with 8 each way and 2 for the bend. The
last drum is connected to an 8 inch diameter chimney, of about
25 ft height. The first drum is made of thick steel as it is
subjected to high temperature being the drum immediately next
to the furnace. The rest of the drums are second hand
LL gallon petroleum drums. These drums are usually replaced
every six months dus to corrosion. The second drum (next
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to the thick steel drum) however needs replacement twice
& week, The drying chamber at the end near the flue bend
has an inspection door. This alsc serves the purpose of
entry tc the chamber for repair work etc. The chamber
has L vents 20 inch x 7 inch on each side at the ground
level to facilitate entry of fresh air for circulation.

The furnace is installed cutside the drying chamber.
It ie constructed out of fire bricks held together by an
angle iron framework with cross bracings. Ons 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 ft x 3 ft wide x L ft height.

The extra fioor space at the ground level is
used for scooping out the coconut kernels. This is well
ventilated as it is open from both ends. Usually, & separate
shed is made available for this scooping out operation.

The roof of the dryer is made of corrugated
galvanized iron sheets and a jack roof is provided for
exhaust of moisture laden air.

The bill of materials for comstruction of the
dryer is given hereunder: -

For drying rooms
Pinewood 3" x 6" x 18 £t L pieces
® 3" x 6" x 15 £t 2
® 3* x k" x 14 £t b
® 2" x 6" x 10 ft 26
" 2% x 4" x 10 £t 16
Rustic i* x 10* x 18 £% 2k

" i x 10* x 14 £% 12
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Te Go i x 6""__; 17 %
» 1" x 6™ x 13 £¢

Flat galvanized iron sheets 3 ft
26 gauge

Hardwood girders 4" x 6" x 16 ft
" L* x 6" x 15 ft
" # x 6" x 12 £t
" " x 6" x 11 £t
" W ox L x 16 £t
n " = 4™ = 15 £%
u b x k" x 8 ft
Hardwood joists 2" x 8" x 1 ft
" 2" x 8% x 8 £t
Hardwood studs - 2" x 4" x 8 £t
e 2" x 4" x 10 £t
Hardwood plates 2" x L® x 16 ft
" 2" x 4" x 12 £t
u 2" x 4" x 8 ft
n 2 x Ut x 16 1t
" 28 x i x 14 £t
w 2% x 10" x 12 ft

For floorigg: -

Hardwood planks 17 x 8® x 1k £t
b i» x 8" x 16 £t
"o i x 8 x 12 f¢

For side walls: =

Hardwood planks 17 x 10"
For roof: =

Hardwood rafters 2" x 6" x 21 ft
" 2" x 6" x 6 ft
Herdwood purlins 2% x 3I®

Corrugated galvanised iron sheets
3ftx9 £t

Corrugated galvanized iron sheets
3ftx6f6

199

2 pieces
2l

20 sheets

b B eh e A = =S

21
21
12

1152 lipear ft

11
11
LSO linsar £t

2l sheets

2l sheets
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For doors and shutters: =

Hardwcod planks 1% x 12" x 12 ft 9 pieces
w in x 127 x 14 1t 3

For stairwax: -

Hardwood 2" x 12" x 14 £t 3
" 2" x 12" x 12 ft 8
n b x 4" x 7 £t b
" B x 4" x 12 ft 1
" 2" x L* x 16 £t 2
Miscellaneous jtems: -
Creotote (wood preservatiwe) 15 gallons
Cement - 112 pound bags 150 bage
Nails L® 112 1b
® 3= 112 1b
" 23e 112 1b
" on 28 1b
For furnace and flues:-
Square bricks 1428 pece
Taper bricks 280 pcs
Fire clay 6 bags
Coarse sait (94 1b) % pes
Furnace door 1 pce
Fire bars (heavy) 1 pes
lds gallor arums (second=hand) 17 pes
Thick steel drum 1 pecs
Chimney 8 inch diameter 25 1%

The estimated cost of construction namely

materials, labour and supervision (1980 prices) is
Ws$ 20,000 (US$ 23,300)

The estimated cmnual maintenance costs (1980 prices)
is ws$ 3000 (US$ 3500)



The effective plan area of the six drying rooms
i8 (2% ft x 3 trays) x (3 ft x 6 rooms) which is 74 ft x 18 £t
= 3135 5q ft = 12,5 mz. This is the platform area in plan.
However due to the use of trays (at 1} levels), the useful
area 15 14 fold., The effect of this is rapid fiow of air
circulation as the depth ot kernei on any tray is very littie,
The total height of the loading of 14 levelc of trays is
10 £t (3.0 m). The nominal capacity for each room is 1000 1b
(average 25 1b for LO trays) green copra at 50% moisture.
The total capacity for 6 rooms is 6000 1b green copra per day.
The life or these dryers is 10 years.

Naturally fallen nuts are gathered by groups of
men every 2 to L weeks for any given plantation area. The
whole muts 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 cperation of the furnace redquires 1! man each
for 3 shifts but there is no firing between midnight and 6 am
the foliowing morning. The dryer however retains its 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 lcading of fresh
kernel in the morning.

The green copra "ecut® 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 piaced
in the dryer at the 7 lower levels. After drying the fresh
kernsl for sbout 2 hours, the upper levels are cleared as
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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 14 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 off duty
at midnight. The operations of loading, transfer and unloading
trays take about 1 hour each.

The movement of the copra on & "contra fiow"™ 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, It is for
this purpose that the whole nut is transported to the kila area.
The consumption is only 30% of the coconuts being processed,
reflecting very efficient heat exchange for a hot air dryer.

The main reasons for this efficiency are (a) large capacity
whi¢h reduces unit heat losses (b) long flues (large area for
heat exchange) giving maximum opportunity to transfer heat.

The surplus of 70% of husks with shell intact is so0ld to people
of the area who use it as domestic fuel.

The daily capacity of 6000 1b (2727 kg) green copra
with 50% moisture corresponds to 3190 1b (1450 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 muts., The dryer works 6 days a week. For a 50 working
week year, the annual capacity wili be L35 tonne dry copra or
2.3 million muts, On the basis of a yield of 6000 muts per
hectare per year, one such dryer can serve 380 ha (84O acre) of
cocomut land, In actual practice however, such a dryer is in-
stalled for about every 200 ha or LLO acres,.

The cost of the dryer is US$ 23,300 and the maximum
capacity is L4135 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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Chula dryer medel NDO - natural draft

Chula dryers; first introduced in 1923, are
manufactured by Tyneside Engineering Ltd, Elswick,
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 CUPRA BY 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 24 hours continuous
operation. 1t 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 comvenient for transport and erection, is
covered with asbestos-lined steel-szheat panels. Fach end is
closed with strong double doors of asbestos-lined steel
fitted with a simple but strong bolting device. 3Steel 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.

The air heater consists of a furnace and flues.
The furnace s of 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 trayvs. Regulators
are provided on the furnace door and on the chimney base to
regulate the draft. A thermometer cutside the chamber
indicates the temperature during drying.

Seasoned mature coconuts are selected for charging
the dryer. They are husked, split in two, kernels scooped
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inside flues leading to chimney

4,1.6 CHULA DRYER MODEL NDO - natura) draft

FIGURE ¥
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out and loaded straightaway to avoid discoloration. Within
20 minutes of lighting the fire the drying can begin. The
N3O drier is essentially a continuous dryer. The trays
loaded with kernel are put in at the cool end of the drying
chamber. When a tray of dried copra is taken out, it is
replaced by a tray of wet coconut at the cool end, and the
intervening trays are pushed along the steel rails provided.
Thus the trays gradually progress toward the hot zone of the
drier, as charging and emptying go on continuously. Six trays
of copra can be unloaded approximately every four hours. It
is essential to make certain that each tray is fully loaded.
Since this is a natural-draft furnace, no motor or motive power
of any kind is required.

The daily capacity of the dryer is 800 kg of dry
copra. On the basis of 4925 nuts per tonne dry copra for Sri
Lanka, this capacity is about 4000 nuts. For a 6 day week
and 50 working weeks per year, the annual capacity is 240 tonne
or 1.2 million nuts. On the basis of a yield of 5000 nuts per
ha. per year, this dryer can serve 240 ha. or 530 acres.

Pearson dryers

'sarson patent dryers of English make are used in
Sri Lanka for the production of 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
psr day

The large model is double ended, with two stoves on
either side and a common chimney at the cenirs. The stoves are
made of fire brick. Flue gases from the stoves pass through
four gets of largs steel flus pipes, arranged beneath the four
drying tables. At the Jinner end of each set of pipes, there is
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an adjustable damper. The stoves are lccated in a pit 5 £t
below ground level. The lowermost drying table is sbout 7 ft
(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 chanber are enclosed all
round from the floor to the roof, with air openings near
ground level. These openings are shuttered tc 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 4O ft x
56 £t covered with corrugated galvanized iron (G I) sheets,
and outside walls of brick and cement. The inner walls are
made of angle ironand Tee iron framing and corrugated G. I.
sheet claddings. The flue pipes are fabricated from mild steel
sheet and flanged as required and set inte junction boxes. The
main pillars of the huilding are of round mild steel sections.
At it's apex, the kila i3 provided with a special ventilation
foof, through which the chimney rises.

For this dryer, deshelled fresh coconut kernels sre
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 anyg 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 a&s the acidic fumes produced would corrode the flues
and other metal parts, reducing the life of the dryer. [he
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 advantagecus where firewood is
abundant.
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The large model, when in regular operation can put
out 1500 kg of dry copra daily. This corresponds to a daily
intake of 7500 nuts based on the ouat-turn of copra in Sri Lanka.
On the basis of 6 working days a week and 50 working weeks a
year, the annual capacity will be 450 tonne dry copra or 2.25
million nuts, For a yield of ;000 nuts per ha. per year, this
large model can cater to L50 ha. or 1000 acres.

The small model has a single stove and a chimney
designed on the same principle as the largs model.

The small model, when in regular operation can put
out 300 kg of dry copra each day. This is a daily intake of
1500 nuts. On the basis of 6 working days a wesk and 50
working weeks a year, the anniwal capacity will be 90 tonne dry
copra or 450,000 nuts. This means - the dryer can serve 90 ha.
or 200 acres of coconut land.

Materials for construction:-

e indirect heat natural draft dryers of local
construction with much traditional material a-2 cheap. The
maintenance costs are however high because for rural coconut
areas with rural incomes replacenent of flue tunnels with second
hand steel drums is too expensive for small farmers.

The indirect heat natural drafi dryers presented in
the latter part of this technology sheet which are capable of
making edible white copra are constructed out of steel. These
dryers therefore are expensive. In order to economise, the
dryers are designed for large capacities.

In each =sction, the materials used for construction
have been presented in detail.
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Summary of design features of indirect heat natural
draft hot alr dryers.

Type of dryer Batch Platform Density Height Height Aporox
. Capacity area of nuts of of fuel
{nuts) (m2) per m?2 platform copra usage
above  load
fire-pit zms
{m)
WESTEC (:Iil}age ) 2000 6.7 300 1.8 0.2  67% husk
dryer (W. Samoca +57% shell
intact
KUK dryer 1
{Solomon Islands) 000 8.7 150 2.0 0.1 f;é :}3211(1
intact
Philippine version 1000 6.7 150 1.5 0.1 1003 hask
* dryer + baffle +20% shell
1 ]
(Mgr;hﬁei dryer 50 2.5 200 0.8 0.15 100%
{above shells
haffle)
Il 3 ‘_‘c 4
= ST;: (‘f;tg;:oa) 7700 12.5 615 2.3 3.0 30% husk
drye (14 trays) (1 layer +307% shell
per tray) intact
ﬁgﬁ cryer KOOO  N.i N.A.  N.A.  N.A.  N.A.
(daily) (solid
fuel)
Pearson dryers:-
Small model 1250 N.A. N.A. 2.1 0.3 N.A.
(daily) (solid
fuel)
Large model 7500 N.A. Hohe 2.1 0.3 N.&.
(daily) (solid
fuel)

Note:s N.h. < Information not available
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.t Summary of operational features: -

Type of dryer Arrangement Ramoval Rotation Number of
of nuts when of shells of copra firings
loading plat- (turning)

fornm
WESTEG village Random Scooped out No 2 firings
dryer (W. Samoa) before dry- during 2
ing nights
(12 hrs
each)
KK dryer Random Scooped out No 2 firings
(Solomon Islands) before dry- during 2
ing afternoons
(8 hrs each)
Philippine version Bottom After 1 After 2 firings
of Kukum dryer layer firing deshelling during 2
upwards days (8 hrs
each)
"Marshalles" dryer Randon Scooped After 2 hrs 3 firings
(rTPI) out before heating + (4 hrs
drying once more each)
later

[JISTEC estate Random Scooped out No 1 firing

dryer (W. Samoa) before dry- of 1 hrs.

ing

CHULA dryer model NDO Random Scooped out No (24 hrs.

befcre dry- continuocus)
ing

Pearson dryers: =

Small model Random Scooped out No Continuous
before dry- firing
ing
Large nodel Random Scooped out No Continucus
before dry- firing

ing
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oS Cost and Capacity of the dryers

2170

Type of dryer Capacity Batch Batch Batch Cost Investment
equivalent Capacity Capacity time cost per
in land (nuts) copra (days (U38) 100 tonmne
area kg amnual
Zha.) capacit
ZU%S
WESTEC village '
dryer (W. Samoa) 33 2000 375 2 350 933
KUKUM dryer
(Solomon Islands) 18 1000 188 2 180 957
Philippine versicn
of Kukum dryer 25 1000 222 2 675 3000
"Marshalles" dryer 18
(TTPI) . 500 11 2 N.A. N.A.
WESTEC estate 8
4 1450 1 2
CHULA dryer
model NDO 2Lo LOOO 800 1 N.A. N.A.
Pearson dryers:-
Small model 90 1500 300 5 N.A. N.A.
(daily) :

(daily)
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5.1 Process flowdiagram: =
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Description of process

In the indirect heat hot air dryers with natural
draft, kernels are subjected to drying without the shell.
The only exception to this is the Philippine version of the
Kukun 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 baais.

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. TIhis gives uniform dryage.
This however is not practical in the case of the commercially
manufactured large capacity dryers. The use of a series of
trays at different levels with very thin layers of kernel
loading is the anawer 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. The dried copra is allowed to cool off for one day
before hagging.

Product flow dlagram: -

The copra wi ch has been dried pronerly using these
dryers should have the moisture level brough down to 6% from
the initial level of about 50%.
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1880 kg wet kernel (50% 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",

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 MANJFACTURE".

With the use of hot air dryers, it is possible to obtain
excellent quality copra provided that certain care is taken during
procesging. Hot air dryers cannot be treated as miracle machines
disregarding the meny factors which contribute towards making good
copra. The main areas are:-

{a) Minimum exposure and proper care during pretreat-
ment, of the coconnt before dryinz. The more tha
kernel is exposed to0 zir, greater the decline in
quality. The maximum lapse of time between opening
the nut and commencement of drying is 4 hrs. No

drier however good, can make good copra starting
with bad materisal.
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(b) Condition of the flues in that they must not have

leakes; in which case direct smoke will discolour
the copra.

(c) Proper slope of the flues, and chimney height for
proper draft. It is the writers experisnce to
have observed many hot air dryers using old ULl
gallon drum flues without a slope. The smoke
comes out at the combustion end, gets drawn into
the drying chamber (instead of fresh air) 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 stec,

Source of information: -

7.1

7.2

7.3

7.4

Review and techno-economic evaluation of various copra production
methods applied in the APCC regicn by M. Varnakulasingam and
J. Camacho (UNIDO/APCC 1978)

Copra processing in rural industries by F. C. Cooke (FAO 1958) =«
formerly Director Coconut Research Institute of Ceylon and
Department of Agriculture of Malaya.

Contributions from member countries and personal observations

during field visits to member countries of the Coconut Community.

Statistical Year Book on Coconuts: « APCC 1979. The average nut
production per hactare per year to determine the wvapacities 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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Product Code:- CCCH 12,01 b
Technology sheet no:- 1/33 to36

UNITED NATIONS INDUSTRIAL DEVSIOPMENT ORGANISATION

AND ASIAN & PACIFIC COCONUT COMMUNITY

®Consultan

e JTechnology sheet for

Service on Coconut Proceasing Technolo

(Project UF/RAS/78

¢ = 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

2,1

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 alr through a heat
exchanger without mixing with the air, This hot
air in turn comes into conmtact with the meat, drying
it, In the case of some dryers, the products of
combustion get mixed with & large quantity of air
and then this mixed hot air comes into contact with
the meat to dry it., 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 craft hot air are as follows:

Any type of fuel can be used:- huske, fronds, shells,
firewood or oil. This however is not the case for
those dryers mixing the products of combustion with
freeh air for drying. Use of traditionsl fuels will
minimize cperaticnal costs, Use of oil though

expensive, is reliable as the system is automatically
controlled,
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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 if proper pretreatment of
the kernel is ensured te avold contamination and
deterioration prior to drying.

2,4 Due to the excellent quality copra, deterioration during
storage and shipment can be minimlzed, This mesns
minimal loss of coconut cil during storage as well as
better quality of oil 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 cemtralized
processing,

(b) High costs of operation and maintenance,

{¢} Need for diesel engines or electricity and skilled
technical personnel,

3. Country of origin : - The hot air dryers presented in this technology
gsheet have been develcoped and commercially 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 ccuntries as well,

Mention must be made of a new dryer that has
been recently developed by R.A. Lister Farm BEgquipment 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 Fiji Isiands,
There are several capacities available,

4o Equipment: -
Lot Deseription of equipment and operation

bet,1 Chula hot air dryer model BDO (8solid fuel)

This dryer has a capacity of 1200 kg of dry
copra or about 2250 kg of wet kernel (50% moisture) per
2L hour working day. This corresponds to abcut 6000 nuts
per day based on the out-turn of copra for Sri Larnka,

The dryer'conaiats of a drying chamber and an
air heater with a furnace and power drivenfan, all of
which can be housed in a comparatively small building,

This is illustrated in Figure I, In this figure, the dryer
is shown without the drying chamber and fan etc. so that
the furnace, the flue pipes and the two=vay valve can been
seen, The drying chamber is located above che flue pipe
area.,, and the fan positioned above the furnace,

The furnace has machine-ribbed plates for maximum
heat transfer. They are made of a special grade of cast
iron, The furnace has an internal lining of the same cast
iron in removable sections tc protect the furnace casing
from the heat, Under ordinary conditions, these imier
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 smell chamber at the
other end of the machine, and then back through another
set of tubes into another small chanber next to the furnace,
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-k-
location of drying chamber jIJ two way valve

2 .l; /
pes < m

location of fan

/
:'/f’

ribbed plates
for heat transfer

k:i.! CHULA HOT AIR DRYER MODEL BDO (Solid fuel)

FIGURE I
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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 camponants, The expansion
Joints comprise of sockets which when packed with the
asbestos packing provided, form smoke-tight Jioints,

The air to be heated enters the machine at floor
leve]l through small doors on the sides and passes over 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 ocutside
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 will,

The drying chamber is located above the flue tube
casing and is made of double sheei stez]l panels lined with
asbestos, The bottom is formed of strong perforated steel
plates and the space between this plate and the top of the
flue tube casing forms an air passage,

Three discharge doors are fitted along one side
of the drying chamber, The top i3 closed by three easy-
rumning sliding doors which c¢an be pushed open on rails
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 of s 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 dryer, the thirse 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 sheli. 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, '

A1l the outlets from the air chamber below the
perforated plate are closed and the two way valve is raised
in order to permit the hot air to snter the air 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 first 2
hours of drying, the sliding doors are closed into position
but the sliding shutters left open, thus offering some back
pressurs after the initial 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, kow the direction of
air flow is reversed, This 1s done by closing down the two-
way valve, closing the shutters of the top sliding Jdoors and
cpening the doors of the air passage below the perforated plate,
These doors now act as outlets for the exhizust air after the
hot air passes through the copra bed downwards, The reversed
air flow is maintained for 8 hrs after which the &ir flow is
reverted to the originel direction for 2 hours,
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During the total drying time of 22 hrs, the moisture
gets reduced from 50% to about 6%, The copra is unloaded every
2, hrs, the unloading and loading of fresh kernel taxking about 2 hrs,

The fan of this type of dryer can be driven by a diesel
erngine or a moter if electricity is available. The effort requ’red
to operate this dryer is merely to attend to the diesel engine
(if 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 overator is necessary to ensure tnst the correct
temperatures are maintained during the drying., Excess temperature
will discolour the copra whilst if the temperature is allowed to

come down, complete drying cannot be ob%ained 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 amnual capacity will 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,

Chula hot dryer alr dryer model BD! (solid fuel)

This dryer has a capacity of 2000 kg dry copra or
3800 kg wet kernel (507 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 cperation to the
chula dryer model BDO (section 4.1.1) except for a larger capacity,
The dryer is illustrated in the figure II,

The capacity of the dryer is 2030 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 annuel capacity is 600 tonne copra or 3 million
nuts, For an annual yield of 5000 nuts per hectare as in Sri Lanka,
this dryer cén service 600 ha 1300 acres,
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rails for 3 sliding doors
for loading kermel

3 dischargze doors

4e1.2 CHULA HOT AIR DRYER MODEL BD 1 (Solid fuel)
{Two views of the dryer)

FIGURE II
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Lele3 Modified Chula dryer model BDI (Mixed hot air, diesel fired)
in Solomon Islands,

This Chula dryer model BDI which was originally fired
by solid fuel has been modified locally to use dliesel 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 II in
this technology sheet,

The nain modifications are as given hereunder: -

The flue pilpe heat exchanger end 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 air pressure type mod-",
the air supply caming 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 air. Due to the large mixing ratio, the 'mixed! hot air
is clean, The main circulation fan is of cenitrifugal type
powered by a 7.5 H? electric motor,

The fallen harvest is gathered on thLe estates at
various points, whole nut axed and the kernel "finger cut®" and
packed into bags, These bags are transported by trucks and
tractor trailor 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 hrs,

To operate the dryer, ®finger cut® kernel is loaded
until heaped upto & inches (0.2 m) above the top level with the
sliding doors kept open. This alight overloading helps to maximize
the capacity from the nomimal 2000 kg to 2250 kg dry coprs per batch,



The burner is fired at "high burn® and the mixed
hot air circulated upwards through the copra for 7 hours, During
this time, the saturated air caming 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
150°F (60°C to 66°C). The optimum back pressure during initial
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 adnit air
from the top of the copra and make it flow downwards, The air
doors provided in the air passsge below the perforated plate are
opened only slightly so as to permit exhaust of about 30% of the
air, The balance of about 70% of the air (with it's heat) is
recirculated through a regulated shutter, The burner for this
second drying works at "low burn®, conserving valuable fuel. The
30%4 air exhausted is made up with an equivalent amcunt of fresh
air for the "low burn" of 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 tiue is 19 to 20 hrs, Unloading takes
2 hrs and loading another 2 hrs., The total drying cycle takes
2, hres,

The fuel consumption on a per torme dry copra basis is
maintained at 1é gallons of automotive diesel, This could be as
high as 20 gallons if the recirculation technique was not used,
If on the other hand, if pure hot air only was used through a
heat exchanger, the fuel consumption would have been in the range
of 30 to 40 gallons of furnace oil per tonne dry copra, Despite
the uodification for use of "mixed ho® air and the partial
recirculation system, the operation of these dryers has become
very expensive dus tc high fuel costs,
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These dryers are operated in a2 bLattery 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 all
units are working properly by checking the temperatures and if
necessary adjusting the burners and regulating shutters etc,

Ioading and unloading the set of machines 1s carried ocut
on two shifts depending upon the times at which the "finger cut®
kernel is transported to the centralized 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 10 pm, The number of men is based on an
average of | man per dryer., Another group of men is responsitle
for bagging the dry copra which is left 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 6% 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 days a week and 50 working weeks ver
year, the amnual capacity will 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 ccconut land,

Chula hot air dryer model BD2 (oil fired)

This chula dryer is similar to the model BD1 presented
in section 4.1.2 but it can be constructed in various capacities
ranging from 666 kg to 6000 kg dry copra per 24 hr working day,
by the addition of unit drying chambers, 3See figure III,
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4ot 4 CHULA HOT AIR DRYER MODEL BB 2 (o0il fired)

FIGURE II11
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The air heater of this machine consists of an oil
burner with thermostatic control, an air chamber and a fan
worked by an electric motor,

The drying chariber is built up in units of 666 kg
dry copra capacity. Several units can be added to the drying
chamter within the limits of the capacity of the oil burer,
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 BD0O and BEDI., This ensures
uniform drying of the copra,.

Dryinyg chamber units can be cut off from one another
by division plates which donot obstruct tie {low of air bLelow
the perforated plate, The various units can therefore be loaded
independently at different times for ccontinucus operation. 4s in
ihe case of the other models, the drying chamber is loaded with
kernels from the top and when ready, discharged from the side,

The 0il 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), On the basis of
a 6 day week and 50 working weeks per year, 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,

Materisls for construction

These dryers are of sophisticated design catering to high
capacities for centralized processing. All the dryers use cast
iron and or steel componants with centrifugal fans powered by a
diesel engine or electric motor, Some dryers use oil burners, In
such cases, oil storage facilitles with service tanks are necessary,

Electrical installations are necessary if diesel engines are not used,
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Chula dryer

Model BDO

Chula dryer
model BDI

Modified chula
dryer BDI

Chula dryer
model BD2

- -

Batch

capacity
uts

6,000

10,000

11,250

30,000

4e3 Summary of operational features: -

Hours of
drying

22

Fuel

used

Firewcod
stc,

Firewcod
atc °

Auto~-
motive
diesel

Black
diesel
or fur-
nace oil

Uiesel engins
or electric
motor,

Diesel engine
or electric

motor
Electric

motor

Electric
wotor
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hLels Summary of cost and capacity of the dryers

Iype of dryer Capacity Batch Batch Batch Cost
eguivalent capacity capacity time
in Jand area cCopr
(ha) (nuts)  (kg) (days) (US$)
Chula dryer
Chula dryer
model BDI 600 10,000 2000 1 N.A.

Mpdified chula
dryer BDI 615 11,250 2250 ] N.A.

Chula dryer
multiple unit
model 1800 30,000 6000 i N.A,
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5, Procesg: -

5.1 Process flow diagram: -

mature coconut

I 1

tr:n:po;t whole axe whole nut

nut vo dryer (mainly Pacific

(Sri Lanka) region).

husk and scoop ("finger

split into two cut") kernel and
pack into bags

carefully scoop i ,

out kernel § z:;gipoat to

fresh kernsl
without shell

load dryer and start
2iring as detailed

reverse dirsction 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 with forced draft,
the kernels are dried without ths shell,

In the Pacific region, the whole nut is axed into twoj
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 "seascned" Uy storing under the shade for 3 to 4L weeks,
Thereafter, the nuts are husked, split in two along the ‘equatorf
and the meat scooped out carefully,

In other countries where the fibre industry is not
developed, the nuts are husked in the field and the husked nuts
transported to the dryer area, Sometimes they are split 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. All the forced draft dryers have
errangements for reversing the direction of flow of the hot air,
This is very important to obtain uniformly dried copra. This is
the equivalent action to 'turaing' or rotating the copra in sous
cases of natural draft systems (Direct heat smoke dryers method B,
direct heat amokeless dryers - nmethods C! and €2, Indirect heat
natural draft hot air dryers - method Di), 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 air within the
desirable limits at the various stages, &n experienced operator
can ensure tiiat 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 &£ molsture or less,

5.3 Product flow diagram: -

The copra which has been dried using these indirect
heat forced draft dryers usually conform to 6% moisture level,
Assuning the moisture level of tne fresh kernel to be at 50%
before dryage, we have: =

1880 wet kernel (50Z moisture)

?'

@
1000 dry copra (%2 moisture)

The out=turn of copra for different member countries
on the basis of the national ccrnversion rates is given in the
technology sheet "PRINCIPLES OF COPRA MANUFACTURE",
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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 nf the process used
for making copra. The characteristics specified for the two grades
are given in the technclogy sheet "PRINCIPLES OF COPRA MANUFACTURE"

With the use of indirect heat forced draft hot air dryers,
it is possible to cbtain 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
trest such dryers as miracle machines, The following factors
contribute towards making good copra: -

{(2) Minimum exposure and proper care during pretreatment of the
coconut before drying. The more the kernel is exposed to
air or the more pieces the kernel is broken up into, greater
the spoilage and the resulting decline in quality. The maximum
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 of the flues to ensure there are no leaks or else
the amoke will discolour the copra, Besides flues kept cleaned
would improve the efficiency of heat exchange,

(¢} Cleanliness of the drying chamber particularly when the
machine has L=en 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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Source of information: -

71

T2

7.3

Tobs

Copra processing in rural industries by F.C. Cooke (FAO 1958)
- formerly Director Coconut Research Institute of Ceylon and
Department of Agriculture cf Malaya.

Coconut Palm products by B.E. Grimwood
(FAO 1975),

Contribution from member countries and personal
observations during fields visits to member countries
of the Coconut Community,

Statistical Yearbook on Coconuta - 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) of nut production

and area planted as per tables 5 and 6 in the yearbock,

T. K.GOR. 3930.



