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Explanatory Notes

The value of the local currency during the period of this censultancy
was WS $2.23 = US $1.00 (UN Operational rate of exchange).

Electricity cost is a flat rate for all consumers and is S $0.32/kwhr.

The following abbreviations have been used in this report:
UNIDO Unitcd Nations Industrizl Devel opment Organization ¢
wSs western Samoa
wPL Coconut wood Products Limited
WSTEC Western Samos Trust Estates Corporation
DB.S Development Bank of Western Samoa
€.m.c. equilibrium moisture content
SFP Samoa Forest Pronducts Ltd.
RH Relative Humicditvy
RF Radio Frequency
DED Department of Economic Development

m’ cubic metres




Abstract

This studv was originallv intended to finalise the specification for
kilns to be instaslled at Coconut Wood Products Limited (CWPL) &t Vairtele.
westexrn Samca. Shortly before the commencement of the mission. CWPL ceased
operations after four vears of unprofitable trading. The government
shareholders have been attempting to privatise the companv, but negotiations
with the "successful” tenderer have broken down. It is considered unlikely
that CJPL will be sold bccause of lack of guaranteed log supply. the size of

. its accumulated debt, the re-leasing of part of the site to two other
businesses and the recent fire in the treatment plant building.

- However. the study did find that coconut wood processing is likely to
become an important part of the sawmilling industry in Western Samoa. This
will probably occur from the vear 2000, when the resource of indigenous
hardwood forest is exhausted (given current cutting rates). Although hardwoods
are being planted. these will be unable to supply demsnd until approximzvely
2010.

Kiln drving of timber is needed if the local furniture manufacturers are
to maintain their markets. Because of the high cost of electricity and
insufficient wood residues produced by these manufacturers. greenhouse tvpe
solar kilns are recommended for this industrv. The climate of the coastal
fringe in and around Apia is ideal for solar drving.

The infrastructure necessarv for a co-operative solar drving facility
is described and two suitable sites for the operation were investigated. Flans
for the construction of kilns are provided.
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INTRODUCTION

This report covers a consultancy by A.M. McNaught. cunsultant in timber
diving conducted over two weeks in September 1990. A copv of the job
description is contained in Appendix 1. It follows up an exploratorv missiorn
by UNIDO consul:-ant, H.P. Brion. who provided assistance to the furniture
industrv of Western Samoa in Januarv. 1988. (Prciect DP/RAS/86/075). He
concluded that the wood-based furniture industry was severely handicapped by

. the non-availability of properly seasoned local timber, and that the higher
cost of imported dried timber would increase prices of furniture and joinery
products excessively for local consumption. Furthermore. the local resource
of coconut wood cut from overmature plantations managed by the Western Samoa
Trust Estates Corporation (WSTEC) was not being utilised for value added
products and expansion of the uses of coconut wood was required to assist the
implementation of the coconut replanting programme. RBrion considered that the
construction of wood waste fired flue-gas heated kilns at Coconut Wosd
Products Limited (CWFL) to dryv both coconut timber and indigenous hardwood
would assist furniture manufacturers and increase the use of coconut wood.

The main objectives of this mission were to:

1. Determine the required kiln capacity of CWPL:

2. Confirm that the choice of a wood waste fired flue-gas heated
kiln is the most appropriate kiln tvpe for CWPL:

3. Draw up technical specifications fer the proposed kilns and
laboratorv equipment:

4, Define the duties of local znd expatriate personnel req:ired to

build these kilns.

These objectives required revision because CWPL has ceased operation.
following four vears of unprofitable trading. The shareholders. WSTEC and the
Development Bank of Western Samoa (DBWS) attempted to sell the companv bv
tender in January 1990. Although a tenderer was advised that his offer was
successful . negotiations appear to have broken down. principally because WSTEC
is unable to guarantee log suppiv. It would seem unlikelv that CWPL will
start operating in the near future.

Accordingly., the mission was modified. The need for properly dried
timber by furniture manufacturers is still as great as when Brion reported on
its status in 1988. The strong demand for timber following cyclone Ofa in
February 1990 has meant that timber producers have little interest in
supplying correctly seasoned timber, as sales for green timber are assured.

. A suitable kiln type for furniture manufacturers was therefore investigated,
as were possible sites and the infrastructure for such a drying facility. The
kiln drying needs for the coconut timber industry are still relevant for the

. future. as there will be a ten vear period from the vear 2000 when the lack
of indigenous timber resource is likely to make coconut wood processing a
necessityv. After 2011, the plantaticn hardwood programme should be able to
supply demand.

The list of persons met is given in Appendix 2.




I. WOODl DRYING IN THE TIMBER INDUSTRIES

wood drving to appropriate moisture contents to prevent shrinkage is not
common in the timber industries. Most timber is sold either green cff sav or
after some limited kiln or air drving. The purchasers of timber destinecd for
appearance grade products. such as furniture and joinery. generzllv attempt
to air dry their timber to around 18-20 percent moisture content. although
this is often not achieved.

A. i asonin,
Samoan Forest Products Limited (S.F.P.) at Asau. Savaii. operates the

only conventional steam heated compartment kilns in the countrv. The kilns
are aluminium sandwich panel construction. with conventional finned heat

exchangers. line shaft fans and humidification by open steam lines. The
manufacturer of these kilns is Moore kilns of Canada. There are five kilns.
each with a nominsl capacitv of 100 m’. Only three of the five are

operational - the other two have been used for spare parts and are damaged.
The remaining 300 m’ capacitv is more than adequate for the budgeted sawmill
output of 12000 m’/vear. as 25 mm thick timber is onlv drizd to 20 percent
m.c. and 50 mm thick timber is dried to between 30 percent and 50 percent m.c.

Two other sawmills in Savaii. T.V. Corporation and Bluebird Sawmill.
both have considered the installation of kilns. but regard conventional kilns
as too expensive for the size of their sawmills. Each has approximatelv 1000
to 1200 m’/vear of timber which thev would like to drv. Ancther mill. New
Samoa Wood Industries at Vaitele. Upolu, also has drving needs of about 1200
m’/vear.

B. Alr Drying
No air drving was observed in anv of the sawmills visited.

On building sites. timber for structural purposes is often stacked
vertically against trees or makeshift supports. Such practice will reduce the
moisture content somewhat, but results in surface checking and distortion
caused by uneven drving of one side compared to the other.

Furniture manufacturers are correctly dubious about claims that timber
supplied to them is seasoned unless it is imported. Most air dry their timber
in undercover racks, with lavers separated by stickers, for about two months
for 25 mm thick boards. The standard of air drying was reasonable, with
attention paid to sticker alignment and protection from the sun and rain.
However. most air drying sheds have poor air circulation, as thev are
surrounded by other buildings and trees. Whilst few drying defects occur
under these circumstances. drving rates are much lower than what can be
achieved in a well designed air drving vard.

C. General

There is a good understinding bv furniture manufacturers of the need to
drv timber to a moisture content appropriate to the location of its end use.
Most know of the lower e.m.c. in air conditioned environments. however none
of the furniture or joinery manufacturers or anyv of the timber suppliers have
equipment for moisture content determination by the oven drv method and onlv
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cne sawmill (SFP) has a moisture meter. XNo species or temperature correction
factors are used with this meter. and no species correction factors are
available locallv. Although figures published in Australia. New Zealand and
Fiji are available for the most common species used. these should be used with
caution. as large variations in electrical conductivity can occur for &
particular species from different localities and countries (Hartlev and

Marchant. 1988).
The understanding of the local timber industries about tvpes of kilns

is poor. with most knowing only about conventional steam heated compartment
kilns and dehumidifier kilns.

IT. wO0D DRYING IN THE WESTERN SaMOAN CLIMATE

Table 1 summarises the climatic data for Apia. The climate for air
drving is particularly good with an average temperature of 28°C. average
relative humidity of 79 percent and generally strong trade winds. Surface

checking is not common. due to the generally high and constant relative

humidity.
Iable 1 Summary of climatic data for Apis weather statjon. Figures are
mean normsls for the vears from 1941 to 1987 jnclusive.
Za:. Fer Mar &r: Ma . Jul kag Ser Qi %o Ce: Annual l
—
Tezz ' 282027 2272281 3T T 2732712702782 "zl |22
2E : I T I e s e 7%
roarx gur | 1€ I8F 13T IE; gTE 0% 2l 22 228 20 235 27 2562
Forestryv Division data show that the outdoor e.m.c. is 17 percent. “he

inside e.m.c. could be expected to be 15-16 percent in normallv ventilated
rooms, since inside e.m.c. is tvpically 1-2 percent lower (Bragg. 1986). In
air conditioned rooms and offices. of which there are manv in Apia. an e.m.c.
of between 10 and 13 percent would apply. depending on the air exchange rate
of the air conditioner and the size of the conditioned space.

It is clear from the above figures that significant shrinkage will occur
with the use of anv timber that has not been kiln dried, since even well air
dried timber will only reach 18 percent moisture content. Because virtually
all new office developments are air conditioned, local furniture manufacturers
must use properly kiln dried timber if their products are to be used in these
buildings.

IIT. DRYING REQUIREMENTS OF THE TIMBER INDUSTRIES

The drying requirements of the furniture, joinerv, building and
sawmilling industries are tabulated (Table 2). Figures given for the sawmills
are the volumes which their managers consider thev would dryv given adequate
kiln facilities.
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"Jable 2. Drving requirements of the timber industries.

L2 Furnizive. -cinery and bBu:ld:img
S Yourg Canstiuct:ion arniture, building. scinery llr 2t 28 m
WS = 2f 0o
Lcter Industries Furniture, building. site-y
GV£ Cornstruction Furniture, Building. joinery
Far An B:r Co. Furn:ture. cirers .
M:2¢czd Develcpment Furn:iture, cimesy 22 r of 25 o
Szlauf:r jciverw Joinery wIl - 2f 28 o
P St oenlothizri:
_acf:s: Zare wengling Furrizure Bl = 2f 2% o
Jot=l 1300 m’ - spprox 850 @' of 25 mm
450 " of thicker timber
(f Sawnille witheu
[ T v.Corpozat:ier Sawt:.l:ng 1220 = of ZIor
New Samzz wood Do l201 - of 28 o=
Flues:ri limited WIiln oz 20
Savat: Sawmills SenT LT NoT o knowT
Total 3400 m of 23 mno
< Sawr:lle with gilne
Samza Foresr Freduste Sawmillivy
S
1d’ FProposes develcprents
Jua.ity frame: and trusstes Buoldiny, [ 10CT ¢ cf 30 o7
Total 1000 ' of 50 mm
For the seven furniture manufacturers surveved in Apia, the total dried
timber required is 1300 m’ per vear. made up of 850 m’ of 25 mm and 450 m’ of
50 mm. At present. approximately 600 m’ is imported. mostly from Fi ji and New .

Zealand.
Iv. STATUS OF COCONUT wWOOD PRODUCTS Ltd. .

When Mr. Brion examined the furniture industrv of W. Samoa in 1988, he
recognised the need for a timber drving facilitv to enable the furniture
manufacturers to maintain the market for their products. He considered that
CwPL was the most suitable organisation to conduct drving. both for coconut
wood and the indigenous hardwoods.

C¥Pl. commenced operation in 1976 as a result of New Zealand financial
and technical assistance. Its ownership and management has changed hands four
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times and it has ceased operations in 1981 and between 1987 and 106€3. At
present CAFL is a joint venture company owned bv WSTEC and DEVWS. In January
1990, these sharehalders attempied to sell the companv by open tender (see
Appendix 3). One tenderer. Lober Industries Ltd.. was advised b+ DBWS that
their tender was successful. however finalisation of the sales has nct been

completed because:

1. wSTEC will not provide guarantees of a contiruing log supply. despite
statements to the contrarv in the tender documert.
2. WSTEC consider that the price offered by the tenderer is toc lew tc
) recover sufficient of the accumulated debt.
3. The lease on the 4 acres on which CWPL is situated would no longer

appear to be valid, since two 0.5 acre leases have been drawn up on the
same srea. This is despite the expiry date of 2004 on the original
lease. although CWPL mav have breached this original lease through rnon-
pavment of annual rental.

Lober Industries Ltd. bid for CXPL was conditional on items 1 and 3
being resolved. Whilst the land leasing arrangements could be negotiated, the
lack of guarantees on log supplv would be more difficult to resolve. WSTET
is at present changing its structure and the ownership of much of its
plantations. sc it is clearlv not in a position to enter into anv guaranteées.
WSTEC also consider that the target replanting of senile plantations of 1000
acres per vear mav not be achieved because of financial constraints. At this
stage. wWSTEC and Lober Industries are communicating through their respective
solicitors. The principa: of Lober Industries. Joe Lober. considers it
extremely unlikelv that the¢ contentions issues can be resolved.

More difficulties have occurred vith the veniure because a fire has
destroved part of the treatment cvlinder equipment and the shed ir. which the
treatment tanks are contained.

It is therefore considered unlikelyv that C«PL will operate in the near
future. It is the consultant’'s opinion that the utilisation of coconut wood
will probably be limited to treated posts and poles until timber shortages in
the earlv 2000's impact. (see Chapter VIII)

V. DESCRIPTION OF KILN TYPES

A wide range of kiln tvpes have developed in response to different
drving requirements. energv sources and scale of operation. This chapter
describes the range available and their attributes. Examples provided on
capital cost refer to installed costs in Western Samoa., excluding import

. duties.

A Conventional Compartment Kilns

Figure 1 shows the essential elements of a conventional compartment
kiln. These kilns mav be constructed from anv heat and moisture resistant
material , such as clav bricks. concrete blocks. reinforced concrete. insulated
metal panels and even fibre-cement sheet on a timber frame. Where energv cost
is high. or when operating temperatures are very much higher than ambient
conditions. the materials used must provide good insulation. Most kilns of
this tvpe are constructed now from modular insulated aluminium panels using
a stee] portal frame. although masonry construction is popular where capital
cost needs to be minimised.
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Fig. 1: Schematic view of an indirectly heated compartment
kiln showing the main features.

Operating temperatures of these kilns can range from 35°C in the case
of drying refractory, collapse prone species from high moisture contents. to
150°C for the rapid drying of coniferous species.

The main features of this type of kiln are the air ecirculation fans,
steam lines or water sprav nozzles for humidification., vents for
dehumidification and the heat source. The heat source can vary greatly, and
kilns can be classified as either indirectly heated or directly heated.

Indirectly heated kilns use some form of heat exchanger to heat the
circulating air within the kiln. This is almost always a series of finned
tubes through which steam, high temperature oil, hot water or the gases from
combustion are circulated.

Directlv heated kilns do not have heat exchangers. The products of
combustion are circulated throughout the kiln and then are vented to the
atmosphere. Because of the danger of the timber in a direct fired kiln
catching fire. the design and maintenance of these systems is critical to
their success. At present, only gas direct fired kilns have proved
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satisfactory as the sparks from wood waste fired svstem are a msjor problem.
Spark arrestor equipment of the standard required to prevent anv sparks
entering the kiln chamber is currently morec expensive than s comparable hest
exchanger svstem.

The main attributes of conventional compartment kilns ar-:
1. Capacity - 5 m’ to over 200 m’

- 2. Energy Sources - Indirect: wood waste, gas or oil heating steam
wood waste. gas or cil heating water
wood waste, gas or oil heating oil

. wood waste combustion gases
gas combustion gases.

Direct: gas combustion
wood waste combustion (not recommended)
oil combustion.

3. Capital cost examples (installed costs):
(a) 1 x 15 m masonrv kiln. indirectly hested with a wood waste tired
hot water boiler.
kiln US $20.000
boiler Us $30,000
handling equipment US $15.000
Total US $65.000
(t) 2 x 60 n’ aluminium panel kiln. indirectlv heated with & wood
waste fired steam boiler.
kilns US $750.000
boiler US $500.000
handling equipment US $°00.000
Total tS$1350.000

4, Labour - assumes continuous boiler attendance is required
(a) 1 x 15 w’ kiln : 7 days/week x 24 hours/dav x 2 people
(b) 2 x 60 m° kilns: 7 davs/week x 24 hours/dav x 3 people
(does not include timber stacking)

5. Dryving Times (estimated)
At 70-80°C Dry bulb temperature, with medium densitv tropical
hardwoods (eg. tava, approx 700 kg/m’ at 12 percent). 3 davs from 25
percent to 12 percent moisture content for 25 mm thick timber.

B pehupidifier kil

Figure 2 shows the essential elements of a dehumidifier kiln. The main
features of dehumidifier kilns that distinguish them from conventional
. compartment kilns are that thev are nearly alwavs elzctrically heated and that
water evaporated from the wood is removed from the kiln by condensation,
therebv recovering the latent heat of vaporisation.
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Fig 2.

Schematic view of a dehumidifier kiln. Dryv air is blown over the
top of the charge and flows back through the timber and over the
evaporation coils of the refrigeration unit. The evaporator
coils chill the air, therebyv condensing water and recovering the
latent heat of vaporization. The condensate is drained from the
unit to the outside of the kiln. The air then passes over the
condensor coils where it is heated before circulating through the
timber again. In most »f these kilns, subsidiary resistance
heating is provided to speed heat up, and in many designs,
additional air circulation is provided by auxiliary fans.

Because the energy source is expensive, the kilns are generally
constructed from metal -foam-metal panels, similar to those used in commercial
cool rooms. .

Limitations on the maximum operating temperature of the refrigerant
limit kiln temperatures to around 60°C. Drving is therefore somewhat slower
than for conventional kilns. In addition, dehumidifier kilns do not have anv
stean humidification svstem. so kiln operators cannot steam collapse-prone
timbers and it is difficult to minimise moisture gradients throughout timber
cross-section. However, the lower drving rate usually means that drving
stresses do not develop to the same degree as conventional kilns. so qualitv
of drying overall is good.
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Dehumidifier kilns are generally suitable for small to medium sized
operations (less than 2000 m'/vear) where electricitv coste are lcw. Some
manufacturers are experimenting with diesel powered refrigeration svstems
where the engine and exhaust heat is recovered in the kiln. however this. at
present, is not commercially available.

Commercial dehumidifier kilns vary in size from 5 m' to 250 m’. Larger
kilns use approximately the same amount of electricity per m’ to run as small
kilns. as compressor and fan sizes are scaled proportionallv to timber volume.

The main attributes of dehumidifier kilns are:
1. Capacity - 5 m' to 250 m’

2. Energv Sources - electricitv.
- diesel (still experimentzl)

3. Capital Cost examples (installed costs)
(&) 1 x20m US $45.000
(b) 1 x60m US $90.0006
(These costs do not include & forklift for loading)

4 Labour (does not include timber stacking)
1~ 200 5> davs/week x 8§ hours/dav x 1 person
1 x 60 m 5 davs/week x & hoursyday x 1 person
5. DPrving Times (estimated)

At 60°C. 25 mm thick tava will drv in 4-5 davs from 25 percent to
12 percent moisture content.

C. Sclar kilns

Solar kilns relv on solar radiation to provide heat for drving. There
are basicallv two tvpes of solar kilns. Direct gain kilns are a single glazed
structure that contains the timber and heat absorbing surfeces in the same
chamber. Indirect gain kilns consist of a well insulated kiln with a separate
heat collector. Hot air or hot water is circulated from the collector to the
kiln. Direct gain kilns are more popular because of their low capital cost,
simplicity of construction and very low maintenance costs.

Solar kilns can be constructed using a wood or metal frame glazed with
a variety of materials - glass, polythene sheet, Melinex. fibre reinforced
plastic and polvcarbonate are popular. The recent availability of corrugated,
U.V. stabilised. polvcarbonate at reasonable prices has reduced the problem
of glazing degradation. The manufacturers of this product (Suntuff) -
anticipate a life in tropical climate of at least 10 years and guarantee the
product for 7 vears against discolouration.

There are numerous designs of direct gain solar kilns throughout the
world. The proven designs operate at temperatures of 50-55°C during the dav
in tropical climates, with peak temperatures as high as 63°C. Performance is
generally governed bv how airtight the structure is and the area of roof
gla_ing in relation to the volume of wood in the kiln.

Drving in solar kilns is about 2-3 times slower than conventional kilns
operating at 80°C. however the slow drving results in negligible drving stress
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"and verv low levels of drving degrade. This can alsc be attributed to
humidity cvcling that occurs from dav to night in the kiln. as this cveling
incresses the amount of stress relaxation because of high levels of mechanc-
sorptive creep.

The main attributes of solar kilns are:

1. Capacitv. 2 o' to 20 o’ for direct gain tvpes. although 15 m' is
recognised as the maximum efficient practical size.

2. Energv Source. Solar energy and a small amount of electrical energy
for fan operation.

3. Capital Cost examples. (installed costs)
15 w’ direct gain kiln US $8-10.000

4. Labour. (does not include timber stacking).
Intermittent attendance only is required to check on moisture
content status and to load/unload kiln. Allow 5 davs/week x &

hours/dav x 1 person.

3. Dryving Times. (estimated)

2> mm thick tava will drv in 6-9 davs from 25 percent to 12
percent moisture content given average sunshine level of 2500
hours/vear.

D. Screen kilns

Screen kilns are reallv a variation of the conventional compartment kiln
designed to reduce the cost of fans and motors (see Figure 3). Onlv one fan
and motor is used and screens are used to give uniform air flov slong the
length of the charge. These kilns are significantly cheaper than conventional
compartment kilns., but are limited to operating temperatures of about 63°C
because of generally low air velocities. Because temperatures are lower. thev
generally use hot water as the heating medium. This provides cost savings
compared to steam plumbing.
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The screen kiln has onlv one fan and emplovs a horizontal air
flow. Screens with approximatelv 20 percent void area provide

sufficient static pressure for air velocities to be reasonablv
even throughout the stacks of timber.

Screen kilns are usuallv constructed from masonry or insulated timber
frame with sheet covering.

The main attributes of the screen kiln are:

1. Capacity - limited to a maximum of 20 m’ because of limited air
circulation.
2. Energy source - wood, gas or oil heating steam

wood. gas or oil heating water
wood, gas or oil heating oil

3. Capital Cost example.

1 x 15 m' masonry kiln. indirectlv heated with a wood waste fired hot
water boiler.

kiin TS $10.000
boiler., controls UsS $30.000
handling equipment Us $15.000

Total Us §55.000
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4. Labour - assumes continuous boiler attendance is required 24 hours/dav
X 7 davs/week x 2 people (does not include timber stacking)

5. Drving times (estimated)
25> mm thick tava will dry in 4-5 davs from 25 percent to 1. percent
moisture content.

E. Predryers

Pre”~vers. as the name suggests, were developed to take the place of air -
drying periormed prior to final kilm drving. A typical predrver is shown in
Figure 4. These kilns are usually only used in cool wet climates where air
drving cunditions are unsuitable, although thev are occasionzlly used for -
drving down to the final desired moisture content.
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Fig. 4: Sectional elevation of a six line predryer.

Kilns are wusually timber framed with fibre cemeat covering.
Temperatures inside the kiln are low, often only 40°C. Air velocities through
the change are also low, so the kilns onlv require two fans, despite the large
capacity. The large width of the kiln and the high initial drving rates of
green timber make reheat coils necessaryv even for predrving.

The main attributes of the predryver are:

1. Capacity - tvpically 50 m’ to 250 m’,
(some specialised predrvers have been built with a capacity of over
1000 m’)
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2. Energy source - wood. gas or oil heating steam
wood. gas or oil heating water

3. Capital Cost example.
1 x 6 line predrver with 90 n’ capacitv. indirectlx heated with a wocd
waste fined hot water boiler.
kiln US $30 000
manuallv fed boiler, controls US $30 000
handling equipment TS $15 000

Totsal vs §75 000

4. Labour - continuous boiler attendance.
7 days/week x 24 hours/dav x 2 people. and
7 davs/week x 24 hours/dav x 1 person
{does nct include timber stacking)

5. Drving times (estimated)
At 45°C Dry bulb temperature. 25 mm thick tava will drv in 6-9 davs from
25 to 12 percent moisture content. it would take approximatelv 3 weeks
to drv to 12 percent from green.

F. jve Kilns

A schematic plan of a progressive kiln is shown in Figure 3. These
kilns differ from most other kiln tvpes in that thev are continuouslx loaded
with timber. rather then drving timber on a batch basis. The kiln has a vervy
leng air flow path through the stacks, so it becomes progressively cooler and
more humid. therebv providing mild drving conditions for the green-off-saw
stacks of timber pushed into the air exit end of the kiln. The timber
gradually passes through the kiln as more green timber is pushed in behind it
and kiln conditions become more severe as the air path becomes shorter.
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Fig. 5: 3chematic plan of a progressive kiln.
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These kilns are appropriate to relativelv large volumes of a single
species. A constant sawmill output is also required.

Kilns are usually constructed from a fibre-cement sheet over a timber
frame. and are usually hot water heated.

The main attributes of the predrver are:

1. Capacity - typically 250 m’ for medium densitv hardwoods. Capacity
. depends on drying rate. and rate of feed through the kiln. This must be
tuned to the drying characteristics of the wood and initial temperature

and humidity of the air as it enters the kiln.

2. Energv Source - wood. gas or cil heating water
wood, gas or oil heating steam
direct fired gas.

3. Capital Cost Example.
1 x 250 o’ kiln. indirectly heated with a wood waste fired hot water
boiler.
kiln Us $40 000
manuslly fed boiler. controls US $30 000
handling equipment Us $30 000
Total US$100 00C
4, Labour - assumes constant boiler attendance.

7 davs/week x 26 hours/dav x 2 people

3. Drving times (estimated)
Residence time in the kiln for a pack is tvpicallv 45 to 60 davs.

G. Vac

when wood is dried in a vacuum. the drving rate is high at quite low
temperatures. It is therefore a verv good method for drving collapse prone
timber reasonablv quicklv.

The energy required to evaporate the water from the woed is usuallv
supplied by electric "blankets” or flat metal platens between the wood layers,
or by radio frequency heating. Conventional heating svstems (ie air
circulated over heat exchangers) do not work because there is insufficient air
for efficient heat or moisture exchange once a vacuum has been drawn.

Vacuum kilns are verv expensive, and. if they are radio frequencv

heated. the frequency of the RF needs to change as the timber’'s dielectric

. constant changes. The tuning of the kiln to sui: particular timbers can be
a protracted exercise.

Control and RF shielding requirements are high. so these kilns are onlv
suitable where a high level of operator training and equipment maintenance is
available. These kilns do drv timber quickly and well but operating costs are
usually high. so they are »nlv suited to the drving of high value specialitvy
timbers.

The main attributes of a vacuum kilns are:
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1. Capacitvy. 2 to 10 r’ is the most common range of sizes.
2. Energy Source - Electricity.
3. Capital Cost example.

1 x 10 m’ RF heated kiln.
US $600 000 plus handling equipment.

4. Labour.

7 davs/week x 24 hours/dav x 1 person for contiauous use. .
5. Dryving times - unknown for tropical hardwoods.
H. adi €ncy (ilns.

RF is a rapid heater of water at particular frequencies. This principle
is used in kilns where air is circulated over timber that is exposed to RF
radiation. Like vacuum kilns. the equipment is expensive initially and
requires a high standard of maintenance for its safe operation. In some
countries. health and safetyv legislation makes the cost of shielding strav RF
radiation verv high.

This kiln tvpe is. at this stage. not appropriate to developing
countries because of its capital cost and high levels of technical expertise
required to install and service the kilns.

1. €S Plate vi

Timber drvers have been constructed using heated plates which press on
both faces of timber. These plates heat the timber well sbove 100°C. while
restraining it firmlv in a flat condition. Dryving is rapid and low levels of
drving defects are reported. Equipment available at present is onlyv suited
to the production of high value products. as the capital cost is very high
relative to the volume of timber that can be processed.

J. Chemical (Azeotropic) Seasoning

Chemical seasoning methods are not common because thev can be expensive.
can interfere with the timbers finishing properties. or can take long periods
to drv to e.m.c.. Many of the solvent methods can cause significant levels of
degrade in the heartwood. Solvent retention levels in the wood are sufficient
to make the process expensive and the capital cost of equipment is high. They
are not considered to be commercial at this stage and would be likely to be .
unsuitable for developing countries in any event.

V1 RECOMMENDED KILN TYPE FOR INDUSTRY

The choice of anv kiln tvpe needs to be made in the context of the
volume of timber to be dried. the species to be dried, available heat sources.
climate. capital cost. running costs. products manufactured. and the
availabilitv of training operators and maintenance staff.

western Samoa does not have suitablv trained engineers familiar wich
vacuum kilns. RF kiins., press drving or Chemical Seasoning Plants. Also.
these kiln tvpes cannot be justified given their verv high capital costs.
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Progressive kilns are not well suited te anv of the sawmilling
operations in Samos because most have a range of species. or their output is
too small and/or intermittent. (Progressive kilns must have & constant.
regular input of the same species of green timber to provide the correct
drving conditions).

Predrvers are designed for the drving of timber from green down tc
approximatelv 20 percent moisture content. After this. timber is normally
transferred to a conventional kiln for final drving. Some operations use a
predrver of the design outlined in Chapter V, Section E. to drv to final
moisture content. but drving is slow (not much faster than a solar kiln) and
it is very difficult to accumulate sufficient wood of the same thickness and
species at one time to make this efficient - generally species and thicknesses
are mixed. so that the drving schedule used is the one appropriate to the
slowest drving species and thickness. It is the authors opinion that a
predrver in anv of the Samoar. Sawmilling operations would lack the flexibility
to dry a range of timbers in small batch lots.

Conventional compartment kilns, dehumidifier kilns. solar kilns and
screen kilns could all operate at the scale of operations of th: timber
industry in Samoz. When correctly operated. all are capable of good quality
drving. The choice between them depends on their relative costs of drving and
the availability of sufficient wood waste for the conventional and screen tvpe
kilns.

whatever the kiln tvpe chosen. it is considered desirable tc zir drv the
timber until it is reduced to approximatelv 25 percent moisture content. The
climite is ideal for air drving - reasonablyv rapid drving. but with minimal
degrade because the relative humiditv is around 80 percent for most of the
dav.

Appendix 4 provides a comparison of the kiln drving component of drving

costs for each of the kiln tvpes for vearlv kiln throughputs of 600 m’ and
1200 m’ of tava. Thesc are summarised in the following table:

Volume /annum

Kiln Tvpe 600 m’ 1200 n’

Conventional Us $77.16/0’ US $48.81/n’
Solar Us $28.17/m’ US $20.73/w’
Screen US $66.74/m’ US $41.66/m’
Dehumidifier US $55.65/m’ 'S $44.24 /0’

Coconut wood kiln drving costs are approximately 1.5 times the above
figures because of slower drving rat-s.

The high cost (bv world standards) of conventicnal and screen kiln
drving is due to the high labour cumponants for continuous boiler attendance
being spread over relativelv small volumes of timber. Dehumidifier drving
costs are also high bv world standards as a result of verv high efectricitvy
costs (US $0.143/kvhr).
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A Recommended kiln tvpe for a coconut sawmill.

For a coconut sawmill drving 1200 m’/vear of mostlv 23 mw timber. it is
recommended that the timber be airdried tc 25 percent m.c. firs: and that
final drving should be carried out in sclar kilns. Solar drying is
approvimatelv US $2( /m’ cheaper than other alternatives. although there is &
need to add the cost of a waste disposal burner to dispose of sawmill residue
for the comparison to be strictlvy valid. At a capital cost of US $10 000 and
using one operator. this adds US $4.00/m’ to the effective cost of solar
drving. -

There are other factors besides drving cost to consider. Electric
supplies are intermittent in Samoa. This will affect dehumidifier kilns
greatly. as these kilns are slow to retain lost heat. and operating costs will
rise steeply. Conventional and screen kilns are also affected. although much
less. For these. electricitv blackouts cause ti problem of boiler shutdown
because of safety interlocks and poor burning without forced air drafr.
Dehumidifier. conventional and screen kilns all have temperature and humiditv
control equipment that requires a reasonable quality power supplv to function
well. Solar kilns have no electricallv operated controls. If there is an
interruption to the power supplyv. the air circulation fan in the kiln stops.
with verv little effect bevond a small reduction in drving efficiency.

Kiln maintenance is simple and inexpensive for solar kilns. compared to
other kiln types. Replacement of the solar kiln cladding mav be required
after sbout 8 vears. but this costs onlyv about US$300C and can be done bv
semi-skilled local staff. Maintenance on dehumidifier kilns is alsc
relativelv simple. as thev are verv similar to most refrigeration plants
operating in Samoa. Trained maintenance personnel are therefore available.
Conventional and screen kilns both require moderate levels of maintenance,
largely due to the maintenance of the boiler.

Solar kilns are modular. so that their construction can be phased - one
kiln initiallyv, with more built as drving requirements increase. The qualitv
of drving with solar kilns is usuallv verv good because of the slow rate of
drving.

There are numerous designs of solar kilns available. UNIDO has
experience with several solar drving projects throughout the world. Most
solar drving research has found that the better designed kilns have verv
similar performance. A suitable design that has been workirg well throughout
tropical and sub-tropical regions of Australia and Vanuatu is contained in
Appendix 5. Kilns to this design were first built 12 vears ago in Australia,
and there are now over 20 operating commerciallv. Thev have been found to
reach peak temperatures of 65 degrees on sunnv davs with ambient maxima of 30.
and usually are 20 degrees hotter than ambient from 9.00am through till 3.30pm
in a sub-tropical climate. Lguivalent or better performance can be expected -
in Western Samoa.

This particular kiln utilises a timber frame which can be fabricated on
site with local timber and labour. Other kiln designs that have proved their
performance in tropical climates would be suitable alternatives.
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. ended kiln tvpe for furnjture manufacturers.
B ecomme nded kiln ty f furnjt fact

For furniture wanufacturers. the choice of kiln tvpe :
drving and dehumidifier drving as thev do not generate suffic
to operate & boiler svstem. It is clear from the cost compar
kilns are appropriate for this segment of the industryv. The ce
in Appendix 5 is suitable.

VII INFRASTRUCTURE REQUIRED FOR MULTI-USER DRYINCG FACILITY

Because of the need for furniture manufactures to use kiln dried timber
to aveid shrinkage problems. all expressed strong interest in the concept cof
. a drving facility set up on a co-operative basis to service their industry’s
needs. The volumes of timber which require drving are certainly sufficient
to warrant such an operation - an air drying vard and two 15 =’ solar kilns
with suitable handling equipment would service the immediate needs.

A co-cperative drving facility for use bv a number of comparies needs
to be well organised. have good administration and needs to fit iritc an
organisational structure that is conducive to 1its operation. Most
importantly, these details need to be worked cut prior to the project
commencing. The infrastructure suggested in this chapter should be regarded
as a draft. Alternatives are possible. but the most important aspect is tha:
there is agreement and commitment bv all parties involved. This needs tc be
co-ordinated. and this would b: best dorns bv the Department of Economic
Development. In the authors crinion. there are two main requirements for the
success of such a drving facilit.:

1. The furniture manufzcturers must act as a cohesive group. rather than
individuzl compznies. This is particularly important for the scheduling of
drving in the kilns and the financizl administration of the facilitv. The
best wav to achieve this is through the formation of a formziiv constituted
Furniture Manufacturers Associaticn.

2. The kilns should be located on independentlv owned land - nct on the
site of one of the furniture manufacturers. Although one manufacture: offered
a site, there would be difficulties if the site owner wished or was fcrced to
sell his assets. In addition. there may be friction between users because of
the perceived advantage that the host company would have. Kilns would
therefore be best located on either land owned by the Furniture Manufacturers
Association, or leased from the government.

Several sites were investigated for the drying facility. The Forestry
Division of the Department of Agriculture, Forests and Fisheries have offered,
in principle, a suitable 0.5 ha site adjacent to the Forestry Research
Buildings at Vailima. They have also offered to fund one full time employee
. for kiln operation for two vears, as it is part of their charter to improve

timber utilisation in W. Samoa. The main drawback of this arrangement is that
the Furniture Manufacturers Association. if formed, may not wish to involve
the Forestry Division in the project.

An alternative site would be the land administered by the Department of
Economic Development at Vaitele. DFD have established a 12 acre Small
Business Centre. leased from WSTEC. The Department has indicated that it
would consider an application by a Furniture Manufacturers Association to
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lease a site at the Centre. This option is likely te be more attra-tive to
the Association than Forestr:y land.

Al

The Drying Facility would require ome Supervisor and two timber
handlers. The Supervisor would be responsible for:

stock-taking all timber arrivals for each company
stock-taking all timber dispatched

preparation of invoices and general book-keeping
supervision of 2 employvees.

The duties of the 2 emplovees would be:

stacking timber in preparation for drying
loading and unloading the kilns
monitoring of moisture content

Volumes of timber handled would be small. about 400-600 m’/vear. so
nighttime operators would not be required.

The Furniture Manufacturers Association should employ these . people.
and should fix the zost of drying to recover operating costs and develop a
capital reserve for maintenance. It would be best to set a price p:r cubic
metre per dav, as this accounts for different dryving rates due to species and
thickness and different initial moisture contents. Assuming external funding
of the kiln. a price of WS S4/m’/dayv would provide the following
expenditure/revenue situation for a vears operation.

Expenditure Vages WS $18 000
Electricity 3 500
Maintenance 1 000
Lease of land 5 000

WS $27 500

Reverue Timoer Drying at 100% capacity WS$37 800
at 73% capacity WS$27 500 (break-even)

To overcome initial cash flow difficulties, external funding will be
required for a period of 3 months. Total external funding for the project

would therefore be as follows: .
2 solar kilns (installed) Us $20 000
Handling and laboratory Equipment US $15 000 .
Local engineer (1 month) Us $ 2 000
Expert - Construction (1 month)
and Training (2 months; us §25 000
3 months operation WS $7 N0O Us § 3 200
Contingency (10%) Us § 6 500

Total US $71 700
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Appendix 6 lists the duties of the expert for installation and training.

The local engineer would be responsible for local building authority
permits. sourcing of local materials and foundation preparation.

VIII FUTURE CHANGES TO THE TIMBER RESOURCE

A. digenous eci

Most of the indigenous forest resource is located on Savaii. The
merchantable forests are categorised into four groups depending on the
principal species. The sawlog volumes as at August 1988 are Tava (42
percent). Asi (28 percent), Mamalava (25 percent) and Tamanu (5 percent).
Figure 6 shows a graph of the decline of merchantable sawlog volumes. It can
be seen that. if the same rate of decline continues. the indigenous forests
will be exhausted bv 2003. However, Forestry Division staff now consider that
the Savaii and Upolu commercial resource will be exhausted by 2001. This is
because of the effect of Cyclone Ofa and a likely increase in awareness of
conservation issues.
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B. Plantation Species

The plantation program in W. Samoa was established as a replacement
resource for the indigenous forests. 6000 ha would be able to meet the
domestic demand of 30 000 m’/year on a sustainable basis. As at June lst.
1990, 3018 ha is the total planted area. The remaining 3000 ha needs to be
planted over the next 5 years to enable the plantation species to replace
indigenous forest as the main source of sawlogs by 2011.
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Accordingly. there is & ten vear period where there will be significant
timber shortage in Western Samoa. Izports or alternative timbers such as
coconut will need to provide the shortfall during this period.

C. g w vi i e

Wood drying requirements will remain fairly static for the next ten
years. lmported timber is likely to be kiln dried, therefore there will be
a low demand for iocal drying of haruwoods in the years 2001-2011. After this
time, the drying of plantation species should provide sufficient timber for
the furniture industry.

The :nortage of timber after 2001 is likely to provide the motivation
for coconut wood utilisation in W. Samoa. It is unlikely that this *
utilisation will decline as the plantation timbers are phased in. as most
plantation species are lower density, decorative timbers. Eucalvptus deglupre
is really the only utility species planted that is well-suited for local
structural purposes.

IX. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusjons

The following conclusions can be drawn from this consultancy.

1. Coconut wood Products Limited is unlikely to start operating in the near
future.
2. The indigenous timber resource will be exhausted bv 2003 at present

rates of cutting. given existing demand and forestrv management practics. A
further reduction of forest area available for logging is probable given the
increase in awareness of conservation issues. Forestry officers consider the
vear 2000 as a more realistic date. Plantation species will be urisble to
replace the indigenous forest ac the main source of sawlogs to supply local
demand until probably year 2011.

3. Because of current timber shortages. which are likelv to continue. and
the void in log supplies in from 2000-2011, the development of the coconut
resource is both desirable and probable. The main difficulties which face a
coconut wood processing venture are the lack of a guaranteed log supply.
funding requirements of the organisation responsible for senile tree
replacement, and the possibiliry of a more fragmented ownership of plantations
with the restructuring of WSTEC. ’

4, The climate of Apia is very well suited to air drying and solar kiln

drying. Timber that has been well air dried to e.m.c. (17 percent) undergoes

further shrinkage in offices, particularly when they are air-conditioned. .
Kiln drying is therefore essential if the local furniture and joinery industry

is to maintain its market share.

5. UNIDO assistance in provision of kiln facilities and training is better
directed to the furniture and joinery industry. rather than the sawmillers,
because:

% the furniture industry has a much more direct interest in the
quality of drying. since poorly dried timber causes customer
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dissatisfaction. higher production costs and lower quality of
output. ’

* the verv high demand for structural timber means that sales of
green timber are assured. Smaller users (often furniture cor
joinery manufacturers) have difficulty obtaining supplies. so are
unwilling to complain about the quality of allegedly kiln dried
timber.

* although 300 m’ of kiln capacity exists at Samoa Forest Products
Ltd.. Savaii. profitability problems makes its future uncertain.
The kilns are not being used to their potential, but the strong
- market for green timber discourages any development or commitment
to properly dry timber.

* the uncertain nature of the sawmilling industryv after the vear
2000.

* the furniture industry has a good understanding of the moisture
content requirements for their products. whereas the sawmillers
generally do not.

* the furniture industry can exist through the supply problem
period of 2000-2011 by the use of imported timber and coconu:
wood.

* the larger furniture industrv members have demonstrated their
business acumen bv their profitabilitv. This makes the success
and longevity of an aid funded project based about this industry
more probable.

6. At this stage, the proper kiln drving of indigenous timbers will have
more benefit than the kiln drving of coconut wood. since the existing
furniture market is based about the former.

7. Solar kilns are the most suitable kiln tyvpe for use by the furniture
industry in Apia. because of:

* low capital cost
* verv low running cost
* lack of sufficient wood waste to provide energy for other kiln

types

. * absence of anv complicated controls or electric
* attendance of full time operators is not required
* very low maintenance costs
* high qualitv of drying
° * design is easily copied bv others requiring kiln facilities
* jdeal climate for their use
8. If a coconut processing facility does start operation and requires

drying facilities for approximately 1000 m’ (as originally proposed), the most
suitable drying process would be a properly designed air-drving yard and 3
solar kilns, each of 15 m’ capacity. This provides the lowest cost of drving
per cubic metre, best control of drving defects such as collapse and warping
ané does so with a level of technology appropriate to this countrv.




30

9. Solar kilns located at one of the larger furniture manufacturers are
likely to create difficulties because of the perceived advantage that the host
company would have. In anv event. location on private land may cause probienm:
if the host company wishes to relocate or sell its assets.

10. Two suitable sites for the 7 solar kilns recommended are avai able. The
first is on land at Vailima owned by the Department of Agriculture. Forestry
and Fisheries. This is approximately 5 km from the centre of Apia. The
Director of this Department has agreed in principle to the project. pending
a firm proposal. Suitable laboratory equipment is available on site. and the
Division has a Timber Utilisation Officer who is able to provide seasoning
advice. As they consider that part of their charter is to encourage proper
timber utilisation, Forestry have agreed to provide land and one person for
two years for the construction and operation of the kiln. After two Years.
they expect industry to take over the running of the kilns.

The second site available is on land at Vaitele leased by the Department
of Economic Development for the purpose of establishing a Small Business
Centre. This is a better site for solar drving from a climate point of view.
but would not have the same degree of impact by Forestry staff.

B. Recommendations

There is an urgent need to provide dryving facilities for the furniture
industrv to enable them to produce items which are suitable for the domestic
and business envirorment. Shrinkage of timber because of inadequate Aryvirg
is increasing the importation of timber and complete furriture items.
particularly for commercial developments.

In order to address this need. it 1is recommended that sclar kiln
facilities be built in Apia. It is recommended that:

1. The furniture industry should set up a formallv constituted Association
to negotiate the building of solar kiln facilities and to administer the kiln
project once drving commences. In particular. the Association should be
responsible for the cost of operation of the drying facility. funded from
revenue obtained from drving. The Association should set the ccst of drving
to recover costs and accumulate sufficient reserve for maintenance. It is
suggested that WS $4.00 per o’ per day is sufficient.

2. The Furniture Manufacturers Association should negotiate wvith the
Department of Economic Development and the Forestry Division to choose the
site for the drying facility. The climate at the DED Small Business Uentre
at Vaitele is marginally better for solar drying than the Forestry land at
Vailima.

3. Details of the infrastructure (Chapter VII) should be circulated by the
Department of Economic Development to the following:

Forestry (Malaki Iakopo)

Lober Industries (Joe Lober)

S. Young Construction Ltd. (Steve Young)
Milford Development Ltd. (August Milford)
saleufi Joinery (John McDermott)

Pat Ah Him Co. Ltd.. (Pat Ah Him)

G.MiA. Construction Ltd.. (Philip Wise)
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- Laufiso Iairo Wongling

- New Samoa Wood Industries (Eletise loane)
- Bluebird Industries (Andrew Ahliki)

- T.V. Corporation (Tui Vaal)

The furniture manufacturers should be requested to provide letters of
agreement in principle to using the facility. an undertaking to run the
facility. and the volumes of timber that they expect to dry in the facilicvy
in its first vear of operations. The project should be contingent on getting
assurances of a minimum total of 400 m’ per year to be dried.

4. UNIDO should be requested to fund the construction of 2 solar kilms.
each of 15 m’ capacity, the timber handling system. stickers. storage shed.
one moisture meter (including spare needles), laboratory kiln and weighing
scales.

5. UNIDO should also be requested to fund the running costs of the drving
facilitv for 3 months. After this period. income from drying should be
sufficient to pay wages and running costs.

6. Finallv. UNIDO should be requested to fund a drying consultant for a
period of three months to supervise the construction of the kilns and to train
Forestrv and Industry personnel in timber drying theory and practice. This
consultant should also conduct a detailed technical evaluation of Samoa Forest
Producte kilms in Saveii to identifv their condition. prepare & mzintenance
schedule and train operators in the correct use of these Kkilns. The
consul tant should also develop moisture meter correction factors for the range
of local commercial species. and document the performance of this design of
solar kiln.

7. Forestrv staff should encourage the development of similar kilns through
the provision of extension advice and demonstration of the kilns in use.
irrespective of whether theyv are at Vailima or Vaitele.
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APPEXDIY 1

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATIOX -

PROJECT FOR THE GOVERNMENT OF WESTERN SAMOA

N Assistance in the Establishment of a Pilot Lumber Kiln Drying Plant

JOB DESCRIPTION

XP/SAM/90,/015/11-01/3-12209

Post title: Timber drving consultant.

Duration: One month.

Date required: As soon as possible.

Dutv station: Apia.

Purpose of project: To establish a pilot lumber kiln drving plant and to
train personnel on the operation of the kiln drying
plant.

The consultant shall briefly survey the current
situation with respect to wood drving in Samoa and
assess local expertise (if any). He shall. based
upon information obtained from the Samoa Coconut Wood
Products Limited’s sawmill. determine the volume of
the proposed timber drving kilns and namelv assess
whether the two chambers, each of 5000 BFT is
realistic.

Duties:

He shall study the suitability of the various wood
drying systems, rnamely conventional steam heated
kilns. flue-gas hot-air kilns, dehumidifier kilns
and, if appropriate, solar kilns and even vacuum type
kilns. In assessing the relative merits of the
various systems. he shall bear in mind the
availability or lack thereof of power, woodwaste to
operate conventional kilns and comparative costs of
these two sources. He shall also determine whether
conventional steam heated kilns are applicable under
Samoan conditions. In determining the above. he
shall bear in mind ease of maintenance as well as
mar.power skills available.

Based on this comparative studv. the consultant shall
draw up technical specifications for kilns to be
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introduced in the Samoa Cocowood Products Limited.
justifving his choice and recommending the tvpe of
chamber.

In case he selects cement block or other masonry
chambers, he shall supply detailed constructior plans
for these chambers to be constructed by local
contractors and draw up terms of reference and
technical specifications for a call for offers for
the construction of the said chambers.

He shall also draw up the technical specifications of
the laboratory and control equipment to bz provided
bv the project. .

The consultant shall determine the availability of
technical personnel in Samoa te install the kilns and
whether expatriate personnel from the kiln suppliers
should be provided or not. In case he deems these to
be necessary, he shall enumerate in detail the duties
that the local personnel will perform and those that
will be the responsibility of the kiln supplier’s
personnel .

He will include all the above in a technical report.

Qualifications: Wood technologist or engineer with considerablie
experience in kiln drving of lumber. Experience with
a wide range of kilns and with a wide range of
tropical timbers highly desirable.

Language : English.

Background information: A good volume of timber produced from the forests of
western Samoa is exported as sawn timber and veneer.
A verv small portion of the forest timber vield is
converted into secondary wood products. whatever
furniture or joinery products thus produced are sold
only in the domestic market for the quality of the
products are definitely far below the levels
acceptable on the foreign market.

There also exists in Western Samoa sufficient coconut
wood as the country has an on-going coconut
replanting programme. Current levels of replanting
activities make an estimated 18,860 MBF (round
measure) of coconut stems available annually to the
wood processing industry of the country.

Ceconut wood is currently being processed by the
Samoa Coconut Wood FProducts Ltd. (CwPL) a sawmill
which is jointly owned by the Western Samoa Trust
Estates Corporation (WSTEC) and the Development Bank
of Western Samoa (DBWS). This sawmill also operates
a pressure treatment plant for the production of
fencing posts and electric power transmission and




35

lighting poles. The company also has & modest
moulding plant.

In spite of the availability of ample wood materials
and relatively low levels of labour costs. the
secondary wood processing industry of the country has
not developed satisfactorily during the last fevw
years. Difficulty is still experienced with regard

. to improving further the quality of locally produced
furniture and in producing for export higher value
added wood based items. Furthermore, the utilization
of coconut wood for furniture and other similar items
is not common in spite of the abundance and
relatively lower price of this material as compared
to traditional hardwood species.
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APPEXDIX 2

In the course of this mission. the following people were consulted:

Mr. Nigel Ringrose:
Mr.

Sairasi Bulai:

Sarwar Sultana:

Fu’a Hazelman:
Misiolo Sofe:

Itagia Faumui:

David Thompson:
Tooute Aloalii:

Rudoiph Meredith:

Steve Young:
Joe Lober:

August Milford:
John McDermott:
Pat Ah Him:
Philip Wise:
Electise Toane:
Andrew Ahliki:

Tui Vaai:

Farani Posala:
William Brown:

. Malaki lakopo:

Tepa Suaesi:
Chong Wong:

Tupuola Tavita:
Samuelu Enari:

Resident Representative, UNDP, Suva.
A/Principal Utilisation Officer. Fiji Ministry
of Forestry, Suva.

Deputy Resident Representative, UNDP. Apia.
Programme Assistance. UNDP. Apia.
Deputy Director. Department of
Development, Apia.

Industries Division, Department of Economic
Development, Apia.

FAO Consultant.

C. Meredith and Associates (Architects) Apia.
Assistant General Manager. Development Bank of
Western Samoa.

Manager, S. Young Construction Ltd..
Managing Director, Lober Industries
Apia.

Milford Development Ltd., Apia.
Managing Director, Salenfi Joinery. Apia.
Pat Ah Him Co. Ltd., Apia.

Economic

Apia.
Ltd..

CMA Construction Ltd.. Apia.

Manager, New Samoa Wood Industries. Vaitele.
Manager. Bluebird Industries Ltd.. Apia and
Gataival.

Manager. T.V. Corporation Ltd.. Apia and
Gataivai.

Manager. F.P. Architects. Apia.

General Manager, Samoa Forest Products Led.,
Asau.

Assistant Director, Forestryv Division
Department of Agriculture, Forestry and
Fisheries, Apia.

Utilisation Officer, Forestry Division, Apia.
Company  Secretary and Acting Financial
Controller., WSTEC, Apia.

Director, Department of Agriculture, Apia.
Department of Economic Development, Apia.
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APPENDIX 3

COCONUT WwWCOD PRODUCTS LTD.
TENDER DOCUMENT

In this tender document, you will find the following:

- * A background to the operations of the enterprise.
* A list of assets included in this offer.
* Instructions to tenderers.
Background

CWPL commenced operation in 1976 as a result of New Zealand financial
and technical assistance. Its ownership and management hive changed hands
four times. The operations were closed down in 1981 and between 19£2-1985.
At present. CWPL is a joint-venture company owned by WSTEC and DBvS.

The mill can produce & wide range of products. which. given adequate
quality. sound marketing and reliable. uninterrupted delivery. should find &
readv market in Western Samoa and overseas.

Average daily production capacity is estimated at 24,000 super feet (or
for 240 working days p.a.. 600.000 sq.ft.). Annual capacity is estimated to
be 25.6U0 stems. WSTEC is planning to replant 1,000 acres p.a. and guarantees
CAPL 600 acres at 50 stems per acre or 30.000 stems. This replanting
programme extends over the next 15 vears for most of WSTEC’s plantations.
Thus. under current conditions, a guarantee for raw materials is assured for
CWPL for at least the next 20 vears.

Monthly sales volumes of currently produced lines of products are
indicated in the table below:

Product Sales
(WS$ - August 1989 - unaudited)

Fence posts 2,766
Timber 994
. Wall panels
Roofing tiles
Dressed timber
Rough-sawn timber

Batten
Firewood 20
Sawdust 22

3,802
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The following is the summary of financial performance in vears 1986-

1988:
COCONUT WOOL' PRODUCTS LTD.
Operating Resul:s
wSS 000
1986 1987 1988
Sales 70 91 100 .
Cost of Goods sold 103 72 16
(33) 19 24

Operating eXpenses 144 135 22

Net loss (83) (52) (53) -
Assets
* Leasehold land - The site consists of &4 acres for which an annusl

rental of WSS 4.400 is paid t WSTEC. The lease was signed in 1984 for

a 20+20 year term. The land has access to the main island road. and is

sited within the Vaitele industrial estate. The property is fenced on

all sides (wire) and has a direct access road., and internal dir:

tracks.
* Buildings - These consist of eight structures locatec on land leased

from WSTEC. The condition of each of these major buildirgzs is as

follows:

- wood-working shop and product-display room - wood-working shop in
good conditions. some roof repairs needed: wood c¢ile roof over
the product display room needs replacing.

- Two drying shed (air drying) - one in good condition minor
repairs needed, second needs major repairs inciuding the
foundations.

- Timber treatment plant/chemical store/office - serviceable,

concrete floor in treatment plant.

- Sawmill - earth floor, timber structure, asbestos roof needs
maintenance.

- Manager’s office - serviceable.

- Storehouse/garage - not used, timber sheathes - serviceable,
mino. repairs on one wall needed.

- House and a Samoan fale - good condition

Plant and Machinery - major items of equipment include:

- Three Batman Varteg sawmills - only one operational: remaining
two could be used for parts.

- One Tovota forklift - operational
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Nissan pickup (198€3)

tractors - Ford 5000 - operational - one used as power plant
sawmill.

treatment plant - operational. mixing tanks. some valves and
piping system need replacing.

chainsaws - "Stihl”" operational. "Solo" needs minor repairs.
Woodcutter sawbench.

woodcutter radial arm saws

Challot scallop machine

Armucrup 3-side planer - minor repairs needed.

Armucrup 4-side planer

Dauckaert 24" speed sander

Atlas Copco LEY compressor.

Woodcutter dust extractor units and fan

- Electrical switchboard
- Power unit for the sawmill - major repair needed

- Other fixed assets consisting of loose tools. land improvements,

office furniture and equipment.

Stock - the average stock (8-month average. Februarv-August 1989) is
WS$26.,729
products.

worth of raw materials. work-in-progress and finished

Your offer should include the following:

* Price offered for CWPL as a going concern. A bank cheque

. amounting to 10% of the price offered should be attached to your
offer.

* Full disclosure as to ownership and management ream. All

financing arrangements must be complete. Tender offers based on
conditional financing will not be considered.

Coconut Wood Products Ltd. is offered as a goimg concern, with all
liabilities paid off. All equipment included in this tender offer is offered
on "as is" basis.

Tenderer is required to guarantee the employment of current emplovees
for a period of not less than three (3) months as of date of CwPLs transfer.
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1t is the tenderer's responsibility to examine carefully the whele of
the tender dccument and to satisfy himself that it’s full import 1is
understood. It is also the tenderer’'s responsibility to obtain at his own
expense all information required to arrive at the tender bid price. No claims
for alteration of the submitted tender amount will be entered on the ground

of alleged misinterpretation or misinformation.

The Coconut Wood Product Limited’s Board of Directors reserves the right
to refuse anv or all offers to re-advertise this tender.

An inspection of the premises may be arranged with Mr. Roger Hazelmann,
Treasurv Department or Mr. Pati Liu, CWPL Manager. Ph. 21135.

»Coconut Wood Products™ and deposited

All tender offers should be marked
22 January 1990.

in the Tenders Box. Treasury Department by 4:00 p.m..
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APPEXDIXN &

Drying costs for four kiln tyvpes at volumes of 600 m'/vear and 130
m’'/vear are shown below. assuming air drying to 25 percent &.C. All costs are
US$ and are based on the dryving of tava (the most common of the indigenous
hardvoods. and also typical of drying rates for the common species).

1. NVENT ION: hY

Dryving time 3 days for 25 mm.
Assume kilns are worked 250 days/year. therefore 83 kiln charges per year.

At 600 m’/year, require nominal kiln capacity of 7.5 m'.
At 1200 m’/vear. require kiln capacity of 15 m’.

At 600 m’/vear At 120C m’/vear
(a) Capital
kilns 1 x 7.5m’ $17.000 1 x 15m’ $20.00u
boiler $30,000 $30.000
handling equipment $15.000 $15.06C
$62.000 $¢3.00¢

(b) Operating

2 peouple stacking
€ boiler operators
1 kiln operator

4 people stacking
6 boiler operators
1 kiln operator

9pzople € $2500/vear $§22.500 11 people $27.50C
zlectricity
7.5kwx24hrsx250davsx$0.143/kWhr 15kw......

$6,435 $12.870
maintenance 10% of capital cost

$6.200 $€.500
annual capital cost € 187 interest

$11,160 $11.700
Total Operating Cost/yr $46,295 $58.570
COST PER CUBIC METRE $77.16 $48.81

2. SOLAR

Drying time 12 days (worst case).
Assume kilns are worked 315 days per year therefore 26 kiln charges per year.

At 600 m’/year, require a nominal kiln capacity of 23 m.
At 1200 m’/year, require a nominal kiln capacity of 46 o’

0 gl/ve At 1200 m’(ygax
(a) Capital
kiln 2 x 15m° $20,000 3 x 15m° $30,000
‘ $15.000

handling equipment $15,000

$35,000 $45.000




(b) Operating costs
2 people stacking
1 kiln operator

4 people stacking
1 kiln operator

3 people € $2500/yr $7.500 5 $12.500
electricirty

3kWx10hrsx315davsx$0.143 $1.3351 4 Skw.. ... $2.027
maintenance

5% of capital cost $1.750 $2.250
annual capital cost @ 18% $6,300 $8.100
Total operating costs/Nr $16.901 $24.877
COST PER CUBIC METRE USs$28.17 rs$20.73

N EILX

Drving time 5 davs.

Assume kilns operate 250 dav
At 60CG m’/vear. require & kiln capacity of 12 o’
kiln capacitv of 24 m’.

At 1200 m'/vear. require a

s/vear therefore 50 kiln changes per vear.

0_m'/yvear At 1200 p'syvear

(a) Capital
kiln 1 x 12m’ $10.000 2 x 12n’ $20.00C
boiler. controls $30.000 €37, 000
handling equipment $15.000 $15.000

$55,000 $€5.007
(b) Operating costs
2 people stacking 4 people stacking
1 kiln operator 1 kiln operator
6 boiler operators 6 bciler operators
9 people € $2500/year $22,500 11 people $27.500
electricity
2.5kWx24hrsx250daysx$0.143/kWhr

$2,145 SkWx..... $4,290
maintenance
10% of capital cost $5,500 $6,500
annual capital cost

@ 18% $9.900 $11.700

Total operating cost/yr $40,045 $49,990
COST PER CUBIC METRE US$66.74 Us541.66

4. DEHUMIDIFIER KILN

Drying times 5 davs

Assume kilns operate 315 day
At 600 m’/vear, require kiln capacity of 16 m’

s/year ,therefore 63 kiln changes per vear.

At 1200 m’/vear, require kiln capacity of 20 m’
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At _60C m'/year At 1200 n’rvear
(a) Capital
kiln 1 x l0¢’ $35.000C 1 x 20a° $43 . 000
Handling equipment $15.000 $15.000
$50,00C $60.00C

(b) Operating costs
2 people stacking
1 kiln operator

4 people stacking
1 kiln operator

3 people € $2500/yr $7.500 5 people $12.500
- electricity (includes initial resistance heating)
8kw for 5days/charge (compressor & fans)
15k¥ for 1 day/charge (resist. heating)
1320kvhr/charge x 63 charges x $0.143
$11.892 2640kwhr. ... $23.784
maintenance
10% of capital cost $5,000 $6,000
annual capital cost € 18% $9,000 $10.8¢C0

Total operating cost/yr $33.390

COST PER CUBIC METRE US$535.65 US4t .24
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APPEXDIX 5
BUILDING NOTES FOR THE SOLAR KILN

These notes are to be read in conjunction with the plan and parts list
provided on pages 53 to 70. The design is based on specifications provided in
the %42 Queensland Timber Framing Manual (ie design wind speed 42 m/sec)
published by the Timber Research and Development Advisory Council. which
defines framing specifications for the construction of domestic housing. These
notes are written as a series of building steps ordered in sequence. using
frequent references to the numbered plans and numbered items on the parts
list.

Before starting construction, it is advised that the trollev trucks and
rails are purchased or at least made avzilable. The reason for this is that
the height of the trollevs will determine the height of the floor inside the
kiln. The kiln design featured here is based on a kiln thzt has been
constructed by the Queensland Forest Service in Brisbane. The trolleyvs used
in that kiln are second hand crane truck trolleys., and the floor height is set
at 600 mm above the concrete floor inside the drying room. Loading svstems are
commercially available through makers of timber handling svstems. If taller
trolleys are used then the materials list and the plans will need to be
altered to compensate for a taller building.

* The site chosen for the solar kiln should maximise exposure to the sun
on a northerly aspect (for the southern hemisphere). A flat well drained ares
15m x 8m is required, with the long dimension oriented north - south., and
preferably scraped clear of vegetation and obstructions.

* The specifications for footings provided in the plan are designed for
use with timber floor construction in Queensland, where the underlving geology
is stable. That is. where the foundation is parent rock, or material that is
compact and has negligible shrink or swell capacity. If the builder is
uncertain of the nature of the site or where the site soil comprises high
density clays. ther the builder should consult a geological survevor or
engineer to have the site sampled and appropriate footings designed according
to the requirements of the foundation.

* The building should be sited to face true north as shown on sheet No:

3'. Accurately mark out footings on the ground according to the layout on

sheet No: 4. Dig trenches and pads ensuring footings are deep enough to be

based on sound foundation soil, and not fill or top soil. The minimum
sectional footing dimensions are given on section A - A’ on sheet No: 6. All

trenches and pads should be accurately dug to width and depth, and be free of .
loose debris, roots and water.

* Prepare steel reinforcing for strip footing under block wall. Use trench .
mesh item No: 1°, with stirrups at 900mm centres, item no: 2 to build
reinforcement frames tied with wire. The mesh frames should be supported 50mm

from the sides and bottom of the trench to allow complete coverage by
concrete.

' Numbers refer to the drawings on pages 53 to 68.

! Numbers refer to the parts list for the solar kiln, on pages 69 and 70.
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from the sides and bottom of the trench to allow complete coverage bv
concrete.

* 10 mm steel tie down rods, item No: 41, and steel post shoes. item No:
43 are requirec to be cast into the footings as shown in secticen 4 - A° on
sheet Kc: 6. Tie down rods can be prepared from steel rod, threaded one end
and angle bent on the other as shown. Tie down rods and steel post shoes
should be positioned using string lines. in each outer pier footing and along
the line of the centre wall respectively, as shown on sheet nos: 5 and 6
ensuring accurate location and height. Particular attention should be given
to the post shoes as these will define the line of the centre wall, and should
support the posts above the height of the top of the concrete floor. 15 Mpa
ready mixed concrete should be poured into the footings. and should be
accurately levelled such that all piers and strip footing are at the same
finished height. Tie down rods and post shoes can be inserted in the wet
concrete after levelling. ensuring good contact with concrete. These will
require temporary support in order to hold accurate position until concrete
has cured.

* Concrete block piers and walls can be constructed on the foundation
after the concrete has cured sufficientlv. The height of the piers will be
determined by the height of the stack trollevs. The plan allows for a floor
height above ground of 744mm, and a trollev height of around 570mm. The block
walls are made up of solid face blocks up to the height of the floor. and
breeze blocks above the floor. Note that the solid face block wall is
continuous around the perimeter of the drving room while the breeze block
screens are on each side of the drving room onlv. (An alternative to the
masonry block wall is to build the wall using timber. This can be done using
a timber frame sheeted with plvwood or timber to seal the section beneath the
floor and vertical timber slats used to make a screen. These slats should be
50mm wide and create a void area in the wall of 252.) The block walls are made
from 3 courses of solid face blocks and 11 courses of breeze blocks at 700mn
each course. A final course of blocks 90mm tall is required to bring the final
height of the walls to 2889mm which is shown on sheet No: §. During
construction of the block wall. holes should be cast into the mortar to
facilitate bolts that are required to fasten floor joists to the block wall
as shown on sheet No: 6 section A - A’. Bolts are also required to be cast
into the mortar at the top of each screen wall in order to faster. a bearer
to take the roof rafters of the drying room. The detail is given in section
G - G’ on sheet No: 9. Having completed the block work, the two breeze block
walls should be temporarily supported to prevent them falling over.

* The concrete slab floor can be poured at this stage although it can be
left till later as required. The floor should be placed over a 50mm thick
blinding of compacted sand or gravel, and sealed with a 0.2mm thick plastic
membrane, item No: 5. Steel fabric reinforcement, item No:6, is positioned
30me from the bottom of the concrete slab supported by chairs at lm centres.
20Mpa ready mixed concrete is laved 125mm thick, and trowel finished.

* The sub floor framing can be constructed as soon as the block work has
cured. The layout is shown on sheet No: 5. Floor bearers should be positioned,
with any joints lapped over piers and fastened by tie down bolts. All Timbers
should be underlayed with ant capping. Where the floor joists are bolted to
the block wall strip ant capping is required, which can be made from 100mm X
100mm galvanised flashing. item No: 40,(see sheet nos 6 and 7). Butt joints
into the block wall floor bearers should be fastened with joist hangers as
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shown on sheet No: 6. and nziled off with the spiral shank nails. item no: 372,
At this stage the bearers for the drving room rafters should be belted to the
top of the screen walls. Inside the drving room. the side hobs can be
constructed as depicted on sheet No: 6. and the frames ramset nailed to the
concrete floor.

* Having completed the sub floor framing, the ply flooring can be laved.
The plvwood, item No: 19. shiuld be fixed with clouts item no: 2§.

* Wher the floor is complete the timber frame can be built. The framing
is constructed in order from the inside out. That is. the dryving room is built
first followed by the external frame. All frames are best prefabricated while
laved out on the ground, temporarily braced and lifted into position. RNote
that all studs are positioned at 600mm centres and rafters at 900mm centres.
When a11 the frames are up then the building can be checked for correctness,
plumbed and squared prior to nailing off all the bracing. All joints in the
top plates between walls should be joined using steel frame joining plates,
and nailed with spiral shank nzils. item No: 30. All steel bracing should be
continuous from top to bottom plates. at an angle of 45 degrees. and have two
nails per stud.

* The internal or drving room rear wall is constructed first. The lavout
is given on sheet No: 8. Note that the top plate extends over the screen
walls. and the bottom plate is shorter to facilitate the access doors. The top
plate is fastened to the bearer on the top of the screen walls. and requires
25mm packing. Detail is given on sheet Ne: 9.

* The centre wall should be constructed next. Posts should be prepared
with bolt holes in the bottor to match post shoes. and a saddle cut in the top
to take centre beam which runs the length of the drving room. See Sheet No:
10. The posts can be positioned in their shoes. followed bv the central beam
which ties in to the internal rear wall. and is fastened with 2 bolts, item
No: 35. The centre wall can be temporarily braced in position at the southern
end. until rafters are attached. Coach screws. item No: 36, are used to fasten
posts in shoes at the bottom of the posts. Similarly screws are used to fasten
the posts to the centre beam at the top. At this stage the centre hob can be
constructed and sheeted with 19mm ply as shown on sheet No: 6. The bearers for
this hob are bolted to the posts, item No: 35, and fastened tc the floor joist
under the internal end wall,(See Sheet No: 5).

* The rafters of the internal roof should be positioned next. Each rafter
is butt joined to the central beam and is fastened to the bearer on the top
of the block wall, as shown on sheet No: 9. Note that the rafters are rebated
to fit the bearer. and trimmers are fitted between each rafter. At tne centre
beam, a joist hanger is used to support the join, (See sheet No: 11).

* The southern wall should be constructed next. The layout of the wall is
shown on sheet No: 12. Note that the wall has a plate running across its width
above the door. Also, the studs should be cut with a 15 degree angle on the
top to fit the slope of the roof as shown on Sheet No: 10. Plvwood sheet. item
no: 20 and 21 is used to clad both sides of the wall, with the treated plywood
used on the exterior. The plvwood should only be fixed when the wall is
positioned and certain to be plumb and square. The wall should also be
insulated with polystyrene foam, item No: 52. This is cut to size to fit
between the studs in the wall and is sandwiched between the plywood cladding.
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*® The centre baffle should be constructed next. The studs are positioned
at 621mm centres along the top plate and 600me centres along the bottom plate.
to compensate for the 15 degree slope in the roof. Note that the tallest stud
can be cut to length which is given on the plan. and each stud is 16lmm
shorter than its predecessor. The wall is fastened to the centre beam of the
drying room and to the southern wall.

* On completion of the baffle wall the fan wall should be built. The
layout is given on sheet No: 10. Note that this wall and the baffle wall are
sheeted one side with 7mm ply after the timber framing is complete.

* At this stage the drying room roof and end wall should be clad with
- corrugated iron sheet, item No: 54. The iron can be screwed directly to the
rafters and stud wall using roofing screws. ii2m No: 37.

* The northern end wall is constructed next. Studs should be cut with 30
degree angles on the top to compensate for slopes on the roof and the wall.
The wall can then be positioned and temporarily braced awaiting the side walls
to be fitted.

* The side walls are to be constructed next. The layout is given on sheet
No: 14. The plates can be built from shorter lengths by cutting half lapped
joints and fastening the joins with frame joiner plates. Studs are marked at
600mr centres on the bottom plate and 62lmm centres on the top plate to
compensate for the roof slope. and each stud is 16lmm shorter than its
predecesscr. Note the positions of plate joiners between stud and plates at
bracing points on the side walls. These are required to complete the tie of
the recof to the footing. When all the exterior walls are in position. the
frame should be plumbed and squared and all braces nailed off.

= The final stage of frame construction is building the roof. The rafters
can either be continuous over two spans, or if 6m lengths are unavailable,
thev can be butt joined over the centre baffle and fan walls. Triple grip
joiners. item No: 31. in left and right hand pairs are used to fasten each
rafter to the top plates of the side and centre walls. Having positioned all
rafters. trimmers are cut and fitted between each rafter over the side and
centre walls as shown on sheet No: 15. A flat iron brace. item nc: 27, is used
to brace the building to maintain squareness. This brace runs across each
diagonal of the roof and ties down orn to the top plates of the side walls. Two
nails should be used in each rafter, and the brace should be pulled as tight
as possible across the roof.

* To complete the timber construction the internal access doors and the
main doors need to be built. The main doors in the southern wall are
constructed from a light timber frame sheeted both sides with 7mm ply and
filled with stryrofoam in the same way as the southern wall. The detail is
given on sheet No: 16. The external ply sheeting should be treated to resist
decay. A door stop is provided by cutting the external sheet to provide a 20
mp lap over the centre post which is reinforced with a metal internal angle,
item No: 51. This angle can be the same material used for bracing the wall
frames. The doors are sealed with a door sealing strip along each side and the
top. The doors should be hung with a 300mm steel gate hinge and pad bolts used
as door latches., item No: 46 & 47. Similar to the main doors, the internal
doors are constructed from a light timber frame and sheeted one side with 7mm
ply the main doors. They are hung on 100mm butt hinges and pad bolts used as
a latch, item No: 48 & 49.
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* Having completed all construction excluding fitting the exterior plastic
cladding. all surfaces exposed to the sun should be primed and painted with
an exterior grade acrvlic paint. The final colour should be matt black.

* The exterior polvcarbonate plastic cladding is screwed to the frame
using galvanised roofing screws 75mm long. item No: 37. The holes in the
cladding should be lmm larger than the screws to allow for a small amount of
expansion in the sheet. and the screws should be fitted with a neoprene washer
to seal the hole from water and air leakage. All lapped joins 1in the sheets
should be sealed with clear silicone sealant, item No: 53. All joins at
corners should be sealed with impregnated, corrugated foam strip. item No: 25,
see sheet No: 15 section C - C’. All corners should be further sealed with
100mz X 100mm galvanised iron flashing, item No: 45, excluding the corner
between the roof and north wall. This corner should allow run off from the -
roof, and the sheet on the roof should be extended over the north wall to

provide an eave to aliow drainage of rain water awav fr~m the kiln.

Handling and Storage

1) Store the sheets on a flat surface.

2) Keep away from direct sunlight during storage.

3) Avoid contact with chemicals, paints, adhesives or anv other svnthetic

materials which are incompatible with pclycarbonate.
Method of Installation

Alwavs install the material with its sticker. "THIS SIDE UP" facing the
sunlight. This is the side that has been treated with a protective coating
against radiation.

purlin Spaci

The spacing should generally be as recommended in the table. For sheets
exposed to winds or other high loading. these distances should be reduced.
when using longitudinal overlap fasteners, spacing may be increased up to 1200
millimetres.

Roof Pitch

It is recommended that roof pitch should be a minimum of 10 degrees.
If smaller pitches are necessary, special flushing or sealing should be used.

cutting

Polycarbonate plastic cladding can be cut with shears, fine tooth saw
blades or fine circular blade saws.

Drilli

Polycarbonate plastic ciadding can be drilled using all kinds of bits.
Screw holes should exceed screw diameter by at least 2 mm to compensate for
material expansion.
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Eistening and Fixing

Use cnlv rust-free fasteners to fix the plastic cladding in place.
Washers should be made of neoprene rubbers compatible with polvcarbonate.
Take care not to use soft P.V.C. washers or other materials that are
incompatible with P.C. sheets. Depending on wind exposurc. the plastic
cladding should be fastened at every third or fourth corrugation. Sheet edges
at ridge and gutter should always be fastened at each second corrugation.

Roof fastening

When fastening »Jolycarbonate plastic cladding to roofing. it is

recommended:
Iron wave/Industrial wave - Fasten the sheets through the “crests” of

the sheets. using matching curved washers. Take care not to put the sheets
under any stress in the fastening points.

Wall fastening
When mounting polycarbonate plastic cladding sheets on walls. screws may
be fixed in the vallevs even in iron wave sheets. Purlin spacirg can be

higher than in roofing applications.

THE ROOF, UPPER VIEW
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DETAIL A (roof covening) - Main ran & wing giredlion l
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DETAIL B (wall covering)
DETAIL C (side-lap)
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7
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cine I X

When using the GRECA profile (see detail D) - Fasten the sheets in the
*valleys” and tighten the screws with flat washers to avoid leakage.

Overlapping

Also when using the GRECA profile - When overlap fastenmers are used,
only one corrugation overlap is recommended. Sheet end should overlap for
about 120 millimetres (see details E & F). The upper sheet in the overlap

should be the upwind sheet.

THE ROOF. UPPER VIEW
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DETAIL D

main fan & wing girechion

DETAIL E -
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Instzllation of fan and motoxr

* The fan and motor can be purchased in combination from suppliers of fan
equipment. The fan and motor used should provide a 1 meter per second air
velocity through the stack at an estimated static pressure of 6mm water gauge.
This corresponds to an air volume of 7 to 8 cubic meters per second through
the fan. A recommended combination is a 1.1 kW Motor, with a 960mm diameter
fan, with 8 wings at a pitch of 16 degrees. rotating at 700 rpm.
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PARTS LIST FOR THE SOLAR KILX

ITEM & | DESTRIFTION SUBNTITY ANT UNIT
1 F8TM™ trezch mesh € lgthe €6 m x 230 o wide x & =
bacs
2 | Stirrups 18 frames € 2l m- x 1Sl o= x £ o
bazs
&
3 i Mpa cznczete 2 cubic metres
4 2 cub:ic metres
: 3 Z¢ Square metres
€ 2 sheets
~ I ozubic retres
& 257 klocks 287 x 180 x &l
2 1 x 80 x 82
)3 357 blecks 287 x 180 x €7
1Z | Eearers ~Iomox J28 e oy 0D
P Fearer: Sl oy 125 v 87 oo
ie Pcsac oy 100 oy 0T e
1 | Elezk wall Lbeacer 28 x Tf oy 5D oo
Lf ]| Wall frarm:ng 2-C oy Wl o o5 50 o
ST koot framing L2~ rox 128 mem w81 o
1t ) Coor fram:@:ng “l @y 230 mm oy 3Eoon
Nzte: AL1 l:mie: it tz be F™ unseasznes cr bette:
22 | So-ucetural pivwsod IUOTED 32 sz mx & hick
r3s Structural plywssd DE « sg o ¥ T o thin
2. | Structural plywosd DD treated sy e Tom thiok
22 Polycarbonate shee: 8 sheets 2.4 m
"Suntuff corrugated 867 m: wide”
23 Polycarbonate sheet 24 sheets 3.0 m
"Suntuff corrugated 860 mm wide"
y 24 | Polycazbonate sheet 24 sheets 3.Em
"Suntuff corrugated 860 mm wide”

25 | Impregnated foam sealing strips 80 x 762 mm

2€ | Metal angle speed braczing 26 m

TTTT]

27 | Flat metal kracing 20 m

2: | Cloute Skge x 4l a@ar x 2.5 o0

2¢ | Bulle: heade 25 kge ¥ 10C om x 2 " mr
3 Sg:ral stank fram:ng na:l: 1 kg x 50 om x 3.0 ow 50 mr.
21 | Trip.e gripe 40 right hand 47 lef: hand
2o f Joigt hengere 2¢

.
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I e | DESTRITTICN
33 | Frazme ;simirg plete: 3l
Za Ezl%: - Elock well 20 x 221 or » 0 om
ti Eclze - tentre bea- € x 188 x 10 ==
36 | Toazh screws 12 x 6l x £ o

37 632
3c Frine: and matt blaczk top ccat

Art capp:irg

18 sguare cafps

Ant capp:n

1€ m strip capp:ing

18 rods

S post shoe:

r
"

13}

*

£2 | Dozz frave metal angle ile
s Styrcfsar inmsulaticrn ke » 32 o thizk

Sil:cone tealant

Cczrugazed -:zecrn

[V
i

Far ani m:zior

M T T T T T T T T T T T T T

e
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APPEXNDIX €
DUTIES OF EXPERT FOR SOLAR KILN INSTALLATION AND TRAINIXNG.

1. Supervise the construction of the kilns.

& 2. Train local staff in the operation of solar kilns in detail and timber
drying in general.

t 3. Conduct a technical evaluation of the kilns at Samoa Forest Products,
Savaii, to assess their current condition. to prepare a maintenance schedule

and to conduct operator training.

4. Develop moisture wmeter correction factors for the range of loca
commercial species.

5. Document the performance of the solar kilns.
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APPENDIX 7

COMMENTS OF THE SUBSTAXTIVE OFFICER

1. The consultant did a very thorough job. We concur with a&all his
conclusions and recommendations.

2. We concur with the type of solar kiln he proposes, and with the proposal
of erecting additional ones as and when needed both by the sawmillers and the
furniture industry - the latter will most probably need their timber dried to
a lower moisture content.

3. We also concur with his emphasis on the need for the furniture industryv
to create, as soon as possible., the Association to negotiate the building of
the solar kiln facilities and to administer it. This, to our eves. is a sine
gua non condition for anv future technical assistance in this field.

4. Since we are not familiar with local conditions. we cannot pzss
judgement on the relative merits of the site of the Forestrv Division and that
of the Smz'l Pusiness Centre. However. to our eves. everyvthing else being
equal - or nearly equal - the availabilitv of the Forestry staff to supervise
the drying operations (and cemedv errors) weighs, initially at least, in
favour of the Forestry Department site.






