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Explanatorv ~otes 

The value of the local currency during the period of this consultancy 
~as ~S $2.23 - CS $1.00 (L"K Operational rate of exchange). 

Electricitv cost is a flat rate for all consumers ann is ~S $0.3~/k~'"hr. 

The follo11dng abbre\•iations have been used in this report: 

L'!\IDO [nit~d Kations Industricl Development Organization 
~S ~estern Samoa 
C~PL 

'!ASTEC 
DB:.:s 
e.m.c. 
SFP 
RH 
Rf 
DED 
m1 

Coconut ~ood Products Limited 
~estern Samoa Trust Estates Corporation 

DE\·elopme11t Bank of ~estern Samoa 
equilibrium moisture content 
Samoa Forest Prnducts Ltd. 
Relatin Humicitv 
Radio Frequency 
Department of Economic De-.-elopment 
cubic m~tres 
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Abstrpct 

This stud~- ...-as originally intended to finalise th~ spf-cificatiot; for 
kilns to be installed at Coconut ~ood Products Limited (C~PL} at \aitele. 
~estern Samoa. Shortly b<-fore the commencement of the mission. CAPL cfased 
operations after four years of unprofitable trading. The government 
shareholders ha'\·e been attempting to prh·atise the compan,·. but negotiations 
with the •successful• tenderer have broken down. It is considered unlikely 
that CAPL aill be sold ht.cause of lack of guaranteed log supply. the size of 
its accwaulated debt. the re-leasing of part of the sitf: to tao other 
businessEs and the recent fire in the treatment plant building. 

Ho,..ever. the study did find that coconut wood processing is likely to 
become an important part of the sa1.-milling industry in ~estern Samoa. This 
••ill probably occur from the year 2000. when the resource of indigenous 
hard,...ood fc>rest is exhausted (ginn current cutting rates). Although hard•oods 
are beinb planted. these aill be unable to supply demand until approxi1BC:~ely 
2010. 

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

The infrastructun: necessary for a co-operath·e solar dr;.·int; faci Ii ty 
is described and tao suitable sites for the operation •ere im·estigaud. Plans 
for the construction of kilns are provided . 

llllllll lllllllllllllllllllllllllllllllll 1111111111111111111 1111111111111111111 111111111111111111111111 11111111111 1111 1111111 1111 1111111111111111 111111 11111 11 II 111111111111 11111111 I 1111111111111111111111111111111111111 11111111111111111111111 I 11111111 1111111111 I I 1111 11111111 II 11111 
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The consul t.:mt is ind~bted to the mony people in •estErn Samc·a ,.-ho \..·ere 
so helpful in the provision of information and advice. Several in particular 
des£rve special mention: Mrs. Fu'a Hazt:'lman of l~DP: !ir. Misiolo Sofe. 
Samuelu Enari and Mrs. Itagia Faumui of the Department of Economic De\·eloi:ment 
and Mr. Tepa Suaesi of the Forestry Division. The assistance and friencship 
of these people made it possible to achieve a great ~eal in a short time. 

The consultant is grateful also 
of the Queensland Forest Ser\·ice 
specifications of the solar kilns. 

to Mr. Graeme Palmer and Mr. Da\·id Cough 
for the dra~int of plans and the 
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l~TRODCCTIOX 

This report co\·ers a consultancy by :\.~I. Mc~aught. C.Jnsaltant in timber 
dtying conducted o\·er t"o '-"Hks ir. September 1990. A cop'-" of the job 
descriptior. is contained in Appendix 1. It folloi.:s up an exploraton· missiot, 
by l"SIDO consul-: ant, H.P. Brion. 1'.'ho provided assistance to the furniture 
industry of w;estern Samoa in January. 1988. (Prc:rct l>P/Jt.\S/86/075). He 
concluded that the wood-based furniture industry '-"oS 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 
prod1Jcts excessi\·ely for local consumption. Furthermore. the local resource 
of coconut wood cut from overmature plantations managed by the •estern Samoa 
Trust Estates Corporation ('ASTEC) 1':as 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. Brion considered that the 
construction of '"ood 1':aste fired flue-gas heated kilns at Coconut i.;ood 
Products Limited (C;\PL) to dry both coconut timber and indigenous hardi.:ood 
1':ould assist furniture manufacturers and increase the use of coconut '"ood. 

The main objectin:s of this mission \.:ere to: 

1. Determine the required kiln capacity of C"PL: 
2. Confirm that the choice of a '"ood ,..aste fired flue-f.C.S heated 

kiln is the most appropriate kiln type for C"PL: 
3. Dra,.. up technical spe-cifications fer the- proposed kilns and 

laboratory equipment: 
4. Define the duties of local and expatriate: personnel Hq:.:ired to 

build these kilns. 

These objectives required rev1s1on because C~PL has ceased operation. 
follo,..ing four years of unprofitable trading. The shareholders. ~STEC and the 
DevE:lopment Bank of w;estern Samoa (DB;\S) attempted to sE:ll the company b~· 

tender in January 1990. Although a tenderer 1'.'as ad\·ised that his offer ,..as 
successful. ne;gotiations appear to ha\·e broken do'lo:n. principall~· be-cause V:STEC 
is unabl.: to guarantH log supply. It ,..ould seem unlike!~· that c.:PL t.-il l 
start operating in the near futu~e. 

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 follo,..ing 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 the;re 1'.'ill be a ten year period from the year 2000 when the lack 
of indigenous timber resource is likely to make coconut wood processing a 
necessity. After 2011. the plantati~n hardwood programme should be able to 
supply de;mand. 

Th~ list of persons met is &iven in Appendix 2. 
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I. 'i.:00[\ DRYI~G IX THE TIMBER I:\DCSTRIES 

W:ood drying to appropriate moisture contents to prH·ent shrinka!;E- is not 
common in the timber industries. Most timber is sold either grHn rft s;;1 .. : or 
after some limited kiln ... •r air drying. The purchasers of timber de-stinec! for 
appearance grade products. such as furniture and Joinery. generally attempt 
to air dry their timber to around 18-20 percent moisture content. although 
this is often not achieved. 

A. Kiln Seasonin' 

Samoan Forest Products Limited (S.F.P.) at Asau. Savaii. operates the 
only conventional steam heated compartment kilns in the country. The kilns 
are aluminium sand\.-ich panel construction. with com·entional finned heat 
exchangers. line shaft fans and humidification by open steam 1 ines. The 
manufacturer of these- kilns is Moore kilns of Canada. There are: fi\·e kilr.s. 
each ,,...ith a nominal capacity of 100 m3

• Only three of the fin an 
operational - the other t,,...o have been used for spare parts and are damaged. 
The remaining 300 ml capacity is more than adequate for the budgHEd sa,,...mill 
output of 12000 m';~·ear. as 25 mm thick timber is onl~· dri=d to 20 percent 
m.c. and 50 mm thick timber is dried to bet,,...een 30 percen~ and 50 percent m.c. 

T"'o other sa\."mills in Savaii. T.~. Corporation and Bluebird Sa\."mill. 
both ha\·e considered the instaliation of kilns. but regard com·ent i onal kilns 
as too expensi Ye for the size of their sa\."lllills. Each has approximate:!\" 1000 
tC· 1200 m3/~·ear of timbu ,,...hich they \."Ould like to dr~-. Anc·ther mili. :\n.: 
Samoa l\ood Industries at \"aitde. t:polu. also has drying needs of about 1.200 
m"/year. 

B. Air Drvin~ 

~o air drying \."as obsEn·ed in an\· of the sa\.'IDills \"isiHd. 

On building sites. timbe-r for structural purposes is often stackEd 
vertically against trees or makeshift supports. Such practice \."ill reduce the 
moisture content some,,...hat. but results in surface checking and distortion 
caused by une\·en drying 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 layers separated by stickers, for about two months 
for 25 mm thick boards. The standard of air drying was reasonable. lOith 
attention paid to sticker alignment and protection from the sun and rain. 
However. most air drying sheds have poor air circulation. as they are 
surrounded by other buildings and trees. Whilst fe,.. drying defects occur 
under thes1: circumstances. drying rates are much lower than \."hat can b<: 
achieved in a well designed air drying yard. 

c. General 

There is a good unde-rst.mding b~· furniture manufacturers of thE need tu 
drv timber to a moistur~ content appropriate to the location of its end use. 
Most kno~ of th( lo,..er e.m.c. in air conditioned environm•nts. ho~evEr nonl 
of the furniturP or joinery manufacturers or any of the timbEr suppliers hav1 
equipm(nt for moisture cont•nt de-termination bv th1 ove-n drv ruPthod and or1lv 

• 
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~ne sa•mill fSFP) has a moisture meter. ~o species or temperature corrtction 
factors are used 1o:ith this meter. and no species correction factors are 
available locally. Although figures published in Australia. Se• Zealand and 
Fiji are a'\·ailable fer the most common species used. these should be used •i th 
caution. as large '\·ariations in electrical conducti'\·ity ca:. occur for a 
particular species from different localities and countries (Hartley and 
Marchant. 1988). 

The understanding of the local timber industries about types of kilns 
is poor. •ith most kno•ing only about conventional steam heated compartment 
kilns and dehumidifier kilns. 

11. ~OOD DRYIXG I~ THE ~ESTER.~ SAMOA.~ CLI~t~TE 

Table 1 summarises the climatic data for Apia. The climate for air 
drying is particularly good 1o:i th an aYerage temperature of 28°C. a'\·erage 
relatin: humidity of 79 percent and g1:ne1ally strong trade ...-inds. Surface 
checkinf. is not common. due to the generally high and constant relative 
humiditv. 

Table 1 

;, ::. ·. 

Summan· of climatic data for Apia •eathe-r station. fi~ure-s an 
mean normals for the '\'es.rs from 1941 to 1987 inclusin. 

Annual 

2: : 2-: 2-: 2: : :- - 2-; ~-.: 2·.c 2- ~ 2· - 2: : 2' : 21.1 

E.: :: 

25&2 

Forestry Division data shot.: that the outdoor e .m.c. is 17 percent. .ne 
inside e.m.c. could be- expected to be lS-16 percent in normally ventilated 
rooms. since inside e.m.c. is typically 1-2 percent lot.:er (Bragb. 1986). In 
air conditioned rooms and offices. of 1o:hich there are many 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 •ill occur 
'l.'ith the use of any timber that has not been kiln dried, since even well air 
dried timber '!.'ill only reach 18 percent moisture content. Because virtually 
all new office de'\·elopments are air conditioned. local furniture manufacturers 
must use properly kiln dried timber if their products are to be used in these 
buiidings. 

III. DRYING REQtIREME~TS OF THE TIMBER ISDCSTRIES 

The drying requirements of thr furniture, joinery. building and 
sa,.inilling industries are tabulated (Table 2). Figures ginn for the sa1o."mills 
are the volumes which their managers consider they would dry given adequate 
kiln facilities. 



·raoh 2. Drdn~ reguirei::!:nts of the- timb€r induc:tri£s. 

~ ':"o;;:.g C::-:s~~uct:o:. 

?a: ,..::._ !!;,,.- Co. 

I 

s: c:: c:f 25 or. !!:.:::-:-:; t.;;::-e • 

2~: :: c! 5~ nr ·::-..::!:!:~£ 

_M_:_:_!_c_::-_ci_D_e_·:_ .. _: .... -;r.i_._ .. _=·-~ ______ F_1:::-_._.:_~_:.:_::-_e _. _.J_c_:_:-:e_::-.... :.-_____ ~_2: !!: o! 2 ~ !!r 

.: .: ::-:e::: 

F:.:.:-~::·..::t:. t:: ". =~ 2~ :r. 

Totr.l 1300 n:? - aprrox 850 m' of h mm 
450 it. of t!-.ickt!· timb.:~· 

:i::~ 2: ... _______ , 
. . : ~ 2': ::r 

Total 3400 m of 25 mrr 

s::: :.-. cf 2~ rrr 

lOC: r- c! ~: :"T' 

Total 1000 m1 of 50 mm 

For the seven furniture manufacturers surveyed in Apia, the total dried 
timber required is 1300 m1 per year. made up of 850 m1 of 25 mm and 450 m1 of 
50 mm. At present. approximatdy 600 m1 is imported, most]~· from Fiji and ~E'li 
Zealand. 

I\". ST A n:s OF coco~·cT \,;OOD PRODUCTS Ltd . 

When Mr. Brion examined the furniture industrv of W. Samoa in 1988. hf 
recosnised thf nHd for a timber dninr facilit~· to enablf thf furnitun 
manufacturers to maintain thf market for their products. Hf considfred that 
C~PL was thf most suit;.blf organisation to conduct dr~·in~. both for coconut 
\o'ood and th(· indigenous hardt.'oods. 

c;..TI. commcncf.d operation in 1976 as a n-sult of ~n: Zu-.Jand firnrnci.-.J 
and t echni ca J ass 1st anc( . Its ownc r ship and mano£E:mr pt has cha nr,c ·I hands four 

• 
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timfs and it has ceased operations in 1981 and bet•een 198] and ]Of5_ Ar 
pr,;.senr c;:rL is a j0int ,.-~nrun cor.:p.3n:- 01.:ned b:- ~STEC and Df~:s _ In J,rnu.:;r ... -
109(• _ thEs.: sharehdders att~mpt .. d to sell the compan:1.- by open tender <SH­

.:\ppendix 3). One tenderer. Lober Industries Ltd __ 1..:as ;;d'l.·ised l·: DB";.:S that 
their tender •as successful. ho•ever finalisation of the sales has n0t bt-en 
completed bt-Lause: 

1. ASTEC ,.-ill not pro'l.·ide guarantees of a contir.uin~ log suppl:·. despite 
statements to the contrary in the tender documer.t-. 

] . ".iSTEC consider that tht prict: offend by the tenderer is to.:. lN· tc 
reco'l.·er sufficient of the accumulated debt. 

3. Tht- lease on the 4 acn s on 1..:hich Cw;"PL is situated •ould no longeT 
appear to be valid. since tao 0.5 acre leases have been dra~-n up on the 
same area. This is despite the expiry date of 2004 on the ori~inal 

lease. al though C~PL may ha\·e breached this original lease through 1.on­
pa ... ·r.:ent of annual rental . 

Lober Industries Ltd. bid for c-;.:PL •as conditional on items l and 3 
beinf resoh·ed. i.."hilst tht: land leasing arrangements could be ne-got iatE:d. the 
lack of guarantHs on log supph· ,.-ould be more difficult to resolw. ;:sn::­
is at present changin~ its structure and the o~-nership of much of its 
plan:ations. so it is clearl:- not in a position to enter into an~ ~~arantees. 
~STEC also consider that the target replanting of senile plantations of 1000 
acres ptr year ma:- not ht achievi:d because of financial ~onstraints_ At this 
stage. ';.;STEC and Lober Industries are communicating through the:ir n-specti'l.·e 
solicitors. The principa~ of Lober Industries. Joe Lober. conside!·s it 
extremely unlikely that ti.( contentions issues can be r~soh·e-c _ 

!·Ion difficult:es ha'l.·e occurred t.:ith the 'l."era:ure because a fire has 
dE:stro ... ·ed part of the treatment cylinder equipment and the shed ir. ,.-hi ch the 
treatmt:-it t;:;nks are containt:d. 

It is therefore- considered unlikely that c;:PL ,.-ill opi:rare in the ni:ar 
future. It is the consultant's opinion that the utilisation of coconut •ood 
will probably be limited to treated posts and poles until timb'r shortagts i~ 
the earlv 2000's impact. (seE Chapter ~III) 

\". DESCRIPTIO~ OF KIL'\ TYPES 

A wide range of kiln types have developed in response to different 
drying requinmi:nts. energ~· sourct:s and scale of operation. This chapter 
de!=cribes the range available and their attributes. Examples provided on 
c~pital cost refer to installed costs in Western Samoa. excluding imporr 
duties . 

A. Conventional Compartment Kilns 

Figure 1 sho•s the essential elements of a conventional compartment 
kiln. These kilns may be constructed from any heat and moisture resistant 
material. such as cla~· bricks. concrete blocks. reinforced concrett-. insulated 
metal panels and even fibri:-cemcnt shee-t on a timber frarre. W."here energv cost 
is high. or •hen operatinr, temperatures an ver~· much highE-r than ambitnt 
conditions. the materials used must provide good insulation. Most kilns of 
this typE are constructed no• from modular insulated alumi~ium panels usinf 
a stt:el portal frame. although masonry construction is popular whEre capit~: 
cost needs to be minimised. 

1111111111111111111 11111111111 1111 1111 111111 111111111111 Ill llllll llll 11111111111111111111111111111111111111111 I 111111 111111111111111111111111111111 11111.111111111 I 1111 11 1111111 111 11111 1111111111111111111 11111111111111111 11111111111111111 111111111111111111111 11111 111111111111111111111111111 11111 1111111 
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Fib. 1: Schematic vie~ of an indirectly heated compartment 
kiln sho~ing the main features. 

Operating temperatures of these kilns can range from 3S°C in the case 
of drying refractory. collapse prone species from hi~h moisture contents. to 
150°C for the rapid drying of coniferous species. 

The main features of this type of kiln are the air circulation fans, 
steam lines or water spray nozzles for humidification, \·ent·s for 
dehumidification and the heat source. The heat source can vary greatly, and 
kilns 1.:an 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. 

Direct!\· heated kilr.s do not ha\•e heat exchanf,HS. The products of 
combustion are circulated throughout the kiln and then are vented to the 
atm<>sphen. Because of thE- danger of the timber in a dinct fired kiln 
catching fire. the de-;ign and main:enance of thesE- systems is critical to 
their succ£ss. At present, only gas direct fired kilns havt proved 

• 
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satisfactory as the sparks from ,..ood ,..astE- find system an: a major problE'm. 
Spark arrestor eo.iipment ·of the standard requirE-d to pre\·ent a:-.~- SF·arks 
entering the kiln chamber is currently more expensi'~ than a comparable heat 
exchanger svstem. 

The main attributes of com·entional compartment kilns ar"-: 

1. Capacity - 5 m3 to over 200 m1 

2. Energy Sources - Indirect: 

Direct: 

wood waste. gas or oil 
,..-ood ,..aste. gas or oil 
wood waste, gas or oil 
wood ,..aste combustion 
gas combustion gases. 
gas combustion 

heating steam 
heating ,..at er 
heating oil 

gases 

,..ood •aste combustion (not recommended) 
oil combustion. 

3. Capital cost examples (in£talled costs): 
(a) 1 x 15 m3 masonry kiln. indirectly heated ,..ith a •ood ,..aste tirE-d 

hot ,..ater boiler. 
kiln ts $20.000 
boiler ts $30.000 
handlinh equipment ts $15.000 

Total ts $65.000 
(b 1 2 x 60 rt' aluminium panel kiln. indirt:cth· heated \.:itr. a •0od 

,..aste fired steam boiler. 
kilns ts $750.000 
boiler rs $500.000 
handlin£ equipment rs $"00.000 

Total tS$1350.000 

4. Labour - assumes continuous boiler attendance is required 
(a) 1 x 15 m' kiln : 7 days/1.:e-e k x 24 hours/day x 2 people 
(b) 2 x 60 m' kilns: 7 days/•eE-k x 21~ hours/day x 3 people 

(does not include timber stacking) 

5. Drying Times (estimated) 
At 70-80°C Dry bulb temperature. with medium density tropical 

hardwoods (eg. tava. approx 700 kg/m3 at 12 percent). 3 days from 25 
percent to 12 percent moisture content for 25 mm thick timber. 

B. Dehumidifier kilns 

Figure 2 sho•s 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 al\.'ays el2ctrically heated and that 
water evaporated from the wood is removed from the kiln by condensation. 
thereby recovering the latent heat of vaporisation. 
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Fig 2. 
SchE:matic \"iet.: of a dehumidifier kiln. Dr~· air is blolo:n onr the 
top of the charge and flows back through the timber and over the 
evaporation coils of thE: refrigeration unit. The e\·aporator 
coils chill the air, thereby condensing water and reco\·erinf, the 
latent heat of vaporization. The condensate is drained from the 
unit to the outside of the kiln. The air then passes o\·er the 
condensor coils where it is heated before circulating through the 
timber again. In most ')f these kilns, subsidiary resistance 
heating is pro\·ided to speed heat up, and in many designs. 
additional air circulation is provided by auxiliary fans. 

Because the energy source is expensive. the kilns an gen£:rally 
constructed from metal-foam-metal panels. similar to those used in comm£:rcial 
cool rooms. 

Limitations on the maximum operating temperature of the refrigerant 
limit kiln temperaturei> t.o around 60°C. Drying is therefore somet."hat slo\;er 
than for conventional kilns. In addition, dehumidifier kilns do not have an~· 
steam humidification system. so kiln operators cannot steam collapse-prone 
timbers and it is difficult to minimis£: moisture gradients throughout timber 
cross-i:;ection. Howenr. the 1010er drying rate usually means that dr~·ing 

stresses do not develop to the same degree as conventional kilns. so quality 
of drying overall is good. 

• 
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Df-humidifiu- kilns aro? generally suitable for small to mfd:.um si:::e-d 
opErations Cle-ss than 2000 m1/year) ,..here electricitv cost• are 10~. Some 
manufacturers are expl rimentinr, ,..i th diesel po"'ered rE frigerat ior. s~·stems 

•hen the enfine and exhaust heat is reco\·ered in the kiln. hoi..·en r this. at 
present. is not commercially a\·ai lable. 

Commercial dehumidifier kilns vary in size from 5 m' to 2SO m1
• Larger 

kilns use approximately the same amount of electricity per m1 to run as small 
kilns. as compressor and fan sizes are scaled proportionally to timb€r ,-olume. 

The main attributes of dehumidifier kilns are: 

1. Capacity - 5 m1 to 250 m1 

2. Enerr,y Sources · electricitv. 
- diesel (still experimental) 

3. Capital Cost exampJes (installed costs) 
(a) 1 20 m ' rs $45.000 x 
(b) 1 x 60 m1 l"'S $90.00CJ 

(These costs do not include 0 forklift for loadinf I 

4. Labour (doe!!- not include timber stacking) 
l x 20 m; 5 days/•Hk x 8 hours/day x l person 
1 x 60 m1 5 days/i.:ee:k x 8 hours/da~- x 1 person 

5. Dryint, Times (estimated) 
At 60cC. 25 mm thick ta\·.; i..·ill dn· in 4-5 davs from 25 percent to 

12 percent moisture content. 

C. Solar kilns 

Solar kilns rely on solar radiation to providE heat for drying. There 
are basically tao types of solar kilns. Direct gain kilns are: a single glazed 
structure that contains th£ timber and heat absorbing surfcces in the same 
c.hamber. Indirect gain kilns consist of a 1"ell insulated kiln i..·ith a separate 
heat collector. Hot air or hot ,...ater is circulated from the collector to the 
kiln. Direct gain kilns are more popular because of their loi.: capital cost. 
simplici t~· of construction and \·ery lo,.- 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 polycarbonate are popular. The recent availability of corrugated, 
[.\. stabilised. polyc~rbonate 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 years against discolouration. 

There are numerous dE~igns of direct gain solar kilns throughout the 
world. The proven designs operate at temperatures of 50-55°C durin~ the dav 
in tropical climates. •ith ptak temperatures as high as 65nC. PerformancE i~ 
~enerally governed by hoi.: airtight the structur~ is and the area of roof 
~la_inb in relation to thf- volume of wood in the kiln. 

Orvin& in solar kilns is about 2-3 times slo~er than convfntional kilns 
opcratinr, at 80°C. ho,..-enr tlit sloi.: dr~·in& results in ner,lir,ible dn-inf. stnss 
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and \·ery lo,.- h·\·ds of dn;ing. degrade-. This can also bE att!"ibutt:d to 
humidit~· c~·clinr !hat occurs from da~· to night in the kiln. as thi;: c~·dit1E: 
increases the- amount of stress relaxation because of high le\·Els of m~d1an-:'· 
sorpti \·e creep. 

The main attributes of solar kilns are: 

1. Capacity. 2 m1 to 20 m1 for direct gain typES. although lS m1 is 
recognised as the maximum efficient practical size. 

2. En4"rg,· Source. Solar ene-rgy and a small amount of electrical eneq;:• 
for fan operation. 

3. Capital Cost examples. 
lS m1 direi:t gain kiln 

(installed costs) 
l'S $8-10.000 

4. Labour. (does not include timber stacking). 

.) . 

Intermittent atte-ndance only is required to check on moistur£ 
content status and to load/unload kiln. Allo,.- 5 daYs/i.:eek x 4 
hours/day x 1 person. 

Drying Times. (estimated\ 
2) mm thick ta\·a i.:ill dn· in 6-9 days from 2S pcrc.:r.t 

percent moisture content gi\·en a'\·erage sunshine- le\·d of 
hours;~·E ar. 

t" l.? 
2:>00 

D. ~ere-en kilns 

Screen kilns are realh· a \·ariation of the connntional compartment kiln 
designe-d to reduce the cost of fans and motors (see- Figure- 3). Onl ,. one- fan 
and motor is used and sere-ens are use-d to f.i\·e uniform air f10,· alonr, the 
length of the charge. These kilns are significantlv cheaper than connntional 
compartment kilns. but are limited to ope-rating temperatures of about 6S°C 
bE'cause- of generally loi.: air velocities. Becaust: tt:mperatures an loi.:er. thev 
gtmerally use hot toater as the heating medium. This pro,·ides cost sa'\·ings 
compared to steam plumbing. 

• 
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The sere-en kiln has onlv one fan and employs a horizont&l air 
fl OI.". Screens t."i th approxima t e-1 y 20 percent Yo id area proYide­
sufficient static pressure for air Yelocities to be reasonably 
eYen throughout the stacks of timber. 

Screen kilns are usual1': constructed from masonn· or insulated timber 
frame t."ith sheet covering. 

The main attributes of the screen kiln are: 

1. Capacity - limited to a maximum of 20 m, because of limited air 
circ;.1lation. 

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 m1 masonn- kiln. indirectlv heated with a wood waste find hot 
water boiler. 
kiln 
boiler. controls 
handlinF; equi pmrnt 

Total 

rs s10.ooo 
t'S $30.000 
rs $15.ooo 
us $)),000 



4. Labour - assumes continuous boihr attendance is required 2!.. hours/da~· 
x 7 da~·s/,.·eek x 2 peoph (does not include timber stackinr ·, 

5. Drying times (esti111ated) 
2~ mm thick ta\·a aill drv in 4-5 daYs from 25 percent to 12 pErcent 
moisture content. 

E. Predrye rs 

Pre,.,··"·ers. as the name suggests, aere developed to take the place of air 
drying p~rformed prior to final kiln drying. A typical predryer is sho•TI in 
Figure 4 These kilns are usually only used in cool ...-et climates ...-her£ air 
drying c~nditions are unsuitable. although they are occasion~llY used for 
drying do•TI to the final desired moisture content. 

SUI· 

... 
INLET 
VENTS 

TU9EAXIAL 
FAN$ 

ORV 
IULI 

OUTLET 
VENTS , 

VENTILATED 
ATTIC SPACE 

HUMIDIFYING 
5TEAM SPRAY 

Fig. 4: Sectional elevation of a six line predryer. 

DOOR FOA 
EACH LINE 

Kilns are usuallv timber framed with fibre ceme~t coverin~. 

Temperatures inside the kiln are low, often only 40°C. Air velocities through 
the change are also low. so th~ kilns only require two fans. despite the large 
capacity. Th£: largE width of th£- kiln and the high initial drying ratE's of 
green timber makE: reheat coils necessary e\•en for predn·inr,. 

The main attributes of the predryer are: 

1. Capacity - typically 50 m> to 250 m'. 
(some specialised predn·ers han bten built with a capacit\' of o\·c· 
1000 m') 

DAY 
8UL8 

WET 
8UL8 
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2 Energy source - •ood. gas or oil heating steam 
•ood. gas or oil heatin& •atEr 

3. Capital Cost example. 
1 x 6 line predryer 1."ith 90 m' capacit~·. indirect}~.- heated ,..-itt. a •oc.d 
•aste fined hot water boiler. 
kiln t'S $30 000 
manual!~ fed boiler, controls US $30 000 
handling equipment t'S $15 000 

Tot~l VS $75 000 

4. Labour - continuous boiler attendance. 
7 daysf"'eek x 24 hours/day x 2 people. and 
7 days/week x 24 hours/day x 1 person 
(does net include timber stacking) 

5. Drying times (estimated) 
At 45=c Dry bulb temperature. 25 mm thick ta\·a •ill dry in 6-Q days from 
25 to 12 percent moisture content. it would take approximately 3 weeks 
to dry to 12 percent from green . 

.:\ schematic plan of a progressi\-e kiln is sho\..-n in Figure .J. These 
kilns differ from most other kiln types in that thE:· are continuousl:·· load£-d 
•ith timber. rather thar. d::yinf timber on a batch basis. The kiln has a \·ery 
lcng air flo,.. path through the stacks, so it bEcomes progressh·El~- cooler and 
more humid. thereby pro,·iding mild drying conditions for thE- greEr1-off-sa\.: 
stacks of timber pushed into thE air exit end of the kiln. The timbt'r 
gradually passEs through the kiln as more green timber is pushed in bE-hind it 
and kiln conditions become more <;E\·ere as the air path becomes shortt'r. 

' 
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T!lesf- kilns are appropriaH to rel.:.th·e1'.· larf_e ,-olumes of a sir.g.lf­
spf-cif-s. A constant sa~"lllill output is also required. 

Kilns an: usuall'-" constructed frol!! a fibre-cement shf-et o'-·f-r a timbf-r 
frame. and are usuallv hot aater heated. 

Thf- ma.in attributes of the predryer are: 

1. Capacity - typically 250 m3 for medium density hard,..oods. Capacit:'-· 
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. Enerp· Source - •ood. gas or cil he4ting •ater 
•ood. gas or oil heating steam 
direct fired gas. 

3. Capital Cost Example. 
1 x 250 m1 kiln. indirectlv heated •ith a 1':ood •aste fired hot •ater 
boiler. 
kiln rs $40 ooo 
manu;;ll Y fed boil Er. controls rs $30 000 
handling. equipmEnt l'S $30 000 

Total VS$100 OOC 

4. Labour - assumes constant boiler attendance. 
7 days/~"H·k x 24 hours/day x 2 peopl f-

5. Dryin~ times (estimated) 
Residence timF in the kiln for a pack is typicallv 45 to 60 davs. 

G. \acuun; Kilns 

~1en \."Ood is dried in a vacuum. the drying rate is high at quite lo\." 
tempe raturEs. It is thErEfore a "'en· good method for drying collapse prone 
timber reasonably quickly. 

The energy required to evaporate the water from the woC'ld is usually 
supplied by electric •blankets" or flat metal platens between the wood layers. 
or by radio frequency heating. Conventional heating systems (h air 
circulated over heat exchangers) do not work because there is insufficient air 
for efficient heat or moisture exchange once a vacuum has be1::11 dra~TI. 

Vacuum kilns are very expensive, and. if they are radio frequency 
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 shieldin~ requirements are high. so these kilns are onlv 
suitable where a hi~h level of operator training and equipment maintenance is 
a"·ailablE. Thesf kil"ls do dr~· timber quickl~· and toell but operatini costs are 
usuallv high. so they are ~nly suited to the drying of high value specialitv 
timbers. 

Thf main attributf's of a vacuUJll kilns an: 
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1. Capacit:. 2 to 10 re~ is the most common range of sizes. 

2. Energy Source - Electri cit'\·. 

3. Capital Cost example. 
1 x 10 m> RF heated kiln. 
US $600 000 plus handling equipment. 

4. Labour. 
7 days/week x 24 hours/day x 1 person for conti.1uous use. 

5. Drying times - unkno~'ll for tropical hardwoods. 

H. Radio freguencv CRF> Kilns. 

RF is a rapid heater of ,..ater at particular frequencies. This principle 
is used in kilns ,..here air is circulated over timber that is exposed to RF 
radiation. Like ,·acuum kilns. the- equipment is expensi\·e- initially and 
requires a high standard of maintenance for its safe operation. In some 
countries. heal th and safet:· legislation makes the cost of shielding stra,· RF 
radiation very high. 

This kiln type is. at this stabe. not appropriate- to de,·e-loping 
countrie-s because of its capital cost and high leve:ls of technical expertise 
required to install and ser:ice the kilns. 

I. Press CPlatenl Drvin~ 

Timber dryers have- been constructed using heated plates ,..hich press on 
both faces of timber. These plates heat the timber ,..E-11 abo\"e IOOcC. ,..hile 
restraininf. it firmly in a flat condition. Drying is rapid and lo,.. le\·els of 
dr:·ing defects are reporte:d. Equipment a\·ailable at present is only suite-d 
to the production of high \·alue products. as the capital cost is ,·ery higt. 
relatin to the- volume of timber that can be processe-d. 

J. Chtmical CAztotropic) Seasonin~ 

Chemical seasoning methods are not common because they can be expensi \"e. 
can interfere ,..ith the timbers finishing properties. or can take long periods 
to dry 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 s~fficient 
to make the process expensive and the capital cost of equipment is higb. They 
are not considered to be colllftlercial at this stage and would be likely to be 
unsuitable for developinr, countries in any event. 

VI RECOMMENDED KIJ..J; TYPE FOR INDUSTRY 

The choict- of an:· kiln tvpe needs to be made in the context of thE: 
volwae of timbE:r to be dried. the- species to be dried, available heat sources. 
climate. capital cost. running costs. products 1118nufactured. and th~ 

a\·ailabil it:· of training operators and maintenance staff. 

~Pstern Samoa does not have suitablv trained en~ineers familiar ,..iLh 
vacuum kilns. RF kilns. prtss dr:·ing or Chemical Seasoning Plants. Also. 
th~se kiln types cannot bE justified given their verv high capital cnsts. 

' 
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Pr:>E;ressin kilns are not •ell suitc-d to an\· of the sa,.:millin& 
opErations in Samoa because most ha\·e a range of species. or thdr output is 
too small and/or intermittent. (Progressi\e kilns must ha\·e a constant. 
regular input of the same species of green timber to pro\"idt the correct 
drying conditions). 

Predr~·ers are designed for the dr~·ing of timber from green do,,:n to 
approximately 20 percent moisture content. After this. timber is normally 
transferred to a com·entional kiln for final dr~·ing. Some operations use a 
predr~·er of the design outlined in Chapter V. Section E. to dry to final 
moisture content. but drying is slo• (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 drying schedule used is the one appropriate to th( 
s}o,,:e-st dryin1= species and thickness. It is the authors opinion that a 
predr~·er in any of the Samoar; sa ... :millin[. operations \."Ould lack the- fhxibilit"· 
to dry a range of timbers in small batch lots. 

Com·ent ional compartment kilns, dehumidifier kilns. solar kilns a'fld 
screen kilns could all operate- at the scale of operations of th: timber 
industry in Samoa. ~11en correctlv operated. all are capable of good quality 
drying. The- choice- bet1."Hn them depends on their relati'\·e costs of dr~·inf_ and 
the a\·ailability of sufficient •ood aaste- for the- com·enti.onal and scre-e-n type 
kilns. 

~"hatE\·er the kiln t~·p£ chaser •. it is considered de-sirable tc. air dn· the 
timber until it is re-duced to approximatdy 2'.> percent moistun content. The­
cl im:.~e is ideal for c.ir dn·inf, - nasonabl~· rapid dr~·inf,. but 1."itb minimal 
degrade ht-cause the reJatiYe humidity is around 80 percent for most of the 
da"·. 

Appendix 4 pro\"ides a comparison of the kiln drving compomnt of drying 
costs for ec.ch of the kiln types for ye-arly kiln throughputs of 600 m? and 
1200 m1 of ta\·a. These are summarised in the follo•inr; table: 

Conventional 
Solar 
Screen 
Dehumidifier 

\'ol umE /annum 

600 m1 

US $77.16/m1 

US $28.17/m1 

US $66. 74/m1 

US $55. 65/m1 

1200 m> 

US $48. 81/m1 

US $20. 73/m1 

US $41. 66/m1 

PS $44. 24/m1 

Coconut wood kiln drying costs are appr1">ximatel~· 1.) times thE- abon 
figures because of slower drying rat~s. 

Th• high cost (bv aorld standards) of conventional and scr•en kiln 
drving is du• to thf hir,h labour co~pon2nts fer continuous boiler attendance 
being spnad o\·er nlati\·dv small ·:olumes of timber. Dehumidifier drdnf. 
costs are also high bv world standards as a result of very high e1ectricitv 
costs (t:S $0.143/k\.:hr). 
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A. Recommended kiln t>.·pe for a coconut sai.:n;ill. 

For a coconut sa1.1Dill dryinf 1200 m1/yea1· of most}~· 25 m1!i timbEr. it is 
recommended that the timber be airdried to 2j percent m.c. firs~ and th~t 

final drying should be c;.rried out in sdar kilns. Solar dryinf is 
appro:-:imaa1': LS $2f tm1 chec.per than other al ternati'\·es. al though then: is a 
need to add the cost of a ~aste disposal burner to dispose of sai."lllill residuE 
for the comparison to be strictlv valid. At a capital cost of LS $10 000 and 
using one operator. this adds LS $4.00/m1 to the effecth·e cost of solar 
drying. 

There are other factors besides drying cost to consider. Electric 
supplies are intermittent in Samoa. This 1dll affrct dehumidifier kilns 
greatly. as these kilns are slo• to retain lost heat. and operatinf costs •ill 
rise steeply. Com·enrional and screen kilns are also affected. although much 
less. for these. electricity blackouts cause ti1t prJblem of boiler shutdo\.1, 
because of safety interlocks and poor burning ,,;ithout forced air drz.ft. 
Dehumidi fi£-r. com·entional and screen kilns all ha>.·e temper.atuH and humidi n· 
control equipment that requires a reasonable quality po•er supply to function 
•ell. Solar kilns ha\·e no electrical!..- operated controls. If th£n: is an 
interruption to the poker supply. the air circulation fan in th£- kiln stops. 
,,;itL \"ery littl£- efhct be>.·ond a small reduction in drying efficienc~-. 

Kiln maintenanc£- is simpl£- and inexpensive for solar kilns. comparEd to 
other kiln t:~·pes. Replacem£nt of th£- solar kiln cladding ma~· bf nquin·d 
after about 8 :n.:;rs. but this costs only about l!S$3000 and can bt: dom b\· 
semi-skilled local staff. Maintenance on dehumidifier kilns is also 
relath·ely simple. as the..- are \"ery similar to most refrigeration plants 
operating in Samoa. Trained maintenance personnel ar£- therefore available. 
ConYentional and screen kilns both require moderate lfl·els of maintenanc(', 
largely duE to the maintenanc£- of the boiler. 

Solar kilns are modular. so that their construction can be phased - one 
kiln initial I..-. ,.-ith m0rE built as dryin~ requirem('nts increase. Th(' qualit..­
of drying •ith solar kilns is usually very good b('cause of the slo~ rate of 
drying. 

There an numerous designs of solar kilns a\·ailable. l"\IDO has 
experience ,..i th several solar drying projects throughout the 1'.'orld. Host 
solar drying rese~rch has found that the better designed kilns have \"E ry 
similar performance. A suitable design that has been working well throughout 
tropical and sub-tropical regions of Australia and Vanuatu is contaiped in 
Appendix ). Kilns to this design were first built 12 vears ago in Australia. 
and there are not.: over 20 optrating commercially. The..- ha\'f been found to 
reach peak temperatures of 65 degrees on sunny days 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. equivalent or better performance can be expected 
in ~estern Samoa. 

This particular kiln utilises a timber frame •hich can bE fabricat•d on 
sitf 1'.'ith local timber and labour. Oth~r kiln designs that ha\"f provtd their 
performance in t{opic~l climates ,..ould be suitablf alternativfs. 

I 11111 II 11111111111111,1111111 111111111111 II Ill 11111111111 11111 I 11111 111111111111 1111 11111111111111111111 1111111111111111111111111111111111 11111 1111111111 1111 11111111 11111111111 111111111111111111111111111 11111 11111111111111 111111 



• 

For furniture c:.anufacturers. th.: choice of ki:n 
dr~·inf, and dehumidifier drying as they do not generate 
to operat.: a boiler system. It is clear froa the cost 
kilns are appropriate for this segment of th.: industn·_ 
in Appendix 5 is suitable. 

typ.c :.s b.: :-\.:t.£?. s:lar 
suffici~n: ~~~·~ •~!:~ 

comparison t~~: solar 
Ti-..: c.:sip1 c:ir.tained 

\"!I I~FRASTRUCTI1RE REQUIRED FOR Mt!LTI -t:SER DRYING F.:\CILI:·;· 

Because of the need for furniture manufactures to use kiln dried tirr.bt. r 
to avoid shrinkage proble~s. all expressed strong interest in the concept of 
a drying facility set up on a co-operative basis to sen·ice their industry's 
needs. The volumes of timber •hich require drying are certainly sufficient 
to •arrant such an operation - an air drying yard and t•o lS ml solar kilns 
•ith suitable handl:ng equipment •ould service the immediate needs. 

A co-operati\·e dn:ing facility for use b~- a number of compa:-.ies needs 
to be •ell organised. ha\·e good administration and needs to fit iP.:c a:-i 
organisational structure that is conduci"l.·e to its ope ratio::. ~lost 

important!~-. these details need to be •orked cut prior to the froject 
commencing. The infrastructure suggested in this chapter shculd b• reg.ard.:~ 
as a draft. Alternatives are possible. but the ~~st importacc aspe:t is tha! 
th.:- re is agreement and commitment b~- all parties in\·oh·ed. This nHds tc be 
co-ordinated. and this \:oulci b£ best dot:-' b~- the Department of Economic 
De\·elopment. It: the authors cc-:::ion. there are t•o main requirements fer th.: 
success of such a drying facilit:: 

1. The furniture manufa("tunrs must act as a cohesi"l.·e group. rath.: r than 
indh·id1.,;.~l compc.!1ies. This is particularly important for the scheduling of 
drying in the kilns and the financial administration of the facility. The 
best \."ay to achieve this is through th,;. formation of a formc.:i.:i.y constituted 
furniture ~anufacturers Associaticn. 

"' The kilns should be located on independently O\>"Tled land - net on tht­
site of one of the furniture manufacturers. Al though one manufacturer offered 
a site. there would be difficulties if the site O\>"T\er "·ished or ,..as fcrced to 
sE:ll his assets. In addition. there may be friction between users bE:cause of 
the perceived advantage that the host company would ha\·e. Kilns would 
therefore be best located on either land owned by the Furniture Manufacturers 
Association. or leased from the government. 

Several sit£-s were investigated for the drying facility. The forestry 
Division of the Department of Agriculture, Forests and Fisheries ha\·e offend. 
in principle. a s•.li table 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 t~o years. as it is part of their charter to improve 
timber utilisation in W_ Samoa. The ~ain drawback of this arrangement is that 
thE- furniture Manufacturers Association. if formed, may not ,..ish to involw 
thE- forestry Division in th£- project. 

An alternative site would be the land administered by the Department of 
Economic DE-velopment at. \"ai tel e. DFD ha\·e es ta bl ished '? 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 to be more attra-cive to 
the Association than Fores tr-• land. 

:\. pr\"iO' Facilit'" - Or~anisational Structure and O~eration. 

The Drying Facility would require one Supen·isor and ti.:o timber 
handlers. The Super\"isor 11.'ould 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 employees. 

The duties of the 2 employees would be: 

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

Volumes of timber handle-d ,..ould be sma.11. about 400-600 rr.
3 

.. ''-"ear. so 
nighttime operators ,..ould not be required. 

The Furniture Manufacturers Association should employ these : people. 
and should fix the =ost of drying to reco\·er operating costs and de Ye lop a 
capital resen·e for maintenance. It would be be-st to set a price p:: r cubic 
metre per day. as this accounts for different drying rates due to species and 
thickness and different initial moisture contents. Assuming external funding 
of the kiln. a price of ~S $4/m3/day would pro\·idt the: follo\.:ing 
expe-ndi ture/re\·enue situation for a years operation. 

Expenditure Wage-s 
Electrici tv 
Maintenance 
Lease of land 

ws $18 000 
3 500 
1 000 
5 000 

i.JS $27 500 

Rever.ue Timoer Drying at 100% capacity WS$37 800 
at 737. capacity WS$27 500 (break-even) 

To overcome initi~l cash flow difficulties, external funding will be­
required for a period of 3 months. Total externPl funding for the project 
would therefore be as follo~s: 

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 $7 000 us $ 3 200 
Contingency (107.) us $ 6 500 ____ ... __ 

Total us $71 700 
.................. 

• 
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Appendix 6 lists thE duties of the expert for installation and trainini-. 

The local engineer .-ould be responsible for local buildinb authorit\· 
permits. sourcing of local materials and foundation preparation. 

VIII FU11JRE CHA.~GES TO THE TIMBER RESOURCE 

A. Indi 'enous Species 

Most of the indigenous forest resource is located on Sa\·aii. The 
merchantable forests are categorised into four groups depending on the 
principal species. The sa•log volumes as at August 1988 are Tava (42 
percent). Asi (28 percent), Mamalava (25 percent) and Tamanu (5 percent). 
Figure 6 sho•s a graph of the decline of merchantable sa•log volumes. It can 
be seen that. if the same rate of decline continues. the indigenous forests 
1"ill be exhausted bv 2003. Ho1"e'\·er. Forestry Di vision staff no,. consider that 
the Saw.ii and Upolu commercial resource will be exhausted by 2001. This is 
because of the effect of Cyclone Ofa and a likely increase in a.-areness of 

conservation issues. 
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Fig. 6: Decline of merchantable sawlog volumes 
in the indigenous forests of Savaii 

Plantation Species 

The plantation program in ~- 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 sa,.logs by 2011. 

' ' 
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According!:. there is a ten :ear period where there •ill be significant 
timber shortage in i..estern Samoa. Imrorts or alternati"·e timbers such as 
coconut •ill need to pro"·ide the shortfall during this period. 

C. Igpect on aood Drvin~ Requirements 

Wood drying requirements will remain fairlv static for the next ten 
years. Imported timber is likely to be kiln dried, therefore there •il~ be 
a lo• demand for local drying of harc.lll'oods 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 \;. Samoa. It is unlikely that this 
utilisation will decline as the plantation timbers are phased in. as most 
plantation species are 101".'er density. decoratb·e timbers. Eucal~·ptus deglupta 
is really the only utility species planted that is well-suited for local 
structural purposes. 

IX. CONCLLSIO~S AND RECOMMENDATIO~S 

A. Conclusions 

The follo1".'ing conclusions can be dra'lo."Tl from this consul tanc"·. 

1. Coconut wood Products Lin!i ted is unlikely to start operating in the- near 

future. 

2. The indigenous timber resour:::e will be exhausted by 2003 at present 
rates of cutting. given e::dsting demand and forestry management practic~. A 
further reduction of forest area available for logging is probable gi "·en the 
increase in a•areness of conservation issues. Forestry officers conside-r the 
year 2000 as a mort": realistic date. Plantation species will be- ur . .;ble to 
replace the indigenous forest a!: the main source of sa·•.-logs to supply local 
demand until probably year 2011. 

3. Because of current timber shortages. which are likely 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 possibility 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 arc: air-conditioned. 
Kiln drying is therefore essential if the local furniture and joinery industry 
is to maintain its market share. 

S. L'NIDO assistance in provision of kiln facilities and training is better 
directed to the furniture and joinery industry. rather than the sawmillers. 

because: 

* the furniture industrv has a much more direct intenst in the 
quality of drying. since poorly dried timber causes customn 
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dissatisfaction. highe-r production costs and lo\."er quality of 
output. 

* the ver~· high demand for structural timber means that sales of 
green timb€r an assured. Smaller users (often furniture o!· 

joinery manufacturers) have difficulty obtaininb supplies. so are 
un•illi~g to complain about the quality of allegedly kiln dried 
timber. 

* al though 300 m1 of kiln capacity exists at Samoa Forest Products 
Ltd .. SaYaii. profitability problems makes its future uncertain. 
The kilns are not being used to their potential, but the strong 
market for green ti91ber discourages any development or commitment 
to properly dry timbtr. 

* the uncertain nature of the sa~'lllilling industry after the vear 
2000. 

* the furn; ture 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 suppl:· problem 
period of 2000-2011 bv the use of imported timber and coconu~ 
,..ood. 

* the larger furniture industry members ha\·e demonstrated the-i r 
business acumen b:· their profitability. This makes the succE-ss 
and longe\'i ty of an aid funded project based about this industn· 
more probable. 

6. At this stage. the proper kiln drying of indigenous timbers •ill han 
more benefit than the- kiln drying of coconut wood. since the- e:dsting 
furniture market is based about the former. 

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

* lo• capital cost 
* ver:-· low running cost 
* lack of sufficient wood waste to provide energy for other kiln 
types 
* absence of any complicated controls or electric 
* attendance of full time operators is not required 
* very low maintenance costs 
* high quality of drying 
* design is easily copied by others requiring kiln facilities 
* ideal climate for their use 

8. If a coconut processing faci 1 i ty does start operation and requires 
drying facilitie-s for approximatE-ly 1000 m1 (as originally proposed), the most 
suitable drying process would be a properly designed air-drying yard and 3 
solar kilns. each of 15 m1 capacity. This provides the lowest cost of dr~·ing 
per cubic metre. best control of drying defects such as collapse and warping 
and does so with a level of technology appropriate to this countn. 

11111 1111111111Ill11111111111111111111111111111 11 11 111 
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9. Solar kilns located at one of the larger furnitun mo.nufacturers are 
likel ,. to create difficulties because of the- percei\·ed ad,·antage that the hos! 
compan~· 10ould ha,·e. l!l any e\·ent. location on pri,:ate- land may causi: prob:i.tn.::­
if the host company wishes to relocate or sell its assets. 

10. Two suitable sitt-s for the 2 solar kilns recommended are aYailablt. The 
first is on land at Vailima 0~11ed 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 ti.-o vears. 
they expect industry to take oYer the running of the kilns. 

The second site a\.·ailable is on land at \'aitele leased by the Department 
of Economic Development for the purpose of establishing a Smal: Business 
Centre. This is a better site- for solar drying from a climate point of Yiei.-. 
but would not have the same degree of impact by Forestry staff . 

B. Recommendations 

There is an urgent need to provide drying facilities for the furniture 
industr~· to enable them to produce- items •hich are suitab:e- for the domestic 
and business em·iror.ment. Shrinkare of timber because of inadequ.:.tt: dr~·iq; 
is increasing the importation of timber and complete furr.it\;:·t items. 
particularly for commercial de,·elopments. 

In order to addre-ss this need. it is recommended that solar kiln 
facilities be- built in Apia. It is recommendec that: 

l. The furniture industry should set up a formall~· constituted Association 
to negotiate- the builcing of solar kiln facilities and to administer the kiln 
project once drying commences. In particular. the Association should b( 
responsible for the cost of operation of the drying facility. funded from 
revenue obtained from drying,. The Association should se-t the cc~: of dr-~·int; 
to recover costs and accumulate sufficient reserve for maintenance. lt is 
suggested that WS $4.00 pe~ ml per day is sufficient. 

2. The Furniture Manufacturers Association should negotiate •ith the 
Department of Economic Development and the Forestry Division to choose the 
site for the drying facility. The climate at the OED Small Business Centre 
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 McD~rmott) 
- Pat Ah Him Co. Ltd .. (Pat Ah Him) 
- G.M.A. Construction Ltd .. (Philip ~i~t-) 
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- Laufiso Iairo ~ongl~ng 
- ~e,.. Samoa ~ood Industries (Eletise Ioane) 
- Bluebird Industries (Andre,.. Ahliki) 
- T.V. Corporation (Tui Vaai) 

The furniture manufacturers should be requested to pro•.-ide 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 facility 
in its first year of operations. The project should be contingent on getting 
assurances of a minilllUlt total of 400 m, per year to be dried. 

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

scales. 

5. l~IDO should also be requested to fund the running costs of the drying 
facili tv for 3 months. After this period. income from drying should be 
sufficient to pay wages and running costs. 

6. Finally. l"!\IDO should be requested to fund a drying consultant for .:. 
period of three months to supervise the construction of the kilns and to train 
Forestry and Industry personnel in timber drying theory and practicf'. This 
cons~l tant should also conduct a detailed technical e'\.·aluation of Samec;. Forest 
Pro:bcts kilns in Savaii to identif'I." their condition. prepo.re o. m.&:ntenance 
schedule and train operator!' in the correct use of these kilns. The 
consultant should also de"·elop moisture meter correction factors for the range 
of local commercial species. and document the performance of this design of 

solar kiln. 

7. Forestry staff should encourage the de'\.·elopment of similar kilns through 
the provision of extension ad'\.·ice and demonstration of the kilns in use. 
irrespecti\•e of ,.-hether they are at Vaili111G or \'aitele. 
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APPE~DIX l 

l~ITED NATIO~S INDt'STRIAL DE\'ELOP~E~"T ORGAKIZ..\.TIO~' 

PROJECT FOR THE GOVER.~"ME~:T or WESTER.~ SAMOA 

Assistance in the Establishment of a Pilot Lumber Kiln Drying Plant 

Post title: 

Duration: 

Date required: 

Dut,· station: 

Purpose of project: 

Duties: 

' 
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JOB DESCRIPTION 

XP/SA.~/90/015/11-01/J-12209 

Timber drying consultant. 

One month. 

As soon as possible. 

Apia. 

To establ:sh a pilot lumber kiln drying plant and to 
train personnel on the operation of the kiln drying 
plant. 

The consultant shall briefly sun·ey the current 
situation lr."i th respect to wood drying 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 \·ol ume of 
the proposed timber drying kilns and name!'" assess 
whether the two chambers, each of 5000 BFT is 
realistic. 

He shall study the suitability of the various wood 
drying systems, r.amely 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 abO\'E. he 
shall bear in mind ease of maintenance as well as 
mar.po•er skills available. 

Based on this comparative stud~·. the consultant shall 
dra"' up technical specifications for kilns to be 
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introduced in the Samoa Coco•ood Products Limited. 
justif~·ing his choice and recommending th• t~·pe of 
chamber. 

In case- he selects cement block or other masot.rv 
chambers, he shall supply det.ail.;.d constructior: plans 
for these chambers to be constructed by local 
contract.ors and dra• up terms of ref ere-nce 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 b.: prm;ided 
by the project. 

The consultant shall determine the- a ... ·ailabil i tv of 
technical personnel in Samoa tc install the kilns and 
•hether 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 personn£1 •ill perform and those that 
•ill be the responsibility of the kiln supplier's 
personnel. 

He •ill include all the abo.,.·e in a technical report. 

~ood technologist or engineer with considerable 
experier.ce in kiln drying of lumber. Experience with 
a wide range of kilns and •i th a •ide range of 
tropical timbers highly desirable. 

English. 

Background information: A good volume of timber produced from the forests of 
~estern Samoa is exported ns sa~-n timber and veneer. 
A very small portion of the forest timber yield is 
converted into secondary wood products. :..batever 
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. 

Cc-:onut wood is currently being processed by the 
Samoa Coconut Wood Products Ltd. (C~PL) 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 

• 
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lighting pole!.. 
moulding plant. 

The company also has a modest 

In spite of the availability of ample •ood materials 
and relati\·ely lo" levels of labour costs. thE 
secondary ,..ood processing industry of the country has 
not developed satisfactorily during the las:: fe,... 
years. Difficulty is still experienced ,..ith regard 
to improving further the quality of locally produced 
furniture and in producing for export higher value 
added wood based items. Furthermon. 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 materi3l as compared 
to traditional hardwood species . 
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APPE~DIX 2 

In th~ course of this mission. the follo~in~ people ~ere consulted: 

Mr. Nigel Ringrose: 
Kr. SairJsi Bulai: 

Mrs. Sarwar Sultana: 
Mrs. Fu'a Hazelaan: 
Kr. Kisiolo Sofe: 

Mrs. Itagia Faumui: 

Hr. David Thompson: 
Mr. Toouta Aloalii: 
Mr. Rudoiph Meredith: 

Mr. StH·e Young: 
Mr. Joe Lober: 

Hr. August Milford: 
Mr. John McDermott: 
Hr. Pat Ah Hie:: 
Mr. Philip ~ise: 
Mr. Electise Toane: 
Mr. Andre• Ahliki: 

Mr. Tui \"aai: 

Mr. farani Posala: 
Mr. \,;illiam Bro~-n: 

Mr. Malaki lakopo: 

Hr. Tepa Suaesi: 
Mr. Chong Wong: 

Hr. Tupuola Tavita: 
Mr. Samuelu Enari: 

Resident Representative. UNDP. Suva. 
A/Principal Utilisation Officer. Fiji Ministry 
of Forestry. Suva. 
Deputy Resident Representative, UKDP. Apia. 
Programme Assistance. UNDP. Apia. 
Deputy Director. Depc;rtment of Economic 
Development, Apia. 
Industries Di vision. DepartmEnt of Economic 
Development. Apia. 
FAO Consultant. 
G. Meredith and Associates (Architects) Apia. 
Assistant General Manager. De\·elopment Bank of 
~estern Samoa. 
Manager, S. Young Cor.struction Ltd .. Apia. 
Managing Director. Lober Industries Ltd .. 
Apia. 
Milford Development Ltd., Apia. 
Managing Director. Salenfi Joinery. Apia. 
Pat Ah Him Co. Ltd., Apia. 
GMA Construction Ltd .. Apia. 
Manager. Ke• Samoa \,;ood Industries. \'ai t~le. 
Manager. Bluebird Industri.:s Ltd.. Apia and 
Gatai\·ai. 
Manager. T.\'. Corporation Ltd .. Apia and 
Gatai\·ai. 
Manager. f.P. Architects. Apia. 
General Manager, Samoa forest Products Ltd., 
Asau. 
Assistant Director. Forestry 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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APPE!'\DIX 3 

COCONUT WCOD PRODUCTS LTD. 

TENDER DOCUMENT 

In this tender document, you will find the follo•ing: 

* A background to the operations of the enterprise. 

* A list of assets included in this offer. 

* Instructions to tenderers. 

C\\PL commenced operation in 1976 as a result of ~e~ Zealand financial 
and technical assistance. Its o\mership and management h.:.\·e changed hands 
four times. The operations were closed do•'Tl in 1981 and bet~een 1982-1985. 
At present. c:t.:PL is a joint-venture company o•'Tled by \\STEC and DB:.:s. 

The mill can produce a ,.-idE- range of products. which. given adequatE 
qualit~·. sound marketing and reliable. uninterrupted delivery. should find a 
re.:.d"· market in 'W:estern Samoa and o\·erseas. 

Average daily production capacity is estimated at 24 .000 sup£r fe-.;.t (or 
for 240 working days p.a .. 600.000 sq.ft.). Annual capacity is estimated to 
be 25.600 stems. \\STEC is planning to replant 1.000 acres p.a. and guarantees 
c.;PL 600 acres at 50 stems per acre or 30. 000 stems. This replanting 
programme extends over the next 15 years for most of ~STEC' s plantations. 
Thus. under current conditions, a guarantee for ra~ materials is assured for 
C"wPL for at least the next 20 years. 

Monthly sales volumes of currently produced lines of products are 

indicated in the table belo~: 

Product Sales 
(WS$ - August 1989 - unaudited) 

Fence posts 
Timber 

Wall panels 
Roofing tiles 
Dressed timber 
Rough-sawn timber 
Batten 

Firewood 
Sawdust 

2,766 
994 

20 
~ 
3,802 
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The follm.-i.nf_ is the summan· of financial performance in vears 198.J-
1988: 

Assets 

Sales 
Cost of Goods sold 

Operating expenses 
Net loss 

COCO~l.."T WOOL• PRODl"CTS LTD . 
Operating Results 

~SS 000 

70 
__lQ1 

(33) 

....l!t.!i 
(83) 

91 
-21 

19 
-112 

(52) 

100 
~ 

24 

-2.2. 
(53) 

* Leaghold land - The site consists of 4 acres for •hi ch an annual 
rental of WS$ 4.400 is paid t_ WSTEC. The; lease •as signed in 1984 for 
a 20+20 year term. The land has access to the main island road. and is 
sited 1'.'ithin the \"ai tele industrial estate. The property is frnced on 
all sides (-..·ire) and has a direct access road. and inH:rnal dir: 
tracks. 

* Buildin&s - These consist of Eight structures located on land ~.eased 
from t,:STEC. The condition of each of these major buildit.fS is as 
fol101'.'S: 

wfood-working shop and product-disa>lay room - wood-workinf. shop in 
g~od conditions. some roof repairs needed: •ood ~ile roof over 
the product display room needs replacing. 

Tao drying shed (air drying) - one in good condition minor 
repairs needed. second nee;ds major repairs including the 
foundations. 

Timber treatment plant/chemical store/office 
concrete floor in treatment plant. 

se:r\·iceable. 

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

Manager's office - serviceable. 

Storehouse/garage - not used, timber sheathes - sen·iceable. 
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 
two could be used for parts. 

only one operational; remainin& 

One Tovota forklift operational 

' 
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One ~iss~n pickup (1985) 

Tao tractors - For<l 5000 - operational - one used as po1o:e!· plar:.t 
for sai..-u.ill. 

CCA treatment plant - operational. mixinr, tanks. some \·al "·es and 
the piping system need replacing. 

Two chainsaws - "Stihl" operational. •solo" needs minor repairs. 

One Woodcutter sawbench. 

Two woodcutter radial arm saws 

One Challot scallop machi~e 

One Armucrup 3-side planer - minor repairs needed. 

One Armucrup 4-side planer 

One Dauckaert 24" speed sander 

One Atlas Copco LE9 compressor. 

Tao ~oodcutter dust extractor units and fan 

Electrical s"'·i tchboard 

Po...-er u'.li t for the sa•-mill - Olisjor repair needed 

Other fixed assets consisting c,f loost- tools. land imprO\"Ements. 
and office furniture and equipme-nt. 

Stock - the aYerage st;>ck (8-month average. February-August 1989) is 
WS$26.729 worth of ra...- materials . ...-ork-in-progress and finished 
products. 

INSTR1:C:IONS IO IENOERERS 

Your offer should include the following: 

* Price offered for CYPL as a going concern. A bank cheque 
amounting to 10% of the price offered should be attached to your 

* 

offer. 

Full disclosure a~ to ownership and management ream. All 
financing arrangements must be complete. Tender offers based on 
conditional financ~ng will not be considered. 

Coconut Wood Products Ltd. is offered as a goir1g concern. with all 
liabilities paid off. All equipment included in this tender offer is offered 
on "as is" basis. 

Tend~rer is required to guarantee the employment of current employees 
for a period of not less than three (3) months as of date of C~PLs transf~r. 
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It is thE tenderer's responsibility to examine carefully th~ •hole of 
the tEnder dccument and t0 satisfy himself that it's full import is 
understood. It. is also the tenderer's responsibilit~· to obtain at his 01r:n 
expense all information required to arri\·e at the tender bid price. ~o claims 
for alteration o~ the submitted tEnder amount •ill be entered on the ground 
of alleged misinterpretation or misinformation. 

The Coconut \food Product Limited's Board of Dirc:ctors resen·es the right 
to refuse anY or all offers to re-adYertise this tender. 

An i~spection of the premises may be arranged -ith Mr. Roger Hazelmann, 
Treasury Depar~ment or Mr. Pati Liu, CWPL Manager. Ph. 21135. 

All tender offers should be marked "Coconut Wood Products" and deposited 
in th~ Tenders Bo,.:. Treasury Department by 4:00 p.m .. 22 January 1990. 

' 
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APPE~DIX 4 

Dryinf, costs for four kiln types at ,.-olume-s of 600 rr/,1~-E:ar a!K! i :x• 
mJ/ye-ar are· sho,.:n beloi.-. assuming air drying to 25 percent m.c_ All costs an 
US$ and are based on the drying of ta\"a (the most common of tht- indif_e-nous 
hardi.-oods. and also typical of drying rates for the common species)_ 

l. CONVENTIO~AL KIL'\ 

Drying time 3 days for 25 mm. 
Assuml kilns are ,..orke-d 250 days/year. therefore 83 kiln charges per year. 
At 600 ml/year. require nominal kiln capacity of 7.5 ml. 
At 1200 ml/year. require kiln capacity of 15 ml_ 

At 600 ml /vear At 1200 m
1 

lveoar 

(a) Capital 
kilns 1 x 7 . 5m1 

boiler 
handlinb equipment 

(b) Operatinb 
2 people stackinb 
6 boiler operators 
1 kiln operator 

$17.000 
$30,000 
$15.000 

$62.000 

9p~ople @ $2500/year $22.500 
'.'.l ectric it'\" 
7.5kV:x24hrsx250daysx$0.143fk';..1hr 

$6,435 
maintenauce 10% of capital cost 

$6.200 
annual capital cost @ 18% interest 

$11.160 

Total Operating Cost/yr $46,295 

COST PER CUBIC METRE $17 .16 

2. ~ 

1 x 15m3 

4 peoplE stacking 
6 boiler operators 

1 kiln operator 

11 peoplE 

15kV: ..... . 

$20. 00t1 
$30.000 
$15.00(: 

$E5.00C 

$27.50(, 

$12.8/0 

$6.)00 

$11. 700 

$58.570 

$48.81 

Drying time 12 days (worst case). 
Assume kilns are worked 315 days per year therefore 26 kiln charges per year. 
At 600 m1/year, require a nominal kiln capacity of 23 m

1 

• 

At 1200 m1/year, require a nominal kiln capacity of 46 m
1

• 

(a) Capital 
kiln 2 x l 5m3 

handling ~quipment 

At 600 m' /nar 

$20,000 
$15.000 

$35,000 

3 x 15m1 

At 120Q m1 /year 

$30.000 
$15.000 

$45 .000 
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(b) Ope-ratinb costs 
2 people stackinb 
1 kiln operator 

3 people € $2508/yr 
elect.ricitY 
3k~xl0hrsx315daysx$0.143 
maintenance: 
5% of capital cost 
annual capital cost. @ 18% 

Total operating costs/yr 

COST PER C~BIC METRE 

3 SCREE:-- KIL'\S 
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$7.500 

$1. 351 

$1. 750 
$6.300 

$16.901 

~5$28.17 

4 pe-ople stackin& 
1 kiln operator 

5 

4.Sk~ ..... 

Sl.2.500 

$2. 027 

$2.250 
$8.100 

$24.877 

t:S$20.73 

Dryinr, time 5 days. 
AssumE- kilns operate: 250 days/yt:ar there:fore 50 kiln ch;mg,es per 'l."(~r. 
At 600 m3/ye:ar. require a kiln capacity of 12 m

1
• 

At 1200 m3/ye:ar. require a kiln capacit'I." of 24 m
1

• 

(a) Capital 
kiln l x 12m1 

boiler. controls 
handlin& equipment 

(b) Operating costs 
2 people: stackin~ 
1 kiln ope:rator 
6 boile:r operators 

$10.000 
$30.000 
$15.000 

$55,000 

9 people:@ $2500/year $22,500 
electricity 
2.5kWx24hrsx250daysx$0.143/k~1hr 

maintenance 
10% of capital cost 
annual capital cost 

@ 18% 

$2.145 

$5,500 

$9.900 

Total operating cost/yr $40 ,04j 

COST PER CUBIC METRE US$66.74 

4 DEttUMIDIFIER KIL~ 

4 people stackinr, 
1 kiln operator 
6 boiler operators 

11 people 

5kWx ..... 

$20.00C 
S ~·:. Of•C• 
$15.000 

$27. 500 

$4.290 

$6:soo 

$11. 700 

$1~9. 990 

t:S$4l.66 

Drying tim~s 5 davs. 
Assume kilns operatE- 315 days/year, therefore 63 ki 1 n changes pH vear. 
At 600 m3/year, require kiln capacity of 10 m

1
• 

At 1200 m;;~·ear. requirE- kiln capacity of 20 m
1

• 



(a) Capital 
kiln 1 x 10m1 

Handlinf, equipment 

(b) Operating costs 
2 people stacking 
1 kiln operator 

43 

At 60(: m1 /yu.r 

$35.000 
$15.000 

$50.00C: 

l x 20m1 

4 people stackin& 
1 kiln ope-rator 

3 peoplE: @ $2500/yr $7. 500 5 pe-ople 
electricity (includes initial resistance heatin&) 
8k• for 5days/charge (compressor ~ fans) 
15k~ for 1 day/charge (resist. heating) 
1320k~'hr/charge x 63 charges x $0.143 

$11.892 2640k;,:-nr .... 

maintenance 
10% of capital cost $5,000 
annual capital cost @ 18% $9.000 

Total operatinf, cost/yr $33.390 

COST PER CY.:'BIC METRE t:S$55.65 

$4:':. (1(10 

$15.000 

$60.00C 

$12.500 

$23.784 

$6.000 
$10.800 

$53.084 

l."5$44.24 
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APPEKDIX S 

B~"ILDIKG NOTES FOR THE SOLa.R KIL"\ 

These notes are to be read in conjunction •ith the plan and p.:>rts list 
pro'\·ided on pages 53 to 70. The design is based on specifications pr0\·ided in 
the il42 Queensland Timber Framing Manual ( ie design aind speed 42 m/sec) 
published by the Timber Research and De'\·elopment Advisory Council. ahich 
defines framing specifications for the construction of domestic housing. These 
notes are aritten 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 trolley trucks and 
rails are purchased or at least made available. The reason for this is that 
the height of the trolleys •ill determine the height of the floor inside the 
kiln. The kiln design featured here is based on a kiln th.::.t has been 
constructed by the Queensland Forest Ser'\·ice in Brisbane. The trolleys 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 s~·stems are 
commercially available through makers of timber handling systems. If taller 
trolleys are used then the materials list and the plans •ill need to be 
altered to compensate for a taller building. 

* The site chosen for the solar kiln should max1m1se exposure to the sun 
on a northerly aspect (for the southern hemisphere). A flat •ell drained area 
15m x 8m is required. •ith the long dimension oriented north - south. and 
preferably scraped clear of veg€tation and obstructions. 

* The specifications for footings provided in the plan are designed for 
use ,..i th timber floor construction in Queensland. where the underl~·ing geology 
is stable. That is. ahere 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 sun·e~·or 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 sho~-n on sheet No: 
31

• 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: l', with stirrups at 900mm centres, item no: 2 to build 
reinforcement frames tied •ith ~ire. The mesh frames should be supported 50mm 
from the sides and bottom of the trench to allo• complete coverage by 
concrete. 

1 Numbers refer to the dra•ings 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 alloi.- complete con l"Cif~ bY 
concrete. 

* 10 mm steel tie doi.-n rods. item No: 41. and steel post shoes. item ~~o: 
43 are requirec to be cast into the footinr,s as shoi.-n in section A - . .\' on 
sheet ~c: 6. Tie doi."11 rods can be prepared from steel rod, threaded one end 
and anr,le bent on the other as shoi.-n. 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 •all respectively, as sho•-n on sheet nos: 5 and 6 
ensuring accurate location and height. Particular attention should be given 
to the post shoes as these •ill 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 do•-n rods and post shoes can be inserted in the •et 
concrete after levelling. ensuring good contact •ith concrete. These •ill 
require temporary support in order to hold accurate position unti! concrete 
has cured. 

* Concrete block piers and •alls can be constructed on the foundation 
after the concrete has cured sufficiently. The height of the piers 1o."ill be 
determined by the height of the stack trolleys. The plan allo1o."s for a floor 
height abon ground of 744mm. and a trolle~· height of around 570mm. The block 
•alls are made up of solid face blocks ur to the height of the floor. and 
breeze blocks abo.,.·E: the floor. ~ou that the solid face block •all is 
continuous around the perimeter of thE: drying room while the breeze block 
screens are on each side of the drying rooa: only. (.11,n al tecnath·e to thE 
masonry block wall is to build the wall using timber. This can be done usin~ 
a timber frame sheeted •ith plywood or timber to seal the section beneath the 
floor and vertical timber slats used to make a screen. These slats should be 
SOmm wide and create a void area in the wall of 25X.) 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 brinr, the final 
height of the walls to 2889mm which is shmm on sheH No: S. Durinr, 
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 sho•'TI on sheet ~o: 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 SOmm thick 
blindinr, of compacted sand or gravel, and sealed with a 0.2mm thick plastic 
membrane, item r.;o; 5. Steel fabric reinforcement, item ~0:6, is positioned 
30mm from the bottom of the concrete slab supported by chairs at lm centres. 
20Mpa ready mixed concrete is layed 125111111 thick, and trowel finished. 

* The sub floor framing can bt constructed as soon as the block work has 
cured. The layout is sho~-n on sheet No: 5. Floor bearers should be positioned. 
~ith any joints lapped over piers and fastened by tie do~'Tl bolts. All Timbers 
should be underlayed ~ith ant capping. Where the floor joists ar~ bolted to 
the block wall strip ant capping is required, which can be made from 100mm X 
lOOmm galvanised flashing. item No: 40,(see sheet nos 6 and 7). Butt joints 
into the block wall floor bearers should be fastened ~ith joist hanbers as 
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shown on sheH !\o: 6. and nc:iled off 1.ath the spiral shank nails. item n::: 3'). 
At this star,e the bearers for the drying room rafHrs should bt- bcl te<l t c· the 
top of the screen •alls. Inside the dr:dng ro;)m. the side hubs ca!• be 
constructed as depicted o~ sheet Xo: 6. and the frames ramset nailed to the 
concnte floor. 

* Ha\·inr completed the sub floor framing. the ply flooring can be layed. 
The ply.-ood, item No: 19. sh;)uld be fixed with clouts item no: 28. 

* ~'hen the floor is complete the timber frame can be built. The framinr, 
is constructed in order from the inside out. That is. the drying room is built 
first followed by the external frame. All frames are best prefabricated while 
layed out on the ground, temporarily braced and lifted into position. Note 
that all studs are positioned at 600mm centres and rafters at 900mm centres. 
When all 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 joinin~ plates. 
and nailed with spiral shank nails. item No: 30. All steel bracing should be 
continuous from top to bottom plates. at an angl,; of 45 degrees. and ha\·e t•o 
nails per stud. 

* The internal or drying room rear wall is constructed first. The layout 
is given on sheet No: 8. Sote 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 •alls. and requires 
25mm packinr,. Detail is given on shEet !\o: 9. 

* ThE centre •all should be constructed next. Posts should be preparEd 
with bolt holes in the bottom to match post shoes. and a saddle cut in the top 
to take centre beam •hich runs the length of the drying room. See Sheet ~0: 
10. The posts can be positioned in their shoes. followed by 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 scre•s. item No: 36. are used to fasten 
posts in shoes at the bottom of the posts. Similarly scre•s 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 l9mm ply as shown on sheet No: 6. The bearers for 
this hob are bolted to the posts, item No: 35. and fastened to 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 tri1111ers are fitted between each rafter. At tne centre 
beam. a joist hange~· is used t.o 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. Plywood sheet. item 
no: 20 and 21 is used to clad both sides of the wall, with th~ treated plywood 
used on the exterior. T:te plywood should only be fixed when th~ wall is 
positioned and certain to bE- plumb and square. ThE- wall should also be 
insulat~d "'"ith polystyrene foam. item No: 52. This is cut to size to fit 
bet,..een th~ studs in the wall and is sandwiched between the plywood claddin& . 
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* Tht centre baffle should be constructed next. The studs are positiom-d 
at 62lmm centres along the top plate and 600111!1l centres along the bottom plate. 
to compensatt: for the 15 dep·c-e slo;ie in the roof. Noto: thc.t the tal 1 est stud 
can bE cut to length ,.·hich is given on the plan. and each stud is 16lmre 
shorter than its predecessor. The •all is fastened to th~ centrt: beam o: 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 So: 10. Note that this wall and the baffle •all are 
sheeted one side •ith 7mm ply after the timber framing is complete. 

* At this stage the drying room roof and end wall should be clad •ith 
corrugated iron sheet. item No: 54. The iron can be screwed directly to the 
rafters and stud •all using roofing scre•s. iL~m No: 37. 

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

* The side •alls are to be constructed next. The layout is gi~en on sheet 
~o: 14. The plates can be built from shorter lengths by cutting he.If lapped 
joints and fastening the joins •ith frame joiner plates. Studs are marked at 
600mm 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 
predE:cesscr. ~ote the positions of plate joiners betweE:n stud and plates at 
bracing points on the side walls. These are required to complete the tie of 
tht roof to the footinr,. i.nen all the exterior ,.-alls are in p:::sition. 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 ei the:r be continuous over ti.·o spans. or if 6m lengths are una\·ailable. 
they can be butt joined o\·er the centre baffle and fan •alls. 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 shoi.'Tl 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 on to the top plates of the side walls. Tao 
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 f•ame 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 
mm lap over the centre post which is reinforced with a metal internal dngle. 
item No: 51. This angle can be the same material used for bracing the •all 
frames. The doors are sealed with a door sealing strip along each side and the 
top. The doors should be hung 1""ith a 3001D111 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 •ith 7mm 
ply th<- main doors. They are hung on lOOmm butt hinges and pad bolts usf'd as 
a latch. item No: 48 & 49. 

11 II II 11 I I 11 I 
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* Ha·dng completed all construction excluding fittinf, the Exterior plastic 
claddins. all surfaces exposEd to the sun should be primed and painted •ith 
an exterior grade acrylic paint. ThE final colour should be matt black. 

* The extErior polycarbonate plastic cladding is scre•ed to the frame 
using gah·anised roofing scre•s 7Smm long. item r\o: 37. The holEs in thE 
cladding should be 1 .. larger than thE screws to allo• for a small amount of 
expansion in the sheet. and the screws should be fitted •ith a neoprenE Nasher 
to seal the hole fro& water and air leakage. All lapped joins in 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 
lOOmm X lOOmm galvanised iron flashing. item No: 45. excluding the corner 
between the roof and north •all. This corner should allo• run off from the 
roof, and the sheEt on the roof should be extended over the north wall to 
pro\·icie an ea\·e to allo'lo: drainag.E of rain water a•a~· fr"''!! the kiln. 

Installation of Polycarb9Dfite shEets 

Handlin' and Stora,e 

1) Store the sheets on a flat surfacE. 
2) Keep a•ay from direct sunlight during storagE. 
3) A\·oid contact •ith chemicals, paints, adhesives or am· othEr synthEtic 
materials which arE incompatible •ith pclycarbonate. 

MEthod of Installation 

Always install the material 'lo."i th its sticker. "THIS SIDE UP" facing thE 
sunlight. This is thE side that has been treated with a protecth·e coating 
against radiation. 

Purl in Spacin• 

The spacing should genErally be as recommended in thE table. For sheets 
exposed to winds or other high loading. these distances should be reducEd. 
w'hEn using longitudinal overlap fasteners, spacing may be increased up to 1200 

mill imetrEs. 

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"useo. 

Cyttin& 

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

Drillin& 

Polycarbonate plastic claddi.ng can be drilled using all kinds of bi ts. 
Screw boles should exceed screw diameter by at least 2 mm to compensate for 
material expansion. 
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l!sc cnl ,. rust-free fasteners to fix the plastic cladding in place. 
i..ashers should be made of neoprene rubbers compatible with polycarbonate. 
Take care not to use soft P. \' .C. "ashers or other materials that are 
incompatible "ith P.C. sheets. Depending on •ind exposure. the plastic 
cladding should be fastened at every third or fourth corrugation. SheH edges 
at ridge and gutter should always be fastened at each second corrugation. 

Roof fastenin' 

Yhen fastening )olycarbonate plastic cladding to roofing. it is 
recommended: 

Iron "ave/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 fasttnin' 

\."hen mounting polycarbonate plastic cladding sheets on "alls. scre,.·s may 
be fixed in the \·alleys e\·en in iron "a\·e sheets. Purl in spacir.t, can be 
higher than in roofing applications. 

THE ROOF. UPPER VIEW 
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DETAIL A (roof covering) 

DETAIL B (wall covering) 

DETAIL C (side-lap) 

~ t ,· 
~ --

··, 

Iron wave profile overlap should be 1 'h corrugations I 

OETAILC ......__860mm/33.86 .. ----; 

DETAIL A - -760mrrtl29.S2" -

, r ·. OETAILB 

TYPICAL CROSS SECTION 

111111111llll111111111111111111111111111111111111 1111111111111111 111111 111111111 1111111111111111111111 111111111111111 I 11111111 
----
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Roofin' fastenin• 

•1len using the GREGA profile (see detail D) - fasten the sheEts in the 
•valleys" and tighten the screws ..-i th flat ..-ashers to u·oid leakabt. 

Qverlappin' 

Also when using the GREGA profile - When overlap fasteners 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 O\'erlap 
should be the upwind sheet. 

THE ROOF. UPPER VIEW 

l>ETAIL 0 

I , , 

~ - - ----------

DETAIL E 

Greca overlap - one corrugatron on purlin 

DETAIL F 

marn rarn •wind d1rec11on 

1260 mm/49.60" 
DETAILS --- - --- ·- · - -----

,~~~,...,...,...~,...,... ,... _____ . __ l:i _ 
AO" Greca overlap between purlins 

DETAIL E ·1218 mm/47.95" 

___________________ oiWWj __ ....,lilll.IOl.llllli.AJ.....wll.IO..lll-.1.WWIUJl-ll".W"W"'.W""U' 'W""'L." Jll""Uo-'"JL..." -.il.." ~1111 11 111111111 111111111111111111111 11111 1 111 111111111111 11111111 ~I _I!_!! ~1111 1111 11111111 
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.l.nil.cllation of fan and motor 

* The fan and motor can be purchased in combination from suppliers of fan 
equipment. The fan and motor used should pro"·ide a 1 m.:tEr pEr second air 
velocity through the stack at an estimated static pressurf: of 6mm •at Er gaug.E. 
This corresponds to an air volume of 7 to 8 cubic meters per second througr: 
the fan. A recommended combination is a 1.1 kW Motor, •ith a 960mm diameter 
fan. with 8 •in&s at a pitch of 16 degrees. rotating at 700 rpm. 

11111111111111111111111111111111111•111111111111111111111111111111 111111 111111111111111111111111111 1111111 1111111111111111111111111111111111111111111111111111111111111111 1111111111111111111111111111111111 
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PARTS LIST FOR THE SOL.\R KIL~ 

:-:-:?--: #' l)ES:!i.:F:::~: 

F&n! t.re:::h mes!'\ 

2 St.:.::-up! 

3 ;5 Mpa c:::r:c::e~e 

5 Flast.:: shee: 

e F~Z fC:i: 

=~== frr.:..:-.:, 

6 lst~! @6 m x 2:: er. ~:=• T. ~ rm:. 
t:a:-! 

!.8 fraa'!es E 2:: a:. x l~: er.. x ~ .:. 
l:a::! 

Lo. square rr.E'!.?'e!. 

...... ,,. ::::- ~ Y. :c: :::-

2-:: C'. )'. i:: ... i: 5:; r.-

:2.- C'. x 12~ Ir.. ;: ~: ..• 

-- C'. T. !~: = T. -- :=: 

N:!.e. ~.:! ~.:.~~e; :.!. tc be r- \!~sea1:::ie:: C!' bette: 

!&: 3: s=. tr. T. :; nr !.~.: :~ 

-. so:; C'. T. r.r tr . .:. :r 

3~ s:; C' T. 1 mr.: !.~::K 

22 Polycarbonate sheet e sheet.s 2.4 Ill 

"Suntuff corrugat.ed 86~ rrsr. wide" 

Polycarbonate sheet 24 sheets 3.0 m 
"Sunt.u!f corrugated 860 asr. wide" 

Polycarbonat.e sheet 24 she~ts 3.e rn 
"Suntu!f corrugated 860 11111 wide" 

25 Iamregnated !011111 sealing strip! 80 x 760 11111: 

26 Metal angle speed bracing 26 a: 

2' Flat meta! tracing 20 Ir. 

Clout! 5 ltg~ r. 4~ arr. x 2.. 5 ar. 

25 ltg,s x lOC irr.: x :? 

3C S~!ral stank !ram:ns na~!: 1 kg x 50 lllll x j. 0 Gil'. 50 nr.. 

111111111111111111 1111111111 
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APPE~DIX 6 

DUTIES OF EXPERT FOR SOLAR KILN INSTALIATION A.~D TR.~I~I~G. 

1. Supervise the construction of the kilns. 

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

drying in general. 

3. Conduct a technical evaluation of the kilns at Samoa Forest Products, 
Sa·.-aii, to assess their current condition. to prepare a maintenance schedule 
and to conduct operator training. 

4. De\•elop moistu!:"t meter correction factors for the range of local 

commercial species. 

5. Document the performance of the solar kilns. 

I 111111 
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APPENDIX 7 

CO~ENTS or THE S~BSTA..~TI\E OFFICER 

1. The consul t&nt did a very thorough job. We concur •ith all his 
conclusions and recommendations. 

2. We concur ,.-i th 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 industry 
to cceate. as soon as possible, the Association to negotiate the bui~dinb of 
the solar kiln facilities and to administer it. This. to our eyes. is a sine 
~ua non condition for anv future technical assistance in this field. 

4. Since we are not familiar with local conditions. "''e cannot pc;.ss 
judgement on the relati'l.·e merits of the site of the Forestry Division and that 
of the Smc.1 1 .~usiness Centre. However. to our eyes. everything el st being 
equal - or nearly equal - the a'l.'ailability of the Forestry staff to supen·ise 
the drying operations (and .:-emedy errors) weighs. initially at least. in 
favour of the For2stry Department site. 

l 
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