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ABS'J.'RAC'r 

Charcoal Production Using Portable steel lilns 

OF/GBS/86/057 

'!he objective of this one llOllth aission was to introduce portable steel 

kilns for use by sawmills for the canversion of logqinq waste to cbdrooal. 

Two portable steel kilns, made in Guinea Bissau for Mr II G Brandao owner of 

the B=hdinca sawai.11, were teated and found to produce very qood charcoal 

from sawaill waste and roundwood. About a dmen Bubaclinca saWlli.11 

llllployeea and two workers from another coapany were instructed in the use 

of the kilns. 

lloclifications to the kilns were introduced. to simplify their operation 

.. pecially in the for .. t. '!'he modified kiln, named the Guinea-aini., was 

readily accepted by Mr Brandao vbo arranqed for the neces•.iry chanq .. to :>e 
inco~rated in an order for more kilns. 

It is esti.Jlated that the ""ehedinca concession could support a batch of 

twelve Guinea-.ini kilns (10 in the for .. t and 2 at the saWlli.11) which 

would be capable of producinq 50 tonne& of charcoal per month. 

Pre-feasibility studies indicate that at the anticipated production level, 

a favourable return for charcoal could be olr..ained if 11arketed in Guinea 

Bissau (Appendix 1) but it was likely to be auch irore profitable if 

exported to Mauritania (Appendix 1). 
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RECOIMBNDATIC.S 

'ftle sawmill at·Aawbad;nca is powared by belt drive 150 BP diesel enqine. 

'!he enqine is old and is liable to breakdown. Diesel oil is expensive and 

in short supp1y. 

1. IT IS RBCXHIEllDBD TBAT A S'l'ODY OF TBB ECOROUC AND 'fECBRICAL 

PDSIBILITY OF IR'.l'BODUCDIG ALTBRllATIVB POllBRBD DGIHBS, E.G. - PRODUCER 

GAS OR STDll BASED OPQI lllOOO WASTE AS FUEL, POR THIS AllD 0'1'BBR 

SA191ILLS. IT IS SUGGB&'HW THAT TBB GOVBRllMIRT SBOULD MAD A RBQ0BST 

POR ASSISTMCB TO OBTAill A SUITABLY QOALD"IBD CDISULTART. 

At the present tiJle the lop and top from trees felled for tiwber is left in 

the forest. 

2. IT IS RBCDlllBHDED 'l'BAT THE PCllBST DEPARTMBN'l' SHOULD acooRIGB CHARCOAL 

MBIHG·TO POLLOlf ALL l'tllBST LOGGIRG OPBRATIOBS IH ORDER TO AVOID 

WASTAGE ARD TO RATIONALISE Till: USB OP LABOUR, TRANSPORT AllD 

MADGEMEll'r. 

'1'he production of charcoal in the forest will clear debris to reduce fire 

hazard and provide nitable sites for planting trees with llinimml ground 

preparation. 

3. IT IS RECOMMP.HDBD THAT 'l'BE FEASIBILITY OP POLLOWING-fJP LOGGI~ AllD 

CRAP.COAL MAUNG OPERATIORS WI'l'IJ TREE PLANTIHG BE INVESTIGATED BY 'l'BE 

POR&ST DEPAR'l'MElft'. 
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Althouqh there are sufficient trees on piblic land to maintain national 

fuel s\lpplies for soae years, the lonq-tera outlook ia not assured because 

there are no forest reserves and reafforestation ia on a very small scale 

and far below the rate of depletion. 

4. IT IS RBCDIMBRDBD THAT A llINIMUll OF 10 PBRCEN'l' OF '1'8B REMADfDIG PUBLIC 

LAHD ~ 'l'REES SHCt'LD BB DBCLARBD FCllEST RBSBRVB ARD MARAGBD BY '1'8B 

RBSBRVATION IS LllBLY "l'O BB COllPLICA'l'BD, IT IS SlJGG2STBD THAT A 

RBQ0BST POl ASSISTAllCB SHOULD BB KADE BY GOVERRllBlft' '1'0 '1'8B ONDP. 

AS 
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Dl'l'RODOCTION 

As part of overall Govulmant strategy to improve the supplies of dc:.estic 

cooking fuel, this project to assist in illprovi.nq charcoal production from 

waste vood usinq portable steel kilns, was identified by the TAS Mission 

Ia/RAF/85/609 to Guinea and Guinea Bissau in October 1985. 'ftle objectives 

were identified and stated as follows: 

Ca) Develoent Obiectivu 

To develop the production of charcoal fraa forest industry and 

sa•Allill waste for both domestic use and ezport. 

To upgrade the value of these wastes. 

To promote a more rational approach to the use of the forest 

To help all£viate shortaqes of domestic oookinq fuel. 

(b) Project Cl>jectiva 

To install operatinq portable steel kilns for use in loqqinq areas, 

for the conv.rsion of loqqinq waste (tops, branches, etc.} to high 

grade charcoal. C.1e or more kilns may alsr.> be used at a sawmill to 

make charcoal fraa slabs and trim ends. Total outPJt of charcoal will 

be in the order of 6 tonnes per week. 

A sawmill in the private sector, located at Bambadinca near Bafata, Guinea 

Bissau, was selected as the base for a pilot •ch- to try out new •thoda 

of convertinq forest and sawmill waste to charcoal suitable for both 

domestic use and for export. Activities beqan in April 1986 with the 

manufacture of two portable steel charcoal kl.lns in Bissau to 

specifications frma the 'l'DRI, based on the Oqanda Mk v kiln, tran•lated 

into French and sut.ittied by DllIDO. A consultant with experience in the 

production of charcoal arrived in Oct.ober 1986 to assist in the 

introduction of the new technoloqy and to train local per.or.:.&el in the 

manufacture, preparation and 111&rketin9 of the product.. The report with . 
conclusions and recc 1ndations for future action wa .. •ubmitted to URIDO in 

Novembcar 1986. 
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I BACKGROUND 

In Guinea Bissau, electricity production and fuel for transport is obtained 

exclusively fraa imported oil which takes a disproportionately hiqh 

percentaqe of scarce foreiqn exchanqe. (18• total imports, 86• of export 

earnings). 

Although the prospects for findinq offshore oil supplies are prcmisinq and 

the potential for developinq hydro-e~ectric power resources 3re also very 

qood, fuelvood and charcoal will continue to provide the basic enerqy needs 

of the majority of the population for the foreseeable future. 

It is calculated that a.bout 90• of the population of about 900,000* use 

fuelwood or charcoal for danestic cooki.nq purposes. Hane produced fuelwood 

and charcoal do not require foreiqn exchanqe for their utilization, but 

uncontrolled exploitation of trees for fuel ~ill deplete forest resources 

and eventually adversely effact the econany and the environment. 

The pro~ision of adequate sustained supplies of charcoal for both home use 

and export will require a deteJ:llli.ned effort to avoid wastaqe at sawmills 

and in the forest, by improvinq the efficiency in the production and 

utilization of charcoal, and by safequardinq the renewability of suitable 

trees by qood forest manaqement practice. 

* The population was 777,214 tn the latest census, ~pril 1978 



- 10 -

There is currently no shortaqe of fuelwood in the rural areas because there 

is no apparent restriction on fellinq trees. Waste wood has no market 

unless it is first converted to charcoal and transported for sale in the 

urban centres., where fuel is in short supply and expensive. Eq. a 32 kq 

sack of charcoal in the forest, off the 1:oad near Bambadinca is 350 pesos., 

on the road near Bafata - 700 pesos and in the market in Bissau - 1200 

pesos. 

'l'he present pilot project is aimed at slowi.nq down the depletion of the 

available resource of at:ancU nq trees at present beinq cut for charcoal by 

providinq the market with qood quality charcoal from waste material., left 

behind in logqinq operations and at saVlli.lls. It is hoped that part of 

this environmentally acceptable charcoal will be produced profitably and 

sold at a price that people can afford and that the rest will be exp:>rted 

to Guinea Bissau's neiqbbours in order to help improve the country's 

balance of payments problem. 
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II ACTIVITIES AND OUTPOT 

Two kilns, manufactured by Gui.metal enqinetsrinq works in Bissau had been 

purchased and brouqbt to the Brandao sawmill in Bambadinca. One kiln bad 

been fired but it was not possible to judqe how successful it had been as 

SUDe of the charcoal and brands had been removed. The kilno were assembled 

and checked and althouqh there were a few departures frca the dravinq 

subaitted by UHIDO, they ~e relatively mi.nor and the ge.'leral standard of 

construction and worblanship was very qood. It was not possible to obtain 

corten steel sheet (as r~) in Gui.nu Bissau but qood quality 3 11a 

thick sheets of constructional steel (Aco de Construction specification 

C.lt.45 was used for both cylinders) and 12.2aa square chimneys were made 

from 2 11111 thick steel plate. 

It was noted that the averaqe external diameter of the upriqht flanqes on 

the basal vents was 12.2 cm which was the same as the internal diameter of 

the chimneys. This absence of tolerance made fittinq and removinq the 

chimneys during carbonisation extre11ely difficult and it was therefore 

decided to overcane this pr;obl• by attachinq a collar to the bottca of the 

chimneys to increase their internal diameters to 12.8 cm. This 

1110d:ification was carried out successfully to all eight chimneys by a welder 

employed by the tile factory at Bafata. 

The kilns were installed at the sawmill where there was a pile of several 

hundred cubic metres of good quality sawn offcuts of Bissalon (JChaya 

senagalensis) and two large heaps consistinq of roundvood 9ieees of Pau 

sanque (pterocarpw! erinaceus). 

After the initial loading and firinq of the kilns, difficulties were 

encountered which were remedied by makinq llal8 minor changes to procedures. 

One of the difficulties was that the tropical wood used (lhaya 

senagalensis) produced a great deal of pitch and tar which served to join 

the two cylinders together and made it impossible to disassemble and unload 

the kiln in the reo 1nded way. The entire kiln, with lid raDOYed, had to 

be levered up and lowered on to its side, a relatively easy task as lll8ft 
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were available but extremely difficult for a fev men to accomplish without 

incurrinq injury. Once on its side, the two cylinders could be separated 

after rolling and gencly tappinq with a 10') mallet and prisinq with a 

jeamy. The second problem was encountered in obtaining a good fit for the 

lid because of a sliqht ovality in the cylinders. 'l'he difference in the 

diameter was only between 4 and 6 ca but enouqh to cause trouble in sealinq 

with sand. 

It was found that a quicker conversion with better yields (pro rata) and 

auch easier workinq conditions were obtained by usinq one cylinder only. 

Later it was discovered that"the reverse draught could be reduced to 6 

vents and 3 chimneys with no loss of yield or lengthening of the 

carbonisation cycle. 'l'he sawmill owner and trainees were pleasEsd with the 

new version of the kiln which was also demonstrated to the technicians from 

Guimetal who visited the carbonisation area and took careful note of the 

necessary modifications needed to fulfil an order for 8 more kilns 

appropriately named th~ Guinea-mini. 

A further firing using round branches of pterocarpus erinaceus (Pau sanqu~) 

was tried using the Guinea-mini kiln. 

Results (see Appendix 4) obtained were as follows: 

TABLE 1 

Sumaary of results from trials with portable steel kilns 

Cycle Load Yield Type 

liln daxs stares kg inJ!!t Remarks 

mini 2 3.5 352 a/mill waste Approx. extra SOkq charcoal as 

brands 

5 1 741 c Overloaded 10 cm - difficult to 

seal & very difficult to unload. 

maxi 4 1 575 • 1! Very difficult t~ unload • 

Illini 2 3.5 424 • • 6 vents, 3 chimneys 

mini 2 3.5 450 roundvood • • • • 
Illini 2 3.5 •/mill waste • It • • (results to cane; 
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'!'raining 

10 men from the Brandao sawmill work-squad received training for at least 

part of the time and most of the staff of J:lOre than ?O men shoved 

considerable interest in the charcc.al activities and were always ready and 

willing to assist in any difficult task. 1 man was given special training 

to enable him to teach further men and to take on the job of supervision. 

2 further men were brought from Contuboel ';.aWai.11 to underqo training for a 

few days. 
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RESULTS AND PIHDIMGS 

Two portable steel charcoal. kilns made. in Guinea Bissau to specifications 

provided by UHIOO were teated and found to provide hiqh yields of qood 

quality charcoal. Averaqe yields of more than 100 kq per stere, i.e. 

qreatsr than 20• on an 'as received' basis were obtained. Usi.nq a 

imclification of ~e TDRI Mk V kiln, yields of 113 kq per stere for sawai.11 

waste and 120 kq for forest roundvood were obtained by the trainees with 

little interference or supervision. 'l'hese yields are above those normally 

obtained frcm earth kilns and the carbonisation cycl.e was very short: only 

two days for the imclified kiln, i.e. the Guinea 11.i.ni.. 

'1'he standards of workmanship at the kiln manuf acturera were biqh and there 

was no difficulty in qettinq imclificatione to the design to suit Guinea 

Bissau conditions accepted. 

It was decided to introduce a one-cylinder kiln because it is much easier 

to fill and lwldle than the 'l'DRI MkV, bas a quick cycle and there is much 

less chance of thinqs qoinq wronq. The two kilns purchased will be 

converted to four Guinea-mini kilns after the purchase of two more lids, 4 

chimneys and 8 vents (the mini. kilns require only 3 chimneys and 6 vents 

each). 

Most of the trainees assiqned to the charcoal makinq operations showed 

interest and obviously enjoyed the work. A senior trainee was able to 

instruct trainees from another saWlllill in the use of the kilns and after 

another 2 weeks, workinq in sole charqe, should be capable of handlinq kiln 

operations in thEl field. 

Samples of charcoal were brouqht to the UlC for analysis. Ocular 

examination and simple hand testinq indicated that all the charcoal 

produced was of qood quality. 

Loadinq the charcoal into sacks was by hand assisted by shovel. 10 ma mesh 
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for constructinq sieves was not available to the ccnaultant and therefore a 

screen was COllF-ructed fraa an old qri.11 with additional wire 1110ven into 

it. Thia apparatus vaa supported on ~ wood frame and used suc:cesafully to 

obtain the last 1 or 2 baqs of cbarcoal fraa the kilns. {Later it was 

noted that 10 .. •ah is scmetimea available and further sieves will be 

made to the plans sulaitted by tRIIDO • 

.Geveral trips were lMde to other aava:ills and to the f oreat concession area 

where a larqe potential for cbarcoal to be 111mufactured fraa waste was 

noted. It was difficult to estimate bow much wood ia available for 

charcoal at the aaVllills as there appeared to be no control on waste 

disposal. Sclle wood and sawdust was beincJ burnt and ecme waste appeared to 

be taken by people, not always aaVllill employees. Gallbiel aaVllill was 

sellinq some of its sawdust to a buaines..,.n in Gallbia for tranahii-ent to 

Europe: aaae charcoal was bei.uq aada ut1i.nq simple earth kilns. Contubc."81 

sawmill was maltinq about 100 sacks of charcoal per month in earth kilns and 

the owner was keen to illprove his yield. The charcoal was sold locally at 

PGSOO/baq (S4). Selle waste wood vu used to heat a ti..,_,. seaaoninq kiln. 

This owner sent tvo mn to Ba..twlincs for traininq and intends to purcbaae 

kilns. 

No fellinq has taken place in any concession area since June 1986 to enable 

concession holders to plant trees. The Bawbadinca concession is liqhtly 

stocked with Afzelia africana (pau conta), Dialiua guineenae (pau velude) 

and Erythrophleum guineense (mankone) all of vbi.ch are llUitable for 

charcoal, l.Jut mainly with Khaya senegalenais (Biaaalon). The trees have 
3 

shon trunks and massive crowns. Asauminq the cut ls 1500 m per year of 
3 

vbi.ch 1000 m is exported as loqs, it can be rouqhly estimated that at 

least three times this volume ia contained in the crowns and ia therefore 

available for charcoal. This would indicate a potential of 550 tonnes per 

year from the forest waete and about 50 tonnes per year from the aaVllill 

waste which is enouqh to justify the purchaae of 12 mini kilns. 
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APPBRDIX l 

Pre-feasibility study of expected return from aanufac:turi.nq 50 tonnes 

cbarcoal per .anth fr\Jm wood waste, usi.nq portable kilns, and aelli.nq it 

locally. 

C08ta 

12 kilns @ PG150,000 • PGl,800,000, 2 year life, 

depreciation per .anth 

6 cbai.n saVB @ PGS0,000 • PG480,000, 2 year life, 

depreciation per 8Xlth 

Spares and repairs @ 20. 

Jute sacks 32 Jtq capacity @ PG200, used 4 ti.8aa, returnable 

Band tools, strinq, etc 

'bx on wood PG l/kq charcoal paid to Government 

Labour: 2 men/kiln • 24 men @ PGS,200 per month 

Labour overheads: food, accowcdation, transport and 

social security @ 100• 

Petrol and oil, 540 litres @ PG90 

Transport charcoal fraa 10 kU.1us in concession arM to savmi.11 

eatillated at PG120 per sack) 

Costs PG 

per month 

75,000 

20,000 

4,000 

78,125 

2,200 

50,000 

124,000 

124,800 

48,600 

160,000 

687,525 

Coet of charcoal delivered to/made at sawmill • PGll,750/tonne 

• PG444/32k7 sack 
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(a) Assumi.nq sell.inq price if PG500 per sack, estimated profit per 

90llth is: PG775,000 - 687,525 • 87,475 or lU of sellinq price 

(b) Aaauainq aellinq price is PG600 per sack, estimated profit per 

90llth is: PG930,000 - 687,525 • 242,275 or 26• of aellinq price. 

Cc) Aaauainq aellinq price is PG700 per sack, estimated profit per 

90llth is: PGl,085,000 - 687,525 • 397,475 or 37• of sellinq 

price. 

'l'hia study is qiven as an indication only of the p>aible fiuncial oatccme 

as mlCh will depend upon the organization and ~t of the operation 

as well as cbanqea in effective d=·nd for cbarcoal. 



- 18 -

APPBllDIX 2 

Pre-feasibility study of eq.acted return fraa .anufacturinCJ 50 tonnes 

charcoal per manth fraa wood vaate, uainq portable kilns, and exportinCJ it 

by road to llouakcbott. llauritanie. 

~ 
12 ki.lna @ $750 • $9000, 2 year life, depreciation 

Cost $ 

per manth 

per .anth 375 

6 chain aavs @ $400 • $2400, 2 year life, depreci.a~ion 

per .anth 100 

Spares aid repairs @ 20. 20 

Petrol and oil, 540 litres @ PG90 243 

Sacka, nylon, 40 kq capacity. @ PG107 each, JY.)11-returnable 669 

Band tools, atrinq, etc 11 

Tax on wood @ PGl/kq charcoal paid to Goveriment 250 

Labour: 2 .an/kiln • 24 men @ PG5200/.anth 624 

Labour overheads: assistance with food, accc--:idat:ion, 

transport and social security @ 100\ 624 

Transport charcoal BaW>adinca-Nouakchott @ $60/tonne 3000 

SUB 'l'O'l'AL 5916 

Continqency @ 50\ ~ 
TOTAL 8874 -
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'ftle esti.llated value of charcoal 1-mded at Nouakchott is $500/tonne. 

(a) Assuai.nq sellinq price of $300/tonntt with sacks, the estillated 

profit per llOllth is: $15000 - 8874 • $6126 • 41• of sellinq 

price. 

(b) Assuai.nq sellinq price of $400/tonne with sacks, the estimated 

profit per .anth is: $20000 - 8874 • $11,126 • 56• of sellinq 

price. 

(c) Assum:inq sellinq price of $500/tonne with sacks, the estillated 

profit per llOllth is: $25000 - 8874 • $16,126 • 65• of sellinq 

price. 

Thi.a study is qiven as an indication only of the possible financial 

outcome, as some of the asswaptions, includinq the price of $500 cla.illed to 

be obtainable for bulk deliveries of charcoal to Nouakchott, Mauritanie 

need ~ be checked. Of utmoet i.Jlportance will be the orqanization ~ 

aanaqement of the operation through all stages. 
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APPENDIX 3 

Job description 

UP/GBS/86/057/11-51/32.1.:. 

Expert in the pEOduction of charcoal from wood waste 

using portable steel kilns 

1 .:>nth 

Auqust 1986 or as soon as possible 

Bawbadinca, Guinea Bissau 

Purpose of project To introduce portable steel kilns for use in logqinq 

areas for the conversion of logqinq waste to charcoal. 

Duties In co-ordination with Sr Manuel GolDes Brandao of 

Bambadinca and the Kinistry of Natural Resources and 

Industry, the expert will execute the followinq tasks. 

1 Assist with the construction of one or .:>re 

portable kiln(a) and ensure that they have been 

fabricated to the appropriate standards 

(fabrication will have bequn prior to the expert'• 

arrival at Bamhadinca). 

2 Install the kiln(•) at an appropriate location 

(selected by the project personnel follovinq 

diacuaaiona with the consultant), comaiaaion and 

supervise the first firinqa of the kiln(s). 

3 Instruct the local personnel in charqinq the 

kiln(a), the firinq cycle and in preparation of the 

charcoal product. 

4 The expert will be expected to arranqe for the 



Qualifications 

Lanquaqe 

Backqround 

information 
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analysis of a sample of the charcoal product at 

either his heme base or another appropriate 

laboratory. 

5 Instruct local personnel in the use of siaple 

sieves and bagqinq procedures for the cbarcoal 

product. 

6 Advise loca.l personnel on the marketinq of the 

cha.rcoal product. 

The expert ri.11 prepare a report in Enqlish presentinq 

u acc:ount of 'tis activities durinq the aission and his 

recc andationa for follow-up work to be undertaken in 

Gu.• .nea Bissau and an indication of the future role 

which DHIDO can play. 

Enqineer or scientist. University deqree and 

COl18iderable practical experience in the fabrication 

and use of small-scale charcoal kilns. Practical 

experience in developinq countries an asset. 

Enqlish an~ a workinq knovledqe of either Portuqueae or 

Spaniah. 

A private sector forest industry located in Ba•bad.inca, 

Guinea Bissau, is currently loqqinq 2000 m3 cut 

roundwood per year for further processinq at a sawmill 

into -rchantable timber and stakes. 20 tonnes/day of 

waste are left in the forest and qenerated at the 

savai.11. The wood waste is known to make hiqh quality 

charcoal for which there is an export market in Europe. 

Charcoal is also used extensively in Bissau for 

domestic cookinq. 

ORIDO baa been requetrted to furnish technical 

assistance vi.th the installation of transportable -tal 
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kilns and the introduction of kiln operatortt. The kilns 

will be-used for the efficient conversion of the vood 

waste to charcoal. The followinq major categories of 

portable kiln, for use in makinq tlfOOd charcoal, are 

available: 

Drua kiln Ccf which there are numerous desiqns used 

worldwide. 

'l'DRI (G.B.) Mk V Kiln 

Cusab kiln 

OlVe Basculante (Prance) 

The TORI kiln has been used extensively for the 

manufacture of wood charcoal in several African and 

Asian countries. Its portability makes it particularly 

useful for m&kinCJ charcoal in the forest f roa lOCJqinCJ 

waste. 

The Rural Technoloqy Guides Nos. 12 and 13 prepared by 

the Tropical Development and Research Institute of 

Great Britain corlCerninq the fabrication and use of a 

transportable steel charcoal kiln have been forwarded 

to project personnel in Guinea Bissau. Project 

authorities have been requested to fabricate one or 

1DOre kilns pr_.Jr to the expert's arriv1l. 
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APPCIDIX 4 

Kiln firi.iq notes 

A. Firing No 1 

Guinea-mini (Cbarqe: ~ya seneqalensis sawmill waste) 

NB Ho note was taken of the timinq for the loadinq of this )·iln as the men 

were under initial instruction. 'l'he kiln was loaded enouqh to enable the 

lid to remain about 10 cm above the cylinder at time of liqbtinq to allow 

for better throuqh drauqht and setdement of wood. 

3/11 

09.20 

09.55 

09.45 

09.50 

10.15 

10.30 

NB 

10.30 

16.00 

16.30 

Wind direction tested and kiln lit or. the leewam side throuqh the 

inter-vent channels. 

Inter-vent base and horizontal vents sealed with wood and soil. 

4 chimneys put in place. 

Drauqht successfully reversed. 

Ports sealed. 

Lid dropped into position and sealed with moist sand. 

To avoid overheatinq, verLical air vents almost sealed. 

One hot chimney with blue smoke removed. 

Kiln smokinq well on 3 chimneys, fourth one returned to use. 

3 chimneys Slllt'kinq well. Staff well instructed re hot spots and 

control of air supply. 

17.15 Port inspection revealed charqe partly carbonised. Chimney 

17.45 

22.30 

4/11 

09.15 

6/11 

positions chanqed. Vertical vents fully opened to facilitate 

e .. ..ablishment of down drauqht in new chimney positions. 

Air intake reduced to ensure slow, safe overniqht burn. 

2 chimneys 81110kinq. 

Kiln stopped smokinq and sealed for coolinq. 

11.45 Unloadinq camaenced. 

Clarcoal yield 352 kq (14 standard baqa ot approxiaately 25 kq per baq). 
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Number of brands {approximately equivalent to 2 baqs of charcoal) indicated 

a cool burn. No ash. 

B. Firing No ' 

'l'DRI MkV (Charqe: Khaya. senegalensis sawai.11 vaste) 

NB No note vas taken of the ti.mi.nq of this loadinq as the Jnell were und1r 

initial instruction. The kiln vas overloaded in order that the J;d 

remained 10 cm above the top cylinder at the time of liqhtinq to allow for 

better throuqh drauqht and for settlement of wood. 

3/11 

11.00 Wind direction teste:i and kiln lit throuqh inter-vent channels. 

11.10 First section of bteL"-vent base closed with wood and soil. 

11.30 All base, includinq horizontal air vents closed. 4 chimneys in 

position. 

11.35 Lid not settled. lt.iln too hot on the windward i'nd too cool on the 

leeward side. 

12.45 All ports closed. 

12.55 Lid finally settled, despite difficult manhandling of the hot lid a 

poor seal was effected leadinq to potential drauqht and overheatinq 

difficulties because the top cylinder is slightly oval. 

13.00 Extra sand seal applied to lid/top cylinder joint. 

13.30 Sealing continued, one chimney producinq blue smoke was temporarily 

removed and its station sealed. 

16.00 Smokinq quite well on three chimneys - the fourth one wa• 

repositioned. 

16.30 Clay/water seal applied to the lid/top cylinder joint in 

preparation for safe night burn. 

16.40 All chimneys smoking well. Staff competent to detect ho1: spots in 

the base cylinder and to restrict air intake at or near those 

points. 



17.35 

17.45 

23.00 

4/11 

09.15 

09.50 
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Chimney positions chanqed. 

Air intake put on a:i.ni.mm to ensure cool safe overniqht burn. 

All under control. 

2 leeward chi.a:leys smoltinq, also leeward area of lid/top cylinder 

joint. Further clay seal applied to this joint. 

1 chimney smokinq. 

16.00 Port inspection revealed uncarbonised cbarqe. All air vents 

opened. 

16.20 All ports opened. 
16.35 All ports closed after oopious smoke produced. Drauqht reversed 

successfully in 3 chimneys. (1 on leeward side not smokinq). 

18.00 ExotheDBic reaction in one part of the toi.' cylinder. 

23.00 Exothendc reaction movinq round. 1 vent closed and the others on 

minimum air intake. Only 1 chi.llney smoltinq. 

5/11 

09.30 1 chimney smoltinq. Still a lot of brands/wood. All air vents and 

ports opened. 

09.40 Ports and horizontal vents closed and chimneys moved round one 

place. Drauqht successfully reversed and 4 chimneys smokinq but 

all vertical vents qivinq off smoke - all vertical vents 

temporarily closed to stabilise the reversed drauqht. 

22.15 A small amount of blue smoke from one chimney only. Percussion of 

the cyliriders indicated that the top is empty and the bottom full. 

All chi.llneys finally removed and the kiln sealed for coolinq. 

7/11 

16.00 Top cylinder still hot in one area. Old clay seal round Lid/top 

11.20 

8/11 

08.30 

cylinder joint and top cylinder/bottom cylinder joinc removed (it 

had a number of fine heat cracks) and new seals applied. 

Top cylinder coolinq. 

Kiln cold. 

There were a number of problem.8 when openinq the kiln, chi~f of which was 

the heavy amount of tar which completely stuck the cylinder• toqether. 

This was resolved only when both cylinder• were rolled ott the charc:oal and 
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rocked back and forward and eventually a jemay used to prise them apart. 

Despite all the difficulties encountered with this burn, there were 

relative1y few brands, little or no ash and a good charcoal yield. 

oarcoaI. yield 741 kg (18 baqs of approxiJMtely 41 kg per bag). 

C. Firing No 3 

TDRI MkV (Cbarqe: Xhaya senegalensis saw.rill waste) 

6/11 

09.15 2 men allocated ~ clear a site for this firing, a third joined 

09.45 

10.00 

10.10 

10.15 

10.25 

10.35 

11.20 

BREll 

16.00 

17.05 

17.15 

17.30 

them. 

Air vents cleaned of tarry residues. 

Base cylinder in place and sealing ring cleaned. 

Air vents positioned and stringers placed. 

Central firewood cone built, some short brands added. 

Dry grass placed radially from cone through vents for thru-vent 

lighting (to reduce possible heat damage to cylinder). 

Base laid using a ddxture of wood and brands, general loading 

commenced using sawmill waste and packing the interstices with 

available small offcuts. 

Loading of base cylinder completed. 

Moist sand seal applied to horizontal 'U' track at top of base 

cylinder to foni a seal between base and top cylinders. Top 

cylinder manoeuvered into position and charging with sawmill waste 

continued. 

Top cylinder full, finAl layers cone-shaped to take the lid. 

Moist sand aeal put in hori·~ntal 'U' track of top cylinder to act 

a cylinder/lid seal. 

Lid manoeuvered into position. Small pieces of sawmill sawmill 

waste posted through port• to completely fill available space. 
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17.45 Heavy sand/water seal put all round lid. Soil round base of kiln 

loosened for quick sealing use. 

7/11 

08.40 liln li~ throuqb air vents. 

09.00 Gape between vents closed. Thi.cit SB>lte throuqh ports. 

09.20 2 windward horizontal v~ts closed. 'l'he 4 cbi.mneys set in 

position. Remaining horizontal vents closed. 

09.30 Ports closed, draught reversed. 4 cbillneys s.:>ki.ng well. No hot 

spots. 

16.15 Goinq well. 

17 .10 Chi.llneys changed and draught • uccessfully reversed. 

17.15 1 chimley giving off blue smoke - all air vents almost closed. 

17.20 Smoke under control, 2 vents opposite the rogue chimney opened. 

8/11 

08.30 All 4 chimneys going well. All vertical air vents opened after 

overnight safety semi-shut clown. 

19.30 4 chimneys producing thin white smoke. All horizontal air vents 

remained closed a:..d the vertical ones almost sealed. 

9/11 

08.15 No smoke. liln sealed for cooling. 

10/11 

08.30 liln cold. 

17.15 Lid removed for use on another kiln. Top and base cylinders 

completely stuck together with tar. 

17.25 Conjoined cylinders levered over and manually rolled on their 

sides. 

Charcoal yield 575 kg (14 bags of approximately 41 kg per bag). 
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D. Firing No 4 

Guinea-mini (Charqe: IChaya senegalensis sawmill vaste) 

10/11 

09.10 Cylinder in position on 6 vents .. 

09.15 Because of previous difficulties ~e fitment of lid:cylinder, S<me 

tiJDe spent offeri.nq lid to cylinder and measurinq both pieces of 

equi.P18J1t. 1.i.d seems to be circular and cylinder oval (diameter 

variation 2260-2320 ->. Notes taken for recc: andations re mi.nor 

adaptations of the design for further kiln manufacture •• 

09.55 Strinqers placed and central cone of grass+kindli.nq fonaed and 

grass laid in radial desiqn for thru-vent liqbtinq. NB with only 6 

vents in use, it may be necessary to add an extra inter-vent 

strinqer to facilitate concentric circle mattress structure of wood 

and brands, while maintaininq air access at the base. 

11.10 Cylinder full - top bei.nq shaped to take the lid. (Lid tried once 

more to ensure it fits). 

11.25 Moist sand seal applied to top horizontal 'U' track in order to 

take the lid. Lid manoeuvered into p:>sition with difficulty. 

Pillinq continued throuqh the p:>rts. 

11.45 Lid fittinq poor despite not overloadinq. Further im:>ist Rand seal 

applied to try and seal air apace between lid and cylinder. 

11.46 Kiln lit on leeward aide, then on windward side1 not pullinq very 

well, vertical vents blocked to increase drauqht. 

12.03 Kiln qoinq better. Soil duq in preparation for air control. 

12.07 Initial reduction of air intake started. 

12.15 Copious smoke throuqh p:>rts but some sections of the kiln still 

cool. 

12.20 

12.25 

12.28 

15.20 

20.30 

11/11 

Inter-vent air intake sealed, then horizontal vents sealed. 

3 chimneys positioned. Drauqht reversinq satisfactorily. 

Porta closed. 2 chimneys smokinq well, 1 poor. 

All chimneys smokinq well. 

Chimneys amokinq well - air intake restricted for safety overniqht. 

OS.JO 1 chimney with a small amount of blue smoke. Port inspection 
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indicates charcoal. lti.ln sealed for c-....olinq. 

12/11 

12.00 ltiln cold - bagqinq cc--enced. 

Charcoal yield 424 kq (11 baqs of approxi.aately 38.5 kq per baq). 

E. Firing No 5 

Guinea-mini C Cbarqe: .Pteroca.rpis erinaceus in the round) 

'l'bree men were detailed to work on this kiln. 

11/11 

09.25 Cylinder in place and 6 vents put under it. 

09.40 Strinqera and base mattress + cone beinq laid by the foreman from 

material supplied t>y the labourers. 

09.55 Loac':.inq vi.th wood ~ced. Interstices filled vi.th saall SAvmill 

offcuts (mainly Khaya senegalensia). 

10.20 Cylinder two thirds full. 

10.55 Top cone beinq shAped from sawmill waste to take the lid. 

11.10 Moist sand seal applied to horizontal •u• track. 

11.17 Lid manhandled into position. 

11.25 Final moist sand seal bein9 applied over the periphery of the lid. 

Small pieces of sawmill waste poab.ld throuqb the ports to 

completely fill available apace. 

11.30 Loading completed. 

BREAK 

11.SC Loose ooil round kiln prepared, and pieces of wood for closinq the 

base inter-vent spaces placed near the kiln. 
BREAJC 

16.50 Kiln lit thru-vents1 80lll8 vents blocked with too much qrass. 

17.25 Base and horizontal venta closed, 3 chimneys in position - SllOkinq 

well, ports closed. 

21.50 All chimneys qoinq well. Chimney positions chanqed. All vertical 
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vents open. 

12/11 

08.45 One chilmey not S80kinq, the other 2 qoinCJ well. '!'hick tar + heat 

09.00 

10.00 

10.05 

11.15 

indicatinq exothexmic rec.ction. 

3 chll.neys smokinq well. 

Strooq exothemic reaction ai.ost complete - smoke thinninq. 

All vertical vents open, 1 chilmey ~t smokinq. · 

A hot spot developinq, therefore air intake in that reqion 

restricted. 

17.15 2 chllmeya stopped with a small amount of blue smoke. Port 

inspection revealed .ainly charcoal. Chi.mleys remc:wed and kiln 

sealed for coolinq. 

13/11 

08.30 liln still slightly wara. Extra sand/water seal applied to the lid 

periphery. 

11.00 Unloadinq. 

Charcoal yield 450 kq. 

P. Firing No 6 

Guinea-mini demonstration firing (Cbarqe: Xhaya senegalenais sawmill 

waste). 

NB Two men from Contuboel Sawmill were present for tr~ininq in kiln 

operation by the chief charcoal trainee, Bambadinca Sawmill. 

10.00 Two trainees arrived, inspected Guinea Mini (3) which wa• 111DOkinq 

well, had an introductoxy talk about the kiln, its ccmpo•ition and 

•thod of tirinq. They manhandled a top cylinder into po•ition for 
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loadinq and inserted vents. 

11.15 Strinqers,. ki.ncllinq and brands in place • 

11.25 A aixture of wood and brands added to ccmplete the base •ttress. • 

General loaclinq cc ('!'Vo pieces of Prosopis africa.na,. tied 

with wire for identificatiClll purposes, were placed centrally about 

blo thirds up the cbarqeJ this is to be sallpl.ed for analysis.). 

12.00 Interstices bei.nq filled with saal.l pieces. 

~ Pirinq delayed until 13/11 as the chief cbarcoal trainee is ill. 

12.35 Lid in position,. loadi.nq c:xmpleted and fr&a:l sand/water seal 

applied to lid/cylinder joint. Wind direc:ti"on tested and kiln lit. 

13.15 Half the inter-vent spaces at the bue closed. 

13.20 All inter-vent spaces closed as well as horizontal vents. 

13.25 3 chimneys p:MSitioned. Porta closed. 

13.27 One chimney givinq off blue SlllOkeJ it was placed on an adjacent 

vent and its original station temporarily sealed. 

16.30 Slloke/drauqbt established and rogue chi.Jlney returned to its 

oriqinal position. 

19.15 Chimneys SllOki.ng wellJ their positions were changed and one very 

hot vent was part closed to allow for safe overniqht burn. 

NB Mr Brandao was asked to (1) arranqe for the kiln to be unloaded on 

17/11, (2) for the weight/vol~ details of that firing to be telexed to 

Devon and (3) for a sample of the Proaopis africa.na charcoal to be sent to 

Devon for analysis. 
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ITDIERAR.Y 

ltiJ:qsbridqe - Vienna 

Briefinq WIIDC HQ 

7ienna - Lisboa 

Collectinq visa and volunteer assistant 

Lisboa - Bissau 

Briefinq Government and OHDP 

Bissau - Bawbadinca 

Testinq kilns 

Modifyinq chimneys at Bafata 

Testinq and traininq 

Visit to plantation area (assistant to kilns) 

Visit to Gallbiel sawmill (assistant to kilns) 

Bissau - market survey, stores & URDP 

Traininq 

Visit to forest concession area 

Pinal firinq of IBOdi.fied Guinea Mini 

Visit to Contuboel sawmill and concession (assistant to 

kilns) 

2 students from Contuboel sawmill arrived for traininq 

Pinal traininq session 

Bambadinca - Bissau 

Bissau - Kinqsbridqe 

• 
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CARLOS NRATE 
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PEOPLE CONTACTED IB GUDIEA BISSAU 

C In order of meetinq) 

Resident Representative, OHDP, Guinea Bissau. 

Clef du Departement d'industrie et Materiauz: 

Construction. 

CARLOS BRANDAO BUlbaclinca Sawai.11. 

JOSTA HALLBERG Socotraa (Silviconsult) 

MARLEEHE 'l'RAVELLA ONDP i/c lJNIDO projects in Guinea Bissau. 

CIPIUAHO CASSAMA Direccao Servico Florestal e Laco 

MAllOEL GClmS BRAHDAO Owner, ea.badinca Sawai.11 

NONO MIQOELIBO Timber Buyer. 

ALBANO HEYES SILVA Manaqinq Director, Contuboel Sawmill. 

JOAO GClmS JUNIOR Guimetal, Bissau • 




