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The details of wood carbonization technology- b.ave been published in 

much literature already available, so tb.at only the main. relevant facts 

need to be set out here. 

Natural Cellulosic materials of' all types (wood, shells., husks) 

contain varying percentages of moisture, and the basis on which this 

mc:·_s"ture is stated is most important. The only scientific a'"ld fir:n basis 

is on the absolutely dry weight of the wood material (oven drJ veight or 

basic density), with moisture content (thereafter referred to as M. C.) 

being expressed as a percent a~ of that weight. 

hly statement of M. C. as a percentage of th~ initial green weight 

is a misleading, too variable basis, and changes as the wood dries. In 

this report the basis used will be absolutely d:ey weight - usually referred 

to as 'dry weight ' as opposed to 'air-dry wei:;!:' , ' . 

The following table shows the difference of the two bases. 

Percenta.ii:e moisture con~ 

Dq basis 

0.0% 
10.0 
20.0 
25.0 
30.0 
50.0 

100.0 

Wet basis 

0.0% 
9.1 

16.6 
20.0 
23.0 
33.3 
50.0 

The stages of the carbonization process a.re as follows: 

1. Dehydration - 100° - 120 °c. The moisture content has to be driven 

off before the carbonization process begins. 

This takes a lot of heat, as well as slewing down the progress to the 

point of carbonization. It i3 important, there.:'ore, to reduce :he :.1. :::. as 

lcw as possible, economically, by pre-drJing (air dr.ying or '.ising hot wast.e 

ga.ses). 
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2. ~ood Heating - After tne wood :iries (Stage :) the te!IIPera~uxe rises 

slowly, a.s wcod is a poor conductor of !lea~. 

In the presence of air, d...""Y wood will start to ignite at a.rol.llld 

170 °c. In a kiln, the air supply is limited and controlled. In a 

retort it is virtually excluded. 

0 3. Exothermic St::ge - As temperatures increase beyond 1 TO C, at about 

250-270 °c carbonization starts - the vood compositil"n breaks up, with the 

evolution of a great a.mount of exothermic heat , which carries on the 

carbonizing process to its completion, with little additional heat input 

being oecessa.rf. 

In kilo operatioos, where some of the wood is ":lurnt internally, the 

temperature may rise to 500 °c but normally to a.bout 450 °c. 

In externally heated retorts, the temperature oorma.lly does not rise 

above 450° /500 °c. The limit::.ng temperature is that to which milcl steel 

in the retort can be safely subjected without di"'tortion which could cause 

air leaks. 

In the hot-rinsing-gas retort systems higher temperatures can be 

obtained and tolerated but that requires a. more complicated technology. 

4. Cooling Stage - When carbonization is completed, no mer·~ ga;; is released 

unless the resulting charcoal is then heo.ted to higher te!IIPe?"~t;ures to drive 

off the volatiles absorbed in the charcoal (which may be up to 2C per cent 

by weight). Depending on the process and equipment used, the cooling of 

the charcoal in kilos i:.sually takes from a few to many days, to reduce it 

to ambient temperatures. In retort sys~ems the cooling period caa be 

s~ortened considerably. 

When eventually released to the open air, charcoal should be seasoned 

for 24 hours to stabilize it against spontaneous combustion. It should then 

be inert and safe for storage. 
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Charcoal ~ade in kiln processes -:n.as- Ve:r'J from 70 - 85 per cent 

fixed ,•arbon, (F. C.) with small percentages of ash and 30 to 15 per cen-<; 

volat.:.le matter, but 80 per cent F.C. is more usual. In ordinary retorts 

it is usual to obtain 80 ._to 85 per cen-e F. C. and in special retorts 

(e.g. Lambiotte) operating at much higher temperatures, up to 95 per cent 

fixed carbon can be obtained. In practice 90 per cent F. C. is the usual 

target. 

Products of the Carbonizing Process 

During carbonization various products are given off _in ga.:;eous form. 

T'JPical results for tropical hardwoods have been listed by Dr. Ii. E. Earl 

(after Harbottle). 

Yields per 1,000 !tilogra.ms of Drt Wood 

Charcoal 

Gas (inflammable - calorific 
value 2500 k/cal M3) 

Methyl alcohol (methanol) 

Acetone 

Esters (methyl acetate, 
ethyl formate etc.) 

Acetic acid 

Wood oil.s and light tar 

Creosote oil 

Pitch 

301J kg. 

140 ~3 

1.4 1.itres 

3 litres 

8 litres 

53 litres 

76 litres 

12 litres 

30 kg. 

In addition some 2) per cent water results from the decomposition of the 

dry wood. 

Other figures given by A. C. Ha"'Tis ( ''Tb.e Extraction of Chemical.s 

from Wood Distillation" 1978 World Forestzy Confer19nce Jakarta), for fo<.~r 

woody materials show the approximate yields as percentages by weight of 

iir'J woods. 
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The above 

Cha=c.oal 

Gas 

Methanol 

Acetone and Esters 

Acetic Acid 

Pyrolytic Oils 
( foclud.ing soluble ta.rs) 

Water of Decomposition 

figures can only be tai:en as 

33 to -~ 
,, 

_; I ,a 

16 c:o 20 af 
(D 

l to 1.5 af 

"' 
0.25 to Q_. 3 ~ ;a 

4 to 7 % (10-12% in coconut 
shell) 

l.O to 15 % 

20 to 30 % 

indications, as they can and do 

varJ widely with species of raw materials, carbonizing :nethods ~d equipment. 

In retort ~recesses, the gaseous products can be condensed and collected, 

yielding a tarry smelly liquor called pyroligneous acid (abbreviated to 

P.L.A.) - a mixture of chemicals listed above, and pyrolytic oils, whi::.e 

the non-condensible gases contain carbon monoxide, carbon dioxide, hydrogen, 

methane and have a calorific value of approximately 300 BTU/rt 3 . 

Most of the pyrolytic oils settle out of PLA on standing, but some 

types of tar are soluble in vat er,. remain in the PLA proper, and can only 

be extracted chemical.l.;r. The extraction of the chemicals from PL~ is highly 

technical and requires a large expensive ret~aer/. 

It will be readily seen that wh?n the gas, the settled pyrolytic oils 

are removed, the PLA liquor remaining is a dilute solution mainly of soluble 

tars, acetic acid, meth~ol and acetone. Unless these can be extracted a 

high.,y polluting acid liquor remains, disposal of which is aver/ ~erious 

Problem. It can only be uu.mt in mixture with wood, sawdust or gas firiDg, 

and should not be confused with tars or oils. This PLA is not usabJ.e for 

power raising or internal combustion engines. It cannot b,'? allowf'.d to run 

into streams. or stored in ea...-th. dan:.s whence it ea.ts its Wa:J thro'..l,~h the scil 

into va.ter supplies causing sever'! water pollution and discolou,..s.~;icn. 

At Wundowie, Western Awtralia, in spite of the refiner:- ,,peration, it has 

caused serious problems and environmental jisputes for ye~rs, necessitcting 

special treatments to avoid litigation. 

I 

I 
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:'he settled pyrolytic oils can be used -rerJ satis:'actorily as :'-..:e:s 

for power raising. 

Some Basic Facts About Wo0d Carbonizaticn 

1. The drier the wood, the 1uicker it carbonizes, and usually the 

better and harder the charcoal produced. 

2. Wood dries out much faster along the grain than rad.ia.lly. Conse

quently, the shorter the wood, the quicker it carbonizes, and usually the 

better stronger and harder the charcoal. 

3. Small. dimension ;rood usually makes the better Stronger charcoal. 

Sawmill "edgings" (waste) are particul.arly good for this rea.3on. 

4. The bulk/density of the charcoal. usually varies directly as the basic 

density of the wood used. Heavy woods make for higher bulk densities. 

5. The reduction of volatile matter, requires longer carbonizing time 

and higher temperatures. These factors rill raise the fixed carbon as a 

percentage, but do not increase the actua1 carbon as a quantity. Whether 

fixed carbon above 80 per cent is of any advantage depends on the use to 

which the charcoal is put. 

'Toad Measuring Units 

Wittout knowledge of the weight per cubic foot of the vood charged, 

the output of a particul.ar size kiln or retort cannot be predicted with ar.y 

degree of certainty and can only be determined by actual practical tests. 

This makes i.t hard to say how many kilns or retorts are needed at any 

particular cen~re to produce a. certain veight of charcoal.. Fa.cili ties 

for veighing are frequently unavailable, and volume measurement approxima-

tions have to be used. The commonest are the "Cord" and the "Stere" - "uoth 

approximations depending on straightnesa and billet dimensions, so that 

t.heir weights are uncertain. This makes true ca..lculation of the charcoal 

production per tonne of vo~d ver:r difficult. 
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_ cori = l stack of wood ~iJJ.ets 81 x 4 1 x 4 1 

c~r the~r equivalent) 

= 128 :rt 3 = 3.63 m3 

l Stere = a stack of wood billets 1.1 metres 

high, ~pieces 1.3 m. long ~ 1 m. wide 

= 1.43 M
3 

Reputed to = im3 of solid wood 

In practice 1 cord= 2.5 steres (approx.) 

l cord of wood at 50 lbs/rt3 weights approx.i.rc:i.tely 2 tonnes. 

WOOD CARBONIZATION PROCESSES 

The processes and equipments used to carbonize woody materials divide 

into 2 main tY1Jes. 

A. KILN~ - In these portion of the wood charge is burnt internally in 

the presence of a limited, controlled quantity of air. The heat thus 

engendered, raises the rest of the wood to the temperature (270° approx.) 

where the "charcoaling" starts, the wood is decomposed, a strong exothermic 

reaction sets i~ and this release of hea~-carries o~ thEi. c ~~onizing 

through the remainder of the wood charge with little additional consumption 

of wood by bu:ning. Temperatures rise to 40° - 450 °c usually, not 

sufficient tJ reduce the volatile matter below 15-20 per cent. Of~en 

25 per cent volatiles resul.t. 

The 'burning' period may take several days , and !'<;!quires skil:. und 

eternal vigilance to control or shut off as required, the amount of air 

being admitted. 

The gaseous effluents (tars, chemicals, and inflammable gases) are 

gi7en off to the open air in a hea•r/ grey to. black smoke, vel"J smelly, 

1mpleasan"t and polluting. 

:epending on t.he t:rpe of kiln th~ cocling period ca..'l be ·re'!"'/ long 

ranging from days to •.¥eeks, ar.d still requires Yigilance in case tne 

ch rcoa: ignites from accid~ntal access of air: 
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Main types of h.Ji in :ise today are: 

; ..... Earth Ki:..ns - pits, caves, or earth covered mounds above ground, 

a special. type, which can be used at sawmills, replaces earth with sawdust, 

and is described at length e.i.sewhere in this report. These a.re all labour 

intensive, using virtually no ca~ita1.. Their use is ~ell documented in the 

literatures, output on a pe::- day basis is low and the product of uncerte.in 

quality. 

2. Steel Kilns - The Uganda Mark V. developeu. e~pecia.lly by D. E. E«1.rl is 

the best of its type in use today. It is portable, but is a low producer 

and has many of the disadvantages usual. to kilns. Its life is short, 

(said to be 3 years) and it has become expensive. It uses much more wood 

to produce 1 tonne of charcoal. than other types. The writer has seen it 

used and abandoned in Sri Lanka and Gurinan. 

3. Brick Kilns - The large beehive type which ma::r have an operating cycle 

of a month, and OJ,lerational pro bl.ems similar to other types. It ~annot be 

recommended for r~~ua New Guinea. A particular version, is ~he small 

Brazilian Beehive Kiln, used for the charcoal-iron industries in the State 

of Minas Gerais, Brazil. The writer believes this to be the best of this 

type, and there has been recently deveJ.oped in Brazil an improved type. 

(See later references). It could have a place in Papua New Guinea. today. 

4. Cement (Reinforced) Kilns - The best and most commonly used of this 

type is the Missouri Kiln of USA which lends itself ~o large scale operating 

and more mechanization than other types. It is significant that Earl the 

develo-oer and champion of the Uganda V3.rk V portable steel kiln, is now 

using the Missouri in Ghana, under his direction as FAO representative. 

An improvement, enabling the burning of the efnuent v~pours to 

eliminate the usual. pollution from kilns, is airailable, and the litera-:ure 

has been made available by the WTiter to the PNG Department of Minera.;.s 

and Energy. Details concerning the ere:tion and operation of this Kil.n 

ilave also been made available to the PNG authorities concerned. HoweYer 

it is an expensive addition. 
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Othe!" TJ7es - ~ other types have been tried and aoandoned.. 

was interesting to find near Rabaul an old abandoned ~mas Continuous 

Kiln a tnie which never really s11cceeded and was horrible to ope!"ate. 

In 1969, Earl on a visit to USA found that no ~mas Kilns were any 

longer in existence. 

General Remarks 

In general, kilns use more wood per ton of charcoal tha.11 efficient 

retorts, which recover the heat from ~he effluent gases produced, and in 

some cases from extracting the he..1.t of the charcoal in the cooling process, 

and re-using it. 

Retorts 

Retorts are charged with wood, then sealed against entrance of air, 

the wood then being 'baked'· and not 'burnt' a.s in kilns. 

There are 2 main types of large retorts in use today: 

A. Externally heated by gas, wood or oil. ~se are all operated o~ a 

batch system. 

3. Internally heated by hot inert gas (free from air). These types are 

all described at considerable length in literature made available by the 

writer to the PNG authorities, and are covered by the writings of Elll"l, 

Harris and Constantine as listed in the bibliography at the rear of this 

report. They may be either continuous or batch operated. 

TYPE A 

(i) The Crossett - horizontal, batch operated, used in USA and at 

Wundowie, West Australia (1947-78). Now superseded. 

(ii) Tb.e Constantine - l~rge horizonta.:.., batch operated - a great 

impr~vement in design on the Crassett, elL~inating most of its 

problems; still used at Wundowie, though being superseded by the 

La.:nbiotte retort, but ~ct for reasons of ~ailure. 
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'l'he '..Test Indies small b.crizc:ital :-etor:, being e.~eri!Ile!2te'i 

with IJ.ear Ch.imbu and at Lae University of Technol1Jg"J. It is 

discussed later on in more details. 

Retorts internally heated by very hot "rinsing-gas" free from oxygen. 

The gas used can be wood gas, blast furnace gas, producer gas or IJ.atura.l 

gas, depending on the best avail3.ble source. When operating, som~ of the 

retort's own vapours are re-heated and re-used as 'rinsing-gas'. 

The best known in use tuday are: 

(i} The Reichert - a batch ot>eration vi th ·~he charcoal d::_scharged 

hot into sealed air tight containers to cool. 

(ii) The Lambiotte - a c::intinuous retort - tb.e high. point of wood 

carbonization technology. 

The hot rinsing-gas comes from the same source as for the 

Reichert. Charcoal is cooled in the base of the retort by 

passing cold inert gas (oxygen free l through it; this gas 

thus becomes veey hot and passes up into the carbonizing zone 

of the retort, thus ~onserving heat rith. corres!)onding 

economies. The retort operatas at high. temperature (600-650° C) 

and requires heat and acid resistant steels in the top ha.lf. 

(iii) '!'he Constantine System 

A batch of vertical retorts similar to the Reichert, internally 

heated with hot rinsing gas as in the Reichert and La.mbiotte; 

then cooled v.i..th cold inert gas as in the Lambiotte. It :i.s 

obviously a system mid-way between the other two. Can be made 

in mild steel if operated at tempera.t'.ll'es no-c exceeding 550° C. 

(This applies also to the Reichert). Its advantages a.nd opera.tier. 

a.re set out in Harris' s 1978 paper to the 8th World :'."orestr:r 

Conference in lJldonesia. Also in Ccnsta.ntines -paper "Ma.nufac-:i.a-e 

of Charcoal" (1975). 
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These hot-rinsing gas =etort systems are hi~'.:..:i.y technical and 

suitable mainly for large scale operatic~~ backed by ccmpete~t 

technical staffs. They involve larp-::: capital expenditure, but 

have low labour and maintenanc~ costs. They last indefinitely. 

Portable Retorts 

1. The Lambiotte Portable - see also Harris' 1978 paper. Sure to be 

technically excellent, but too expensive for its productivity rate. 

Technologically complex. Not considered suitable for PNG. 

2. The Constantine Portable - See also Harris' 1978 paper, where it is 

discussed at length. 

There are tvo versions producing l and 2 tons per cycle respectively. 

The production rate depends on the time cycle, whi~~ is affected oy 

climate, humidity, M. C. of the wood, basic density, size of wood etc. 

Under West Awtralian conditions, the time cycle is 2 days. It might 

be 2 1/2 "to 3 days in tropical regions. Only experiment would tell. 

Continuous Furnaces 

These a.re virtually continuous hot-rinsing gac 'retorts' for carbonizing 

fine materials - ~'!.wdust, chips, nutshells, sma.ll cellusosic wastes of all 

types. They are described in the literature made available to PNG authorities 

by the vriter. They are large units producing 7,000 tons of charcoal (or more) 

per annum. 

The two b~st know types, which are very similar a.re: 

1. Herreshoff - of N~w York. 

2. B. S. ?. Envirotsch - of California. 

They a.re capita.l intensive but have low labour costs. Production 

rates are high. They have been operating fer a long time successfully. 

3. A related system, Tech-ai:· !'ram Georgia, is being r·eported on 

in PNG by Dr. J. Ta.tom of USA -· a.s described in bis report to ":he PNG 

Dep&.rtment of Miners.ls and Energ'J. (See bibliog:-aphy). ':he write:-

has no n~rsonal aicperience o~ this system, beyond the literature. A 

s:'.:nila.r operation is being experimented vitn by Ta.tom in Indonesia, and 
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!::J.a.s been curren-i;l:r investigated by Dr. K.. :fovrcambe, $ergy ?la.nner, 

PNG Department of Minerals and Energ<J and Professor David ::us.sey of the 

Lae (FNG) University of Technology. The writer is not in a position to 

make much. comment on this new process at present. Only time will tell 

if Tatom's 25 ton/day retort (7,~00 T/year) will be an improvement on 

the Herreshnf~ and B. S. P. systems vhicb. are well proven over many years. 

TYPES OF CABBONIZING SYSTEMS RECOMMENDED FOR PAPUA NEW GUINEA 

Beca·.ise of the varied nature of the situation met within Papua New Guinea, 

~t is considered desirable to experiment with. several types: to determine their 

suitability and applicability to the local scene; and to local labour particularl: 

Kilns: 

l. Th' Brigk lined Pit System. used in Sri Lanka for coconut shell. 

2. The Sawdust covered kiln - at or near salmlills. Described elsewhere. 

3. T'.ae Missouri Kiln - The best of the large kilns, especially at sawmills 

vitb. large wood wastes already accumulated. Sizes used in USA range 

through. 30, 40, 50 to 80 'Cord' capacity. 

The 50 cord kiln is the commonest and for various practical reasons, 

seems the best and safest size for PNG conditions. It is discussed 

at more length. further on. 

A smaller size (say 30 cord) can be used, of course, where NOOd supplies 

are lower. In general, the larger the kiln within reason, the lower the 

capital co&t per ton of capacity. The kiln door frame and door costs are 

the same for all sizes and have to be well made to keep a good air seal. 

The one piece door is o:f'ten preferred today, over '.i:le 2 door ringed type, 

and is handled by a front end loader for removal and replacement. The 

door is tigb.tly wedged onto the frame with a gasket for sea.ling purposes. 

4. '!'he small Brazilian BeehiYe Kiln (brick construction). Details of this 

kiln are giYen in Earl's USA/Brazil report (1969) a copy of ~hich has 

been left with the Department of Minerals a.nd Energy. It contains draw-

ings f~r construction, but it is suggested that while in Brazil, Dr. Newcomts 

tr;/ to obtain more precise details. 

I 

I 
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tletorts 

A. For coconut shell and wood 

l. The West Indian retort - f'ully discussed elsewhere. 

2. Th.e Constantine "Portable" retort 

(al 1 tonne type - for small operaiions 

(b} 2 tonne type - for large scale operations. 

B. For large accumulations of sawdust. shavings 2 and small 
celiul.osic type materials 

l. Th.e Herreshoff continuous furnace (Retort ) 

2. The BSI' /Ee.vi rotech continuous furnace (Retort l 

Th.ese art? veey similar. Both have been in use satisfactorily for maoy 

years, are reliable, efficient and high. producers. A typical unit prodi.i.:::es 

some 7,000 tonnes of cha.rcoal per year, but larger ones are available. '9y

product gases can be burnt or condensed for 'oils' etc. Information on these 

has been given to the Department of Minerals and Energy. Whether one of these 

is to be used crlUJ.d only be decided after completion of the Georgia Tech-Air 

system demonstration currently projected. 

3. The Georgia (Tech-Air) system 

Th.e principles involved are not new. It is i.mdergoing tests in 

Indonesia and a pilot plant is proposed for La.e. It remains to be seen 

whether it is any better than the Herreshoff or ESP/Envirotech which are 

tried and proven. At this stage, it is not possible to say whether the claims 

madt. for yields of charcoal, 'oils' and gases, based on USA experience 

and woods will be substantiated for the tropical hardwoods of PNG. 

Experience elsewhere with tropical hardwoods suggests otherwise. 

(See figures quoted by Earl elsewhere in this report.) 

ADVANTAGES AND DISADVANTAGES OF MAIN CA.BBONIZING SYSTEMS 
SUITED TO PAPUA NEW GUINEA CONDITIONS 

Th.ese are set out fairly well generally' in Dr. Earl's :>ook "Forest 

Energy and Economic Development" p. 30. 

Comparison between Missouri Kilns and Constantine portable retorts must 

be more specific for Papua New Guinea. 



ADV ANT..l\.GES 

filssouri Kiln 

1. Can use long wood, short 
blocks, and larger dimension 
wood. 

2. Mechanised loading and un
loading (front ena loader} 

3. If used in large groups of 
kilns , is not labour 
intensive and skilled super
vision is easier (l foreman 
p~r shi:f."t l . With large 
groups of kilns continuous 
operation of a shift basi~ is 
virtually necessary. 

4. Can be built locally from 
cement and steel reinforcing 
rods. (Details have been 
given to the Department of 
Minerals and Energy l . 

I 1. 

2. 

Constantine, Mark II Repcrt 

Has ~o use sh.art (10 cm 
blocks) but at a sawmill, 
these a.re cheaply produced. 

3hort wood dries out and 
carbonizes ~uicker. 

Loading ca.n be mechanized; 
unloadinp, - partly so. 

I 3. Life span - 15 years 
(possibly 20 years}. 
Longer life than kiln offsets 
inflation escalations. 
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DIS.ADVANTAGES 

1. Effluent gas heat is lost • 
Needs an a:t't.:r-burner to avoid 
pollution of air, soil etc. 

2. Needs skilled operation and 
constant watching, over some days. 

3. Long cycle, slov carbonizing and 
cooling Cl0-14 days} 

4. Life: Comparatively short -
8 yea.i.-;;; - depending on maintensnce 
standards 

5. Quality control of charcoal !!IOre 
difficult than in a retort. 

6. If 'burn' goes out, restarting is 
more difficult. May need to cool 
off, before recharging to a.void 
fire breaking out • 

7. Severe internal. fire may reduce 
the charge to ashes • 

8. At renewal. in 8 yea.rs capital cost 
should be higher due to inflation. 

1. Cost of reducing wood to short 
blocks - a small cost at sawmills, 
with slashery- saws . Elsewhere , it 
needs simple 'docking saw' 
machinery- to cut blocks. A mobile 
unit ha.s been used at Wl.mdowie 
(see l.mder 'Selectively logged 
areas'). 

Unloading - can be mechanized in 
part - not completely. Mq need 
a little more labour than the 
Missouri Kiln process. 

3. High.er capital outla\Y· initially, 
per unit . U3ut is compensated for 
by longer lifel. U3ase1 on its 
longer life (l5 7ea.r~l capita.l 
cost per tonne is approximately 
equal to Missouri Kilns 1. 
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Constanti~e Mark !I Renart 

Ad.vantages 

4. Less skill needed to operate 
than for k.il.ns. Uses less 
wood per tonne of charcoal. 

5. Short cycle - 2 to 3 da;rs 
depending on M.C. 

6. Good quality control. 

7. Large scale operation easily 
supervised by a skil.l.ed fore
man. Continuous operation 
possible with. 3 shi:t"ts. 

8. Burns all its own effluent 
gases thus avoiding pollution. 

2. -ru:~~f =t ~:~~~~0~~00~---
W'OOd/l tonne charcoal). The 
wood can be lov grade - even 
coconut husks. 

10. The small.er Mark I version, 
could be operated by a 
family group, on a smaller 
sea.le. 

CAPITAL COSTS 

Missouri Kiln: 

Capacity - 50 cords. Life - 8 :rears 

Using concrete roof - cycle 14-15 days 

Using steel roof - cycle 10-11 d~s 

Cycles-per yea.r-30 - USA output 20 tonnes per cycle 

- Because of M. C. and ligh.ter wood in PNG will probably not 
480 tonnes/year output. 

KJ.0,000 

exceed 

Cost per kiln (estimated} 
Cost per kiln a~er-burner K 3,500 (necessarJ to stop air pollution) 

Total: IQ.3,5CO 

Capital cost per tonne of charcoal over its life 

Kl3•5oo = K3 50/tonne 
8 years x 480 tonnes • 

In practice l burner can cope with 2 kilns if they are operated on a 

staggered cycle basis. Cost of each burner (estimated} KJ,000. Such. burners 

3.I'e in use in USA. 
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Constanti;ie :-!ark II ?.etort 

Capacity 

Life 

Capital Cost 

- 200 tonnes/year of charcoal under PGN conditions 

- 15 ;"ears (J1J1J.Y' be 20 years - At Wundowie, a silllilar 
"tY!Je of externally' heated retorts ha.s lasted up to 

25 years}. 

- I0.0,000 and K200 licence fee c~eprox. s~l. 

Total Licence Fee ~ I0.0,000 - single p~t initial1y, no subsequent 
p::i.yments for any number of retorts. 

Ill view of the possro.ie use of such. retorts at Goroka (La.pegul Bulolo, and 

Lae (possibly- 75 retorts. l the licence fee is negligible - about KJ.33 per retort. 

Any' number can be buil.t from drawings and know-how supplied, without SXJ.Y' additional 

:fees. 

GENERAL APPRAISAL OF TEE MISSOURI AND CONSTANTINE PROCESSES 

For use at fixed sites (..saw.ills} with. long life, there is little to 

choose between the Missouri and the Constantine. Each. system has its ovn 

merits, and aemerits which voul.d probably cancel out. Both. wuld produce 

charcou at a.round 80 .L,er cent F. C. 

It migh.t be advisable to try out both. systems at the same sites. They 

are ~ot incompatible. Only experience in PNG conditions will decide th.e issue. 

Ill some places, the smaller portable Constantine (MKI 1 may h.ave advantages , 

but i3 less econi>mic. Where air pollut:i.on is not any real conc.?m, the Missouri 

can cost less to install because no a.f'ter bumer is necessary-, though. desirable. 

However in large groups of kilns, bumers would be necessar:r as the a.ir pollu

tion would be intolerable, in the present age, especially near roads and towns. 

Neither system will make the izollection of 'oils' possible. But the heat 

of th.e off gases is lost in the case of th.e kiln. Some way to use it for dry

ing may be worked out . 

A battery of Missouri kilns would take up less area th.an a batterf of 

Constantine retorts, for the same output. The latter need more space 

left around each. for the loading, firing and unloading operations. This 

as'Dect could be important at Lae where the land area available might be lililited. 

This aspect a.lone, !Iligh.t make the use of Missouri kilns preferable. 
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Deciding between the two systems is difficult, but on the whole, the 

writer leans toward the Missouri, at this stage. 'The licence f~i::: ~or the 

Constantine lI1ey" be a drawback, whereas the Missouri does not in'Tol •re one. 

The writer would have i::o negotiate for PNG over the use of Constantine 

Mark n. The small.er Mark I, would be easier in this regard and cost 

very little to obtain but it is less economic in terms of capital. and opera

tion costs, and does not seem the way to go f'or any large o,eration. It was 

this aspect which. led to the development of the larger Mark II version. 

Where a i::.umber of Missouri k.iLls a.re used together, competent su-pE>r

vision would supply- the <!Xtra skill involved. Their construction in PNG 

might be easier and quicker, and there are no obstacles to securing any- licence 

quickly. 'The writer is also conscious of his closer involvement vi th.. the 

development of the Constantine retort , b.lld vi.sh.es to avoid any appearance of 

bias toward it . 

In both. c&.s.es, productive capacity will be affected by the basie densities 

of the wood to be carbonized, moisture content, and general •.reather conditions, 

which. could well vary, for instance , between th.e highlands (where air drying 

is said to be better) and th.e coast at r.ae. Thus production rate predictions 

for PNG must be accepted with. some caution and res~rvations. Only practical 

testing will give the correct answers. 

With:-a eoriTersion rate of 6 to 6 1/2 tonnes air-drJ wood per tonne of 

charcoal, the kiln consumes somewhat more wood per tonne of charcoal., but 

the writer does not consider this important for the foreseeable future in 

PrG. Markets for the final product rill be the most important consideration 

and. there could be a surplus of wood to dispose of. 

Ai"ter some years of experience, more definite conclusions can be formed 

about the way to go in future. 

Oneration of Constantine Portable Retorts 

1. The original design (}Ia.rk I) produced "l tonne" of wood charcoal 

per cycle (_2 deys) under West Australia. cond.i ~ions (.warm, d.r/ Oct. - April; 

rainy (25") during ~ - Sept.), the cycle was 43-48 hours from loading -:o 

emptying cold cb..a.rcoal. Internal capacity 190 ft 3 • Actual weight of' wood 

charged was 95 per cent of the theoretical. volume. 



2. A "2 tonne'' 'rersicn (~ark II) on 3i!Iri.lar lines has been develcped. 

Cooling time is somewhat longer. I~ PNG ~onditions, the cycle c~uld be 3 days. 

There have been improvements :o the design for loading and unloadi~g, ~or a 

mere mechanized operation, more suited to Australian ;rorKing con di ";ions and. 

labour costs, than the Mark I, but suitable for ?NG also. 

3. The original design vas restricted to an overa.11 diameter of 8 ft. 

to a.J.J.aw road movement i.mder Australian traffic regulations. T!li.s restriction 

may not apply here. 

4. Some increase in diameter would be possible ·under less s"trict 

traffic regulations l:..rt there is a limit imposed by heat transr"'er frcm t::i.e 

perimeter of the retort chamber to the centre of the charge, and :'rem the 

central chimney. 

5. The operation of Mark I version was as ~allows , for a sin.zle 

::-etort: 

(It would be virtua.11.y the swne for the larger Mark II) . 

Operation 

Loading 

Drying ) 
Carbcm.izing) 

Cooling 

Emptying into bags 

Manpower Time 

2 

1 
4 

2 

~hours) 

4 

to 6 
9 

20 

4 

43 hours 

This was based on air dried 12" long b.lacks - ( 2 ,100 kg weight) at a.bout 

14 per cent M.C. ldr.r basis} lover-dr,r weight of ch8.1"ge appr~x, 1,800 kg), 

Yield was 900 kg charcoal at fixed carbon 79 to 80 per cent, ash 1 per cent, 

volatiles 19-20 per cent (including free moisture 1.5 per cent). The cha.rcoa.1. 

yield on a dry basis was approx. 40 to 45 per cent. The fuel wood used for 

e~ernal..ly he a.ting the retort was approx. 800 kg per charge, obviously due to 

tt~ low ~·!. C. of the charge, aided by the off gases from the retort. T'ne fu.el 

wood was a.lso at about 15 p~r cent M.C. 

6. Such good results would probably be b.a.l.·d to iuplicate in 

?a.pua New Guinea., ·:;ecause of: 
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la} Lover basic density of ·•ocds; 

lb l Eiigher moisture content of woods; 

Cc)_ Higher atmospheric humidity. 

Both. the latter woul.d hinder air drJing. 

Qperational Procedure 

Loading: Wood is cut to 12" m~.:rimulll lengths. It is. stacked through. side 
doors placed ~ the top as lightly as. possible to avoid 
air pockets. 'l'he retort held 3 tonnes of air dr.[ wood. 

(.The Mark II loads through. doors on the top . ) 

Carbcoizirig: Af'ter lighting a wood fire in the fire b.ox, increase the 
f'iring as fast as possible to start ~~l>o!li~_a_~j,o~ of th~ 
outer layers of the wood charged. This starts the exo
thermic reaction which hastens ~irther __ ccrbonizat_ion. 

The butteri'ly" valve at the top of the central chimney remains 
only' .Jligh.tly open to ensure even heat distribution over 
the t<'Jtal heating surfaces , and slov down the passage of the 

beating gases. 

Depending on moisture content , drying should be virtua..Uy 
complete in 4 to 6 hours when the first traces of "pyro
ligneous acid" grey vapour will appear. As this gas flow 
increases, the amount of firewood used in the firebox can 
be reduced, but it is important to keep the firebox grate 
at all times rith burning wood. The exothermic reaction 
action in the retort can be quite violent, and some of the 
effluent gases ~ have to be passed to a.tmospht?re , for 
4-6 hours, otherwise tbe fire ~ be smothered by' the excess 
gaseous t"uel, depriving the fire of sufficient air. 

During this period, the gaspipes ("downcomers") leading to the firebox 

have to be cleaned of condensed ta.rs - about eveey 2 hours. Only the lower 

parts clog up, and caps are removable to allow this. 

Ca.rboniza.tiQll... is complete men the pyroligneous vapours change colour 

from smokey grey to a. bluish haze, and the volume of vapour diminishes. At 

this stage, the operator should fill the firebox with wood f'or a final heat 

up, to drive off occluded volatiles as much as possible. 

Cooling: Open the flue damper fuJ.ly and the firebox door for rapid 
cooling. Convection draws air a.round the retorts external 
surfaces and through the centra.1 chimney. 



Emntying: 

General: 
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When the retorts. feel lukewa..."":11 o~en the bottom retcrt doors 
only, and rake out the charcoal into bags.. Hooks for the 
bags. are provided on the sides of the retort. 

If tvo retorts ~re coupled and operated out of phase, it 
would be possible to avoid some of the loss of pyroligneous 
vapours discharged to atmosphere, but this could go on 
ad infinitum, and could run into some practical difficulties 
in so doi.ng. 

The solution for waste of gas mB:f" lie in having_ s~~ _P_~-ee_~-_ini:;~ ~he ~------~-~
firel.lox away from thP. firing door to admit extra air to overcome the blanket-

ing effect of the rush o.f pyroligneaus vapours. 

In a situation where portabi1ity is. not needed le.g. a coconut shell 

situation where the crop is drawn annually from the same area, unlike forest 

tuela-l some fuel heat ma;y h~ conserved by e:.c::ternal insulation. Some tar 

deposition in the 'downcamers' could also be obviated by insulat:·on, keeping 

the gases hotter. 

Obviousl.y moisture content of the charge has a limiting and critical 

effect on the time cycle and therefore output capacity. 

Where road transport regulations can be relaxed a somewhat larger 

diameter could be considered. The retort' s inner diameter could be increased 

:f'rom 7 rt. to 8 rt. , and the central chimney from 9 inches to say 15 inches , 

without significantly im:pairing_heat-~trsnst~r_from the heating surfaces. 

Such. a change could increase the retort capacity by ab.out 20 -~er _c-ent but 

increase the heat transfer surface area by 23 per cent, and the radi~ distanc~ 

bet~een the chimney and the retort's outer surface by only 4 inches, which 

should not be significant. 

Likewise the height of the retort chamber could be increased. wading 

from the ground becomes more difficult, but is oot an insuperable problem. 

The Mark. II h.a.s greater height to give increased capacity, in eziY" case, but 

provides for mechanized loading. 

Th.ere is obiriousl:r room for experiment rith the principles involved .. 
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(roerat ional a.dY9.nta.ges 

The retort operation requires less skill and less prolonged vigilance than 

that o:f a. kiln. The firebo% camiot be overloaded to any appreciable extent. 

I: neglect allows the fire to go out, -che retort charge just "sits" until the 

fire is relit. The ~arbonizing time is much shorter than in a kiln, and also 

the cooling time. 

With a kiln, ·constant vigilance is needed, and skilled manipulation to 

increase or decrease the air intake. Carelessness can allow the kiln :fire to 

go out, whereupon the whole charge may- have to be dismantled, and rebuilt; 

alternatively too much. air could reduce the charge to ashes. 

This vigilance is needed over a. much. longer period than with. a retort 

operation, and is far more critical. 

The longer time cycle of kilns is offset to same extent by their larger 

size (e.g. the Missouri}. 

The life of the retort properly made, should be much. longer than a kiln's 

based on experience with large externally fired steel retorts, and maintenance 

should also be much. less . 

It is essential however that the retort is well constructed and air ti~t, 

with proper attention to the gaskets of the loading and unloading doors. 

Fina.l.J.y, air pollution is avoided quite inexpensively, by 'burning the 

gases produced i.n the firebox. 

Disadvantages 

The need to reduce wood to l f't. lengths is one 'disadvantage' but it is 

not a serious problem at sawmills where simple docking equipment is available. 

On a larger scale e.g. at Lae, a simple multiple se.w arrangement can be 

installed to reduce long slabs to blocks quickly, automatically, and cheaply. 

Loading into retorts would be by .hand, though the Mark I! p:::-ovides !'o~ 

using a. front end loader if available. 

The blocks being shorter, d.r/ out and carbonize more quickly. 

On the other hand, the large Missouri kiln can use long sawmill waste 

slabs cut to 6 f't. say, for better stacking, and loa'ii.ng can be done by front 

end loader. 
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The main situations in PNG under consideration for carbonization 

tecbnology- are of 5 ty-pes, depending on the source of the wad to be used. 

1. Eucalyptus plantations 

2. Sawmill wastes (edgings , sawdus'.~ , shavings } 

3. Rubb~r plantation.replanting 

4. Coconut shells. 

5. Logging wastes - natural forests. 

Typical cases of these various situations have been visited and studied 

by the writer, in the company of government officials and operatives in 

industries with. the projects. These are discussed hereunder separatel.Y'. 

MT. HAGEN 

Tea factories using oil or direct wood firing, but interested in ch.a.rcoal 

as an a.lternative, were visited. 

The plantations at Wahgi Swamp, were ..:omposed of Eucaly-ptus (E. robust a, 

E. grandis} both. excellent, and another E. (punctata??) - apparently a 

Northern NSW coast eucal.Y'Pt which. showed excellent growth. and should be identified. 

If it wera a species of higher basic identity than E. grandis it would be 

important to know. This plantation scheme showed great promise, for fuel wood/ 

ch.?rcoal. supplies. 

It was also inspected with 2 Victorian cement industry executives. They 

stated that in their process (vertical. kiln} charcoal. usage would not be likel.Y' 

to imp:rove beyond l ton of charcoal to 5 tons of cement. A Belgia.a company, 

Cimenteries CBR S.A. is also sh.owing interf..:st and claims to have a vertical 

kiln which. would operate a.t a ratio of 1 to 9. 

A visit was made with Dr. Newcombe to Mr. V. Chamberlin - a. missioaa.rJ 

who is undertaking charcoal production with. earth. and also sawdust kiln types 

of operation. lie was not happy with the problems and cost involved. 

Also he was importing steel to make some Uganda Mark V type portable kilns. 

These seem likely to be very expensive (in excess of K2,000l a.ad disappointing 

in operation. It is hard to see them improving his cost structure a.nd h.e may have 

labour problems with. them. Th.eir "portability" ma;/" prove an illusion in th.is 

mountainous terrain. 
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The ccns-cr'J.ction and operation of a Philippines type simple kiln usfag 

~awmill wastes, covered with sawdus"C instead of ea..-th was described to 

Mr. Sham.berlin. His operations in. i\;."ture should be kept under obser-ra.tion 

as ne may have problems he does not yet realise, although he has obvious2..y 

made some study of ch~_coal. making literature. Eis efforts seem wor':hy of 

encourag~ment and advice. 

THE PHILIPPINES SAWDUST KILN 

This simple kiln is a variant of the earth kiln, suitable for operation 

at or near a sawmill, preferably on a slight slope. Green savdust is used 

instead of earth, to cover the wood to be charred, which may be mill ·waste, er 

even bush wood, though mill waste is the logical material. Mill edgings seem 

to make the best charcoal.. Stakes from mill edgings are driven into the 

ground to support two fences of other mill edgings or 'face cuts', about 

6 feet apa..""t , and 3 to 4 ft. high running up the slope , for about 30 feet. 

Inside these fences mill waste is stacked closely longitudinally. At the 

top end tvo pipes are placed vertically to act as chimneys. The whole stack 

is then covered deeply with sawdust. At the lower end kindling placed under 

the wood charge is lit and that end is kept open until a strong blaze is going. 

Then sawdust is applied to al.most cover the end a.I.lowing only enough air in 

to keep the fi~e going sufficiently. From then on the operation is the same 

as for an earth kiln. When heavy grey-black smoke comes out the chimneys at 

the top end the charring process has begun. Access of further air is then 

controlled just enough to keep the process going. '.fuen only a simmering hazy 

light blue smoke finally emerges from the chimneys, the air entrance at the 

bottom is closed completely with green sawdust packed down hard with the flat 

of a shovel. 

The kiln is then left to cool. Only experience will ";ell how long this 

will take - perhaps 2 to 3 days. The kiln is then opened progressively fro~ 

the bottom - the first wood charred and therefore likely to be the coolest 

cha.r::oal. 

If :.t appears still to be hot ai:.ci liable to burn, cover it up agai:i wi'th 

gr-=en saildust, un~il testing shcvs it is eccl. ':'he s:ii:eriori ty cf sawdust over 

s~i: i3 that it dries out mer~ slowly and if it starts to s~oulder it goes 

black and tends to hang together and "bridge". A hot spot can be covered "ri th 

more green sawdust whict will ter:.C. to stop any f-:.irther charring and brea.kthroug!l. 

i I 



If the lower level of sawdust next to the ·.rood chars, as some ··"ill, it 

;rill only make charcoal dust, which unlike soil is not contaminating to the 

lu:ixp charcoal. 

Even for carbonizing bushwood, it might be advisable to cart sawdust 

from a nearby mill, a reasonable distance, rather than use soil. 

On top of the stacked mill waste in the kiln, it would be a good idea 

to have a l~er o"! the widest nattest slabs to form a support for the savdust. 

Arly insufficiently charred wood ("brands") should be put back into the 

next kiln built. 

The use of a sl.ope ensures the heat and "smoke" travelling up the kiln 

to t..a.e chimneys at the top. 

This kiln should be easier to watch and control. than an earth. kiln .. 

The tecbnique warrants serious stu~ and experiment. Keeping the length. of 

this kiln to 30 feet seems desirable, as it reduces tbe burning/cooling cycle. 

Better to have more kil.ns, operating on a staggered time basis, so that as new 

ones are burning others are cooling and being opened. 

In the Philippines, the writer has seen this kiln operated by a moth~r 

and young children with. the :mother (a Chinese) explaini.ng the process: Her 

husband operated the uearby small sawmill. 

Samples of' the charcoal were obtained. The lumps gave a metallic ring 

on striking pieces together and were strong and of' good quality. From the 

writer's experience the F.C. was probably 80 per cent. 

Very rough examples of' this method were seen at some sawm:Uls just by 

covering large spread out waste stacks. But there was no real control, and . 

the quality seemed very imeven, and poor. That practice is too slapdash and 

uncertain. 
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At Kundiawa near Chi.mbu, a small ·..;es0 Indian retort wa.s bei!lg :nade by 

Mr. Carl Lceffler, using corrugated steel cci.vert materials i!lstead of old 

44 gallon d:rums. Various aspects of its operation were discussed. ?or sma.12. 

scale operations by individuals it has ob"; ious merits. Made from old oil 

drums it shoul.d be cheap to construct. 

Some i.n:provement might be made if more than one exit was 111ade for retort 

gases into the fire bed belov, to spread the gases more evenly, and th.us ensure 

more uniform carbcnizat:..on throughout the i:1hole length of the retort. Tl"ui.s 

idea wuld va.rrant eiperimenting with. The sudden rush of gas through. one 

small exit at one end could have a dampening effect on the fire, and might 

even lose some gas f'rom the front of the fire! bed. Closer study of this 

operation is WW."!"anted. 

Mr. K. Tissaverasinghe and Mr. !Uke Blowers of Lae University have 

conducted some experiments at Lae with such a. retort. The charcoal resulted 

in fixed carbon !.:"a.nging from a.bout 71 to 80 per c~nt at the extremes, bu-t !!lcsc. 

batches ranged a.bout 75 per c~nt fixed carbon. No tests were made to coI?:p~re :~e 

::'.'ixed carbo:::i.s of charcoal at the front and rear ends of the retort , and 

whether it was uniform from top to bottom. Eventually such. checks on quality 

should be made. Some charcoal if not properly carbonized can look black but 

have low fi.xeil carbon, a.tout 65 9er cent. 
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Some experiment should be made with a larger diameter West Indian retort 

sa:y by 25 per cent, ~hich would increase the retort volume by 55 per cent, or 

oy 50 per cent with an increase~_of 125 per cent fer the same te::ding ueriod. 

Possibly a curved sheet of ~h steel should be welded along the bottom 

third of the 7retort' cylinder to shield the bottom metal from the more 

intense heat from the wood fire to which it will be subjected, as compared 

vith the sides and top, as wood fires are notoriou~ly very hot. Tb.is strip 

shoul.d prolon~ its life, yet not impede heat transmission from the fire bed. 

Improperly carbonized wood is easily recognised on withdrawal, as only 

the surface charcoal breaks away. Such 'brands' should be put back in the 

next wood charge. 

Judging from experience with the dimensions of the Constantine retort, 

a diameter of 3.125 ft. in this drum tnie retort would allow adequate heat 

penetration, aided by the exothermic reaction. The drum retort has an 

internal diameter of 1.8 ft. Therefore this larger diameter ( 74 per cent increase) 

would give 3 times the internal volume, i.e. 3 times the charcoal. per cycle. 

The cooling period may be a little longer, but could be hastened by a 

series or ~everal. chimney pipes 6 inches in diameter thro'\lgh the covering 

of earth covered by caps, so that they are inoperative during carbonization. 

On starting ~he cooling ph1se, these caps would be removed. Convection 

should then draw cool air through the firebox a.round the retort. In this-wa:y, 

it may be possible t~ still keep the cycle to 24 hours. Exper.imen~s on these 

lines should be mad·.? as only experience rill confirm the ideas involved. 

GOROKA DISTRICT 

With Mr. I.:;.n Prochtor, Manager of Ea.stern Highlands Timber Co., 

Mr. K. Tissavera.singhe and Prof. D. Fussey of La; University, a visit was 

paid to the company's sawmill. This was reached by a Long ver"J rough 

mountain road.. 
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The mill produces large quantities of wood ·.raste and sawdust. 

Discussions ranged over the best type of carbonization e~uipment for 

this site. It was considered net feasible to use Constantine Portable 

retorts (1 ton/day) due to the difficulties of access. A...-f'ter assessing 

the waste supply, the use of a 50 cord Missouri Kiln was re~n~...J11ended, as 

the const:r:uction materials (Cement, steel rod, etc.) could be more easily 

carted in. 

The accumulation of a continuous reserve of mill waste to air dry was 

al.so recommended. The operation of a sawdust covered kiln was described; 

such would be preferable to an earth kiln in any case, but considerations 

of space and terrain seemed to rule out such kilns. 

A visit was al.so paid to the proposed Lapegti mill site at the pine 

plantations, where there will be a lot of waste wood in a couple of years.· 

Here the easy terrain would permit of using a Constantine retort, but a 

Missouri Kiln would be a good alternative. As this project is still some 

time away, more knowledge of the probable waste supply ?:lust be obtained 

before deciding on what process to 113e. 

Pine waste wood will make good charcoal, and as Pinus patula predominates 

(a heavy wood} it would be comparable with charcoal. fro!D. many native species 

as regards weight. 

Abo~t 80 tonnes per week of mill wastes were expected. 

LAE 

South Pacific Timber Co. - This appears to be the :cost premising site 

for a large charcoal operation. This is a very large sawmjll complex. 

~. Berran Peterson, Production Manager, of this mill, ac~ompanied the writer 

on a.n inspecti0n tour, and supplied the following information. 

soon. 
Log Intake 70,000 m3/year. ~ere is talk of a 20 per cent increased intake 

'T1 •• • imcer recover/ 

Sa...-dul'lt 

'..Tast;e 

Estimated mill waste 

istimated log yard deckings -

Estimated Veneer mill was;,e -

10% 

4 % ( 
<, 

5· = 31,000 m~J 

150 tons/day 

40 tons/day 

10 tona/day 

21JO -:cns/d.a:r 
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~s is :nore -:llan Dr. Ta.tom's es~ima.:es, but the d.i:'!'erences ·io 

not affect the ove:-a.ll approach to the situation. (1000 super 

feet of waste = 3 tons (green) - say 2 tons, oven drJ' weigh.t). 

The climate is ver:r wet , b1rt mill waste vi1l. air-dry if itept ~or 

some time; no hope of drying below 20 per cent M.C. Timber kiln dried to 

12_per cent.~tU%.'Ils_to_ao pe?"~ent_:i,n the_~pen a.ir at Lae. 

Planer mil1 shavings 

= 3200 super ~/day 
. 

= 
16~ of 20,000 super feet 

approx. 6 tons/day, d.r,r weight 

Mr. Peterson considers tbat the sawmill has 30 years log supply ahead . 

. This would have an iln'portant bearing on the type of charcoa.l :plant to be 

installed. 

It was :pointed out that a charcoal retort would require waste edgings 

tt. be decked to e.t least 12" lengths. He sav no difficulty in putting in 

a s.l&sher sav deck to achieve this econcmical1y. 

After aiscussions of the effect of moisture content on carbonization, 

he realised that large.stocks of wood must be le:f't to a.ir dr,r, perhaps for 

some :ncnths - either in block form for retorts or 6 to 8 ~. lengths depend

ing on kiln dimensions. 

U a. retort system was used, 200 tons of vaste, after air dr/ing should 

:field about 40 tons of charcoal per day or 40 t x 5 days x 48 weeks = 9, 600 t Ir.. 
The Constantine 2 ton retort weuld be suitable for this, also. 

Assuming that in this climate, such. a retort •muld produce 200 tons/year, 

it vould require 48 retorts! ! All e:ff'J.uent gases would be burnt under ~he 

retorts, thus avoiding air pollution! 

Al.ternative17, Missouri Kilns could be used. They vould have to be 

equi;iped to burn &l.l tl:e effluent gases, because so close to Lae ~ tile a.i: 

pollution and smells would be intolerable. Literature on sucll 'burning 

equipment bas been made a.~taila.ble i:o the Depa.rt:nent of Minerals and Ene!"0J, 

but it i:lcreases the cost of t~e kil!l ve"!"f conside~e."cly, and could ha.ve some 

tec::.C.ica.l problems in a. large scale operation due to congestion in the ar~a. 

T!U.s bu..~g problem is discussed elsevll.ere in a. deta.i1ed examination of the 

~.issouri ki!:i. It ·#ould :-eq_uire some 25 x 50 cord kilns, in place of tile :i:·etor:~. 
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Mr. ?eterscn stated that some 30 per cer.t cf leg i.n:take is Aniseptera · . ..-1.:;~ 

a Ca.sic density of 35 lbs per cubic i'oot, the balance being :mich. lighte:-

·.roods. This would af'!"ect calculations of charcoal :rields, as available 

experi.ence of yields from overseas operations is •ritl:l hes.vier woods. 

Charcoal. yields var.r directly with basic density. 

Bulolo Mill - Mr. Peterson estimated that this company-' s mil1 at 

Bulolo wuld yield about 2 ,250 tons, dry weight of vaste per month, say 

27 ,000 t/year. In addition there are big stacks of waste accumulated 

. a.irea.ccy-. 

As e.i= pollution from off gases may not be of so much. concer:i in 

that local.ity, Missouri kilns can be tbe equipment to use for charcoal. 

production. This mill was not visited, but the •-riter did see it some 

7ears ago and has a general idea. of the locality. 

In 8ll1' case, the of~ gases could be bur.rt ~ necessary, but -:.his 

invol Yes extra C&l'ital e:x};lense. 

Ot course Constantine retorts could be used, if road conditions 

would permit of them be:U:.g transported into Bulolo from tbe coast. 

ffiraBER PLABTATIONS (Sogeri, Ira.nussia., Mariborl 

These •.1ere visited with Plantation Manager - Mr. Davis Longhurst, 

and Mr. Jack Zieck of the Forestri' Department. ~ letter to 

Mr. W. B'.. Hastie (of 2/7 /79) f?oom. the Depa.rt:nent of !Wiara.ls and Energ:r 

ws studied. !t gave estilllates of ?"" .. ibber wad availability for carboniza

tion, and output of charcoal. 

It was stated by Mr. Longhurst that 75 per cent of the rubber plantation area 
--

was steep mountain country. Only- 2'; per cent was reasonably easy te?Ta.in. 'r.J.e 

problem here WQuld be one of logistics - getting vcod to kilns, and cb.8.r-

coal dow. out of the steep slcpes. Possibl;r the wood c-::uld be sniggeC. 

dowri:.:" 1 to tl:la va.lley-. Portable kil.ns (.e.g. Uganda. }!a.r!t. Vl. could net 

be .:noved a.bout on suc!l. s.lo:pes. Brazil Brick. Ee .. i:J.i.·re tj"'.?e ~s bei=.g 

I 
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~:.Xed would pose lcgistic problems in steep country. I!' eart~ kilns 

on the slopes were used, serious soil and terrain disturbance would 

resu1t - leading to erosion and possibly ruining the soil horizons. 

Charcoal wou1d have to be ca...-ted out in bags by man power. - a di:!:'ficult 

operation. 

The wood volumes stated (100 trees/acre x 1 ton per tree) seemed 

too optimistic. It wou1d in '!IfY opinion be not more than half of that 

volume Oil the average. Therefore the whole rubber -olantation charcoal 

scheme needs to be re-thought. 

On the 25 per cent area, rith easy terrain, Brazilian Kilns should ·ae 

all right. ·They should be operated in batches of at least 10, as in 

Brazil, to conserve labour s-pent in long hours merely watching the kilns. 

A Brazil operation at Dionisio, in Minas Gerais State had a 21 

kilns unit. It is understood that Dr. Newcombe rill be visiting Brazil, 

and he shoul.d try to inspect this operation carried out for the 

Monlevade Charcoal-iron and Steel works of Belgo-Mineira Company near 

Belo Rorizonte. Re shoul.d also get details of the organization of the 

operative labour, which. is very efficient. (See also Earl's 1969 report 

on his visit to Dionisio. ·The writer visited it in 1973 and confirmed 

Earl' s data. and report on it . ) 

A recent improvement in design has been the subject of a report 

by La.ercio Osse, who vorlts in that region. This is held by !'AO Rome, 

it is in Portuguese, but a. Spanish translation by H. E. Booth of FAO 

Rome is available there. Mr. Booth passed this information to the writer 

veey recently. (FAO sboul.d be approached for a copy of their report -

"Lena carbon y Carbonizacion"·l 

In Brazil, ea.ch. kiln produces about 160 tons of charcoal per year, 

operated continuousl:r, but th.e climate is not so wet a.s in PNG and the 

eucalyptus wood used is allowed to air dry first for from 3 to 6 months. 

Therefore the annual 

produced weighed 250 

Eucalyptus grandis. 

production in PNG may be much less. The charcoal 

kg/m3 b1.llk density, the wood used being predomina.11t:7..7 
. ~ 

Rea71er eucalypts produce 290 to 300 kg/m~. 
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Mr. Cclin Le~ry, ?ore st Products Research. 3rs.nch. thinks tha't s. 

percentage of the rubber trees vould be suitable for savn :il!lber. This 

would make extraction more viable, e.g. by sniggi.ng all vcod. in long lengths 

down to a valley bottom. There the segregation of logs and charcoal vocd. 

could be done. He should be consulted fer details of this proposal. A 

solution is desirable for the renewal. of rubber plantations at minimum cost. 

In this approach Constantine retorts could well be used, as a sawmill opera

tion would make production of short blocks easy and cheap. 

COCONUT SHELL CHARCOAL 

Rabaul District 

A general survey of the situation near Rabaul vas carried out with. 

Mr. Edward OWen of Department of Labour and Industry. Coconut Shell Charcoal 

is recognised as a very superior grade of charcoal if properly mad~-

It is hard, strong and much sought after for activated charcoal manu

facture. The main problem in its production is the i:ollection of sufficient 

shells at various places to warrant establishment of good charcoal producing 
·+ uni~s. 

Present knowledge of quantities and supply centres seems inadequate and 

a careful thoroughgoing census is essential. It may involve a :personal visit 

by officers of the"Department to all potential suppliers and very searching 

q_uest_ionbg. Traditional methods in Sri Lanka involve brick lined pits, but 

have all tbe disadvantages of kiln systems. It may not be easy to get vorkers 

to use pits, as the work is unpleasant. Quality control is uncertain. Details 

of the pits and operation could be secured from Hayley's of Colombo, and/or 

the Coconut Research Institute there. Small scale production by private 

operators could be based on the use of the West Indian retort vhich seems 

a bet'ter approach. At larger plantation centres, Constantine "portable" 

retorts (1 tonne and 2 tonne types) could be used. In all cases the shells 
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::ieed to be broken up a bit, to enable c~oser ~ac~:~g ~!:an is ~ossi~le 

rith hemispherical. shells. This is esaential. i:i a retort to !"educe a.i.: 

inside and 'l!axi:nize the charcoal produced per eye.le - i.e. use 1=he retort 

to :f'ull capacity. 

Retort firing could be done by shell, busks or wood, assisted by its 

ow ef'tluent gases (Constantine system) • 

Earth kilns are too lik.el.y- to produce charcoal contaminated. by dirt -

a serious drawback for activated charcce.l. 

Fixed carbon of 80 per cent is desirable for charcoaJ. for activation. 
- - . 

However Rqley's pit kiln charcoal is only 75 per cent ?.C. 
-

Ha.7ley's steam. activation process in Sri Lanka wb.ic!i. the writer bas 

insllected, is simple. An inclined rotary kiln bas high temperature steam 

passed through. it :f'ram the lover end. This removes the volatiles (tars and 

gases} adsorbed in the charcoal, leaving a microscopic honey comb structure 

which. is the basis of its activation properties. 

Some of the charcoal is oxidized al.so in the process , so that the weight 

of the charcoal decreases considerably, but this is offset by the higher prices 

obtainable. The steam process itself is not highly tecbnical - marketing is 

the problem -as there are restrictive policies to be overcome. !:!ovever, the 

De-partment of Labour and Industry is a.va.re of these problems and bas infer.na

tion on outlets. 

Some shopping around might !'ind that the price of the k:lov-bcv curTentl:r 

asked 'by one interested company is rather high, and the company's real value 

lDS.7 be llOre in its marketing lmov-how and contacts. Rovever, there appears 

to be a. number of interested organizations. The writer ta.s !lot a.vaila.ble 

lmovledge of their proposals and terms, on which to express an opi:iion to 

guide the Department of Labour and Industry in its choice. 

Valuable information on Activation is gi·1en in Earl's "Forest Ene!"g""J' 

and Economic Development". Also a copy of a. Wunderle W. A. report compiled. 

by G. Jouteff on Activation processes b..e.s been given to the Depart:nent of 

Mi.:lerS.:s a.nd Energ"'J'. Se•tera.l. releva.n't leaflets from the P:ti.1i P'Cines have 

also been ::::ia.de available •ii t::i this :-epor": . 
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:t is w::.C.ers-:ocd thai: ~le~~· s ~s"'=i.::ia.t:e tha"t ~,COO tens o~ .:'1a ... ::ca.:. 

would 'be necessarj for an economic activation :;ilant, producing l,::lOO tens. 

This w""Ould require at leas-: 16,000 tons of shells - approx~tel7 100 :::iil:.ic::l 

shells ~er yea::. 

The shells are thin and consequently dry q_uickl;r to a low moisture 

content; also tl:.eir thinness all.owe rapid heat conduction. Consequently 

they carbonize more quickly than vood, produce harder stronger charcoal., 

and less fuel is consumed in the carbonizing process. These factors wuld 

account for the unusua.11.;r bigh conversion ratio claimed, of 4 tons of s.l::.ell 

to l ten of cil.arcoal; it is sometimes claimed to be onl:r 3 to l, but 

accurate T.reigb.ts of shell a.re difficult to get. 

A solar kiln being used !or drying Balsa vocd a.t Keravat sawmill ::lear 

Babaul, could be adapted for copra drying. Such. a development could release 

a great q:ua.ntit;r of shell. ncv burnt in that precess, and avoid contamination 

ot the coprs by smoke. It seems desirable to get Mr. Colin Levy of the 

Forestr,r Dep&r..ll1ent 's Research. ~ranch, vho is a kiln drying expert, to 

study' and co-operate in the development of the solar kil.:i. From discussions .. 
with. him, the writer bas concluded that bis ideas could make a. valuable 

contribution. 

(Although. there is said to be no price differential currently- for 

copra not smoke affected, that may not al.ways be the case, and clean copra. 

could conceivably have some edge in a. more competitive ma.r!tet. l 

In the vicinit7 of this sawmill, ~.mere savdust is available, a sawdus't 

kil:1 operation for coconut shell. could be tried out. The shells should be 

covered with. bana.ua leaves to support the savdust. .Any ~ wdust vbich carbonizes 

could be sieved out at the finish. 

I::i t!te Ms.dan5 District, a. visit vs.s made to Dylup Plantations Limited, 

the. bigges:t coconut palm plantation in the region. ~ !o!a.naging Di.:-ec'tcr 

:.ir. A::..an Cammack, ~s ver.r co-operg,ti'7e and detailed his past e."t?erience o:~ 

coconut shell carbcnizi!lg and 111.S.rketing. Re ?rcmised to undertake a feasi.::iil:. -:·,· 

st':J.dy' and :ne.ke a. report a•1a.ilable to the Depl:f.I't:I!ent of Labour ar.d I:dustrJ ~ 

tbe near !':J.ture. Muc.il. :shell is used for copra. dr,r..:ng. The ad7aata.ges o ::." 

?roducer ga.s in :ilace of iieselene for d.r"/i:lg, and !'or diesel engine c!)e:-a.tio:: 

·.;ere ;oin:ted. cut. He indicated lteen interes-c in tb.ese aspects, a=d i:l the 
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The ~ossioility of export of cilarcoal to Japan ·•as discussed. :;:ossibl;r 

using wood-chip ships. A special pack., said to ~ld l ton of c"a ... coa.l ·.;as 

exhibited. Large purc:bases o'f this should bri:ig its :;irice down from -vhe 

current single bag price of US$20. !t would :;;irotect cha.rcca.l f'rom dust and 

rain, and improve handling. Mr. Cammack though:t tbat the charcoal production 

of the district would not exceed 500 tons/year, so that an activation plant 

there would not be feasible. 

Bush O"DeratiollS for J.llT. Chip !11ill. (Gogol) • 

These vere inspected where actual logging was going on. T!le mill 

appeared to be taking al1 the chip-wood logs from the forest that it could 

be reasonably- expected to recover. 

The reznajnjng debris vas a tangled mess and net likeJ.y to be economic 

to extract for cbarcoal making, being costly- and d.ii'f'icult to extract. 

It might we.ll. be lJur.lt up or even left to rot • Such. areas have had a 

lot of "clearing val.ue" put on them, and should be used for horticulture, 

vegetable groving or tree planting before they revert to jungle ani the 

value of the clearing is lost. Large debris should just be left to rot 

S.'W.Y' - it could not be economicallY' used in this situation in the writer's 

opinion. 

WEWAK TIMBER m.L 

The .mill waste from this mill was all sent to the chip mill (J.~'lT) -

said to be about 8,000 tons/year. 

'!he saWdust wuld. be about 2, 000 tons/year. Added to JAl.'lT' s fine 

S!'lilltery waste of about 7 ,200 tons/year a suitable sa.wust carbonizing 

uni-: should. be ria.ble, ritll acme 9, 000 tons/yea.r a.va.il.abl2. 

SZ!.ZCTTIEL7 LOGGED AREAS 

Thcug!l. none of these were i.IJ.5'pected., tile situation is q_uite familiar 

to tb..e •r.iter. Additional to the de eris on tb..e ground., there 'I!J.a.f be a big 

vol~e of wad lett standing ill -<;rees of no commercial timber va.:ue, ·.rhlcl'l 

9fl.ould be removed !or the good of' the forest, ar.d a:r.:r good tr~es lef't S-:and.ing. 



JF/:!l/S:c:R.3/205 
?3.ge 36 

~oge"T:her <ti.th. logging debris, -:he -volume per ac::-e. cu'T: dc'Wil s.b.oul.d._be. 

sut'fi.cient !"or a viabl.e charcoal. O!Jera."T:ion. 

D:l such. cases groups of Cons"T:antine Ma.rlt. II semiportable retorts could 

be used, drawing wood supplies !':'om say- l to 2 kiJ.ometre~ radius be::f'ore 

moving to a nev site. 

The Constantine retorts need the support of a simple mobile "docking" 

sav, deve" oped in Western Australia. A simple sav bench tray or pla.tf'or.n is 

!"itted to tbe rear of ·a small. Fordscn. !'ar.m. tractor, vhich. has a pcver 

"Take~:f!"". From this "take~f':f'" a bel.t drives a. circu.lar sav (3 !'t to 3 :f't 

6" diameter, 7 gauge} , vhi.ch. is hinged and counterweighted 'to al1ov it to 

swing up a:::.d dow. (similar to a salmlill docking sav} cutting off l foot 

lengths tram longer billets prepared in s:mal.l heaps a.round the bush. The 

block.a are picked up bT a. tl"Uck for transport to the retort site. The tractor 

can ba second hand provided the engine is in good condition, as it onl7 

travels ·a rev hundZ'ed metres_ per. day nom heap to heap · of. wod stacks. It could 

cut betveen 20 and 30 tons of wood blocks per day, .so it wuld depend on the 

size of the retort operation as to hov ::nan;r such .mi.ts nre needed. 

One heJ.per after another feeds the billets on 'tg the bench or tr~ 

!"or the saw operator to dock off a block vl:lich t'aJ.ls to the ground. The 

heJ.per tl:um pushes the billet along !"or another block. length.. 

It vill be found that 2 helpers and l S&'WY'er are needed for full production. 

This. team of 3 could alternate their jobs to relieve fatigue and monotony. 

Sue!!.. a.n operation can be organized on a. piece 7erk. basis, if suitable methods 

of measurement of' the product can be worked out. That wuld maximize production 

a.nd. tullest use of the saving unit. Other cut"-ers wuld prepare the billets 

for the docker saw. 

Alter.ia.tivel.7 tfie. 'O.illets. (us.ua.ll:r called "cord •.rood" l. can be trans.ported 

to docki:lg sa.v u:iits :iear the retort operation site. The. same tyi::e of sa.....-i.,g 

:mits ·..zou.ld Q.e used. Their mot.ilit7 is. an i:n~orta.'lt feature howe•1er. 

The retc:-ta wuld. te shi:""ted a.t lcng inter-ra.ls: b.7 a. ~ohi.le jib. cr'.llle. 

Th.is 3'/stem iz ca.pita.l ill-censi~1e, C.ut geed. 
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Since 3razilian heehive kilns are cheap to build, they could be used 

instead and abandoned ... oih.en the hauling distance became too far. There could 

be good bricks used aga.in. With this kiln woad need not be cut to ~borter 

lengths than 1 man can load and another handle and stack. in tp.e kiln. T!J.ough. 

not capital intensive it is .labour intensive. 

Both. systems have their usual. -advantages and disadvantages, and both. 

should be tried, to see hov they suit the particular forest and labour 

situation. 

Earth. kilns could be used, of course, especially for large diameter 

debris, vhich. is too expensive to break. up, or collect. But the soil 

dia.turbance over the area can be ver,r serious and inhibit later use. 

There:rore large debris. migb:t be better left to rot. In some cases, smal.J.er 

de'bria could be stacked over and around big logs, and tbll.s an earth. kiln 

created. This kiln operation bas the usual kil.n disadvantages howe~rer, and 

on the local labour scene, it will have to "e found out whether suitable 

labour can be found to operate it. 

If a sawmill. vere within reasonable distance from which. to truck savdust 

to the bush Qll the return trip,., sawdust kiln operation coulr! vell. replace the 

earth. kiln, with. some obvious advantages, as set out in the description of 

the sawdust kiln in this report . 

A sawdust kiln should not be made rider than 12 feet (.4 metres) so 

that the centre can be easily reached to cover any breakout with. shovel loads 

of sawdust. Preferabl.y it should not be longer than 30-36 feet (10 to 12 metres). 

USE OF CHARCOAL FOR PRODUCER GAS 

If oil shortages begin to affect road transport as time goes on, 

recourse to producer gas units such. as vere widely- used in wartime, may 

b.ecome c.ecessa.ry. 

rl..r. C. V. Federick. of Western Austr!!lia is a.n acknowled~ed expert in 

this field. His engineering works ma.de more than 10,000 such. units during the 

la.st va.r. He bas continued to study and improve the technology and ha.s gi~ren 

advice to such.places as Tonga., Fiji, Philippines. 
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Currently he is vorking with the Universit7 of Western AustraJ..ia. on 

using producer gas rith diesel engines - both. stationary and on tr.icks 

and tractors. Producer gas is made from charcoal. - a gas mixture oi ~ , . .:..... .... CO. 

It ha.s been demonstrated there that a diese1 engine can be operated on 

80-85 per cent producer gas (15-20 per cent dieselenel without loss of power 

and without engine modificatic...:. A switch over to 100 per cent dieselene 

can be made instantly- if necessary. Producer gas could also be used for 

copra drying in the Ceylon system in place of dieselene. 

Literature on this subject provided by Mr. ?ederick. was made available 

to Prof. Fussey (Lae University} and Dr. IC. Newcombe (Department of 

Minerals and Energy-). Producer gas units are of simple construction and 

could be made in Papua Nev Guinea. 

Mr. Federick is well-known personally to the writer, vho spent several 

hours with him recently- discussing his recent work. Ilis address is -

2 La.ngsford, Crescent Clarement, Western Australia. He ~ be rilling to act 

as a consultant in this field. 
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?JBLICAT!ONS ~.ADE AV.AILA13LE 

Gas Producers tor Mc~or Veh.i.cl.es 
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Utilization ot .Agricultural Wastes 
(As producer Gas l for power generation. 
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Charcoal !tiln.s C..~ssouri Kilns) 

The Manu:tacture ot charcoal. and Experience 
with its use in a blast turnace (1975) • 
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the U.S.A. and Brazil l969. 

Charcoal. - FAO report 1974 
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The Wood Charcoal Indus.tr.r in the 
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Activation - a report on methods. 

Charco&.l Production/8th. World Forestry 
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SUPF!..EMENTA..11! BEFORT AND SUMMARY OF RECOMMENDATIONS CN CEAECOAL 
PRODUC'l'.l.CN IN P.i\PUA m.; GUDEA 

Carbonizing systems and equipment can be classified ba.sica.llJ' under !!ve 

lleadings: 

(Al l'lo capital, labour intensi'V..! systems 

C.Bl Lav capital, labour intellsive systems 

(Cl Medium capital, less l&bou- intensive system with. medium scale 
production 

(Dl Higl:L capital., lov labour intensity systems with. large scale 
production 

O!l Sawdust carbonizing systems. 

The cost of producing and collecting wood or woo~ materials because of 

its ~labour content is usually the greatest cost element in charcoal 

production, and over time, can be a far mere serio\IS cost than the capital 

costs. Large vood vastes available at sawmills provide t~ most f'avourable 

situation, as such wood is virtually- "no cost" material. - in fa.ct it costs 

plenty to get rid ct it. However, in the short term, capital requirements in 

a. developing count?7' can be the most serious probl.em. and these -..n:nil.d largely' 

d.ic~ate the system to use, in a:rq particular situation. The types recommended 

tor Papua l'lev Guinea are as follows : 

' 
(a.) No catiital, labour intensive systems 

~e sawdust sU"pplies are ~adily- available, the use of the savdus't 
kiln should be develQi)ed. It is preferable to the earth. kiln, ~be use 
of which. should be avoided except as a. last resort. 

(b) Lav capital cost systems 

The W'est Indies!retort made from oil drums should be deve.loped, for 
small scale operations . 

A larger version, say 4 f't (120 cm) diameter made from l/4" mild steel 
plate should. proTe satisfa.cto~J'. It would have 5 times the capa.ci t:r. 
A desig:: for this larger version is being prepared here for Papua Nev Guinea. 
Consideration is being give!l to design an even larger version (sa\Y' 5 ::"'; 
diameter ·.ii th. 7 l/2 times the capa.ci t:r) . aovever, there a.re scme 
practic:a.l out not serious problems, aot m.e-e ·.r..th in tile sma.l.ler versions, 
to be ·4cr.!ted ou-e . 

I 
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This retort aas good possibilities for wide a~lica~ion i.!l. 

Papua New Guinea. 

Increase in retort size rill make these retort operations less labour 
intensive, and its use in batch.es will bring about more labour economies 
and efficiency-. The simplicity of this equipment vould enable its 
removal to athar sites, if desired. In its simplest cheapest :f'orm 
made from drums it is verr suitable for small scale opera.tors, and on 
fued sites at small coconut plantations • 

. ;., lov cost Kiln is the Brazilian, but construction knov-hov and skill 
~- be mere ditticult to obtain qui~ in Papua New Guinea. It is 
nat so simple to operate as a retort however. Deta.i1s have been given 
to Papua Nev Guinea in Earl's 1969 report. However, its use should not 
be ruled out. It seems better to develop the larger versions of the 
W'est Indies retort, initia.l.ly-, designs ror which.are being prepared. 

(cl Medium Qat>itaJ. cost syste?DS 

The two possibilities for Papua Nev Guinea in this catego17 a.re: 

(I) The Missouri Kiln 
(II) The Constantine Retort - portabJ.e (both. sizes 1 

The two systems have different advantages and disadvantages already 
set out, which. on b&l.ance appear to cancel out. In di.fferent situations, 
one could have advantages over the other, and vice versa. For that 
reason, it is considered that both systems should be f.ntroduced into 
Papua Nev Guinea so that experience under local conditions can be gained. 

I.:f' azcything, the 'Constantine' is simplest a.nd more fool"Oroof to o"Cera.te. 
Being ot steel co'!lstruction, it can probab4 be produced mar.a~~uickly 
in P!G conditions. Training in its use would be quick.er and easier. 

While the portability of the larger l tonne/da:r Constantine retort is 
not essential for long term operation at fixed sites (e.g. sawmills) it 
dces give some n,. d.bilit:r and options if' a mill c1oses, or market 
situations change. The Missouri is pel'm'mentJ.3" fixed in situ. Init.ia.l 
capital outla;y per unit ot capacity is likel3" to be someWa.t less for 
the 'Missoc":'i' but its "economic li:f'e" should be shorter. Over the 
tull life of the units, there is no capital advantage l.ikeJ.;r. 

At I.ae sawmill tor instance, where charcoal production would be Ver'/ 
large, both. 57stems could be tried, :f'or comparisons in the local context. 
When the ti.me comes for production at other savmi11s, 7et to be 
established, the choice r.ll. then be easier in the ligh:t of such.. 
experience. 

(dl Rigll ca.pita.l cost retort ~1ste?11S 

These la.rge a7stems are considered not 3ui table for 't!le. Pa:pua New Gui.:.ea 
situation at the present time, i.e. tll.e Lambiotte, Reichert, and large 
Crossett - Constantine ~;nems described in the report proper, hot rinsing 
gas systems rith. high out?Ut, and advanced tec!:mo1ogical. requirements. 
These were all discussed in reporta made a:va.ila.bJ.e, in Papua New Guinea. 
They are &l.l producers of lump charcoal i':'om W'Ood b1ocks. 
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(e 1 Sawdust ca.rboni ring 

For carbonizing savdust and small. size cellu.losic ~.rastes, the 
Papua !lev Guinea Govermnent is testing a pilot plant, similar to tb.e 
Tech Air process, under the direction of Dr. Tatom at Lae Uni versi t:r. 
Until this process is proved or otherwise, as suitable for PNG situa
tions, there is no p.::iint in introducing ei th.er the Rerreshoff or ESP I 
En:virotech. systems - both la.rge capital high production systec; of 
proven merit however. They vou1d require large supplies of rav 
material at arrr particular- site, such. as Lae sa'Wlill. and.Jent Chipmill 
which. JDaY' be two suitab1e sites at present in Papua Nev Guinea. 

AVEDUF.S FOR FUTUBE um:DO ASSIS'IANCE TO PNG 

While in Papua l'lev Guinea, the possibility of the consultant studying 

latest deve1opments ot Missouri Kiln technology in USA was discussed, 

especial.J.7 the ctuestion of pollution control. In earlier times, air pollution 

controls in USA~ ·not insisted on, but of recent yea.rs and especially close 

to towns etc. th.ere has been rigid enforcement. These controls introduce 

problems to the technology of' the Missouri operation, and various methods are 

being developed to overcome it. 

There is also the question of' finding someone in USA, suitable to super

vise construction of these large kilns and trafoing personnel in their ope..""S.

tion. It was considered that a visit by tt.e- expert to t~ USA operations would 

be advisable. The •aiter has some suitable long term contacts in the USA 

industr.r for arranging such. on-the-spot investigations. (It is some years 

since his last visit to USA in this respect. ) It migb.t be advisable e.t the 

same time to inspect the Ge~rgia Tech Air process for comparison •.rl.th 

Dr. Tatem' s related process nov being tested i:l Papua New Guinea. ilso the 

latest developments in the Herreshof':f and BSP /Envirotecll. equipment used at 

various places in USA, in view ot th.e increasing importance ~f' th.e use o:f saw

dust charcoal as an ad.di ti v~ to :f'uel. oil :for power raising . 

The n'iter can arrange for a.n expert from Australia to train PNG 

~ersonneJ. in the operation of Constantine retorts. Scme UllJDP financial 

assistance for this e:.c;ert could. ·.1ell be ~rovided ~or :?NG. 
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Also some financial assistance to PNG :night be help:ful for the design 

of a wood blocking sav bench for attachment to sma.J.l. agricul.tural tractors 

commonly used there Ce.g. Ford, Massey Ferguson etc.) for mobile wood-block 

producing units. A suitable designer can be arranged for in Australia under 

the writer's direction. This tyt>e of' unit is essential. for producing short 

blocks for retorts, more especially for bush wood. 

Waste wood at sa'WJDil1s can be converted by typical. bUilt in block 

cutting equipment veil lmoTim to sawmillers and discussed with them. If" the 

sawmill c8Illlot design it, a design can be a.rra.nged here. 

The importance of producer gas for power raising (both fixed and mobile 

units) could be great in PNG, which has no local oil. Assistance for 

experiment at the University of Technol.ogy- at Lae, PNG, to devel.op suitable 

local. technology- might well be considered. Guidance can be su~pl.ied by a top 

Australian expert. An especial. application developed in Western Australia is 

the use of' up to 65 per cent producer gas with dieselene in Diesel engines. 

In the person of Dr. Newcombe and Professor Fussey, PNG has the services 

of competent people keenly interested in the tech,nology-, who can ,judge what · 

methods to ad.opt in 83J.Y' particular context at present existing. 

- . - - -" 
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