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ABSTRACT 

The us e o f logging , thinnin g an d othe r type s o f waste s fro m large-scal e industria l 
plantations o f Eucalyptu s grandi s an d E . cloeziana fo r charcoa l productio n i s 
discussed. Charcoalin g experiment s wer e carrie d ou t usin g a  portabl e meta l kil n 
and a  smal l rectangula r bric k kil n usin g Eucalyptu s wast e woo d i n th e for m o f 
roundwood an d slabwood . Averag e yield s wer e 21.4 % fo r th e bric k kil n an d 
19.7% fo r th e stee l kiln . Th e absolut e yield s fro m th e stee l kiln , however , wer e 
considerably lowe r whe n usin g slabwoo d tha n roundwood . Th e as h conten t o f 
charcoal wa s ver y lo w 1-2% , volatil e matte r conten t 15-25% , carbo n conten t 
70% an d bul k densit y 16 0 kg/m 3, o n average . Th e bul k densit y wa s a  littl e lowe r 
than tha t fo r charcoa l fro m indigenou s specie s (22 0 kg/m 8). A  preliminar y 
survey indicate d tha t i t i s general acceptabilit y t o domesti c users . 

INTRODUCTION 

In Zambia , fuelwoo d an d charcoa l productio n account s fo r 85 % of th e tota l woo d 
consumption. I t i s estimate d tha t 75 % o f th e tota l populatio n (5.4 8 millio n i n 
1980) rel y o n energ y fro m woo d fo r domesti c cookin g an d heatin g (Brown , 1980) . 
Wood i s preferre d t o othe r fuel s becaus e i t i s readil y availabl e ofte n a t minima l 
cost excep t fo r th e collectio n time . Charcoa l a s oppose d t o firewoo d i s mos t 
popular amon g th e low - an d medium-incom e group s i n urba n area s o f Zambia . I t 
has bee n estimate d tha t abou t 88 % of urba n household s i n Zambi a us e fue l i n th e 
form o f charcoa l (Weerakoon , 1982) . 

Nearly al l th e charcoa l i s produce d fro m th e indigenou s fores t resources . 
Indigenous specie s ar e mixe d an d referre d t o a s "indigenou s charcoal" . Charcoa l 
burners ar e allocate d coupe s ( 6 h a o f forest ) b y th e Fores t Departmen t a t a  fe e 
of K 6 (K l =  0.483 U S Dollars , Februar y 1985 ) pe r m 3 o f woo d extracted . Othe r 
sources o f ra w materia l fo r charcoa l burner s includ e tsets e fly  contro l cuttin g 
areas (approximatel y 20,00 0 m 3 wer e cu t i n 1980) , agricultura l clearin g area s 
and industria l fores t plantations , whic h involve s 350 0 h a o f indigenou s fores t 
being cleare d ever y yea r (FAO , 1981) . Al l charcoa l i n Zambi a i s produce d b y 
traditional earth-clam p kiln s usin g th e stac k method . I t i s estimate d tha t a t 
least 435,00 0 t  o f charcoa l wer e produce d i n Zambi a i n 198 3 (Manacas , 1984) . 
The wort h o f thi s charcoa l t o consumer s wa s estimate d t o b e K8 7 million . 

Studies ar e i n progres s t o reduc e dependenc e o n indigenou s specie s fo r charcoa l 
production an d t o includ e loggin g an d sawmillin g waste s (Musonda , 1984) . 

MATERIALS AND METHOD S 

Raw materia l 

Charcoaling experiment s wer e carrie d ou t t o tes t th e us e o f loggin g an d 
sawmilling waste s i n charcoa l production . Th e specie s investigate d wer e 
Eucalyptus grandi s an d E . cloeziana , eithe r a s singl e specie s o r mixe d togethe r i n 
the proportio n o f 1:1 . Th e latte r i s referre d t o a s "Eucalyptu s charcoal" . Th e 
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wood densit y o f E . grandis an d E  cloeziana ar e estimate d a t 47 0 kg/m * an d 79 0 
kg/ma (dr y weigh t basis ) respectively . 

The loggin g waste s include d firs t thinning s an d othe r log s discarde d a t sa w milling 
because o f eithe r deformit y o r badl y attacke d b y insect s an d fungi . Thes e wer e 
cross-cut int o billet s o f 0. 5 m  an d 1  m  lengths . Th e diameter s o f th e billet s 
ranged fro m 5  c m t o 3 0 cm . Fo r th e sawmil l wastes , slabwoo d wa s th e mai n 
material, 2-1 0 c m thic k an d 1  m  long . Th e moistur e conten t varie d fro m 15 % to 
37% (dr y weigh t basis) . 

Kilns used 

An eart h kil n (commonl y use d throughou t th e country) , a  portabl e stee l kil n 
(steel kiln ) an d a  smal l rectangula r bric k kil n (bric k kiln ) wer e used . Th e latte r 
two kiln s ar e o f Tropica l Institut e design . 

The billet s cross-cu t int o length s o f 0. 5 m  and 1  m were use d i n th e stee l kil n an d 
brick kil n respectively . Fo r th e eart h kil n 1  m lengths wer e used . 

Earth kiln s ar e usuall y buil t fro m approximatel y tw o cord s (4.2 4 m s) o f woo d 
covered wit h eart h tur f an d slowl y carbonised . 

The stee l kil n consist s o f tw o interlockin g cylindrica l section s an d a  conica l 
cover. Th e cove r i s provided wit h fou r equall y space d stea m releas e port s whic h 
may b e close d of f wit h plug s a s required . Th e kil n i s supporte d o n eigh t ai r 
inlet/outlet channels , arrange d radiall y aroun d th e base . Durin g charring , fou r 
smoke stack s ar e fitte d ont o alternat e ai r channel s (Paddo n an d Harker , 1980) . 
It ha s a  capacit y o f 7  m s o f wood . 

The bric k kil n consist s o f a  bric k chambe r fo r carbonisin g th e wood , a  smok e hol e 
and a  chimney . Th e chambe r ha s ai r vent s an d a n entranc e whic h i s seale d wit h 
bricks a s required . Th e kil n ha s a n earthe n floo r an d a  roo f mad e fro m mil d stee l 
sheets. Th e sheet s ar e suspende d fro m a n externa l woode n framewor k t o preven t 
them saggin g durin g th e operatio n o f th e kil n (Paddo n an d Robinson , 1984) . Th e 
capacity o f th e bric k kil n i s 1 4 m 3 o f wood . 

Carbonisation perio d and yiel d 

The carbonisatio n perio d i s th e tim e fro m ignitio n t o baggin g o f coole d charcoal . 
The charcoa l yiel d i s determine d fro m th e formula : 

Burning propertie s wer e teste d i n a  brazie r usin g lump s o f charcoa l o f 2.5 m 
diameter o r more . A  50 0 g  sampl e o f charcoa l wa s ignited . Afte r te n minute s 

Physical propertie s 

Bulk densit y 

Charcoal wa s loosel y packe d i n a  woode n containe r o f 1  m 3 capacit y an d th e 
weight recorde d i n orde r t o determin e th e bul k densit y o f th e charcoal . 

Burning an d hardnes s propertie s o f charcoa l 
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the tim e take n t o boi l 200 ml of wate r wa s recorded. Fres h pot s wit h th e sam e 
volume o f wate r wer e pu t ont o th e brazie r unti l i t coul d n o longe r brin g th e 
water t o boilin g point . Th e averag e tim e take n t o brin g wate r t o th e boi l wa s 
calculated and charcoal residue was recorded. 

To test th e hardnes s of charcoal , fiftee n 500 g bags of charcoa l piece s suffientl y 
large t o b e retained o n a 2.5c m x  2.5cm wir e mes h wer e dropped fro m a  heigh t 
of 2m five times . Th e amount o f charcoa l retained wa s recorded as a percentag e 
of th e original 500g. 

Calorific valu e 

The procedur e o f th e Internationa l Organisatio n fo r Standardisatio n (ISO ) wa s 
followed. 

Chemical propertie s 

The chemica l propertie s tha t wer e teste d includ e th e as h content , carbo n 
content an d volatil e matter . As h wa s analysed t o determin e it s compositio n o f 
phosphorus (P) ; Sulphu r (S) ; Silica (Si ) an d iro n (Fe) . Th e IS O procedure s wer e 
applied in determining chemical properties . 

Survey on the use of Eucalyptus charcoal for domestic purposes 

Questionnaires wer e sen t t o 100 0 charcoa l user s i n Kitw e a s a  preliminar y 
investigation on the acceptability o f Eucalyptu s charcoal . 

Indigenous charcoal 

For compariso n purpose s th e physica l an d chemica l propertie s o f charcoa l mad e 
from indigenou s species in traditional earth kiln s were determined . 

RESULTS AND DISCUSSION 

Indigenous charcoal 

The properties of charcoal from indigenou s species are presented i n Table 1 . 

This method of charcoa l production ha s several advantages: th e process i s labour 
intensive; i t require s n o additiona l equipmen t excep t fo r han d tools , an d n o 
foreign exchange ; and it i s already familiar t o a large number o f people . Bu t th e 
disadvantages include : lo w yield s (7-10 % o n dr y weigh t basis) ; longe r 
carbonisation period s (3- 5 weeks ) an d littl e o r n o contro l o n carbonisation . 
Studies hav e show n tha t a  10 % increase i n moistur e conten t o f woo d o r eart h 
turf lower s charcoal yield by 2%. 

Eucalyptus charcoal 

Carbonisation perio d an d yield 

The carbonisatio n period s fo r th e eart h kil n wa s 1 4 days an d fo r th e bric k an d 
steel kilns , 3 and 6 days depending on the moistur e content o f th e wood. 

Charcoal fro m th e eart h kil n wa s generally contaminate d wit h soil , roots , leaves 
etc., becaus e th e woo d raw materia l i s covered i n tuf f (sods ) befor e lightin g fo r 
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carbonisation. Ther e wa s greater los s du e t o ashin g i n th e eart h kil n tha n th e 
other two , owin g t o littl e o r n o control o f aeratio n durin g carbonisation . Thu s 
yields in the earth kil n are the lowest. Th e yields of th e thre e kiln s are show n in 
Table 2. 

Eucalyptus cloezian a ha d th e highes t percentag e yiel d in all kilns. I t i s a heavier 
timber. Slabwoo d produce d bette r result s i n the bric k kil n tha n i n the othe r tw o 
kilns while logging wastes are better utilise d i n the steel kiln . 

The bric k kil n i s th e mos t efficien t kil n fo r bot h loggin g an d sa w milling waste . 
But fo r substitutio n i n th e presen t system , th e stee l kil n i s bes t becaus e o f it s 
mobility. Th e brick kil n however would be suitable fo r larg e sawmills. 

Physical propertie s 

Eucalyptus cloezian a ha s th e highes t bul k density o f 19 0 kg/m'; th e average fo r 
E. grandis an d mixe d wa s 16 0 kg/m' . Thi s i s a  littl e lowe r tha n charcoa l fro m 
indigenous species. 

The burnin g an d hardnes s propertie s ar e presente d i n Table 3 . Ther e wa s littl e 
difference i n thes e properties , an d al l type s o f charcoa l produce d woul d b e 
suitable fo r domesti c and industrial purposes . 

The result s o n calorifi c valu e ar e presente d i n Tabl e 4 . Ther e ar e marke d 
differences i n th e hea t energie s (calorifi c values ) an d thi s ma y b e du e t o 
differences i n the rate of burning during carbonisation . 

Chemical propertie s 

The chemical properties are given in Tables 5 and 6 . 

The chemica l propertie s see m t o b e comparabl e an d i n th e rang e o f th e 
requirements o f charcoa l fo r industrial  use , fo r exampl e i n copper refining . As h 
composition i s also quite comparabl e excep t fo r silic a whic h i s quite hig h i n th e 
case of th e earth kil n because of contamination wit h soil. 

Survey on the use of Eucalyptu s charcoal fo r domesti c purpos e 

The results showed tha t 65 % of th e user s did not lik e E . grandis charcoa l becaus e 
it wa s ver y ligh t an d burn t to o quickly . Eucalyptu s cloezian a an d mixe d 
Eucalyptus charcoa l wer e mor e favourabl y receive d an d 70 % o f user s felt  i t 
could be substituted fo r indigenou s charcoal . 

CONCLUSIONS 

A greate r par t o f th e Zambia n populatio n wil l continu e t o us e firewoo d an d 
charcoal fo r thei r domesti c need s fo r a  lon g tim e t o come . A  potentia l t o 
increase th e use of charcoa l in industry exists . 

In order t o ensure a continued supply o f fuelwoo d i n Zambia fast-growin g specie s 
of Eucalyptu s hav e t o b e establishe d an d th e us e o f loggin g an d sawmil l waste s 
for charcoa l productio n shoul d b e encourage d becaus e th e propertie s o f thi s 
charcoal ar e a s goo d a s charcoa l fro m indigenou s species . Th e surve y o f 
charcoal user s indicated tha t Eucalyptu s charcoal i s generally acceptable . 
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The presen t metho d o f charcoa l productio n (b y eart h clamps ) wil l nee d t o b e 
replaced wit h mor e efficien t method s suc h a s portabl e stee l kiln s an d bric k kilns . 
Financial assistanc e t o encourag e charcoa l burner s t o emplo y th e ne t metho d 
must b e made . 
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TABLE 1: Physica l and chemical propertie s o f indigenou s 
charcoal produce d by earth kiln s 

Properties 

Physical 

Bulk densit y 

Hardness assessmen t 

Burning (boilin g time ) 

Calorific valu e 

Chemical 

Carbon conten t 

Volatile matte r 

Ash conten t 

Phosphorus 

Sulphur 

Silica 

Iron 

Values 

220 kg/m 3 

90% 

2.00 mi n 

31,350 KJ/k g 

74% 

23% 

3.0% 

1.5% 

0.2% 

1.0% 

1.2% 



Type o f woo d 

Logging wast e 

E. grandi s 

E. cloezian a 

Mixed 

Slabwood 

E. grandi s 

E. cloezian a 

Kiln 

Earth Stee l Bric k 

7.1 17. 5 16. 0 

9.6 20. 0 19. 4 

8.5 19. 7 18. 4 

2.9 10. 6 17. 4 

6.0 15. 3 29. 6 

Mixed 4.1 13.9 21.4 
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TABLE 2: Charcoa l yield s (%) from earth , steel an d brick kiln s 
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TABLE 3: Burnin g and hardness tests 

TABLE 4: Calorifi c valu e (KJ/kg ) of Eucalyptu s charcoa l 

Type o f woo d 

Logging wast e 

E. grandi s 

E. cloezian a 

Mixed 

Slabwood 

E. grandi s 

E. cloezian a 

Mixed 

Kiln 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Earth 
Steel 
Brick 

Burning properties 

Boiling 
time 
(min) 

2.94 
2.95 
2.97 

2.99 
2.90 
2.96 

2.64 
2.65 
2.67 

2.80 
2.83 
2.86 

2.90 
2.93 
2.97 

2.89 
2.91 
2.93 

Residue 
Weight 

(g) 

114 
118 
121 

127 
120 
125 

118 
111 
112 

118 
122 
128 

112 
117 
120 

118 
126 
128 

% 

23 
24 
24 

25 
24 
25 

24 
22 
22 

24 
24 
25 

23 
24 
23 

24 
25 
26 

Hardness assessmen t 

Weight 
retained 

(g) 

338 
367 
305 

406 
400 
403 

366 
364 
365 

340 
370 
325 

408 
400 
410 

407 
409 
410 

% 

68 
73 
61 

81 
80 
81 

73 
73 
73 

69 
75 
62 

83 
84 
87 

81 
82 
82 

Type of woo d 

Logging wast e 

E. grandi s 
E. cloezian a 
Mixed 

Slabwood 

E. grandi s 
E. cloezian a 
Mixed 

Earth 

28,440 
28,510 
28,480 

28,000 
28,230 
28,130 

Kiln 
Steel 

30,900 
29,470 
29,750 

30,560 
29,060 
29,350 

Brick 

30,390 
29,640 
29,900 

30,080 
29,490 
29,260 
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TABLE 5: Chemica l properties of Eucalyptus charcoal 

TABLE 6: As h Composition (%) 

Chemical propertie s (% ) 
Type of woo d Kil n As h Carbo n Volatil e matte r 

Logging waste 
E. grandis Eart h 1. 9 7 0 2 1 

Steel 1. 6 7 0 1 9 
Brick 1. 5 7 2 1 9 

E. cloeziana Eart h 1. 8 7 1 1 7 
Steel 1. 0 7 0 1 7 
Brick 1. 0 7 3 1 5 

Mixed Eart h 1. 6 6 9 1 8 
Steel 1. 3 7 0 1 5 
Brick 1. 2 7 0 1 4 

Slabwood 
E. grandis Eart h 2. 9 6 9 2 7 

Steel 2. 5 7 0 2 4 
Brick 2. 3 7 1 2 5 

E. cloezian a Eart h 1. 7 6 8 2 6 
Steel 1. 2 7 0 2 0 
Brick 1. 0 6 9 1 8 

Mixed Eart h 2. 3 7 0 2 5 
Steel 1. 9 7 0 2 2 
Brick 1. 6 7 0 2 1 

Type of woo d 

Logging wast e 
E. grandi s 

E. cloezian a 

Mixed 

Slabwood 
E. grandi s 

E. cloezian a 

Mixed 

Kiln 

Earth 
Steel 
Brick 
Earth 
Steel 
Brick 
Earth 
Steel 
Brick 

Earth 
Steel 
Brick 
Earth 
Steel 
Brick 
Earth 
Steel 
Brick 

P 

1.7 
1.5 
2.6 
1.7 
3.3 
3.1 
1.7 
2.6 
2.9 

1.6 
1.5 
2.0 
1.5 
1.7 
2.9 
1.6 
1.7 
2.1 

S 

1.4 
3.9 
1.5 
2.6 
2.1 
1.9 
1.9 
3.0 
1.6 

1.3 
3.7 
1.6 
2.3 
2.9 
1.7 
1.8 
3.3 
1.6 

Si 

12.4 
10.6 
9.3 

10.3 
7.5 
4.8 

10.4 
9.8 
8.0 

17.0 
11.3 
10.5 
12.7 

8.5 
6.1 

15.4 
9.6 
7.9 

Fe 

1.6 
1.3 
1.1 
2.2 
1.2 
1.2 
2.0 
1.2 
1.1 

2.9 
1.4 
1.0 
3.0 
1.3 
1.2 
2.9 
1.2 
1.1 
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