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1US§ = 15 MK (as of May 1996)
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Standard kiln size = 13.5 for Ka and 10.1 for Ph
Net charcoal weight per bag = 32 4 kg for Ka and 26.6 kg for Ph
Average basic density = 64 1kg/m’

Stacking percentage = 57% for Ka and 54% for Ph
Volume = 8Ld%,/4; ( Huber's formula)




EXECUTIVE SUMMARY:

("harcoal production study is one in a series commissioned by the Ministry of Energy and Mg
on Biomass Production and Marketing Study (BPMS) in four main towns of Malawi. The
objective of the Charcoal Production Study was to review the traditional charcoal production
method, assess its efliciency and its production costs.

The study was conducted from mid April to mid May 1996 in Phalula main area, along the old
Matope road (Zalewa road). The site was selected based on the existence of well-established
charcoal production activities as revealed by the Biomass Production and Marketing Study
(BPMS} undertaken earlier in the year. The site was also regarded as one of the mam supplicrs
of charcoal to Blantyre City, the city most dependent on charcoal in Malawi. This report
summarises the findings of this study and proposes areas of intervention in order to improve and
make the tradittonal charcoal production sustainable.

The study area was stratified into three sites. The total of 32 households was chosen in all the sites
to work with the study team for a period of one month. During the study, the team coliected the
socio-cconomic data about the charcoal producers using questionnaires and later examtined
detail their production process from felling of the trees to the production of the final product -
charcoal. Felled trees were also measured by species, for volume, weight and moisture content.

s The study showed that over 50% of the charcoal producers were involved in charcoal production
on a ful-time basis. About 77% of all the charcoal producers were men of whom 60% were
married. Most female charcoal producers encountered during the study were producing charcoal
on a part time basts, an indication that charcoal business is predominated by men, probably due
- to the strenuous nature of the charcoal business itsell’

The study also showed that social constraints such land ownership ofien limit access to potential
wood resource for charcoal production. Charcoal is mainly produced on customary land where
access 15 only pranted to individuals upon consultation with the village headman.

Wood harvesting and crosscuiting is solely done by using axes, The stump height of felled trees
were 0.6m and 0.8m for Kangankundi and Phalula, respectively, and the difference was significant
{t =225 p<0.05) Thus trees were cut higher up the stump in Phalula than in Kangankundi.

Feiling of trees was done on a selective basts. Charcoal producers leave trees of species that
produce charcoal of poor quality. These species include Burkea africana, ( Mkalatl) Lamea
discotor (Chiumbu) and Diploriynchus condyfocarpon (Mthombozi).  Some species are len
standing because their wood is too hard to cut with axes. These uncut trees were dominated by
Acacra nigrescens (Mkunkhu) and Pericopsis angolensis (Mwanga). The diameter structure of
residual trees did not differ sigmficantly from that of cut trees for charcoal making (chi-square
test at P = 0.05). Thus observation suggests that tree felling for charcoal making is not sclective
for a particuiar diameter class. )



The study showed that the type of kiln used for charcoal making was the traditional earth kiin,
The site for kiln construction was cleared, levelled and compacted before the wood 1s piled layer
by fayer on top of the stringers. The pile is covered with grass and lumps of soil. The size of the
kiln varies depending upon the proximity of the available wood and the level of experience of the
charcoal maker in charcoal making The standard sizes of earth kiin in the study areas were
13.5m" for Kangankundi and 10.1m" for Phalula. The mean moisture content on dry weight basis
of piled wood ranged from 39% to 90% with an average of means of 72% (SE = 5.0).

The kiin was ignited soon afler covering the pile. the time needed 1o complete the burn depended
on the size of the kiln and the moisture content of the wood the time the kiln was ignited. About
83% of the charcoal producers said that the carbonisation (burning) stage was crucial in the
production process and unless it is carried out as efficiently as possible it puts the whole operation
of charcoal production at risk. At this stage tending of the kiln is 24 hours to ensure (hat any
crack on the kiln 15 attended to, to avoid compiete combustion of the wood. Harvesting starts
a few days after ignition.

The mean dry weight of the wood put in a standard kiin for Kangankundi and Phaluta were 4940
kg and 3493 kg respectively. The mean weight of charcoal recovered from such kilns were 1107
ke and 755 kg, respectively. Some charcoal was abandoned at the kiln site in the form of fines and
picces that were too small to be used. The mean weight of the abandoned charcoal was 26.9 kg
(SIE - 001y and 31.2 kg { SE = 0.004) for similar siles respectively,

“The computed recovery and conversion efliciencies of charcoal production in Kangankundi using
the carth kiln type of production method were 22 4% and 22 95%; whereas in Phalula the values
were 21,5 and 22,56, respectively. The factors such as carbonisation temperature, wood moisiure
content and skill of the operator were the main determinants of the conversion efficiency.

During the study the daily productivity of charcoal production was estimated at 25 kg per day per
producer assuming working 8 effective hours a day.

L.abour. wood raw material and tools used in the production process were the factors considered
in estimating the charcoal production costs. An opportunily cost of alternative employment
{agricultural labour) was used to compute labour costs in charcoal production. The {abour cost
was cstimated at MK 16.00 per man-day at various unit operations. The costs of wood raw
material and that of tools were estimated at MK3.37 and MK0.40, for a 32-4kg bag of charcoal
tor Kangankundi and MK1.22 and MKO0.32 for a 26.6 kg-bag for Phalula, respectively.

The overalt charcoal production cost in Kangankundi came to MK18.75 to produce a 32.4 kg-
bag of charcoal The selling price of such a bag of charcoal at the production site was MK20 00,
[n Phalula the production costs came to MK 13,08 for a 20.6 kg-bag whose selling price al the
production site was K15.00. At the roadside, five to seven kilometre away, the price of a bag of
charcoal was MK25.00, regardless of the bag sizes.

Based on the assumptions that the current charcoal production situation is not intervened, the
[uture charcoal production environment will be characterised as follows:




| Unavailability of desired indigenous trée species for charcoal production such as
Brachystegia floribunda (Tsamba), Psendolachynostylis maprounefolia  (Msolo),
Brachysiegia bussei (Mseza) and Prerocarpus romundifolia ( Mbalitsa) in the charcoal
producing areas. During the study it was discovered that the charcoal producers could
shift from using these preferred tree species 10 other species like Diplorrhynchus
condylocarpon (Thombodzi) in making charcoal due to the scarcity of the preferred

species.
2 Invasion of the catchment areas by charcoal producers.
3 An increase in a number of rural households involved in charcoal production business,

which is a response to an increase in urban demand for charcoal. Arpaillange J (1996)
estimated that charcoal consumption by urban households is anticipated to increase from
current consumption of 54 percent to 64 per cent of the total regular households charcoal-
users living in Blantyre alone by the year 2005.

Theretore, the main issues affecting charcoal production that must be taken into account when
developing an intervention strategy in charcoal production process are:
- the environmental impact of charcoal production on forest resources. and
- the essential role of charcoal production as an income earner in the rural economy and
as a supplicr of indigenous energy resource to the urban people.

The study had shown that most of the charcoal wood comes from arcas that are converted (o
agriculture either on shifting cultivation cycle or permanently converted 1o arable agriculture. [n
order to slow down woodland clearing, agricultural productivity has to increase. The strategy for
increasing crop productivity, besides using organic and inorganic fertilisers and manure, would
be planting agro-forestry tree species such as Faiderbia alhida (msangn), Cliricidia sepitm and
others that will improve soil fertility. In areas where the main agricultural activity is shifling
cultivation, then improved management of trees in the abandoned areas may lead to a quicker and
better regeneration of the desirable wood species.
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1.0 INTRODUCTION: % @\%Z

This report is one in a series commissioned by the Ministry of Energy and Mining covering the
Biomass Production and Marketing Study (BPMS) in four main towns of Malawi. The study was
planned to cover the four main towns of Malawi to detect regional differences in charcoal
production methods. However, it was later realised that the cost would have been too high and
the idea was, therefore, abandoned. 1t was finally decided to confine the study only to production
sites supplying charcoal to Blantyre City, the city most dependent on charcoal in Malawi.

The report summarises the findings of this detailed study of the charcoal production process with
particular emphasis on the techmques traditionally employed in this process. The results of this
study would be incorporated into a working paper on woodfuel and other biomass energy
production for urban sector of Malawi.

About 93 per cent of all wood taken from Malawi's indigenous forests are burnt as fuel, either
directly or by first converting it into charcoal. Fuelwood and charcoal are the principal urban
household fuels lor cooking and heating, making up 94 per cent of the tota! urban households'
energy requirements in Malawi, (Arpaillange J 1996).

A study conducted recently by Ministry of Energy and Mining (Arpaillange J 1996) showed that
charcoal s the sccond largest source of energy supply to urban houschoids in Malawi after
fuchvood. About 65 per cent of all urban houscholds use charcoal and the economic case for
charcoal rests upon it being a more concentrated form of energy than fuelwood with some
consequent advantages of saving on transport costs.

Most charcoal sold in Malawi's major cities of Blantyre, local people in adjacent forest areas
surrounding these cities, (ESU 1984), produce Lilongwe, Mzuzu and Zomba. A survey conducted
in 1996 (Arpaillange J 1996) revealed that 83 per cent of the households living in Blantyre use
charcoal as opposed to 56 per cent in Lilongwe, 51 per cent in Mzuzu and 33 per cent in Zomba.
This charcoal is produced by the traditional earth kiln method described by some researchers in
other countries {Chidumayo 1990, 1987; Openshaw 1986). Although the different phases of this
technology have been described, quantitative and scientific aspects of this production process are
poorly understood.  And yet for renewable energy planning and charcoal pricing, it is essential to
quantily the efficiency and costs of a production method.

It was against this background that this study was undertaken and was designed to:
1 review the traditional charcoal production method including assessing its efficiency

and cost of charcoal production. Production efficiency is here defined as the amount of
charcoal produced from a given weight of wood;

-

gather socto-economic data about the charcoal producers;

3 identify areas of intervention to improve the efficiency of the production process.



2.0 METHHODOLOGY:

The charcoal production study was conducted from mid-April to mid-May 1996, This meant that
the study was largely done towards the end of the rainy season. The study involved observing
and monttoring the charcoal production process, from the felling of trees to the production of the
final product, over a period of one month. The charcoal production process was not studied in
a chronotogical order in the field due to limited time. Typically, a charcoal producer had several

production umts at various stages of production and these were all studied despite the production
“phase they were in.

Besides monitoring the production process in detail, thirty-one sample producers were
interviewed about the entire production process. This was done using a questionnaire prepared
in consultation with an international consultant of the Biomass Production and Marketing Study.
The questionnaire was designed to collect a different set of data about charcoal producers and
their production process including their views about the charcoal business.

Charcoal production is mainly concentrated on customary tand in adjacent peri-urban and rural
arcas near roads leading to cities and towns. Studies have shown that much of the Blantyre's
charcoal comes {rom areas along the Chikwawa, Mwanza and Matope roads; Matope road being
the main supplier, (ESU, 1984). Based on this information, areas along the Matope road were
theretore chosen as the study sites {or this project.



3.0 STUDY SITES:?

The charcoal production study was conducted in Phalula arca, 70 - 90 ki northwest of Blantyre
City along the old Matope road (Zalewa road). The study area was divided mto three sites. Each
silc was sclected based on the existence of well-established charcoal production activities as
revealed by the Biomass Production and Marketing Study (BPMS) undertaken earlier in the year.
The first site was located in Kangankundi area belonging to village headman Philip Mbewe in
Traditional Authority Msamala in Machinga district. The site is 5 km to the east of Zalewa road
and about 3 km before Senzani trading centre on the road to Blantyre. The second site was
located about 7 km to the west of Phalula rural growth centre, in the area of village headman
Machereza in Ntcheu district, and the third site was in Traditional Authority Simon Likongwe's
arca in Mwanza district,

The study sttes were alt under customary land with the main vegetation type being miombo
woodland dominated by Brachystegia tree species. The woodland invartably consisied of nixed-

age trees due to natural and/or human disturbances either for shifling cultivation or charcoal
production,

The number of study saniples from each study site were not uniform because the sampling system
was dependent on the level of charcoal production and the presence of charcoal producers in the
licld at the time of sampling, '

As the study tocused only on one major source of charcoal supply, it was assumed that this
difterential sampling system could not unduly influence the accuracy of the results.

Lisungwi had a least number of study samples (5) (table 1) of the three sites. The data from
Lisungwi was, therefore. pooled together with that of Phalula as there was no significant
ditterences at 95% significance level in the parameters studied, besides being a small sample.



4.0  CHARACTERISTICS OF CITARCOAL PRODUCERS?

Table 1 shows the characteristic of the charcoal producers involved in the study. A (otal of
thirty-one producers were interviewed about their production including studying their production
process. The study showed that just over 50 per cent of the charcoal producers were involved
in charcoal production as the only source of cash income and most of them were men (77 per
cent) of whom 00 per cent were married and were working in faniily teams in producing charcoal.
‘Thus the charcoal business is predominated by men, probably due to the strenuous nature of the
charcoal business itself. The few females encountered during the study were working as individual
producers with minimum or no assistance at ali from other members of their families. Eighty-eight
pereent (88%) of the women were from female headed households who were either widowed or
divorced; hence resorted to charcoal burming due to limited sources of cash income available to

them,

Table 1: Charncteristics of charcoal producers in the study sites.

f
1
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il sex
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5.0 CHARCOAL PRODUCTION METHOD:

Charcoal 1s produced by the traditional carth kiln method in which wood 15 stacked on the ground
and the stack covered with earth. The earth acts as a shield against oxygen and insulates the
carbonising wood against excessive loss of heat. This method of charcoal making is very old and
is widlely used in many countrics. It can be divided into the following distinctive unit operations:

“(a) Wood accessing

(b) Wood harvesting and crosscutting
{c} Kiln building

(d) Earthing the kiln

{c} Carbonisation

() Charcoal harvesting and bagging

S.1  Wood accessing

Social constraints such as land ownership often limit access to potential wood resource for
charcoal production in the study sites. Land ownership in the study sites is under one of the three
{orms, namely, Public, Private and Customary. The woody biomass in the study sites 1s under
customary land where access is only granted (o individuals upon consultation wih the village
headman,

The customary tand is administered by village headmen who hold the land in trust and allocates
to individuals as cropland. Trees are usually clear-lelled to open land for crop production either
on shifting cultivation cycle or permanently converted to arable agriculture. The felled trees are
usually used for charcoal making and 93% of the charcoal producers obtain their wood through
this mcans. The remaining 7% obtain their wood illegally from both private and customary land.
The wood used for charcoal making was all obtained {rom indigenous natural woodlands

5.2  Wood harvesting and Crosscutting

Wood harvesting and crosscutting is solely done by using axes (Table 4). Mean stump height of
felled trees in Kangankundi was 0.6 m (SE = 0.02) while that of Phalula was 0.8 m (SE = 0.05).
The diflerence in stump heights between the two sites was significant (1 =2.25, > < 005). Thus
the trees were cut higher up the stump in Phalula than in Kangankundi. The producers indicated
that the stump heights had no bearing on regeneration of sprouts.

The felled (rees were cut into logs at the stump in order to ease haulage to the kiln site. They
were crosscut mto 1 - 2.5 i fong logs. Twigs and branches were also coltected for fidling in
stackwood spaces and acting as stringers during kiln construction. Thus the only above ground
cordwoods discarded /# sitn were stumps. This 1s in contrast 1o observations made in Zambia
{Chidumayo, 1990) and Kenya (Western and Ssemakula, 198!) where charcoal pi‘UdULelS discard
branches with butt diameter smaller than 12 6 cm and 15 cm, respectively
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Felling of trees was done on a selective basis leaving undesirable tree species. Charcoal producers
leave trees of species that produce charcoal of poor quality. These species include Burkea
africana, { Mkalatl) Lanmnea discolor (Chiumba) and Diplorhynchus condylocarpon (Thombozi).
Some species are lefl standing because their wood is 1o hard 1o cut with axes. These uncut trees
were dominated by Acacia nigrescens (Mkunkhu) and Pericopsis angolensis (Mwanga). The
distribution of diameter at breast height (DBH) of the uncut trees is given in Table 2. The
diameter structure of residual trees did not differ significantly from that of cut trees for charcoal
making (chi-square test at P > 0.05). This observation suggests that tree {elling for charcoal
making 1s not sclective for a particular diameter class. This observation is similar to the
observation made in Zambia (Chidumayo, 1987) but is in contrast to that made in Kenya where
charcoal producers preferred trees with diameter at breast height of 64 cm, (Western and
Ssemakula, 1981).

Table 2: Distribution of dinmeter at breast height (DBH) of uncut trees in the Study Arvea {(in per cent)

Dinmicter Ronpe (cin}

Species Local nume Busic Density 1-10 H-20 21.30 EX 1)}
Hauhinua thonningi (Chitimbe) 395 a3 iz 333 -
f.annea discolor (Chiumbu) - 365 455 150} -
Jubcrssdia globillora {(Mchenga) 644 250 250 500 -
Enespyros harku (Mehenye) - 2000 670 13.0 -
Acacia harow (Mpampa) 606 - - 14030 -
14irhen afnicana {Mkalat) - 250 0.0 250 -
Acacin mgrescens {Mkunkhu) - 040 2000 40.0 it
Preroentpus angolensis {Mlombwz) - - 1 0 - -
Nendens stullmann { Mulonde) - - . 10300 -
Albizu hinrven (Njenyete) - - [[EIRY} - . -
Hrachystega bochimn {Momba) 394 - 5041 - 5041
I.onchocarpus capasa (Mswamswa) - - 504 50.0 -
Pseudolachynoshylis maprouncilolin (Msolo) 595 220 56.0 220 -
Terminalin sericen (Naphini) - . 30.0 50.0 -
Hnchyslegin busser (Nseza) - - - i 2540 750
Inplorrhivochus condslocarpon (Thomboda) - i4 8600 - -
§rachy stegm lonbund; { ['samba) 676 B 180 330 310

5.3 Kilo building

A lier crosscutting the logs are left out to dry for varying periods befere they are gathered and
piled into a stack at a kiln site. The drying periods vary depending on local conditions, species

of wood used. and labour availability of the charcoal producers. Haulage of wood to kiln site is
done manually.

Kiin siting is decided based on local site factors such as soil type, drainage and terrain. The
majorily (96 per cent) sites the kiln in an open place that gets plenty of sun and wind. The terrain
s flat to undulating with well-drained deep soil in order to be able to get enough soit Jumps for
covering the kidn.



The site is cleared, levelled and compacted belore a kiln is built, Stringers of about 5-8 ¢m in
diameter and 2-3 cm in length are first laid lengthwise on the ground. The wood to be carbonised
is then packed denscly layer by layer crosswise on this platform.  The purposce is to allow the fire
and gas to circulate properly within the kiln.

Gaps between logs are packed with small wood 10 make the pile as dense as possible. ‘The surface
of the ptle is packed out with small fuelwood that gives even profile and provides good support
to the earth covering.

Once the kilu is built, it may remain uncovered for sometime to allow the pile wood Lo dry out
further: but often covering follows nmmediately.

The moisture content of piled wood was measured at the time of earthing. The motsture content
was measured using a Gunn's electronic moisture metre HT 75. Tlis instrument gives moisture
content on a dry basis ranging from 0.0-0.1 expressed in percent. The moisture content on dry
basis is given by the formula: (wet weight - dry weight) / dry weight. The metre has a timber
sclector with range 1-4 positions that are suitable for different timber species. Unfortunalely the
appropriatc timber selector for measuring moisture content of most of miombo woodland species
is not shown in the metre handbook. However for unclassified miombo species timber selector
three is recommended {Chidumayo, 1990) and this position was used 1o measure the moisture in
this study. The mean moisture content of piled wood of diflerent miombo species durtng earthing
in the study area is given in Table 3. The mean moisture content ranged from 39 - 90 per cent
with an average of means of 72 per cent {SE = 5.6} lor dilterent species (Table 3},

Tahle 3: Mean moisture conteat (MC) of wood during earthing process

Species Local name Muaoisture content (MC)
iy hasis {%)  wet basis

Hrachsvstegia lonbunda (Tsamba) 65 39
Brachystegis bockimii {Mombo) 78 44
Hrachystegin busse {Msezn) K1Y 28
Pscudotochvnostvlis inaprouncitelia (Msolo) 9H) 47
Presocarpus ratunditoln {Mbalitsa) Ry 47

All kilns in the study were rectangular. In Kangankundi the average kiln size was 13.5m' (n=
i2. SE = 2.8) while in Phalula it was 10.1 m’ (n =13, SE = 1.9). The difference between the two
sites was not significant (t = 0.29, P > 0.05) Therefore the mean kil for the pooled data was 11.7

m' (SE = 1.7). This will be regarded as a standard kiln size and wili be used in the proceeding
discussions



Alter cooling the charcoal is carefully separated from the soil and piled aside for bagging, During
separation, the fully burned lump charcoal is separated {rom [ines and brands’ and these are piied
separately.  Usually partially burnt charcoal and fines are put in the lower parts of the bag while
the tully - burned lump charcoal is bagyed last to attract customers.

T'his harvesting, cooling and bagging of charcoal are done simultaneously but intermitiently as the
carbonising process proceeds. Sometimes charcoal is sold as soon as it is bagged at the
production site. At the production site an average bag of charcoal (30kg) was sold at MKI5
while along the road the same bag was sold at MK25.

5.7 Tools used in charcoal production

A variely of tools were used at the different stages of the production process. Table 4 shows the
tools and the frequencies of their use at each stage of charcoal production process. The frequency
was calculated based on the number of individual producers as a percentage of the total study
sample using a given tool at each unit operation.

The table shows that an axe is the main tool in felling and crosscutting whereas a hoe and a shovel
are the principal tools in digging soil lumps, building the kiln and in harvesting and bagging the
charcoal.

Table 4: Tools used at ench stage of chwrauml production

Type of tool Frequency in percent with which toals were used during dilferent stuges of
production

Felling & Log haulage & digging suil  Bulding  larvesting &

crosseulling piling Ttunps kiln bagping

A {1y 4] 1] 1 8]

Hoe 0 n Lo 1630} 1o

Shovel 0 { 81 81 #1

Pangtn Hi ’ 1 }] 1] 1

Suekle Ol i 5 0 [}
§




5.4  Larthing the kiln

Covering of the kiln starts with building the lateral walls. In building the lateral walls the circular
soil lumps are piled layer by layer against the wood. Instead of using only circular soil lumps, 60
per cent of sample producers first mowed grass and laid 1t at an angle such that the base of the
grass lies against the kiln while the top of the grass touches the 1op ol the kilns. The soil lumps
are thrown on the lateral walls to cover the grass against the wood. The top of the kiln pile 1s
covered with a layer of leafy material such as straw, leaf and course grass. These are spread over
the pile and earth is spread over this layer. The leafy material prevents the loose soil from
clogeing empty spaces between the logs before carbonisation takes place.

The place at which the kiln will be ignited is left uncovered. Eighty - seven per cent of the sample
producers position the ignition hole along the wind direction against 17 per cent who located it
across the wind direction. In spite of these differences in locating the ignition hole, all
respondents {100 percent) believe that the location of the hole affects the speed and efficiency
of the carbonation process. The seventecen per cent believe that when the wind is bounced by an
obstruction it gets into the mound through the liole placed across and slowly eases the ignition
of the kindling wood. Several other air spaces ranging from four to ten depending on the size

of the kiln are left uncovered at the base of the kiln. The air spaces (vents) act as 'breathing
points’ as the wood is carbonising,

5.5 Carbonisation

Immediately aller covering, the charge (kiln) is ignited. A shovel of burning wood and charcoal
i1s put in the hole and this ignites the kindling wood placed in the hole. Once dense white smoke
1s seen from the top in less than one hour, indicating that the fire has taken hold, the jgnition hole
(s sealed with earth to allow controlled carbonisation of wood. Over a few days the smoke
becomes bluish and finally becomes clear. The time needed to complete the burn depends on the
size of the kiln and the moisture content of the wood during the earthing stage. Most of the
charcoal producers (83 per cent) said that the carbonisation stage was crucial in the production

process and unless it is carried out as efficiently as possible it puts the whole operation of charcoal
production at risk.

As carbonisation proceeds, the volume of the kiln shrinks and this causes parts of the wali and

ceiling to fall in and form cracks, these must be filled with fresh soil lumps to ensure eflicient
carbonisation,

5.6 Charcoal harvesting and bagging

Charcoal harvesting from kiln starts a few days after the kiln has been ignited, at the end where
the fire started, and gradually moves along the kiln as carbomsation proceeds towards the other
end  This harvesting is repeated every four to five days depending on the rate of carbonisation.
The charcoal s removed from the kiln, spread out and immediately covered with fresh soil.
Some charcoal producers (36 per cent), instead of removing charcoal from the kiln, just throw
fresh so1l directly onto the part of the kiln carbonised to cool the charcoal



6.0 CONVERSION EFFICIENCY:

The conversion efliciency of the charcoal production method refers to the amount of charcoal
produced from a given weight of wood. To caleulate the conversion cfliciency, the weiglit of the
wood and charcoal made from the wood must be determined.

In this study the lengths and midpoint diameters of individual logs in 12 sample kilns were
measured to find the volume. The volume was estimated using the Huber's formula,

V= 8Ld%. /4,
Where V = volume of log (m"),
L = log length{(m)
d., = diameter at mid-length of log.

As there are no local regression models developed yet for dry miombo in Malawi, a regression
model developed in the Biomass Assessment Study in dry miombo of Zambia was used to convert
the cord wood solid volume data to dry weight {Chidumayo, 1990). The regression model used
15
Dry weight of cordwood (Kg) = 536 65 sov + 7.25
where sov is solid volume (m").

Based on the regression maodel, the mean weight of cordwood in Kangankundi was 4940 KGs (SE
1 96) The mean weight of cordwood was 2780 KGs (SE = 1.6) in Phalula. The difterence n

mean cordwood weights was not significant between Kangankundi and Phaluta, (1= 087, P -
0.05)

To find the weight of charcoal made from wood, the number of bags of charcoal produced at each
sample kiln were counted and a subsample of the bags weighed. The weight of a sample of empty
bags was also measured so tiat the net weight of charcoal in a bag is detected. Although charcoal
is packed in bags aftcr harvesting from the kiln. some charcoal is left at the kiln site. The
abandoned charcoal is in the form of fines and pieces that are too small to be used. The amount
of abandoned charcoal was assessed in plots of 1 x 1 m” in size located randomly in the area
covered by charcoat remains on each sample kiln site.

The area with charcoal remains was measured and all the recoverable charcoal in 1 x 1-m” plots
was gathered by hand and weighed The weight of the abandoned charcoal in the 1 x 1-m” plots
was extrapolated to the total area covered by charcoal remains at the kiin site to derive an
estimate ol the amount of recoverable charcoal lefl on site.

The standard net weight of charcoal was 26.6 kg (SE = 0.5) per bag in Kangankundi whereas the
standard nct weight in Phalula was 32.4 kg (SE = 0.6) per bag. The difference in bag weight
between the two sites was significant (t =3 8, P < 0.05). Thus the weight of 26.6 kg will be used
in cafculating canversion efliciency of charcoal production and its productivity for Kangankunds

arca while the standard weight of 32.4 kg will be used in calculating the conversion efliciency for
Phalula arca.



The mean weight of abandoned charcoal at the kiln site was 209 kg (SE = 5.2) i Kangankundi
and 31.2 kg (S15 -4 7) in Phalula. The dillerence was not statistically significant (t - 0.5 P

0 05). Although the difference was non-significant the value at each site was used in cafculating
the recovery eficiency of the earth kiln production method. Recovery efliciency refers to the
amount of charcoal actually bagged from a given quantity of wood.

Table § shows the estimates of converston and recovery efticiencies of the earth kiln production
method in the study areas. The differences in recovery and conversion efliciencies between the
two sites were not statistically significant (t = 1.05; p > 0.05). The overall mean conversion and
recovery efliciencies were 22 76% (SE = 0.2) and 21 .48% (SE = 0.08), respectively.

Openshaw (1980) reported that the woody biomass contains 50 per cent carbon by weight and
as such it is impossible to obtain 50 per cent wood - to - charcoal conversion efficiency using any
type of production technology. 1n Zambia the conversion efficiency of earth kiln techniology was
found to be 27 per cent (Chidumayo, 1990). Studies elsewhere have also shown that the upper
limit of wood - to - charcoal conversion efficiency in earth kiln technology is 30 per cent. Judging
by these figures, the conversion efliciency of the earth kiln method in the study areas of 22 76per
cent is relatively acceptable.

Tahle 5: Cordwiird to charcoal conversion and recovery efficiencies in Kangankundi nnd Phaiulbn srens.
( Figures in paventheses show standard ervor).
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Flowever, it s reported that charcoal in an earth kiln is produced at a relatively low temperature
0f 300 - 500 °C (Ranta and Makunka, 1986). Low carbomsation temperatures give a bigher yield
ot charcoal but this charcoal contains appreciable amount of tars between 16 - 31 per cent by
weight. Thus the conversion efliciency of 22.76% observed in this study (Table S) may partly be
explained by a high content by weight of volatile tarry residues in the charcoal ™ At high
carbonisation temperature, these tarry residues are either burnt or expelled resulting into an
increase 1n the fixed carbon content and low tar content.



Wood moisture content and the skill of the operator are also known to greatly influence the
conversion efliciency of charcoal production in earth kilns. The skill of the operator of carth kiln
is diflicult to measure quantitatively. During the study, 83 per cent of the sample producers
mentioned experience as the main determinant of conversion efliciency. The aspect of experience
that affccts conversion efficiency was largely related to earthing and maintenance of the kiin
during carbonisation process. The operator needs to be skilful and alert during these operations
if"the yicld and quality of the product are to be high

During the study only 13% mentioned wood moisture content as one of the main factors affecting
the conversion efliciency; yet it is conventionally known to be the major factor. Wood moisture
conternt atfects the conversion efficiency because of its effect on the heat budget in the kiln. Extra
heat is required to drive out the moisture before the wood is carbonised, therefore, the drier the
wood the fess energy is used inside the carbonising kiln in evaporating the moisture.

Wood moisture content and skill of the operator are both important in determining conversion
efficiency. Both are linked to the heat and air budgets in the kiln. Little is known about the eflect
of the period of carbomisation on conversion efliciency. it is posstble that a kiln witlt high wood
maisture content may carbonise slowly over a longer period due to high-energy use for drying the
wood, but stilt achieve high conversion efficiency. This relationship is not apparent in Table 7.
It was also not possible to test the energy vaiue of the charcoal from each kiin,

There may be variations that could affect the energy value of the charcoal when compared to a
'standard’ charcoal with a specific energy value such as that assumed in this report of 28 MJ/ kg
at S per cent moisture content on dry basis and 4 per cent ash content. Clearly many factors may
attect conversion efliciency and controlled field experiments are necessary to evaluate a role of
cach of these factors,
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7.0 CHARCOAL PRODUCTIVITY:

Charcoal productivity is here detined as the amount of charcoal produced per given quantily of
time and effort. In this study time and eflort were estimated based on man-hours taken to
complete a specific unil operation in the production process.  As this study was done at the end
of the rainy scason, the sample producers were asked about seasonal varnations in charcoal
production The majority (93 percent) said that the production was low during the ramy season
They spend more time on agricultural activities and kiln management is \difficult because of the
rains. This implies that the time and effort provided for charcoal making varies with season. Thus
the results given in Table 7 might be on the low side indicating high productivity in terms of
tabour inputs per unit operation than would be expected in the rainy season.

Tabie 6: Labour input in 2 standard charcoal kiln for Ksnpankundi and Plalula

Operatinn Man-days

Kanpgankundi Plalula

1

Felling 244 ’ 434
Cross-culling 357 4.20)
Haulage of wood 2.60) 310
BRinkding ki 157 4.40
Carhbanisaten harsesneg bagging 271 12,14}

Table 6 show that the longest stage in charcoal production process is a combination of
carbomsation, harvesting and bagging. It should be noted that tending the kiln during
carbonisation process is an intermitient operation and other jobs are done at the same {ime.

It was observed during the study that 46 per cent of the sample producers were operating more
than one kiln sunultaneously, despite the kilns being at different stages of production. This

observatton has also been made in Zambia where charcoal producers operate several charcoal
kilns simultaneously, (Chidumayo, 1990).

During the study it was observed that many producers were not working a full man-day in the
praduction process. This was because of the strenuous nature of the work and agriculiural
activities werc keeping them busy. Therefore, the average daily production was measured based

on the number of man-hours worked each day as a fraction of the eight-hour man-day. This gave
an ¢stimated daily productivity of 25 kg per kiln per producer.

To find ott the annual charcoal production per producer, the producers were asked about the
nurnber of months they were aclively involved in charcoal making the previous year (1995)
mcluding the number of kidns managed and number of bags yielded from each kiin.

Direct extrapolation could not be done as this could underestimate production since some
producers were managing more than one kiln at a time. '

The results gave a mean of 4.1 (SE = 0 29) kiln per year per producer with an average charcoal
production of 2 03 Tonnes (SE = 0.4) per kiln. Thus annual charcoal production per producer
the previous year (1995) was 9.579 tonnes that gives a production rate of 28 kg per day,

4



assuming 25 workdays per month. The value is higher than the 25-kg per day bascd on labour
production ligures recorded during this study.

8.0 COSTS OF CHARCOAL PRODUCTION:

(harcoal in Malawi. as in many developing countries, is produced in the traditional earth mound.
This method is known to have a major advantage of requiring fittle capital outlays (Smith, 1985)
and the kiln can be sited near the source of the raw wood material. This criterton of low capital
tnput is important in Malawi where resources are small and access to loans 15 difficult. In assessing
charcoal production cost during the study, threc main variables affecting production were
considered; namely labour, wood raw material and tools used in the production process.

8.1 Labour costs

The labour inputs for different unit operation in the charcoal production process vary, (Table 6),
with carbonisation process being the longest and require the largest labour inputs. On average
the charcoal production process involved 22 94 man-days for an average kiln of 572 kg of
charcoal. However, In monetary terms it was dillicult to calculate the totaf labour costs because
there were no wage labourers involved at any stage of production on which the labour costs
could have been based. More than 96% of the charcoal producers were self-employed, and their
remuneratton depended on the selling price of the charcoal.

Nevertheless, in computing, labour costs, the opportunity cost of alternative employment
{agricultural labour) was imputed which would reflect its value in charcoal production.

The average labour wage for cultivation in an agricultural field was MK 100 per month. This was
broken down to MK 16 per man-day assuming 25 workdays in a month working 8 hours a day.
The unputed costs should be treated with care as the labour rates in charcoal production usually
difter according to the operation as was observed in Zambia (Chidumiayo, 1990). In Zambia paid
labour received ZK40 per day for crosscutting and kiln building, ZK30 per day for felling and
7K 12 per day for log haulage and kiln tending. However, in our cost calculations we used the
same rate of MK 16 per man-day at various unit operations, Table 8

8.2  Cost for wood raw material

It has been noted carlier that wood raw material is coliected freely from customary woodiand for
charcoal making and there is no stumpage fee charged for such wood. During the study, most
producers were found salvaging wood for charcoal inaking from customary woodiands being
converted to farmland that would be wasted. However, in ant economic analysis the wood material
should be costed as the depletion of the resource is a cost to the society even if no money

transactions arc involved The accounting price, in this case, was derived trom the cost of wood
at a local narket in the study area. -

e S T T TR
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The average cost of a one cubic stacked wood i th:, study arcas was MK20  The average sohid
valume of wood to i1l a standard kiln of 13 ﬁm in Kangankundi was 7 hll with stacking
percentage of 57% and lor Phaluta was 5 45m’ for a standard kiln of 10.1m’ with a stacking,
percentage of 54% (Table 5). This gave a stacked volume of 13. 35m’ and 10.09m", respectively.
Therelore. the cost of wood enough for a standard kiln producing 1107 kgs and 755 kgs of
charcoal for Kangankundi and Phalula with conversion eflictencies of 22.95% and 22.56%
{TableS) is MK267 (MK7.85 for a 32 4-kg bag) and MK218 (MK7.78 for a 26.6-kg bag).
respectively. This assumes that the charcoal producer buys already cut and stacked wood.
However, this is very unlikely as producers fell standing trees and crosscut them into logs that are
later stacked in mendles. Thus labour costs for these operations should be subtracted. M is
estimated that, for a standard charcoal kiln of 1107 kg and 755 kg for Kangankundi and Phalula,
respectively, labour requirements for the operations totals to 9.66 and 11.64 man-days (Table 6).
‘The labour input for a 32.4 kg bag of charcoal is 0.28 man-days that gives a cost of MK4.48for
Kangankundi and for a 26.6-kg bag s 0.4] man-days that gives a cost of MK6.56 for Phalula,
respectively. Therefore the cost of wood raw material per a 32.4- kg bag of charcoal is MK3.37,

(MK7.85 - 448 ) and for a 26.6-kg bayg is MK1.22 (MK7.78-6.56), for Kangankundi and
Phalula, respectively.

8.3 Cost for tools

A third type ot production cost mvolves the outlay on tools used in charcoal making. Table 7
shows cxpected life expectancy and costs of tools that were commonly used at the study sites.

Using the values in Table 7 and assuming the charcoal production rate of 25 kg per day or 625
ku per mpnth, the price of tools per a standard 32.4-kg bag of charcoal comes to MKO0.40;

(32 4/625*7.63) for Kangankundi and a 26.6-kg bag for Phalula comes to MKO032,
(26.6/625*7.63) '

Table 71 Costs and life expectancy of tools. All values are means,

Typeof Price{ M)k} Life expeciancy Price per
tool per tonl {months) monthi{Mk)
(full time working)

Ave 220 24 {192
I o= 2067 18 115
Panga 23123 18 139
Shinel 67 74 27 251
Skl 11 Ko 12 19K
Liles 187 1y 78

i Totui [hir 4 118 763 i

Table 8 shows the total estunated production cost of charcoal in the study area. The cost of sacks
(empty bags) i1s estimated at MK 15 each, and these sacks last for 15 journeys. Overhead costs
such as marketing or waiting for a lorry to come and loading charcoal on the lorry, if applicable;
and also a profit margin, has been accounted for.




239, mark-up has been assumed to account for these costs. The production cost comes to
MK 18 75 per bag for Kangankundi and MK 13 68 for Phalula as shown in the 1able.

Table 8: Estimanted production eosts per a standard kil and per hag of charvcoal in the study area (1996).

Cost commpnnent _ Warkidlays M EAvarkdays MK —I
Kangankundi Phaluia .
{Kiln Bang tKiln By,
-
Felhng 149 8 534 7 L56 3584 1.28
Cross-culling .57 8 5406 1.59 3668 1310
Haulawe 260 8 3544 P16 2660 095
Burlding kain 357 8 54,06 .59 608 131
Carbongsation artd har esting 971 R 147.22 4.33 940 355
Tatal labour cost 34782 j0.23 231520 Hdu o
Fquipment toofs 13.60 0).41 8.9 (132
Wood raw muterals 114.58 337 RER[¢ 1.22
Hagps 34400 1.{X) 2800 £ .06
Sub totn| : 510.00 15.010 306,32 1094
Protitmargim & overheads 127.50 375 0.5 274
Tutul costs and prrolit 637.50 I18.758 JH2.90  13.68
Selling price GROLON 200 $20.000 1500
Resichund value 42.50 128 371 £.32

The survey found that the price of charcoal at the production site was MK20 per a 32.4 kg bag
giving a residual value of MK1.25 for Kangankundi; whereas the price of charcoal at the
production site in Phalula was MK 15 per a 26.6-kg bag, giving a residual value of MK 1 32 At the
road side where charcoal is oftenly sold, five to seven kilometres away from the production site,
the price of the bag of charcoal was MK25, regardless of the bag size.

This price was uniform in all sites visited indicating that there must have been good
communication between charcoal producers about pricing along the roadsides.

[Towever, the charcoal producers indicated that the price is usually decided by one group of
producers/retailers at one selling point and soon all producers and/or retailers followed. The
actual cnteria used in deciding this price did not come out clearly during the study.




9.0 CONCLUSION AND RECOMMENDATIONS:

Charcoal production is one of the rural activitics that bring in cash income to poverty-stricken
houscholds in charcoal producing areas. This study estimated that over 50 per cent ol the sample
charcoal producers reccive most cash income from charcoal production, an indication that this

activity has an essential role in the rural economty and provides a considerable level of rural
employment.

However, the activity i1s based on an indigenous wood raw matenal that is not managed and used
properly in Malawi. Most arcas are depleted of the wood through conversion of forestland to

agricultural land, among other factors, and the depletion continues at a rate of between 1.0 and
2.8 per cent per annum.

Clearly, in order to stow down woodland clearing, agricultural productivity has to increase. The
strategy for increasing crop productivity, besides using organic and inorgamc fertilisers and
manure, would be planting agro-forestry tree species such as faiderbia albida (nsangu),
Glwictdia sepinm and others, which will improve soil fertility. In areas where the main agricultural

activity is shifting cultivation, then improved management of trees in the abandoned areas may
lead to a quicker and better regeneration of the desirable wood species.

If the current situation of charcoal production is left unintervened, the fiture charcoal production
environment will be charactenised by:

I Unavailability of desired indigenous tree species for charcoal production such as
Brachystegia  floribunda(Tsamba), Pseudolachynosiylis  maprounefolic (Msolo),
Brachyseegia bussei (Mseza) and Prerocarpuys rotundifolia ( Mbalitsa) in the charcoal
producing areas. During the study it was discovered that the charcoal producers could
shift from using these preferred tree species to other species like Diplorriynchny

condylocarpon (Thombodzi) in making charcoal due to the scarcity of the preferred
specics.

t

Invasion of the catchment areas by charcoal producers.

et

An ncrease in a number of rural households involved in charcoal production business that
is a response to an wicrease in urban demand for charcoal. Arpaillange J (1996} estimated
that charcoal consumption by urban households is anticipated to increase from current
consumption of 54 percent to 64 per cent of the total regular houscholds charcoal-users
living in Blantyre alone by the year 2005,

Therefore, the main issuces aflecting charcoal production that must be taken into account when
developing an intervention strategy tn charcoal production process are:

- the environmental impact of charcoal production on forest resources; and
- the essential role of charcoal production as an income earner in the rural economy
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inciuding the increasing dependence of urban population on charcoal as a source of fucl.

As such the intervention 10 be developed is generally to address the need to decrease the pressure
caused by charcoal producers on wood resources, and more generally on the environment; and
a need to seck aliernative sources of income to the charcoal producing socicties.

Therefore, it is recommended that the proposed Technical Strategy Unit (TSU) in the Urban
Houschold Energy report (Arpaillange J 1996) which the Government is to institute should go
ahead. The Unit in collaboration with the Forestry Department should work with the charcoal
producing communities through the depariment's Community Forest Management Progranmme.
Through this programme, the charcoal producers will be trained on techniques of regenerating
the devastated indigenous tree species and managing the natural woodlands so as to encourage
regeneration of desired charcoal species. The techniques for establishing and managing such
species in order to enhance their regeneration have been developed and are available at the
Forestry Rescarch Instilute of Malawi {FRIM). Research at FRIM has shown that some
indigenous tree specics such as Prerocarpus rotundifolia (Mbalitsa), Combretum molle (Kadale),
Bawhinia petersiana (Mpandula) and Diplorynchus condylocarpon (Thombedzi) grow and
coppice vigorously, and within 3 years, light poles/fuelwood could be yielded from them.

Realising that most preferred indigenous tree species for charcoal making are slow growing, the
TS should make efforts to introduce technologies for charcoal making from the fast growing
exatic tree species such as eucalypls. Forestry Department through the Wood Energy Project
started producing charcoal from fowcalypins grandis at a small scale in Mulanje Central
Government Plantations. The quality of the charcoal made from eucalypts in terms of energy
values and per cent fixed carbon is not significantly different from that made from indigenous tree
species on weight basis, if carbonised under simifar conditions. The eucalypts could provide an
alternative source of wood raw material Ffor charcoal making.

The proposed Technical Strategy Unit should encourage the charcoal producers to form producer
arganmisations so that it can etfectively maobilise resources including knowledge and technology,
promotion, distribution channels and pricing through these organisations. The charcoal producers
would also be provided with courses and on job training to improve their skills both on the
production technique side and the proper and sustainable management of the wood resource. The
training should be in such areas like tree management, tree harvesting, charcoal production and
markcting techniques. This had worked well in Somalia where producers are organised in co-
operatives principally for the collective hire of transport and sale 1o traders and/or consumers, as
well as dealing with the authorities.

some producers (50 percent) said that they were willing to move out of charcoal business only
if they arc given an alternative source of cash income for their living. Most of them especially
female charcoal producers would like to go into small-scale businesses but they are limited by the
tinancial investment required in the new business ventures. Therefore, it is sirongly recommended
that soft foans be made available to charcoal producers to start alternative businesses such as
vegetable production and/or poultry production, thus, shifting from charcoal production to other
form of businesses. This would save the little wood resource still standing in charcoal producing



sites and allow the recruitment ol the coppices into older woaodlands,

[t is unlikely that the charcoal business will be completely stopped as reflected in the charcoal
producers' responses captured in the survey despite Government's campaign agatnst it through
policing and confiscating charcoal passing through designated road blocks. This is because the
demand for charcoal by urban households is high and the charcoal consumption is anticipated to
increase from 54 percent to 64 per cent of charcoal-users hving in Blantyre alone by the year
2005 Therefore. it is recommended that efforts be made to investigate the possibility 1o legalise
the charcoal business and make sure that the interests of the charcoal producers are taken into
account in order to ensure that they conduct their activity in accordance with the law, and
consequently, will not exercise an uncontrolled pressure on the environment. This task would be
made casier if viable producer organisations existed. -

It well managed. trees are a renewable resource, and their use whether for charcoaling and/or
honey production should be encouraged. Again, if the land 1s being cieared then salvaging of the
wood should be a high priority. Rather than looking on charcoal production as an illegal
occupation, it should be viewed as a legitimate use ol resources which 1s generating rural
employment and supplying an indigenous energy resource to the urban people. What is required
is government encouragement to expand this production and trade in a controlled rational way.

Some trees are being iliegally felled. If charcoal production was regalized, then the Forest
Department through the proposed Technical Strategy Unit could allocate areas for charcoal
production, supervise the lelling and run training courses on tree management and charcoal
production and collect stuimpage fees for the wood raw material.

The equipment used by charcoal producers seems barely adequate. No saws for felling and
crosscutting were noted and the axes are inadequate to fell some trees because the wood was too
hard No rakes were used to build the kilns or to sort the charcoal. It is, therefore, recommended

that training the producers in the use and maintenance of appropriate tools and to have loans for
tool purchase.

Current earth kiln charcoal production method has a relatively iow conversion efficiency and the
tactors that determine conversion efliciency are poorly understood. Therefore, detailed field
studies to investigate the role of wood motsture content, kiln management practices and kiln size
on conversion cilictency should be undertaken. It is only when the determinants of conversion

cfticiency arc properly understood can a strategy be formulated for increasing conversion
efticiency.

In Somalia, charcoal producers use an improved earth kil charcoal production method. Metal
sheets are used to cover the kilns before soil ts placed on top, this prves an mereased recovery
percent and also a cleaner charcoal. In Senegal the earth kiln has been modified by inserting a
central chimney made of old oit drums welded together. The chimney improves gas circulation
that reduces the amount of brands and speeds up carbonisation process. Fewer brands mean an
improved yield of charcoal. Therefore. these improved production techniques in these countries
should be studied to see 1l they can be applied 10 Malawi's earth kilns.
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Very hittle is known about regional differences in charcoal production techniques in Malawi as this
study was only concentrated in one site {Blantyre). Thercfore, there is necd for similar studics
m Lilongwe, Zomba and Meuzu so that a comprehensive picture can cmerge upon which a
strategy can be formulated Jor charcoal production in Malawi which will be a representation for
all tain urban centres. The results of this study would only have a limited application to charcoal
producing areas around Blantyre.

This study, in the limited time available, collected much useful data but in doing so it recognised
that there were gaps In the information such as variation in seasonality of charcoal production and
to what extent this eftects price instability. This type of information is useful in making a rational
reorganisation of the woodfuel industry in the country. Therefore, similar study should be carried
out in the rainy season to discover any variations in kiln management as they affect the quantity
and the quality of the charcoal output.

A proposed further study in charcoal production could as well pinpoint efticient producers. These
praducers could then be used to train other producers and encouraged to experiment with
improved Kilns such as the cassamance type kiln incorporating a chimney.
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