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(Semi)-Industrial production of Charcoal  

Opportunities for making charcoal production in Malawi sustainable 
 
Summary 
 
The efficiency of the presently used charcoal production (earth mound kilns) is only about 10-
15 % while industrial units are proven to have efficiencies up to 35 % (gravimetric yield). The 
latter figure approaches the theoretical maximum efficiency. Because the caloric value of 
charcoal is about twice the caloric value  of wood the efficiency figures should in fact be 
doubled.  
 
Suppliers of affordable carbonizing equipment are concentrated around  one single town in 
China (Zhengzhou). I contacted about 35 suppliers in this town!! Some of them have their 
own development but most of them simple copy each other. Recently I selected 8 suppliers 
out of the 35; visited 6 of them and have attended test runs using the 3 different types of 
furnaces (charcoal yield up to 1,500 kg/H). The demonstrations showed that the furnaces do 
what they are expected to do: produce charcoal on an efficient and cost-effective way. What I 
have seen thus far looks extremely promising. Sawdust, bagasse, waste wood, water hyacinth, 
all of it can be converted to charcoal. Because a direct carbonization for some of these types 
of biomasses is not possible pre-treatments like grinding, drying and briquetting is required. 
Equipment for these pre-treatments is available and affordable. I have seen some of the 
equipment in operation and they work according to the expectations. 
Thus far only a in few countries in Sub Sahara Africa these types of furnaces are in operation 
(Tanzania 16 items and Namibia 30 items). No reports from these customers are available at 
the moment. 
 
All the available retort systems only use a small amount of wood to start-up (roughly about 
150 kg/2000kg biomass). After about 2 hours the heating of the furnace is being taken over by 
fuelgas generated during the carbonization. Because systems are working continuously the 
start-up biomass is the only biomass to be burned during the whole campaign (weeks? 
months?). Thus the efficiency of the conversion will be close to the maximum theoretical 
attainable conversion which for the greater part only depends the type of biomass.  
 
The total investment, including local expenditures for building etc. varies from about 100,000 
USD (350 kg charcoal/H) to 450,000 USD (1,300 kg charcoal/H). The predicted consumer 
price depends for the greater part upon the price of the raw material. But even if the full 
market price for woodlogs has to be paid the consumer price will be below 250 MK / kg 
which is the standard price in Lilongwe for the “illegal” charcoal. The net profit which is 
assumed to be a  fixed percentage of the costprice varies from about 100,000 to 370,000 USD 
annually. Moreover the annual net revenues create a sufficient financial leeway to for new 
investments and/or for subsidizing  the cleaner cooking project. The prediction is that between 
100,000 and 500,000 USD could be allocated for these purposes. Most likely the customer is 
willing to pay a much higher price for charcoal briquettes and thus consequently these figures 
might be even higher. 
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1. Introduction 

 
During my last visit to Malawi in May/June 2016 I met a number of people in industry, 
government and in the scientific world. The outcome of all these meetings was that it’s 
already “five to twelve”. Further deforestation is unacceptable and one of the tools is the 
improvement of  the efficiency of the charcoal production by using (semi) industrial 
installations. Furthermore research should be started on how to convert different types of 
unused biomass into valuable fuel (charcoal and/or briquettes).  
 
The efficiency of the presently used charcoal production is only about 10-15 % while 
industrial units are proven to have efficiencies up to 35 % (gravimetric yield). The latter 
figure approaches the theoretical maximum efficiency. Because the caloric value of charcoal 
is about twice the caloric value  of wood the efficiency figures should in fact be doubled.  
 
Recently I came in contact with a number of industries who produce a lot of biomass. 
Examples are the saw dust and waste-wood generated by wood processing companies and the 
by-product of sugar factories (bagasse). A company dealing with the production of essential 
oil (steam extraction of eucalyptus leaves) reported to have tons of “waste wood” and other 
residues. Thus all of them generate huge amounts of biomass which is in fact useless for 
them. Lately, it was reported that the authorities don’t know how to handle the huge amounts 
of weed available from cleaning the Shire river. It has been described in the literature that 
water hyacinth could be successfully briquetted so it’s worth trying if the  harvested weed 
from the river can also be briquetted and subsequently be carbonized.  
 
So the focus is on residues which are not being used at all. In order to avoid transport costs, 
preferably residues who are present in large quantities on one single spot, like waste wood 
and sawdust on a wood processing site and bagasse on the sugar factory. The ultimate goal is 
to convert these products on a large scale into charcoal and/or high quality briquettes.  
 
It turned out that a number of people both in the industry and in one of the universities would 
be interested to invest in a (semi) industrial carbonization furnace. Based on the positive 
feedback I started to do research on which of the commercial carbonization units would be 
applicable for Malawi. 
 
And thus I started to investigate which commercially available installations could be applied 
in Malawi. Installations must fall within the following criteria: 
 

 Yield from 100 kg/ hour to 1,500kg / hour per unit 
 Feedstock flexibility: not only wood but also agricultural and biorefinary residues 
 Consumer price of the charcoal should be clearly lower than the present-day prices of 

the “illegally” produced charcoal 
 Noxious by-products should be negligible; valuable by-products should be recoverable 
 Simple operation procedures  
 Moderate investment and operational costs 
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2. Commercially available charcoal furnaces (demonstrations in China) 
 
Commercial installations using the retort principle (no energy loss) have been identified in 
The Netherlands, in Brazil, in France and in Australia. All of these producers, however offer 
installations having  a relatively low yield compared to high costs. It turned out that all the 
other suppliers of a broad variety of affordable carbonizing equipments are located in one 
single town in China (Zhengzhou). They claim that all different classes of biomass can be 
converted into valuable fuel. I contacted about 35 suppliers in this town!! Some of them have 
their own development but most of them simple copy each other.  
 
All players in Malawi showed a lot of interests but none of them was able  to test these 
machines in China. Thus I decided to use my private savings for a trip to China. I selected 8 
suppliers out of 35 for a visit and have attended test runs using the 3 different types of 
furnaces (charcoal yield up to 1,500 kg hour). I am impressed and convinced. These furnaces 
do what they expect to do: produce charcoal on an efficient and cost-effective way. Details 
will be discussed in the proceeding sections. 
 
What I have seen thus far looks extremely promising. Sawdust, bagasse, waste wood, water 
hyacinth, residues from furfural/xylitol production (raw material maize cobs) , all of it can be 
converted to charcoal. Because carbonization as such for most of these biomasses is  not 
possible pre-treatment like grinding, drying and briquetting is needed. Equipment for the pre-
treatment is available and affordable. I have seen some of the equipment in operation and they 
perform as expected. 
 

3. Experiences with the furnaces in other Sub Saharan Countries 
 
According to the Chinese suppliers only a few furnaces have been delivered to Sub Saharan 
Africa countries.  
Gongyi Xiaoyi Mingyang Machinery Plant (code 10) delivered to a company in Tanzania 4 
sets QHL-4 ( 4 coupled furnaces). This means in total 16 furnaces. Has not yet been started up 
and thus no contact data obtained yet. 
Gongyi Jingying Machinery Manufacturing Factory (code 28) sold one round set to  
Kenya KARSAM SERVIETTES CO.LTD, NAIROBI, KENYA and in 2014 30 sets to 
Namibia (Christiaan Cilliers Windhoek www.namcoal.com Namco cc). The goal of this last 
company is said to become the largest charcoal producing company in Southern Africa . 
 

4. Pyrolysis versus combustion 
 
High efficiency can only be reached by 
indirect heating of the biomass. Burning 
part of the wood should be avoided; thus 
the holy grail is to avoid combustion 
which is accomplished by external 

heating of the biomass. 
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To improve the efficiency and the ease of operation the combustible by-products generated 
during the carbonization are purified and are standard used to start the carbonization process 
in proceeding batches (energy savings). 

 
5. Batch-type carbonization furnaces.  

 
Typical yield per unit 2000 kg charcoal per day in three batches. Ex-factory prices about USD 
6000 to 8000. Firewood (120 kg) is being used to dry the wood (max 15 % moisture) and to 
heat the batch to about 250 C. At that temperature the formation of fuelgas starts (Hydrogen 
+ Carbonmonoxide). Roughly about 300 kg fuel gas per 1000 kg wood will be generated 
(heating value fuelgas is 5 to 6 MJ/kg).  
Thus at about 250 C the woodfire can be extinguished and the fuelgas  will continue the 
heating (upto about 450 C). To avoid air pollution 
in a single unit part of the excess fuel gas need to be 
flared.  
 
There is however a sufficient amount of fuelgas to 
start a second unit without the need of a woodfire. 
(only a small fire to ignite). To make optimum use 
of the fuel gas usually 3 to 4 furnaces are coupled. 
When using this setup a continuous operation is 
accomplished with the use of only once about 120 
kg wood. Daily charcoal production of a coupled 
unit composed of 3 furnaces 6000-7000 kg. 
 
The feed stock for these furnaces can vary from wood logs, woodsticks, wood briquettes, 
coconut shell, macadamia shell etc .  
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Space needed for a set composed of 3 to 4 units is 9 x 6 m (footprint) times about 3 (storage 
etc). The hoist which is being used to change the reactor requires a height of about 8 m. In 
those cases when sawdust and others materials are being used (see next sections) more space 
need to be allocated for dryers and briquette machines. 
 

6. Continuous rotary furnaces 
 
Typical yield for these type of furnaces is from about 500 to 1600 kg charcoal per hour. Ex-
factory prices about USD 30,000 to USD 100,000. As feedstock sawdust and all types of 
grinded biomass can be used. In most cases a dryer will be needed to optimize the conversion. 

 
 
 
 
The length of these rotating furnaces is about 8 to 12 m while the diameter can vary from 1 to 
2 m. Preheating can be done by either a gasifier using waste wood etc. or diesel, natural gas 
and LPG. After start-up it takes about 2 hours before there is a sufficient amount of fuelgas 
formed to continue the heating. Thus the preheating can be stopped. Depending upon the raw 
material there might even be an excess fuelgas which can be used for an airflow or a rotary 
dryer. The obtained charcoal dust should be converted into briquettes. A wet binder should be 
added before the briquettes can be produced and thus consequently a briquette dryer is needed 
as well. These charcoal briquettes are proven to perform excellent on the Envirofit Econochar 
charcoal stove. We expect that customers are willing to pay a much higher price for these  
briquettes. 
 
The gasifier needs about 100kgs/H biomass like rice husk, after 1.5-2 hours once the fuel gas 
is formed the gasifier has to stop. More elegant is to gradually decrease the feed rate of the 
gasifier. This will prevent the temporarily formation of excess of fuel gas which has to be 
burned. Fine tuning need to be done using the control cabinet. Feed rate and temperature 
setting need to be adjusted depending upon the type of raw material. For relatively “soft” 
products like  rice husk , sawdust , hemp stalk (small pieces)  the optimum temperature is 
about 250℃-300℃.  Coconut shell , walnut shell , palm shell and other hard material  require 
temperatures in the range of 450-500℃.   
 
According to the supplier the by-product mixture of the rotary furnace has the following 
composition: 1 Mt wood sawdust (moisture 8%-12%) can produce:  

Biogas: 280-330 m³  
Charcoal: 330-360kg 
wood tar: 40-60kg and wood vinegar: 240-260kg 
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7. Handling sawdust etc. in a batch type furnace 
 
The batch type furnaces ( section 5 ) can also be used to convert sawdust and corresponding 
raw material into charcoal. The following equipment has proven to be useful for many types 
of raw material: 

 
NB: The wood briquette machine is working at high temperature. One of the wood 
components, the thermoplastic lignin is melted. The result is a very solid briquette having a 
density of 1.3!! 
 

8. Demonstrations of the performance of three different furnaces 
 
I have attended three demonstrations using two batch type furnaces and one rotary type 
furnace. All tests went smoothly. And each time it was a remarkable moment to observe the 
start of the formation of fuelgas. Observations supported the theory. The biomass was 
producing a flammable blend of various gasses.   
 

a) Small test-furnace in operation (round type furnace) 
I recorded with certain intervals the temperature inside the furnace (see graph). Raw material 
was woodlogs and sawdusts briquettes. After 2 hours the colour of the steam slightly changed 
indicating the formation of fuelgas.  Steam pipe was closed, valves were closed, other valves 
were opened. Fuel gas was directed to the burner in the firebox.. After 3 hours a sufficient 
amount of fuel was generated thus the woodfire could be extinguished. During about 10 min. 
the excess of fuelgas need to be burned. Fine tuning by lowering the intensity of the woodfire 
in time could avoid the necessity of burning the excess of fuelgas. Anyhow in case of a 
coupled system the excess of fuelgas will be used to start a second furnace. 
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b)  Rotary test furnace 
The preheating was performed using a gasifier fed with a mix of  sawdust, rice husks and 
other biomass. To save energy sun drying was applied before the furnace could be started. 
The feedstock for the carbonization was the maize cobs residue from the furfural and xylitol 
production.  
I have recorded the temp of the inner and the outer tube and noticed that at 2.13 hour after the 
start-up of the gasifier the charcoal production started. From 2.15 hours until  2.25 hours after 
the start of the gasifier (thus during about 10 min) the excess of fuelgas had to be burned  The 
control panel enables to fine tune various parameters like the feed rate and the rotation rate of 
the furnace. 
 

 
 
 

Red: inner tube temp. Blue: outer tube temp 
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Input :Raw material                 Output: Charcoal powder;  Temporarily burning excess 

fuel gas (10 min)  
Note: Steel quality 
Most furnaces are composed of various types of steel. Both boiler steel are carbon steel are 
applied; the thickness varies from 6 to 8 mm (wall) to 10 to 14 mm (bottom).A number of 
manufacturers prefer Q235B Manganese Steel. Customization is in most cases possible. One 
of the customers in Malaysia wanted to have  stainless steel furnace which could be delivered 
without any problem (not clear what the prize difference was.)  
 

9. Environmental effects of optimized charcoal production units 
 
Estimated emission data show a huge environmental gain of the retort carbonization. 
   CO (g/kg) CH4(g/kg) NMHC (g/kg) TSP (g/kg)   
Earth mound kilns 160-180 45-60  10-60  200-600 
Improved kilns 25-30  7-10  1-9  30-90 
Retorts   8-9  2-3  0.5-3  10-30 
NMHC= non-methane hydrocarbons; TSP=total suspended solids 
 

10. The estimation of the charcoal cost price under various circumstances 
 
Included in the consumer price are the following items 

1. The price of the raw material (either the market price or 25 % of the market price) 
2. 30 % net profit for the producer 
3. 50 % cost price increment for the supply chain 
4. A certain amount of the yield is used to assure a simple payback period of 5 years.  
5. Not yet taken into account the possibility of carboncredit 
6  Concrete floor + raincover: 150 USD/sq m 

Manpower: USD 3/day per person +1USD on-cost = 4USD /day  
4 man in full shift (42 working hours per week): 16x4x365=23,360 USD p/a 
Costs of electricity per kWh 0.16USD  

7. Allocating the surplus to subsidize the clean cooking project 
The combination of improved cookstoves and efficient charcoal production will save 
80 % of the biomass. Although the users in Malawi like the cookstoves very much 
they can’t afford the relatively high purchase price. The huge profit of the 
carbonization furnaces which is much more than customary in relation to the 
investment can be applied to subsidize the cookstove project. 
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10.1 Cost estimate for three different units  

 
a) 350 kg/H thus 2,453 Mt annually (4 coupled batch units; 20 % downtime) 
b) 450 kg/H thus 3,150 Mt annually (rotary furnace; small version; 20 % down time)  
c) 1,300 kg/H thus 9,110 Mt annually (rotary furnace; large version; 20 % downtime) 
 
To take into account  a possible temporarily lack of raw material (feedstock) also 
predictions assuming 50 % downtime have been made.  

 
10.2   Calculation example for a rotating furnace (1,300 kg charcoal/H) 

(only 20 % downtime; raw material cost 25 % related to the firewood price) 
 
Investment (total installation costs)  
Ex works China 132,900 
Insurance Freight 40,000 
VAT, clearing;   25,929  
Installation + training 9,400 
rain cover +powerlines 210,000 
   448,229 
 
Annual operational costs   
Raw material   273,312 
Wages   35,040 
Discount rate 15 % 67,234 
Power   163,624 
Maintenance  5,000 
Packing and handling 20,000 
Total production cost 562,210 
 
Production cost per kg in USD:     0,062 

 
562.210 

Allocated for payback 0,010 
 

89.646 
Reserve for cleaner cooking project  0,066 

 
600.000 

Total yield per kg:                                      0,137 
 

1.251.856 
Profit: 30 %                          0,041 

 
375.557 

Price at the gate 0,179 
 

1.627.413 

 
   Plus supply chain 50 % 0,268 USD 

 Corresponds to  174 MK 
 Plus 16.5 % VAT. Thus consumer price 203 MK/kg 

  
Average consumer price in Lilongwe for the illegal charcoal with a variable quality is 
about 300 MK/kg 
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9.3 Calculation of the consumer prices for a number of different situations 
 

Calculations are based upon the data available at the moment. Fine tuning of these calculations will 
need to be performed after the discussion with potential investors in Malawi. Data should be treated 
accordingly. 
 

a. 4-coupled round furnaces 
Total investment 96,480 USD 
Raw material: woodlogs (full market price) 
Charcoal yield 350kg/H. Net profit: 112,291 USD  
Consumer price: 227 MK. Reserve for clean cooking project: none  

 
b. 4-coupled round furnaces 

Total investment 96,480 USD 
Raw material woodlogs from the Kawandama hills plantation (25 % market price) 
Charcoal yield 350kg/H. Net profit: 91,066 
Consumer price: 185 MK. Reserve for clean cooking project: 150,000 USD 
 

c. 4-coupled round furnaces (50 % down time) 
Total investment 96,480 USD 
Raw material woodlogs from the Kawandama hills plantation (25 % market price) 
Charcoal yield 350kg/H. Net profit 60,632 USD for 6 months.   
Consumer price: 198 MK. Reserve for clean cooking project: 100,000 USD 
 

d. 4-coupled round furnaces 
1. Raw material: leaves from the Kawandama hills plantation (production costs briquettes 20 MK/kg) 

Estimated consumer price of briquettes will be about 270 MK (higher price for briquettes). Reserve 
for clean cooking project: 150,000 USD  

2. Raw material: sawdust (production costs briquettes 13 MK/kg) 
Estimated consumer price depends upon the transport costs of the sawdust  

 
e. Rotating carbonization furnace (small unit)  

Total investment 365,341 USD 
Raw material: all types of raw material (need to be grinded etc.) 
Charcoal yield 450kg/H. Net profit  131,665 USD (160,055 USD)* 
Consumer price: 200 MK (250 MK). Cleaner cooking: 25,000 USD (120,000USD) 
 

f. Rotating carbonization furnace  (large unit) 
Total investment 448,229 USD 
Raw material: only sawdust 
Charcoal yield 1,300kg/H. Net profit: 372,407 USD (465,557 USD) 
Consumer price: 203 MK (252 MK) Cleaner cooking: 600,000 USD (900,000 USD) 
 

g. Rotating carbonization furnace (large unit; 50 % downtime)  
Total investment 448,229 USD 
Raw material: only sawdust 
Charcoal yield 1,300kg/H. Net profit 230,556 (USD 290,566) 
Consumer price: 199 MK (251MK). Cleaner cooking: 300,000 USD (500,000 USD) 

 
Italic: Charcoal is being brought on the market in the form of briquettes; customers are expected to pay a 
higher price (about 250 MK instead 200 MK). Consequently the profit is considerably higher. 
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9.4 Prices of charcoal in Malawi 

 
Most of the charcoal in Malawi is marketed in bags. Seldom the weight of these bags is being 
determined. The charcoal is brought on the market in what they call “50 kg” bags. This appeared to be 
a confusing terminology. These bags with charcoal does not weigh more than 25 kg.  
Most recent data show a huge regional effect upon the prices: In Mzuzu and in Zomba 140 MK/kg and 
in Lilongwe around 300 MK/kg. Trees in Mzuzu however are being harvested at a fast rate thus prices 
are expected to increase in due time. 
Different market prices require also different prices for the industrial produced charcoal. Therefore I 
added somewhat more  cost price predictions. In order to be competitive with the costprice in e.g. 
Mzuzu we will have to accept a lower magnitude of the funds allocated for the cleaner cooking 
project.  
 
The results of some additional cost price calculations have been summarized in the next tables: 
furnace type  1 1 1 1 1 1 1 1 
yield (kg/h) 350 350 350 350 350 350 350 350 
downtime  20 % 20 % 20 % 50 % 50 % 20 % 20 % 20 % 
Investment (usd) 96 K 96 K 96 K 96 K 96 K 96 K 96 K 96 K 
type of raw mat. woodlogs woodlogs woodlogs woodlogs woodlogs leaves leaves leaves 
costs raw. mat. full price 25 %  25 %  25 %  25 %  20 MK/kg 20 MK/kg 20 MK/ kg 
cons. price (MK/kg) 227 125 185 126 198 180 210 270 
net profit (usd) 112 K 62 K 91 K 39 K 60 K 90 K 105 K 135 K 
reservations (usd)  none 50 K 150 K 25 K 100 K none 50 K 150 K 
 
furnace type  2 2 3 3 3 3 3 3 
yield (kg/h) 450 450 1,300 1,300 1,300 1,300 1,300 1,300 
downtime  20 % 20 % 20 % 20 % 20 % 50 % 50 % 50 % 
Investment (usd) 365 K 365 K 448 448 448 448 448 448 
type of raw mat. All types All types sawdust sawdust sawdust sawdust sawdust sawdust 
costs raw. mat. 25 % 25 % 25 % 25 % 25 % 25 % 25 % 25 % 
cons. price (MK/kg) 205 250  146 203  252  147 199 251 
net profit (usd) 132 K 160 K 271 K 372 K 466 K 170 K 230 K 290 K 
reservations (usd) none 120 K 250 K 600 K 900 K 100 K 300 K 500 K 
All prices are consumer prices including price increment for the supply chain and VAT. 
 
Type 1: 4-coupled round furnaces using woodlogs 

 In those cases where the full  price for the raw material need to be payed the lowest possible 
price is 227 MK which is a competitive price for Lilongwe. 

 If only  25 % of the raw material costs needs to paid the consumer price can be as low as 125 
MK/kg.  

 The leaves from the Kawandama plantation can be converted into briquettes for MK 20/kg. 
The lowest attainable price of the resulting charcoal briquettes is 180 MK/kg. Charcoal 
briquettes are expected to have a higher quality than the charcoal lumps and consequently also 
the price can be higher in due time. 

 
Type 2: Small type rotary carbonization furnace 

Because of the relative high investment costs the lowest possible charcoal price is 205 MK/kg. 
(Unfavourable return over investment??). 

 
Type 3: Large type rotary carbonization furnace 

Even in case of 50% downtime I estimate that charcoal briquettes can be brought on the 
market for 147 MK/kg. As long as a sufficient amount of sawdust and/or similar products are 
available at a reasonable price level is this most cost-effective furnace.  

 
Note: Type 2 and type 3: Including the production of charcoal briquettes (e.g. balls). 
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Conclusions 
 
In order to be able to decrease the rate of the severe deforestation drastically there is an urgent 
need to minimize the wood fuel demand. Because on a short term no expectable alternative 
cooking methods will be available we have to offer to the population the most effective, 
efficient wood and charcoal cookstoves. 
 
Parallel to the cookstove dissemination project the classical earth mound kiln charcoal 
production methods need to be abandoned. Replacement by retort furnaces is the only way to 
approach the theoretical maximum attainable efficiency. Lately I have attended some test-runs 
in China. Affordable charcoal furnaces manufactured by various companies in China were 
found to  perform excellent. Due to their special design only a very small amount of biomass 
is required to initiate the carbonization process. The fuelgas generated during the 
carbonization is being applied effectively to proceed with the carbonization. Furthermore 
various users of these furnaces have gained experiences in the field of carbonizing all types of 
biomass like sawdust, bagasse maize cobs etc. No detailed study of the differences between 
the furnaces from the different suppliers have been performed thus far. Detailed evaluation 
will be carried after consulting my partners in Malawi. 
 
To be profitable from an economic point a view the yield of these carbonization units must be 
at least about 350 kg charcoal per hour. This corresponds to an investment of minimal nearly 
100,000 USD in total (including expenditures for buildings, power lines etc.). This investment 
will generate an annual net profit (before tax) of at least 100,000 while sufficient funds are 
already allocated for a payback period of only 5 years. In those cases where the raw material 
is free of charge the profit can be even higher. For people in e.g. the wood-processing and in 
sugar industry it would be the opportunity to convert their useless biomass into a very 
profitable environmentally friendly product.   
 
Thus far in only a few countries in Sub Sahara Africa these types of furnaces are in operation 
(Tanzania 16 items and Namibia 30 items). No reports from these customers are available at 
the moment. It would be worthwhile to have insight in their experiences with this technology.  
 
It have been shown that the combination of improved cookstoves and efficient charcoal 
production units will save about 80 % of the biomass. Although the users in Malawi like the 
cookstoves very much many of them can’t afford the relatively high purchase price.  
The introduction of the efficient and profitable charcoal production can have to following 
side-effect:  In those cases where the costs of raw material is rather low (sawdust, bagasse, 
waste wood) the net profit of the charcoal production is high enough to allocate between 
100,000 and 500,000 USD annually for the cookstove dissemination project. Thus annually 
between about 8,000 and 40,000 stoves could offered with 50 % discount. 
 
 
Aug. 2016 
Giel de Pooter 
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Appendix  

 
Installation Costs and Operation Expenses of various types of furnaces 
combined with various types raw material. 
 

Option 1: Carbonization of sawdust briquettes and woodlogs (up to about 30 cm 
diameter) using a round type carbonization furnace 

 
Installation costs 
 
In order to make an optimum use of the fuelgas all producers offer coupled furnaces 
 
Example company no 10. 

QHL 4 (4 coupled furnaces) 
Charcoal yield: 9 Mt/day corresponds to 375 kg/hour (25Mt wood per day). 
Ex works price 30,000 USD 

Foot print  
12 x 6 (8 m height) is 72 m2. Times about 3 is about 200 m2; estimated costs (150 
USD / m2): 30,000 USD. 

Installation and Training:  
10 days; one engineer a 100 USD per day. Travel 1700 USD and lodging  50 USD per 
day. Total costs: 1,000 + 1,700 + 500 = 3,200 USD 

Spare parts: 
 Only the moving parts: Hoist motor + draft fan: 2,000 USD 
Other installation costs e.g. constructing power lines: PM (10,000 USD??) 
 
Operation Expenses 
 
Wages: 

4 men per shift. This corresponds in full shift with 16 men. Wages 3 USD per day + 1 
USD on-cost. The annual costs 16 x 4 x 365= 23,360 USD. 

Electricity:  
Hoist 0.5 kW; will used 12 times a day during a short time (20 % of the time?). Thus 
0.5 x 0.20 x 24 x 365=876 kWh. Costs of electricity per kWh is 0.16 USD thus annual 
costs is: 140 USD 
Induced Draft Fan: 1.5 kW max: 1.5 x 24 x 365 x 0.16= 2,100 USD. 

Wood to ignite:  
Costs 0.042 USD per kg  
The amount of wood needed to start one furnace is about 120 kg ; suppose runtime one 
week thus 120 times 52 = 6240 kg. Because the fuelgas needs a woodfire to be ignited 
(10 kg per batch; 12 batches in 24 hours) also about 10 x 12 x 365 = 43,800 kg 
(50,000 kg wood can be bought for 2,100 USD).  

Assuming the equipment is placed on the property of the existing company (thus no additional 
costs).  
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Option 2: Carbonization of “saw dust” and similar material (less than about 5 mm) 

using a round type carbonization furnace. 
  
Example a: Leaves from the Kawandama Hills  plantation 

Calculation of the production costs of briquettes  
 
The estimated amount of the Eucalyptus leaves after steam extraction is 20 Mt / day thus 800 
kg/H. The high moisture content (estimated 60 to 80 %) requires a natural pre-drying (sun 
drying to reach a moisture content down to about 35 % .The airflow dryer will bring the 
moisture to the desired 8 -12 %. Thus the amount of material which has to be converted into 
briquettes will be about 7 Mt per day (300 kg/H). 
 
Crusher, dryer and sawdust briquette machine 

Hammer mill:   500-800 kg/h  11 kW $2,500 (12/24 H in operation) 
Airflow dryer:  600 kg/h  6 kW  $4,500 (estimate; 12/24 H in operation)) 

 Briquette machine: 300 kg/H 15 kW $2,700. 
 Conveyors    6 kW  $3,000  

Thus total investment costs ex works: USD 12,700 
Other installation costs e.g. constructing power lines: PM (10,000 USD??); already installed 
for the furnace thus no additional costs. 
 
Electrical power:  (5.5+3+15+6) corresponds to 29.5x 24 x 365 x 0.16= 41,347 USD 
Raincover:   15,000 USD (Estimated about half the costs for the carbonization unit).  
Manpower (4 men per shift):  23,360 USD  
 
Example b: Sawdust 

Calculation of the production costs of briquettes  
 
Sawdust after drying 1,000 kg /H corresponds to 350 kg charcoal per hour 
Dryer:   1200 kg/H  10.0 kW  USD 4,000 
Briquette machine: 300 kg/H 15 kW   USD 2,700 

About 4 units needed  1,200 kg/H 60 kW USD 10,800 
Thus total costs ex works: USD 14,800 

 
Electrical power:  70 kW corresponds to 70 x 24 x 365 x 0.16= 98,112 USD 
Raincover:   15,000 USD (Estimated about half the carbonization unit).  
Manpower   (4 men per shift): 23,360 USD  
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Option 3: Carbonization of a broad variety of products using a rotary carbonization 
unit 
 
Including various materials which need to be crushed and dried like waste wood; bagasse; 
weed from the river ect.) 
 
Furnace type 1 (small capacity 

450 kg charcoal per H corresponds to 1300 kg sawdust per hour. 
Length 10 m; 15/15/3.5 m  
Price: 34,000 (quotation Andy) 
Raincover: 15x15x2=450m2 times 150=67,500.  Constriction Powerlines: 30,000 USD 
Manpower: 6 men per shift: 24 men on the payroll: 24 x 365 x 4=35,040 USD 
Electrical power: 28 kW, thus 28 x 24 x 365 x 0.16=39,000 USD 
Start with gasifier: 100-150 kg wood followed by syngas (only once a month) 

Transport: Four 40 ft containers; 30,000 USD 
Training and installation: 

2 engineers, 20 days: 20x2x150 + 3400 (tickets)=9,400 USD  
Recommended spare parts: About 3,000 USD 
 
Pre-treatment raw material 

Wood crusher:  
30kW;  3,000 kg/H; USD 8,500 (10/24 hours in operation 40 % 

Rotary dryer:  
4,000 kg/H; 22.5 kW; USD 21,000 (8/24 hours in operation 35 %) 

Conveyors (3 items): 3 times 4 kW= 12kW  
three times 2.200 USD= 6,600 USD 

Extra raincover: Estimated about 600 m2 x 150=90,000 USD 
 
Treatment charcoal 

Grinding wheel mixer (mix charcoal powder and binder): 
 7.5 kW; 2,200 USD  
Coal ball machine  

7.5 kW 1.5 Mt /H USD 2,800 (7/24 hours in operation 30 %) 
Drying (optional) 

Sun drying or using a drying machine (30 kW; 32,000 USD) 
Packaging machine 

 1 kW; USD 5,300; 5kg/bag; 500 bags/hour (more options possible 
Summary 

woodcrusher 8500 USD 12.5 kW 
Rotary dryer 21000 7.5 
Grinding wheel 2200 7.5 
Coal ball machine 2800 2.2 
Dryer  32000 30 
Conveyors  6600 12 
Packaging machine 5300 1  
 46,400 / 32,000 42.7 / 30 

 72.7 x 24 x 365 x 0.16=102,000  
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Option 4:Carbonization of only sawdust using a rotary carbonization unit  
 
Furnace type 2 (large capacity) 

1,300 kg charcoal per H corresponds to 3,700 kg sawdust per hour. 
Length 12 m; 20/20/3.5 m 
Price: 60,000 USD (quotation Andy) 
Raincover: 20x20x2=800m2 times 150=120,000 USD.  
Construction Powerlines: 30,000 USD 
Manpower: 6 men per shift: 24 men on the payroll: 24 x 365 x 4=35,040 USD 
Electrical power: 38 kW. Thus 38 x 24 x 365 x 0.16=53,000 USD 
Start with gasifier: 100-150 kg wood followed by syngas (only once a month) 

 Transport Five 40ft containers: 40,000 USD 
 
Training and installation: 

2 engineers, 20 days: 20x2x150 + 3400 (tickets)=9,400 USD  
 

Recommended spare parts: 
 About 3,000 USD 
Conveyors (3 items):  3 times 4 kW= 12kW; 3 times 2.200 USD= 6,600 USD 
Extra raincover:  Estimated about 600 m2 x 150=90,000 
 
Pre-treatment raw material (sawdust) 

Rotary dryer:  
4,000 kg/H; 22.5 kW; USD 21,000 (24/24 hours in operation ) 

 
Treatment charcoal 

Grinding wheel mixer (mix charcoal powder and binder): 
 7.5 kW; 2,200 USD  
Coal ball machine  

7.5 kW 1.5 Mt /H USD 2,800 (24/24 hours in operation) 
Optional:   

Sun drying or using a drying machine (30 kW; 32,000 USD) 
Packaging machine 
 1 kW; USD 5,300; 5kg/bag; 500 bags/hour (more options possible)   

Summary 
woodcrusher N0  
Rotary dryer 21000 22.5 
Grinding wheel 2200 7.5 
Coal ball machine 2800 7.5 
Dryer  32000 30 
Conveyors  6600 12 
Packaging machine 5300 1  
 37,900 / 32,000 50.5 / 30 

78.5 x 24 x 365 x 0.16=110,026  


