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1 Introduction  
 
The aims and objectives of the assignment are summarised as follows: 
 
ǆ To establish a modernised approach to charcoal production that minimises negative 

environmental impacts as deforestation, smoke fire hazards and excessive environmental 
harmful waste 

ǆ To upgrade technical skills & production knowledge among charcoal producers 
ǆ To increase the productivity and profitability of the charcoal production process 
ǆ To improve provisions for health and safety of workers involved in the charcoal sector 

 
Furthermore, during this mission, the prices of fossil fuels (diesel, gasoline, gas, electricity) and the 
prices of wood fuel (firewood and charcoal) were identified. These prices were then compared on a 
price per kWh basis. 
 
Three rate groups can be differentiated:  
 
ǆ Fossil fuels with prices ranging from $ 1 N / kWh (liquid fuels) to 1.5 N $ / kWh (gas & 

electricity small power). It must be highlighted that electricity sold to large consumers is 
more expensive and the price exceeds $ 2.5 N / kWh 

ǆ Wood fuel sold directly to users 
ǆ Charcoal at different stages of the production chain (N $ 0.1 / kWh bulk price paid to 

charcoal makers, 0.36 N $ / kWh paid to charcoal producers for the 60+ quality, see 3.4.7) 
 
Overall, as is often the case, the price of energy from charcoal is much lower than that of other 
energy sources. Prices survey is not comprehensive but based on single sampling along the road.  For 
example, prices for liquid fuels listed here are based on the ones charged by a single pump in 
Otjiwarongo. Only three electricity rates were considered while there are more. These data are 
illustrated in Figure 1 

 
Figure 1: Energy prices in Namibia, including charcoal (Dom=domestic, Bns=Business, Bns L = Business large) 
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2 Charcoal production state of the art  

2.1 Main charcoal p roduction  phases 

 
While it is possible to carbonize green wood, it is useful to perform a pre-drying. This can be achieved 
by simply storing the wood in ambient air condition. It will lower wood moisture content to an 
equilibrium depending on the conditions of temperature and relative humidity of the air in the 
storage area. Moisture on a wet basis of 25 to 30% (Hbh) is considered acceptable to begin a 
carbonization cycle. Further drying will benefit carbonization and will result in improved 
performance. However, in practice this is possible only when an external heat source is available, for 
industrial carbonization systems or when atmospheric conditions are favourable for drying (hot & dry 
air) as is often the case in drylands. 
Without going into the theoretical details of the slow pyrolysis, carbonization can be defined as the 
degradation of three wood components: cellulose, hemicellulose and lignin. This transformation 
takes place in three main phases: drying, proper carbonization and cooling [1]. 
During drying, the water contained in the wood must be evaporated before the wood componentsΩ 
pyrolysis can start, even if a pre-drying was carried out. During this phase, the temperature of the 
wood is about 100 °C. Evaporation of water requires a large amount of energy. In case ƻŦ άǇŀǊǘƭȅ 
ŎƻƳōǳǎǘŜŘ ǿƻƻŘ ƭƻŀŘ ǎȅǎǘŜƳǎέ ǘƘƛǎ ŜƴŜǊƎȅ ƛǎ ǘŀƪŜƴ from the wood load itself and for other systems, 
an external energy source may be used. Thus, the more the wood has been dried before 
carbonization, the better its performance. 
When bone dry, the wood temperature still must be increased to 280 °C. The energy required for this 
step also comes from the combustion of a portion of the wood load (or an external source); it is still 
an endothermic reaction. 
When the wood is bone dry and heated to 280 °C, it begins to decompose spontaneously to form 
charcoal, and several other components - water vapor, tars and non-condensable gases. Wood 
carbonization above 280 °C is exothermic. This process continues until it remains only the carbonized 
residue that is charcoal. If there is no new external heat supply the process stops and the 
temperature reaches a maximum of about 400 °C. This charcoal, however, still contains significant 
amounts of tar residues. If the heating is continued, the pure carbon content increases due to the 
removal and decomposition of a greater proportion of tars. 
After carbonization, the load is sealed hermetically to avoid any contact with oxygen of the outside 
air. The charcoal slowly cools to ambient temperature by radiation. 
 
The quality assessment of charcoal production is a combination of process yield and charcoal product 
quality. Beside the wood load moisture content, the charcoal production process is influenced by the 
following parameters: 
ǆ Temperature 

о This is the most important factor; temperature determines the carbonization yield 
and the physicochemical properties of produced charcoal. The charcoal quality 
increases with temperature to the detriment of mass yield. Indeed, the higher the 
carbonization temperature, the more volatiles escape from the fuel, the more its 
mass decreases and its fixed carbon content increases. A low carbonization 
temperature leads to a higher mass yield, but also to a charcoal of lower quality. A 
good quality charcoal should have a fixed carbon content of about 75%, which 
requires a final carbonization temperature of about 500 °C [1]. 
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ǆ Charring speed 

 
о During a charcoal production process (slow pyrolysis), the compounds have time to 

form and react together during side reactions. This is not the case during fast 
treatments (flash pyrolysis). During flash processes, the contact time and the 
temperature rise is of about one second. In this case, the main product is not 
charcoal anymore, but gases and liquids. This does not occur during traditional 
charcoal production processes. 

 
ǆ Raw material 

 
о Dense wood gives a dense charcoal and light wood gives charcoal of low density. [2] 

 
о In principle, all wood species can be carbonized to produce a usable charcoal; though 

dense charcoal (produced from dense wood species) is generally preferred. This is 
mainly because charcoal is often sold on a volume basis: an empty tin can (though 
often called "kilo") and bags όŎŀƭƭŜŘ Ϧрл ƪƛƭƻǎϦ ƻǊ άмлл ƪƎέ ōŀƎǎύ are common units 
for marketing reference. Under these conditions, the denser the wood (and 
charcoal), the more energy the customer receives for the volume he buys. 

 
о The wood ash content is usually low and has only few variations. The carbonization 

increases the ash content, but it remains acceptable for its uses. However, the bark 
contains more mineral material and leads to a lower quality charcoal. The final 
charcoal ash content may also be affected by dirt, especially in the case of mound 
kiln processes, in which the product is in direct contact with the ground. 

 
о As noted here above, wood moisture is very important in charcoal production 

processes. The higher the wood moisture content, the lower the mass yield, as wood 
drying consumes energy.  

 
о Wood with a high lignin content gives a higher mass yield, mature and healthy wood 

is therefore preferred for charcoal production.  
 
ǆ Charcoal maker skills 

 
о CƻǊ άǇŀǊǘƭȅ ŎƻƳōǳǎǘŜŘ ǿƻƻŘ ƭƻŀŘ ǇǊƻŎŜǎǎŜǎέΣ the qualification of the charcoal maker 

is crucial. Indeed, the skill to appraise (e.g. smoke colour, smell or intensity) and 
handle air supply can be acquired only through long practice. 

 
о The impact of this factor is not as important for improved carbonization techniques, 

but training in their use remains necessary. 
 
ǆ Weather Influence 

о Rain can severely alter the carbonization process, especially for mound kilns and pits; 
it significantly increases the process duration. 

о Heavy rain before ignition leads to wood load moisture absorption. 
о A strong wind induces a fast carbonization of the side that is exposed and leads to 

increased fire risk. 
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2.2 General rules for an effective and efficient  carbonization  

 
Sanogo et al [1], reviewed the most important steps to complete a ΨgoodΩ mound kiln carbonisation. 
These rules also apply to metal and brick kilns and are listed below. 
 
ǆ Wood piling and arrangement should be made in a way that facilitates air penetration in the 

feed and makes it and more uniform, to prevent uneven carbonization; 
ǆ The wood log size must be relatively uniform, except brushwood for ignition and wood used 

to fill the voids; 
ǆ No wood species mixture; 
ǆ The carbonization furnace must be as airtight as possible, except for the vents; 
ǆ The logs of bigger diameter are placed in the centre of the load, as these areas remain hot 

longer; 
ǆ The carbonization time increases with the size of the wood logs; 
ǆ The carbonization spot: the site shall be flat, not wet or soggy (if the soil is very moist, wood 

burning energy would also be used to dry the spot). It shall be close to the wood harvesting 
area, clear and out of vegetation. It shall allow easy handling when loading / unloading wood 
and charcoal. Moreover, it shall be free of stones and especially trees stumps .  

ǆ A grid may be formed by placing beams at the base of the system, they are composed of 10-
20 cm diameter healthy wood logs. Their main role is to ease the air and gas flow inside the 
kiln. 

ǆ The load may be vertical (a wood floor is previously arranged on the grid, then the wood logs 
are arranged vertically in layers), horizontal (in radius or crown) or bulk (especially in the case 
of small ŘƛƳŜƴǎƛƻƴǎΩ wood logs). 

ǆ For ignition and wood load preheating, the use of small wood pieces, twigs or embers is 
preferred, they are placed at the centre of the ignition point. Fire development is facilitated 
by creating a "chimney effect" (openings / vents are created at the base and at the top of the 
furnace). Thus, the fire grows rapidly in the wood load. Consequently, the water contained in 
the wood is vaporized and escapes as white smoke. The air inlets are then (partially) closed 
and the wood load continues to dry. The duration of this phase depends on the initial wood 
moisture. When the fire is powerful enough, carbonization begins Air access is then reduced 
again and any air input or outlet other than those dedicated to this purpose, are blocked. The 
carbonization zone expands. During this phase the smoke becomes yellowish, dense and has 
a slightly pungent smell. The charcoal maker needs to ensure that the expansion is uniform 
across the load. To do so, he modulates the air inlets to foster air flow to the cooler areas 
and reduce it in too hot areas. The initial hours of carbonization process are crucial for its 
outcome. 

ǆ When the charring zone is well developed, the air inlets and flue gas outlets are reduced. The 
objective is to maintain a temperature above the exothermic phase. 

ǆ Extinction: when carbonization is complete, the colour of flue gases changes and becomes 
blue and transparent. All inlets and outlets are then sealed and all openings that could let in 
air are clogged. 

ǆ The wood load cooling phase starts. Its duration depends on the type of furnace and load 
(volume, mass & density). 

ǆ When the kiln has cooled down, the charcoal can be removed from the kiln and packaged. 
Caution is recommended, as the freshly charred charcoal might oxidize upon its exposure to 
the air. This oxidation can raise the charcoal temperature to a level high enough to start its 
spontaneous combustion. Consequently, a cooling-off period is recommended before 
packaging.   
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2.3 Charcoal: Quality & yields  

Different yield calculation methods are proposed in the literature: Mass yield, Commercial yield, 
Weighted mass yield, Technological yield and Energy yield [1] [3] [4] [5]. Combined yields have also 
been described [6] as well as the reference mass yield [7] [8]. 
In the present report, the following formulas were applied: 
The moisture content of solid biofuels is a percentage of the wet weight 
 

Ὄ   
ὓ   ὓ

ὓ
 ρππ 

ǆ Hbh : Wet based Moisture Content (%) 
ǆ MH : Wet mass (g) 
ǆ MA : Dry mass after drying to constant mass (anhydrous) (g) 

 
Evaluations conducted as part of this study will be limited to the use of the mass yield (anhydrous 
basis) as defined in [6]. The mass of unburnt logs is deducted, from the mass of charcoal as well as 
from the initial mass of the wood load. To compare data from different carbonization processes, the 
mass yield must always be calculated on an anhydrous basis.   
In case of retort kilns and kilns which require wood fuel in their process, the wood fuel shall be 
included in the initial wood mass Mba. Nevertheless, for productivity evaluation purposes, it is 
sometimes interesting to determine the yield without considering the wood fuel, the yield is then 
calculated by considering the wood load mass from which the wood fuel mass is subtracted (Mba ς 
Wood fuel mass). The mass yield considering the wood fuel mass is sometiƳŜǎ ǊŜŦŜǊǊŜŘ ŀǎ άƎƭƻōŀƭ 
ȅƛŜƭŘέ ŀƴŘ the yield which does not consider this mass is simply ǊŜŦŜǊǊŜŘ ŀǎ άȅƛŜƭŘ ǿƛǘƘƻǳǘ ŦǳŜƭέΦ 

Ὑὓ
ὓ  

ὓ
 ρππ 

 
ǆ RMba : Mass yield on anhydrous basis (%) 
ǆ Mca : Charcoal mass - anhydrous (kg) 
ǆ Mba:: Wood mass ς anhydrous (kg) 

 
Although this yield is not used later in the paper, the (higher) energy yield is presented below. This 
yield is always greater than the mass yield. Indeed, it considers the energy contained in charcoal 
products and refers to the energy that is contained the initial load. As the calorific value of charcoal is 
higher than that of wood, the energy yield is higher than the mass yield. 
 

ὙὉ
ὓ  

ὓ

ὖὅὛ

ὖὅὛ
 ρππ 

 
ǆ w9Ω : (Higher) Energy yield - (%) 
ǆ Mca : Charcoal mass - anhydrous (kg) 
ǆ Mba:: Wood mass ς anhydrous (kg) 
ǆ PCSca : Charcoal Gross Calorific value (MJ/kg) ς about 20 MJ/kg 
ǆ PCSba : Woodl Gross Calorific value (MJ/kg) ς about 33 MJ/kg  

2.4 Charcoal production processes 

2.4.1 Two main charcoal production processes 

CŀǊōƻƴƛȊŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ŎƻƴǾŜƴǘƛƻƴŀƭƭȅ ƎǊƻǳǇŜŘ ƛƴǘƻ άǇŀǊǘƭȅ ŎƻƳōǳǎǘŜŘ ǿƻƻŘ ƭƻŀŘ ǇǊƻŎŜǎǎŜǎέΣ 
and (industrial) retorts [7]. These two charcoal production principles are illustrated by Picture 1 & 
Picture 2. 
¢ƘŜ άǇŀǊǘƭȅ ŎƻƳōǳǎǘŜŘ ǿƻƻŘ ƭƻŀŘ ǇǊƻŎŜǎǎŜǎέ Ƴŀȅ ōŜ ŦǳǊǘƘŜǊ ǎǳbdivided in two groups depending if 
airflow is generated directly or indirectly. [1] The yields of these alternatives as found in the 
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literature are summarized in Table 1. Different mound kilns techniques are compared in Schenkel et 
al., 1997 [6]. This review is based on an analysis of more than 20 scientific papers and concludes that 
mound kiln techniques, if properly conducted, achieve yields like those obtained with improved 
techniques (i.e. metal kilns or brick kilns). 
Retort kilns allow for combustion of gases generated by the carbonization. These gases can be used 
to supply heat to the kiln itself, or a kiln nearby. 
 

 
Picture 1: Partly combusted wood load process - principle 

 

 
Picture 2: Retort kiln - principle 

 
 

2.4.2 Partly combusted wood load processes 

2.4.2.1 Mound Kilns 

Conventionally, there are three types of mound kilns: traditional mound kilns, horizontal mound kilns 
and improved mound kilns, represented mainly by the Casamance mound kiln in North-West Africa 
and the MATI mound kiln in Madagascar. 
 
The traditional vertical mound kiln has a circular base (Picture 3 & Picture 4). It consists of wood 
arranged vertically around a central pole and small brushwood arranged in the gaps. The stake or 
mast 
is removed, thereby creating at the centre of the wood load a hole for lighting. The cover consists of 
plant material (straw, grass & branches) topped with a layer of soil (sand or silt if possible). 
The ignition of the wood load takes place at the centre of the mound kiln by dropping embers in the 
hole for lighting. After the fire has expanded and moved higher in the hole of lighting , the 
carbonization front progresses from top to bottom, it has a fan shape. The conduct of these mound 
kilns requires great skill and almost permanent monitoring. 
When carbonization is complete, the mound kiln is covered with an additional layer of soil to the seal 
it during cooling. The duration of the carbonization is approximately about 50 hours for small kilns 
(about 10 cubic meters). Cooling can take several days for the biggest kilns. 
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Picture 3: Traditional mound kiln in Benin (wood cut in the 
forest) 

 
Picture 4: Traditional mound kiln in RD Congo, Bateke 
Eucalyptus plantations 

 
The horizontal mound kiln (Picture 5 & Picture 6) is very similar to the traditional mound kiln 
regarding coverage and the modus operandi. Its shape is like a half cylinder or a flattened rectangle. 
The two significant differences from the previous technique are as follows: 
ǆ Wood is piled horizontally (longitudinally). 
ǆ The carbonization front moves from one end to the other. 

In the case of horizontal mound kilns, the wood load is placed transversely over a series of logs 
placed from end to end. They constitute an airflow grid. Sometimes the logs of the wood load are 
arranged longitudinally. Again, brushwood is used to fill the gaps between the logs. 
Lightning is done on the leeward side of the kiln. In the case of large-sized mound kilns, charcoal  
may be collected at ignition side before the carbonization of the entire kiln is completed. Horizontal 
kiln volumes can reach up to 100 cubic meters, the complete cycle of carbonization maytake more 
than 3 weeks. 
 

 
Picture 5: Traditional mound kiln in Cameroon (sawmill 
residues) 

 
Picture 6: Traditional mound kiln in Congo Brazzaville 
(sawmill residues) 

Improved mound kilns (Picture 7 & Picture 8) have been developed to improve, accelerate and 
facilitate the monitoring and the conduction of the charcoal production process. Among the 
improved mound kilns, the Casamance kiln is probably the most widespread. 
The installation of this mound kiln requires good air circulation (floor vents and base composed of 
small logs, vents are formed by using pipes at the base of the kiln). The wood is piled according to 
size (small branches at the periphery and large logs at the centre of the kiln). The coverage is the 
same as for traditional kilns. 
The main improvement is the use of a chimney made of inexpensive materials (old 200 l drums). The 
chimney allows a faster carbonization process, and facilitates the control of the gas flow direction. In 
addition, the yield is improved through the downdraft. A mound kiln of 100 cubic meters requires 3 
days carbonization and 4 days cooling. 
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Picture 7: Improved mound kiln in Madagascar (MATI) 

 
Picture 8: Casamance mound Kiln in Chad  

The mound kilns have the advantage of being mobile, and require relatively little investment because 
they can be built from local materials. Furthermore, their capacity is adjustable to the needs of the 
charcoal producer and to the available raw material. 
On the other hand, mound kiln efficiency is highly dependent on charcoal maker skills, the process 
requires a heavy and permanent workload. Moreover, the production quality and the yields obtained 
are very variable, from 12 to 25%. Indeed, without ongoing monitoring, the risk of burning off ς 
leading to almost complete destruction of the wood load - is high.  
The above-cited carbonization processes generate emissions typical of incomplete combustion, 
including CH4, which is of particular relevance for the greenhouse effect. 

2.4.2.2 Metal Kilns 

A cylindrical metal kiln was optimized by the UK Tropical Products Institute. This work was based on a 
similar furnace that was used in the UK & Europe since the 30s. This kiln (TPI) was then disseminated 
in many developing countries. Besides being mobile, metal kilns allow to conduct the charcoal 
process accurately by using air ducts and metal chimneys that allow efficient control of air access. 

The observation of smoke escaping from the chimneys makes it 
possible to identify areas where charring occurs and to control it. 
It is also possible to direct the incoming air to areas where 
charring has not yet started. These furnaces generally have a 
diameter and a height of 2m. They are relatively easy to operate 
and the production cycle is relatively short (5-6 days) due to a 
cooling phase accelerated by metal walls. Metal kilns have the 
advantage of short carbonization cycles which are easy to 
conduct. Production is more homogeneous, both in terms of 
charcoal quality and yield regularity. The average yield is about 
22% (from 12 to 30%). The risk of fire is reduced. 
These kilns however have some disadvantages. Notably, they 
generate a lot of smoke, have a limited life time and require 
equipment and skills to perform the welds needed to make 
them.  Picture 9 shows a TPI kiln used to make charcoal from 
sawmill residues in Cameroon. 

Picture 9: Metal drum (TPI) in Cameroon 

The capacity of these kilns is fix and cannot be adjusted. Metal kilns have emission characteristics of 
incomplete combustion, including CH4, which particularly impacts the greenhouse effect. 
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2.4.2.3 Brick Kilns 

Traditional models of brick kilns have been improved over the centuries, but 3 of them must be 
highlighted for their widespread use, especially in the Americas: the Brazilian kiln, the hemispherical 
Argentine kiln, and the Missouri kiln in the United States. 
The Missouri kiln was developed in the United States. It is generally made of reinforced concrete or 
concrete blocks, it has steel doors and a chimney. Its performance is comparable to the Argentine 
and Brazilian kilns. The large metal doors allow the use of mechanical equipment for loading and 
unloading. Regarding developing countries, it has two disadvantages: it requires a large amount of 
steel and cement for its construction, which is expensive and usually need to be imported. Moreover, 
it cools down more slowly than other ovens. Therefore, its use is more suitable for temperate 
countries, where the cooler climate allows easier cooling and where the materials and skills needed 
for concrete and steel building are easier to find.   
Argentine and Brazilian hemispherical kilns (see Picture 10 & Picture 11) are completely made of 
bricks. The brick quality can be moderate (low degree of cooking). The bricks are assembled using 
clay. These kilns are adjustable in size and sturdy, their lifetime varies from 5 to 8 years and they are 
relatively easy to operate. 
The main drawback of these kilns is that they generate a lot of smoke at ground level, which, in 
addition to the pollution generated, makes working conditions of charcoal makers very difficult. Brick 
kilns have the advantage of a limited investment and are easy to operate. Production is more 
homogeneous than in the case of metal kilns, both in terms of charcoal quality and in terms of yield. 
An average yield of about 22% (from 12 to 30%) can be expected. The risk of fire is reduced. 
However, these kilns have a fixed capacity and cannot be adjusted. Their construction requires skilled 
workers and suitable equipment. The carbonization process generates emission characteristics of 
incomplete combustion, including CH4, which particularly impacts the greenhouse effect. 

 
Picture 10: Brick kiln in Cameroon 

 
Picture 11: Brick kilns generate a lot of smoke 

 

2.4.3 Retort Kilns 

2.4.3.1 Industrial Retort kilns 

The principle of operation of a vertical cylindrical retort (illustrated by Picture 12) is to use the heat 
produced by the combustion of the pyrolysis gases to dry and char the wood load. During the starting 
phase, a fire is lighted at the bottom of the retort. Through the vents at the base (which are 
completely open), a fire is also ligthed in the wood load. Once the fire has started, wood is added 
through the hopper. Once it ignites, the vents are closed. One of the air inlets (usually one located at 
the downwind side) is opened, and the hopper is partially closed. Wood feeding is done gradually 



__________________________________________________________________________________ 
ECO- De-bushing Project: Towards a cleaner charcoal production process, Namibia, October 2016 

12 

until the cell is full. In operation, the trap at the base of the retort is opened every two or three 
hours, to fill a metal drum with hot charcoal. Once filled, the barrel is closed and allowed to cool off. 
A new load of logs is introduced through the hopper after each collection of charcoal, so that the 
operation of the retort may be continuous. 
The principle of retort kilns has experienced many modifications in its implementation, most of 
which were developed by charcoal producers themselves. Few of the models are commercially 
available and many of these producers are no longer in business, leading to a loss of knowledge in 
the implementation of the retort principle. Some names remain: Lambiotte, Martezo, Herreshof. 
Retorts have evolved in the last decades years, some furnaces have now lower capacities and 
nevertheless allow the combustion of the pyrolysis gases. This is the case of the Ukrainian retort kiln 
which has been visited at CCF (Cheetah Conservation Fund ς Otjiwarongo) during this mission. This 
furnace consists of two compartments connected to a burner. Each compartment contains three 
boxes in which wood logs (or wood briquettes, in case of CCF) are loaded. The boxes are heated 
through gas combustion of the other compartment. Once carbonization is completed, the sealed 
boxes are replaced and allowed to cool. 
Retort furnaces have the advantage of a continuous process and homogeneous production of high 
quality charcoal. In addition, due to the combustion of the pyrolysis gases, this principle of charcoal 
production is much more environmentally friendly (no CH4emissions). The observed yields are high (> 
35%). However, the investment required to implement retorts kilns are very high. 

 
Picture 12: Lambiotte Retort Kiln 

 
Picture 13: Ukrainian Retort Kiln at Cheetah conservation 
fund, Otjiwarongo 

 

2.4.3.2 Small scale άretortέ kilns 

2.4.3.2.1 A plethora of prototypes 

Many prototypes of small scale retort furnaces have been developed. Human imagination seems 
boundless in this area. The results of an internet search on the subject illustrates the wide variety of 
designed models (see Picture 14 to Picture 19). Some names include: Mekko Kiln, Kiln Kohn Tikki, 
Gallon drum ... 
However, few of these alternatives are available on the market and when they are, their cost seems 
high in relation to their volume. The announced yields are seldom confirmed by independent testing 
and the wood fuel required for their operation is almost never included in the calculation. Very 
often, leaking carbonization chambers impose the use of water to cool the charcoal which leads to a 
lower quality as the product breaks into small pieces). 

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.forestiere-du-nord.com/charbon_bois/carbonisation.htm&ei=A2tXVM2gLrPGsQT32IGgAg&bvm=bv.78677474,d.ZGU&psig=AFQjCNGHj6TTrX1k-0xePZ76mHKriwVtbQ&ust=1415101532431477
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Picture 14: Mekko Kiln 

 
Picture 15: Kohn Tikki Kiln 

 
Picture 16:EȄŀƳǇƭŜ ƻŦ άǊŜǘƻǊǘέ ŦƻǳƴŘ ƻƴ ƛƴǘŜǊƴŜǘ όмύ 

 
Picture 17: EȄŀƳǇƭŜ ƻŦ άǊŜǘƻǊǘέ ŦƻǳƴŘ ƻƴ ƛƴǘŜǊƴŜǘ όнύ 

 
Picture 18: EȄŀƳǇƭŜ ƻŦ άǊŜǘƻǊǘέ ŦƻǳƴŘ ƻƴ ƛƴǘŜǊƴŜǘ όоύ 

 
Picture 19: Example of άǊŜǘƻǊǘέ ŦƻǳƴŘ ƻƴ ƛƴǘŜǊƴŜǘ όпύ 

2.4.3.2.2 Adam Retort kiln 

The Adam Retort, named after its inventor, has to be highlighted because it was probably the first 
brick kiln designed to allow the combustion of methane emitted during the carbonization process. 
According to the designer, the heat from the methane combustion allows (through a system of 
canals under the carbonization chamber) to heat the wood load and by that to fulfil the energy needs 
of the process.  However, it turns out that despite the spectacular combustion, the influence of the 
heat it produces on carbonization performance is marginal. A recent study, however, reported a 
reduction of 50% CH4 emissions compared to traditional mound kilns [13]. Construction plans and 
the user license can be purchased from the inventor of the technology. This type of kiln has been 
implemented in several countries worldwide. 

 

Picture 20: Adam Retort kiln 

Several weak points were identified by users: 
ǆ Brick walls and junction with metal lids 

appear to be porous, preventing airtight 
cooling. This results in losses due to 
wood load combustion and imposes the 
use of water to stop the process. 

ǆ The pyrolysis gas is not burned 
completely and without heat recovery. 






































































