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Preface 
 
Forestry Entrepreneurship and Joint Forest Management project in Mozambique organized in 
May-June 2008 a short term demonstration and training (one month) in combined charcoal, tar 
and wood vinegar production using the by-products and wood residues of local saw-mills in 
Quelimane, Zambesia region. The demonstration and training was carried out both with kiln 
method and retort method. 
 
This report describes the oil drum -based retort method, summarizes the results of carbonization 
trials and presents possibilities for next steps. 
 
We want to thank Mr. Rauno Laitalainen, team leader of the project, for fast and smooth 
organization of the demonstration and training month in Quelimane, Mr. Chibite, Zambesia Chief 
Forest Officer for valuable advice and local arrangements in Quelimane, Mr. Nicolas Kassimatis 
for practical arrangements, material inputs and assistance staff in his saw-mill in Quelimane and 
Mr. Carlos Cosotto of Nicoadala for material inputs and his enthusiasm. Special thanks belong also 
to Ms. Sirima Sornsuwan of the Charming Charcoal Ashram for her dedication in pioneering 
efficient charcoal and wood vinegar production methods in Mozambique and all the logistics 
arrangement throughout our mission.  
 
 
 
30 June 2008 
 
Taisto Jaakola,  
Veli Pohjonen, and 
Massaporn Kannasoot 
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Executive Summary 
 
During the 4 years of the project life, it has been observed, that huge amounts of waste wood are 
being burned at the saw mill. Only about 30-40% of the volume of the logs brought to the saw 
mills leave as sawn timber. 60-70% of the timber is burned at site. This enormous wastage calls for 
prompt intervention.  
 
There is a vast demand of charcoal in every town and in major settlement in the country, and 
appropriate methods for producing charcoal are readily available. About 50% of the saw mills are 
located nearby the population centers. In addition to charcoal, there are other products, which can 
be extracted at the same time while producing charcoal, if the process is modified – tar and wood 
vinegar. The development objective of this mission was on finding an appropriate solution to 
produce good quality charcoal, wood vinegar and tar in the same production system. However, due 
to limited mission period, priority was given to testing if local wood species would yield significant 
amount of the liquid products and the focus of the testing method was the drum retort system. 
The mission was just an introduction to the investigation of an ultimate solution, which will be 
carried out by national and local institutions later on. 
 
The tasks was carried out by installing small-scale (oil drum) experimental models at a voluntary 
saw mill, first to test how much the yields of local wood species are and characteristics of sawmill 
wood waste when carbonized. The models installed were both retort system and direct firing. The 
direct firing method was rather to compliment the main system, the drum retort, in finding out 
best solutions for wood vinegar. Because though in larger quantity, qualification of condensed 
liquid from the retort system was suitable for chemical production, which can be realized by a 
fraction distillation process, but cannot be applied directly for household, agricultural and 
husbandries under the standard for agricultural wood vinegar set by the Wood Vinegar Association 
of Japan, the center of wood vinegar trading in Asia. 
 
Findings in average efficiency of the experimental systems taken all the products (solid and liquid) 
into account in dry weight were 35% for the drum retort and 39% for the direct method drum 
kilns. It was observed that after proper wood vinegar collection pipe was installed, overall 
efficiency of the direct method drum kilns improved significantly. Regarding quality of the 
products, the direct method drum kiln with mixed wood had the highest amount of fixed carbon. 
Also regarding heating value, the experimental drum kiln gave better results than market charcoal. 
Lastly, condensed liquid from the drum kilns were in a good range for agricultural wood vinegar. 
 
It was observed that the direct method drum kilns did not yield a good amount and quality of tar. 
Agricultural wood vinegar had the possibility to be extracted from the retort, but with close 
monitoring of the collection or some major adjustment in the firing and temperature control. For 
the oil drum retort, the optimum input wood material should be rather dry: water content between 
15-20 per cent of the total. The size of the wood pieces should be rather small, i.e. maximum 
length should not exceed 40 cm and the maximum diameter 8-10 cm. Also casuarinas gave the 
highest amount of pyrolysis oil, (tar and tar water.) Also, by adding another pipe at the top of the 
drum retort seemed to increase the amount of wood vinegar collected but at a large expense of tar. 
 



 

 6 

t was recommended for larger scale production a model that is more energy efficient and the 
ultimate goal should be to have a continuous system where all the output, i.e. charcoal, wood 
vinegar, tar, gas, and heat are realized or utilized in the process. Further observations was mad 
regarding local material that clay from anthill mixed with 15% wood ash and a little water as well as 
local fired clay bricks are heat tolerance. They can be used for construction of larger scale direct 
method kilns. Hard wood planks, earth pipe, bamboo, and stainless steel can be used for wood 
vinegar collection.  
 
During the mission the staff of the pilot saw mill were trained on all the experimented methods. 
Information was also disseminated to another saw mill in Nicoadala and some experiments were 
also conducted by the saw mill owner there as well. By the end of the mission, the pilot saw mill 
owner in Quelimane had started the construction of a 3.5 m.3 mud kiln according to the results and 
observations made during the mission. Besides, the owner of the saw mill in Nicoadala had 
installed the oil drum retort and tested the system at his mill as well as constructed a double drum 
horizontal kiln for direct method trials by the end of the mission.  
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Chapter 1 
Introduction 
 
 
1.1 Background of the Mission 
 
The Nordic Development Fund has signed a credit for an amount of EUR 7,400,000 with the 
Government of Mozambique, part of which will be applied for a project named "Forestry 
Entrepreneurship and Joint Forest Management". The project aims at improving the livelihood of 
local communities by supporting entrepreneurship based on sustainable utilization and 
management of forest resources. Aims will be achieved through technical assistance to actors 
within the sector, provision of credits for forest based commercial investments, training, and 
capacity building within the Ministry of Agriculture at central and provincial level. 
 
During the 4 years of the project life, it has been observed, that huge amounts of waste wood are 
being burned at the saw mill sites in absence of economic options. Only about 30-40% of the 
volume of the logs brought to the saw mills leave as sawn timber. 60-70% of the timber is burned 
at site. This happens after the logs have been transported from distant forests located hundreds of 
kilometers from the saw mills. This enormous wastage calls for prompt intervention.  
 
There is a vast demand of charcoal in every town and in major settlement in the country, and 
appropriate methods for producing charcoal are readily available. About 50% of the saw mills are 
located nearby the population centers. In addition to charcoal, there are other products, which can 
be extracted at the same time while producing charcoal, if the process is modified – tar and wood 
vinegar. In the Orient, wood vinegar has become very popular and in the Nordic countries tar has 
a steady, traditions-based demand. The wastage problem at Mozambican sawmills can be turned 
into opportunities by developing a multiple process, in which all 3 products are made 
simultaneously. A saw miller in Quelimane has already offered to construct a test kiln and to 
provide his facilities and waste wood for free of charge. The Project should provide the know-how 
only.  
 
   
1.2 Objectives and purpose of the Mission 
 

1.2.1  to improve the profitability of the saw milling industry by converting the waste wood, 
which is no burned in bonfire into products of high demand in the market 

1.2.2 to improve the quality of the charcoal 
1.2.3 to utilize all the potentials of wooden raw material being wasted now, such as tar and 

wood vinegar 
1.2.4 to provide skills and employment in sawmills. 
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1.3 Structure and Outline of the Task Carried Out  
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1.4 Scope of the Mission 

The development objective of the mission was on finding an appropriate solution to 
produce good quality charcoal, wood vinegar and tar in the same production system. However, due 
to limited mission period, priority was given to testing if local wood species would yield significant 
amount of the liquid products and the focus of the testing method was the drum retort system. 
The mission was just an introduction to the investigation of an ultimate solution, which will be 
carried out by national and local institutions later on.  

There are mainly 4 types of charcoal, i.e. white charcoal, black charcoal, grey 
charcoal, and activated carbon. This mission concentrated only on black charcoal. 
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Chapter 2 
General Information about Charcoal Making and Its Products  
 
 
2.1 Principles of Carbonization 

When wood is heated, it will experience the following changes: 
 

a. When wood receives heat and some 
ventilation, it will be dehydrated first. 
Moisture in the wood will be driven out. 
This change is reflected by the color of 
the smoke that will be white. Average 
temperature where this takes place is 
about 50-120?c 

b. When heat and air continues to be 
supplied, wood will retain the heat. 
There is very low moisture content in 
the wood. The smoke that comes out 
will be yellowish-white. The 
temperature for this stage is about 150?c 

c. When wood has collected enough heat 
and all the moisture is driven out. 
Substances in the hemi-cellulose tissue 
will start to evaporate, which is an 
exothermic condition. The smoke that 
comes out will be strong and yellowish 
with a sharp smell. The temperature for 
this is approximately 150-180?c. 

d. When the exothermic reaction, or the 
pyrolysis phase, is realized, the 
temperature can continue to rise by 
itself given adequate air supply. When 
substances in the hemi-cellulose tissue 
of the wood are gone, those in cellulose 
and lignin will start to evaporate. The 
outer part of the wood will start to 
become charcoal. The temperature for 
this is 280-350?c. This reaction will 
continue until the temperature reaches 
350-400?c. The smoke will be grayish 
blue. 

e. With the temperature of 450-500?c, 
all the substances in the wood tissues 
are gone. Most of what remains is 
carbon, or what we call ‘charcoal’.  

f. If oxygen continues to be supplied, 

he reaction will continue and the 
carbon elements will eventually 
become ash. 

 

Endothermic 

Heat 
accumulated 

Exothermic 

Wood becoming 
charcoal 

Wood become 
charcoal 

Charcoal 
becoming ash 

air 
air 

air 
air 

air 
air 

heat 
heat 

heat heat 

air 
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When wood is heated, products are realized in 3 different stages,  

 Charcoal (solid stage)  50% 
 Distilled liquid  25% 
 Undistilled gas  25% 
 

Proportions of the products vary according to the temperature in the carbonization process. 
 
 

2.2 Black Charcoal Making Processes 
 
Black charcoal making processes can be categorized as follows: 
 

2.2.1 Direct Method 
The direct method of charcoal making means that wood is exposed to the heating 

source directly. All the traditional methods of charcoal making (ground pit or heap kiln) fall under 
this category, but because of poor air regulation, efficiency is low, i.e. most of the wood catches 
fire and very little eventually becomes charcoal. Metal kilns and mud or brick kilns also fall under 
this category but with improvement in air regulation; therefore, both efficiency and quality of 
charcoal can be realized. The direct method can be sub-categorized to,  

a. Rapid carbonization :  

Carbonization with low temperature and short time will give charcoal that is 
suitable for fuel because the cost is low and charcoal yield is high. Even though heating value of 
this type of charcoal is lower than that from the slow process, but heating volume is higher to 
compensate it. It still contain a little bit of smoke, which is acceptable. Raw material should be 
short fiber wood because the charcoal will last longer, except for blacksmith that requires very high 
heat in a short time. In this case long fiber wood like bamboo is used but for the slow 
carbonization process.  

Characteristics of charcoal from rapid carbonization process are: 

  Yield   High 
  Heat Volume  High 
  Volatile   High 
  pH   <8 
  High electricity resistance 
  Fixed carbon  Low 
  Heat Value  Low 
  Hardness  Low 
  Fine   Low 
  Easy to light, but has some smoke 
  Ash and pores  Low   

b. Slow carbonization: 

Carbonization with high temperature and long time usually give harder charcoal. 
Characteristics of charcoal from slow carbonization process are the opposite of that from the slow 
process shown above.  
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Fixed carbon of charcoal carbonized at high temperature is higher than that at low 
temperature as shown in Table 1. 

 

Table 1 Quality of charcoal carbonized at different temperatures 

Carbonization 
Temperature (?c) 

Heating Value 
(kcal/k.g.) 

% Yield % Fixed 
Carbon 

105 
300 
400 
500 
600 
700 
800 
900 

1,000 
1,100 

4,630 
5,390 
6,650 
7,510 
8,010 
7,890 
7,770 
7,600 
7,640 
7,630 

100 
66.5 
34.0 
29.5 
27.7 
25.8 
25.6 
25.1 
25.1 
24.7 

48.86 
55.79 
71.81 
80.66 
89.12 
92.06 
93.51 
94.39 
94.77 
96.18 

 
 

2.2.2 Indirect Method 
The indirect method of charcoal making means that wood is not exposed to the 

firing. Generally, charcoal is realized as by-product by retort heating in chemical industries. With 
the retort system, the carbonization process is driven by outside heat source through out in a 
condition that prohibit air inlet and ventilation. Charcoal from this process is dry distilled charcoal 
and the process is fast. In this process, the pyrolysis smoke is condensed and then fractional 
distilled to obtain particular chemical substances. 1 ton of wood gives the following amount of 
chemicals on approximate (Please find more details in Appendix A); 

Acitic acid     50 k.g. 
Methanol     15 k.g. 
Acetone and methyl acetone    8 k.g. 
Soluble tars             190 k.g. 
Insoluble tars    50 k.g. 

Usually, this system of production is in large scale with capacity of as high as 60 
tons/day and requires high investment. It used to compliment forestry industries and agricultural 
production processes by utilizing waste wood as input. However, the chemical output could not 
compete with that of petrochemical processes, and nowadays this system is no longer used for 
chemical production. The pyrolysis gas from the process is then used to fire itself for charcoal 
production, or to produce energy in some other forms. Continuous charcoal production systems 
belong to this category. 
 
 
2.3 Products from Charcoal Making 
 

2.3.1 Charcoal 
a. Characteristics of Charcoal 
 Porous because of the remained micro botanic structure 
 Alkaline 
 Rich in water retention and mineral supply, decay resistance, heat retention, 

activate microbes, and absorb odors.  
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 Gives higher calorific value than wood and is lighter, easier to transport and 
store. 

 Bleach or absorb color from liquid 
 Good oxide reducer 

b. Qualification of Good Quality Charcoal 

In general, good quality charcoal should: 
 Has high heat value 
 Has high density and is rigid 
 Emits little smoke and have no soot when burnt 
 Does not shatter when burning 
 Surface of the cross-section cut is shiny 
 Have resonance sound when collided, or low electricity resistance. 
 Bark sticks to stem closely, no ash on the top 
 No split both in lengthwise and vertical, evenly shrink  

Good quality charcoal should fit the following criteria: 
Fixed carbon   not less than 75% 
Volatile   not more than 25% 
Ash   not more than 4% 
Fine   not more than 10% 
Moisture  not more than 10% 
Heating value  not less than 7,000 kcal/k.g. 
Hardness  not less than Level 5 
High porosity  surface area not less than 200 sq.m./gram 
Low electricity resistance 
High pH value  approximately 8-9 

c. Utilization of Charcoal 
 Heating fuel (for households and industries like cement production) 
 Blacksmith and metal industries 
 Water filter and water treatment 
 Input for activated carbon production 
 Input for chemical production, e.g. carbon disulphide, sodium cyanide, 

metallic carbide, silicon carbide, etc. 
 Used in metal industries as oxide reducer and enhance the amount of 

carbon in some processes. Charcoal for this purpose needs high strength, 
so 75-80% of fixed carbon is required, but volatile can be as high as 20-
25% 

 Catalyst for chemical processes 
 Electronic equipment (battery and conductor parts) 
 Gun power and explosives 
 Production of producer gas  
 Soil improvement 
 Agriculture and reforestation 
 Household and healthcare products 
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2.3.2 Wood Vinegar 
a. Qualification and Characteristics of Wood Vinegar 

Wood vinegar is liquid in light brown or radish-brown colour with sharp smoky 
smell. It is acidic with a pH value of 2.5 - 3, sour in taste and is over 1.005 in specific 
gravity. The Wood Vinegar Association of Japan, the center of wood vinegar trading in 
Asia, had set a standard for wood vinegar production that it must be collected during the 
temperature range at the top of the chimney of 80?c – 150?c or 300?c – 400?c inside the 
carbonizing chamber. Wood vinegar collected during this temperature range will have 
specific gravity of 1.007 – 1.024, appropriate for application in households, agriculture, and 
husbandries.  

 

 

 
  

Fig. 1 Measurement of wood vinegar acidity using paper and digital pH meter 
 

 

 
 

Fig. 2 Measurement of wood vinegar specific gravity (density compared to water) 
with a hydrometer 
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b. Wood Vinegar Production 
 

Wood vinegar is produced by condensing the smoke from the pyrolysis phase, 
during the temperature range of 280?c – 450?c (80?c - 150?c at the top of the chimney.) 
Wood vinegar is a product from polymerization process of molecules in its components. In 
the early stage after extraction, the polymerization is still on-going and the quality of wood 
vinegar is not yet stable. Therefore, it is not suitable to be applied at once. After collection 
at the appropriate temperature range, the crude wood vinegar needs to be settled for at 
least 3-6 months. Besides, during this period, insoluble tar in wood vinegar will sediment by 
gravity and can be removed. Lighter and mature wood vinegar in clear, radish-brown, tea 
color is the final product for utilization. After maturity, sieve it with cloth before utilization. 

 

 
Fig. 3 Carbonization process and wood vinegar collection 

 

If wood vinegar is not collected during appropriate temperatures, its quality will be 
affected. During lower temperatures, there will be too much water content in it, whereas in 
higher temperatures, it will contain too much soluble tar, which cannot be removed by 
sedimentation. It can only be removed from wood vinegar by fractional distillation at 60-
70?c, but some useful substances for agriculture will also be lost. Besides, tar in the smoke 
that was heated at over 425?c will form carcinogen compounds (3.4 – Benzopyrene and 
1.2.5.6 – Dibenzanthracene), which are not desirable for application in household, 
agriculture, and husbandries. 
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Crude wood vinegar cannot be applied to plants, because the tar will block 
stomata on the leaves and roots, limiting growth or causing the plant to die. If crude 
vinegar containing tar is pored on the ground, it will harden the soil that plant roots cannot 
penetrate. Therefore, crude wood vinegar must be left to stand for at least 3 months after 
extraction. It should be stored in a cool shade and the container should not be transparent. 
If wood vinegar is exposed to air and the Sun, compounds in it will react with oxygen and 
one another to polymerize, e.g. formaldehyde reacts with phenol to form tar that will 
sediment or attach to the sides of the container. Therefore, without adequate interval for 
compounds to react and sediment, tar can reform even if the fresh crude wood vinegar is 
sieved. 

 

c. Components of Wood Vinegar 

Wood vinegar contains over 200 types of compounds. Its main component is 
water (85%), organic acid (3%), and other organic substances (12%). There are several 
organic acids in wood vinegar, but the majority is acetic acid, formic acid, methanol, 
formaldehyde, acetone, and phenol. Followings are qualifications of these substances. 

Acetic acid :  Corrodes other compounds, sour in taste, kill germs 
Formic acid :  Solvent, decomposer (helps improve soil conditions)  
Methanol :  Un-edible alcohol, exposure to the eye can cause blindness, helps 

accelerate seedling, root multiplication, and kill germs 
Formaldehyde:  Hazardous, may cause faintness if an overdose is inhaled, 

effective in killing germs and insects, regulate growth 
Acetone :  Solvent, used for nail polish remover. It is narcotic. 
Phenol : Pesticide, used as wound disinfector, used for making aspirin, 

picric acid (explosive), and melting objects. This group of 
substance also regulates plant growth. 

 
Table 2 Comparisons of organic acid and substances in wood vinegar 

 

Components Eucalyptus Wood 
Vinegar (%) 

Bamboo Wood 
Vinegar (%) 

Acetol   2.23   2.89 
Acetic Acid 63.33 64.64 
Propionic Acid   1.74   2.47 
 - Butyrolactone   2.34   3.41 
2-Furanmethanol   1.08   1.98 
Phenol   1.51   5.0 

Source : Japan Wood Vinegar Association (2001) 
 

Numbers of significant chemical compounds in wood vinegar 

Organic acid   > 10 compounds 
Phenol    > 20 compounds 
Carbonyl    > 20 compounds 
Alcohol    >   8 compounds 
Neutral substance  >   9 compounds 
Other substances   >   7 compounds 
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d. Utilization of Wood Vinegar 

In general, wood vinegar is useful for disinfection, amelioration of soil, moth 
proofing, germ proofing, deodorizing. It can be used as plant growth regulator, pest 
repellent, and decomposer. Wood vinegar is also used to improve soil conditions, corrode 
metal or some types of ore, and reduce smell from animal excrement. To apply wood 
vinegar is diluted with water at different ratios for specific purposes. Examples of wood 
vinegar application are as show on the next page. 

 
 Repelling Pests/Cure Disease 

Types of 
plants 

Types of 
pests/disease Ratios Application 

Methods 
Tomato Mermithid nematode 1:500 Put around the bole 
Tomato Fungus 1:200 Sprey  
Tomato Pythium Root Rot 1:200 Put around the bole 
Cucumber Fungus 1:200 Sprey 
Cucumber Pythium Root Rot 1:200 Put around the bole 
Strawberry Mermithid nematode 1:200 Put around the bole 
Green pepper Mermithid nematode 1:1,500 Replace pure water 
Cabbage Repel pests 1:1,500 Replace pure water 
Chinese 
Cabbage 

Repel pests 1:1,500 Replace pure water 

Chilli Prevent blooms from 
falling off 

1:300 Sprey 

Corn Repel pests 1:300 Sprey 
Other short-
cycle 
vegetables 

Enhance yield (apply 
before or after new 
buds) 

1:300 Replace pure water 

Note: ratio by volume, wood vinegar:water 
 

 Improve the taste of fruits and enhance plant growth 
Sprey 1:500 to 1:1,000 diluted wood vinegar onto fruit trees. The fruits will 

become sweeter because wood vinegar can reduce surplus nitrogen, stimulate its 
metabolism and increase sugar content in the plants and their products. 

 
 Stimulate furmentation 
Mixing concentrated solution of wood vinegar, approximately 1:100 to organic 

fertilizer will increase the amount of fungus and effective micro-organisms. Therefore the 
fermentation process is reduced to half. 

 
 Reduce odor 
Wood vinegar reduces ammonia formation, so it can be applied in animal pens at 

the ratio of 1:50. 
 

 Repel insects 
Because wood vinegar contains wood tar and resin, which are the substances that 

give smoky smell that keep insects away. 
 

 Nourish the soil 
Mix 1:30 wood vinegar solution to the surface of the soil, 6 litres for 1 square 

metre to nourish it before growing any plants. To kill germs in the soil, the solution should 
be more concentrated, about 1:5 to 1:10. 
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 Use as food supplement for animals 
Wood vinegar, if mixed into animal feed, will help balance the number of bacteria 

in the intestines which helps with nutrition absorption. Poultry, for example, will have 
better growth and healthy meat if receive a mixture of 1:200 to 1:300 wood vinegar 
solution. 

 
 Repel flies 
The 1:100 solution is effective for repelling flies. 

 
Source: The Catholic Institution for Development of Thailand 

 
 
2.3.3 Wood Tar 

 

Wood tar is one of the products from charcoal production. It is sticky, 
inflammable, and has very sharp smell. It can be used for preventing weevil and termites 
from destroying wooden houses by putting it in the holes of house pillars or painting it on 
the wood. 
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Chapter 3 
The Experiments 
 
 
3.1 Oil Drum Retort System 

Combined charcoal and pyrolysis oils (or lately called "bio-oils") production with 
retort method, is well know-techniques in the countries of long history in forest industries. The 
carbonization is nowadays done with various levels of technology. Simple and light movable 
retorts, in which carbonization is done in batches, are mainly used for demonstration and trials 
purposes. Most advanced industrial retorts are permanent installations, they use continuous 
carbonization, and their energy economy and multitargeted outputs are well optimized. 
 

In this report we describe a simple Oil Drum Retort method that can be quickly 
installed in countryside of Mozambique. The requirements of appropriate technology in this case 
mean that 
 

 All the materials needed for the retort can be immediately found in a local 
town like Quelimane 

 The metal materials can be old and used if they are still workable (local "scrap 
metal" allowed) 

 The metal work needed, is so simple that it can be done by local blacksmiths in 
town like Quelimane 

 Electricity and small welding equipment are needed. This requirement is 
normally fulfilled in towns like Quelimane for instance in local bicycle 
workshops. 

 

Abundant material for carbonization is found in saw-mills. As there is in 
Mozambique no market for saw-milling residues in pulp and paper industries and as the local fuel 
wood price is not attractive enough, it is a common practice to burn the saw-milling residues on 
the back yard. This is a wasteful practice as even 70 per cent of incoming timber is wasted (roughly 
only 30 per cent of the incoming timber can be sold as sawn lumber in Mozambique). 
 

The saw-milling residues, locally available in Quelimane or Zambesia region, were the 
main raw material in the carbonization demonstrations and trials. The most common species is 
Pterocarpus angolensis (umbila). The other available sawn-timber species were Afzelia quanzensis 
(chanfuta) and Millettia stuhlmannii (panga-panga). 
 

For carbonization comparisons there are also other available wood resources in 
Quelimane. Most important of them is the coconut (Cocos nucifera), the plantations of which are 
over-aged, and the optimal use of this resource should be considered. Another plantation timber 
on the Zambesia coast is casuarina or whistling pine (Casuarina equisetifolia). Reference wood for 
any carbonization trials should be the local miombo trees, which are used for charcoal making in 
traditional earth kilns. Miombo trees belong mostly to the genii Brachystegia sp. (like muroto) and 
Julbernardia sp. 
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3.1.1 Preparation and Installation 
 

In the following the preparation and process of Oil Drum Retort is described with 
a series of pictures in Quelimane demonstrations. Many elements and steps of the Oil 
Drum Retort (and carbonization) are the same as in the Oil Drum Kiln.  

 

The materials needed for the Oil Drum Retort are (they all fulfill the above 
mentioned requirements of appropriate technology): 

 
 3 used oil drums, of 200 liters 
 1 used truck tire rim (for stand) 
 1 pipe, 2-3 meters long, 5-6 cm in diameter 
 1 metal sheet, 100 cm by 100 cm, thickness 2 mm (preferably new) 
 1 bamboo pipe for condensation, 4-5 meters long, 7-10 cm in diameter 
 Basic workshop tools, including power cutter and electric welding equipment 

  

Start with used oil drums. One (the main drum) should be rather new and not 
with rust and steep bends. The other two (the side drums) can be older and they may have 
some rust. 

 

  
 

Step 1 Three used oil drums are needed, the main drum without rust 
 

 
Step 2  Cut the lid (bottom) away from the oil drums with 

power cutter, in the main drum only from one end, in 
the side drums from both ends. Open the side drums 
with one cut (seen in Fig. 1). 

 
 
   
 
 

 
 
Step 3 Draw a circle of 100 cm as diameter to the metal plate 

(thickness 2 mm). Draw a hole in the center. The 
diameter (usually 5-6 cm) of the hole must match 
with the outlet pipe diameter (seen in Fig. 5.). Cut the 
metal plate into circle form. Open the center hole (by 
welding). Cut one radius line to the plate from center 
to the periphery (line seen in Fig. 7.). 

 



 

 20 

 
Step 4  Find a used truck tire rim for the retort stand. Cut a 

hole (10 cm x 10) to the bottom of the rim. Force the 
cut metal plate into form of cone or funnel into the 
rim using sledge hammer. 

 
   
 
 
 
 
Step 5  Find an outlet pipe of 2-3 meters long, with diameter 

of 5-6 cm. Bend it from the other end and weld it to 
the funnel from the bottom. The direction of the 
pipe should in the final position be so that there is 
clear slope downwards in the pipe, for instance 15 cm 
in the distance of 2 meters (seen in Fig 8.). Open two 
holes (of 1 cm x 2 cm) to the bottom side, 50 cm 
apart and 100 cm apart from the rim.  

 
 

  Step 6 Close the open cut of the funnel by welding. 
 
 

   
 
 
 
 
 
 
Step 7  Prepare a grate or grill to funnel, using pieces of 

metal rod. The purpose of the grate is to cover the 
hole in the funnel bottom so that loose pieces of 
charcoal will not later block the pipe. The tar must 
however penetrate the grate without blocking. The 
grate is loose above the hole.  

 
 
 
   
Step 8 Install the retort stand with the funnel and pipe on a 

small hill so that the stand is half buried in the soils 
but the pipe has clear outlet. 
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3.1.2 Operation 
 
Step 1 Fill the main drum with the wood material to be 

carbonized. Place the drum on top of the funnel, with 
open end downwards. Make sure that the grate is well 
above the funnel hole. 

 
 

   
 
 
 
Step 2 Seal the bottom of the main drum against the funnel 

with wet clay. This is to prevent harmful air inlet to 
the retort. 

 
 

    
 
 
 
 
 
 
Step 3 Install the condensing pipes by joining them to the 

fixed outlet pipe. In the picture two condensing pipes 
are used, the bright one of metal and yellow one of 
bamboo. The condensing pipes must point to 
upwards slope, so that the condensing tar waters start 
to flow backwards inside the pipe. Place a bucket 
under each joint of the condensing pipes.  

 
 
    

 
 
Step 4 Place the two side drums around the main drum and 

start the fire. The rule of thumb for the firing is that 
first 3 three hours there is small fire (flames reach 
only one third of the drum height), the other 3 hours 
big fire is maintained (flames reach the whole height 
of the drum) after six hours the fire is let to die. 
Cooling takes about 18 hours (over night) and after 
that the drum can be opened. A loose corrugated iron 
sheet can be place on top of the fire to direct the 
flames and to save the fire wood. 

 
  

Step 5 Place empty buckets below the holes in the outlet 
pipe. In the carbonization process the condensed tar 
drops mostly through the first hole, and tar waters 
(including wood vinegar) through the other holes and 
joints of the outlet pipe. 
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Step 6 Collect tar (left) and tar waters to plastic containers. All pyrolysis oils are corrosive 
and they cannot be stored in metal containers. 

 
 

   
Step 7 After cooling (in the following morning) collect the 

charcoal from the drum and start a new batch. 
 
 
    

 
 
 
 
 
 
 
 
Step 8 It is possible to install into the retort an additional, 

upper pipe with condensing bamboo. The percentage 
is wood vinegar in the double pipe method is 
believed to be higher. All the tar should condense 
and drop through the bottom whole, and the upper 
pipe should produce mainly wood vinegar. For this 
modification the main drum should be prepared so 
that the lid with two caps is left fixed in the drum and 
the true bottom is removed. The upper pipe can be 
easily installed to the thread of oil drum caps. The 
upper pie should be tested with caution as explosive 
volatile gases form in the upper part of the retort and 
they may catch fire in the double pipe method. 
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3.2 Direct Method Experimental Kilns 
 
 

 
 3.2.1 Horizontal Drum Kiln Model 1 

 

a. Material 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No. Name Size Material Amount 
1 Kiln’s body 200 litres 200-litre oil 

drum 
1 piece 

2 Chimney 4 -inch diameter 
90 c.m. long 

Metal pipe 1 piece 

3 Smokestack joint 4-inch diameter 
25 c.m. long 

Metal Pipe 1 piece 

4 Side walls for 
the insulator 

1.2x1.2 m2 asbestos, zinc 
plates, wood 

3 sheets 

5 Front wall 1.2x1.2 m2 asbestos, zinc 
plates, wood 

1 sheet 

6 Poles to support 
the walls 

3-inch diameter 
1.2-metre high 

wood 8 rods 

7 Cement blocks 40x19x7 cm.3 Stones mixed 
with concrete 

5 pieces 

8 Insulator 0.7 m.3 Soil or sand 0.7 m.3 

9 Wood vinegar 
collection pipe 

4-inch diameter 
5-metre long 

bamboo 1 rod 
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b. Preparation 
 

Step 1. Cut open the 
drum at one end. The cut-
out piece will be made the 
kiln’s lid. 

 
 
 
 
 
 
 
 
 

Step 2. Draw a pattern 
for a 20x20 cm.2 hole to 
be put on the lid 

 
 

Step 3. Cut the hole on the 
lid according to the drawing. 

 
 
 
 
 

Step 4. Punch the bottom 
of the drum to make a 
circular  hole of 5 inches in 
diameter to insert the 
smokestack joint. 

 
 

 
 
 

Step 5. Weld the joint to the chimney 
at 90-105?. Punch a 2-inch hole on the 
joint of the chimney.  
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c. Installation 
 

 
 

Step 1 Install Supporting poles on the 
ground to support the walls.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Step 2 level the ground and make it 
slope down a little so that the front of 
the kiln will be higher than the back. 
Put the kiln in parallel with the 
direction that wind flows. 

 
 
 
 
 
 
 
 
 

 
 
Step 3 Lie the prepared drum down in 
the center of the 4 poles. Adjust it so 
that the back hole is at the bottom.  
 
With the poles on the outside, put the 
wall sheets against them. Leave the 
back of the kiln open. Fill the space 
between the kiln and the side walls 
with soil or sand to provide support to 
the walls and prevent the drum from 
rolling.  
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Step 4 Connect the chimney to the 
round slot at the back. Install a wall 
sheet at the back of the kiln, which 
should be about 10-15 cm. from the 
joint.  
 
Dig a pit under the drainage for tar 
collection. Place a container in the pit 
and cover it with sand or soil. 

 
 
 
 
 

 
 
 

 
Step 5 Seal the connections tightly 
with the clay mixture 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 6 Fill the three sides with sand or 
soil to support the smokestack at the 
back and provide insulation for the 
kiln. Install the front wall to prevent 
the sand or soil from falling down 
without covering the loading space.  

 
 
 
 
 
 

 

เจาะรูเพ่ือระบายน้ํา  

 

2-inch drainage 
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Step 7 Cut 3 wood sticks that are 2-3 
inches in diameter into 20-25 cm. long. 
Put them apart across the bottom of 
the kiln. This is for hot air to be able 
to circulate within the kiln.  

 
 
 
 
 
 
 
 
 

Step 8 Group the wood input into 3 
sizes according to their diameters : 

 Small 
 Medium 
 Large 

This is because the temperature inside 
the kiln is uneven. 

 
 
 
 
 
 

Step 9 Align the smallest-size sticks at 
the bottom over the supporting rods. 
The narrower sides of the wood sticks 
should be put inward, leaving the 
broader ends at the front most.  

 
 
 
 
 
 
 

 
*** Loading wood to the kiln is very important because we want wood of every size to become charcoal 

at the same time. The temperature inside the kiln will be uneven. The bottom of the kiln will be cooler. The 
top of the kiln is hotter than the bottom and the back. 
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Step 10 When the kiln is filled with 
wood, close the lid by placing the 
20x20 cm.2 hole at the bottom. Use 
the clay mixture to seal the lid and the 
body, make sure there is no leak that 
the air can get in. Otherwise, the wood 
will be burnt down instead of 
becoming charcoal.  

 
 
 

Step 11 Cover the top of the kiln with 
soil or sand as insulator. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Step 12 Make a firebox at the front of the 
kiln by : 

 Put two concrete blocks vertically 
in parallel to one another on the ground 
adjacent to the front slot on the lid. The 
distance between them should be about the 
same as the slot space. 

 Put 
the other two 
concrete blocks 
across the top 
sides of the 
parallel blocks 
horizontally 
next to one 
another. 
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Step 13 Use the clay mixture to seal 
the connections between the blocks 
and between the blocks and the lid to 
prevent leaks.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 Installed horizontal drum kiln 
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3.2.2 Horizontal Drum Kiln Model 2 
Material and installation instructions are the same as Model 1 with some 

adjustments in the preparation. In this model a 2-inch diameter T- piece has been screwed 
to 2-inch slot at the back of the kiln and a 2-inch diameter pipe of 1.30 m. long has been 
screwed on top of the T-piece. The air inlet space on the lid was reduced by half. This 
made installation and operation easier, and the carbonization process longer by 
approximately 50%. However, the air inlet could have been larger to increase heat retention 
and improve both operation time and quality of charcoal. 

 

 
Fig. 5 A 2-inch diameter T piece and pipe screwed to the 2-inch slot at the back of the kiln. 

Even though it did not help increase the tar yield, but tar was found in the back of 
the kiln after charcoal was removed. Therefore, it is possible to increase tar yield by 
connecting another pipe through the bottom of the kiln in the back. 

 

          
 

Fig. 6-7  Tar and tar water found in the kiln after charcoal was removed. (Left) 
Preparation of the drum to connect to another pipe for tar and tar water 
collection (Right) 

 
3.2.3 Improved Pit Kiln – Rectangular  

Pit kiln is traditionally used for charcoal making. This method was experimented 
by adding a pipe to a 1*2.5*1 m.3 to create inverse down draft effect and a firebox to help 
regulate air inflow in order to increase efficiency and collect wood vinegar and tar. For this 
experiment, a 2 meter-long bamboo pipe with a diameter of approximately 3 inch was used 
as chimney. The pipe was insulated by soil in the back compartment hosting it.. This 
method was tried out because oil drums, even though abundant in the locality, were quite 
costly for those who do not possess them from the main production line. Also metal pipes 
were expensive and hard to find. Lastly, the raw material from sawmill was in large and 
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long pieces, although some cutting may be required, but where charcoal price is very low, 
having to add another production line to resize them is not an attractive option.  Even 
though less efficient and the charcoal quality was not as high, the improved pit kiln 
employed the same operation principle as the horizontal drum kiln, but cost less and the 
size can be adjusted according to the size of available raw material.  

 

        
 

                      
 

Fig. 8 – 13   Construction and operation of the improved pit kiln. 
Note that the wood load needs to be lifted by putting short pieces of 
wood across the parallel pieces at the bottom. Efficiency can be 
improved if the parallel pieces are bigger and lift the load higher. 

 
 

3.2.4 Operation of the direct method kilns 
Having prepared equipment, installed a charcoal kiln as well as loaded the kiln 

with raw material, the kiln is ready to be lit. Once lit, the stages of reactions follow as 
below. 

 
Stage 1 When a fire is started in the firebox, moisture will be driven out 

from the wood first. This stage is called dehydration. Heat will gradually accumulate inside 
the kiln and temperature will continue to rise. When the temperature at the top of the 
chimney reaches 55-60?c and that inside the kiln is approximately 150?c, the smoke will 
start to smell. And as the firing continues, the temperature in the chimney will rise to 
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approximately 70-75?c, or approximately 200-250?c inside the kiln. At this point the smoke 
will start to have sharp smell. It will take about 2-3 hours to reach this point. 

 

 
Fig. 14 Firing the drum in the direct method during the first stage of carbonization 

 
Stage 2 As firing continues, temperature at the top of the chimney will 

continue to increase until it reaches 80-85?c, (approximately 300-400?c inside the kiln.) At 
this point the smoke will become very thick and hurl out from the chimney very wildly. It 
will be yellowish-white with strong sharp smell (crazy smoke). This is the stage when wood 
is turning to charcoal, which is an exothermic reaction. The temperature inside the kiln will 
continue to rise independently from fire in the firebox.  

Therefore, firewood is no longer needed and the air inlet space on the firebox 
needs to be reduced. If a white glaze tile is put over the chimney at this stage, the 
condensed drops will be yellowish-brown. When this happens, it is the time to collect 
wood vinegar by using a long bamboo pipe, (3-5 metres long with all joint barriers taken 
off,) or any pipe that is acid resistant. Place one end of this pipe over the chimney. When 
the hot smoke from the chimney goes through the pipe, which is cooler, it will be 
condensed. This period of wood vinegar collection will last for aproximately 4 hours or 
more depending on the density of wood, or during the temperature range at the top of the 
chimney of between 80-150?c, or approximately 280-450?c inside the kiln. Once the smoke 
is observed to turn into blue, wood vinegar collection can be stopped.  

 

 

 

 

 

 

 

 
Fig. 15 -16 Wood vinegar collection method and reduction of air inlet space during stage 2. 
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Stage 3 Charcoal Refinement Stage. When the smoke becomes blue, the air 

inlet space on the firebox and the chimney are gradually increased so that more air enters 
the kiln, gas is burnt and the temperature is rapidly increased. As a result, tar is burnt away 
from the charcoal. Through this process, charcoal becomes harder and heavier. Unrefined 
charcoal is considered to be low quality because it still contains tar, which will turn to 
carcinogen compound when heated at over 425?c for cooking. Carcinogen is a threat to the 
health of the consumers. The temperature at the top of the chimney at this stage is higher 
than 150?c, which is not appropriate for wood vinegar collection, because it will contain 
compounds that have adverse effect for application in agriculture or husbandries. When the 
smoke changes from blue to be clear, the air inlet and the chimney can be completely 
covered. 

 
Stage 4 Cooling stage. In this stage, the kiln is left to cool down. Before 

charcoal can be taken out from a kiln, the temperature inside the kiln must be below 50?c, 
because charcoal will catch fire once exposed to enough oxygen at higher temperature. Kiln 
operator may estimate temperature by feeling the chimney, if it is cold to the hand, the kiln 
can be opened. To open the kiln, the firebox should be uncovered first, because if the 
chimney is opened before the firebox, an updraft of remaining gas could happen, which 
may cause fire. 

 
 

 
 

Fig. 17 Method of covering the chimney after the 
firebox is completely covered to enter the 
cooling stage 
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Chapter 4 
Results 
 
4.1 Efficiency 
 

4.1.1 Retort System 
 

Altogether 19 batches were run with the Oil Drum Retorts (Table 2). The batches 
were of two types: Drum 1 (14 times) with only one (bottom) pipe and Drum 2 (5 times) 
with double-pipe method. Six different tree species, with various sizes, were used as input 
(Table 2). One of the batches tested sawdust. It was cut from Umbila (Pterocarpus 
angolensis). 

 

The average inputs of the Quelimane batches were: wood input for carbonization 
44.7 dry kg/batch and input for firewood 51.3 dry kg/batch. Immediate observation from 
the input is the Oil Drum Retort is wasteful in firewood usage. A bit over half of the total 
wood material used is burned for energy. 

 

The average main outputs of the Quelimane batches were (Table 4): charcoal 16.3 
kg/batch, tar 0.74 liters/batch, and tar waters 7.1 liters/batch. On average 35 per cent of 
the input tree material was recovered (in dry kg) and 65 per cent was lost.  

 
Table 3 – 4 Results of Oil Drum Retort batches in Quelimane: 

 
Inputs  
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Outputs 

 
 
 

4.1.2 Direct Method Horizontal Drum Kilns 
 

For the direct oil drum models, 12 batches in total were experimented, (10 for the 
first model and 2 for the second model.) Also 2 trials were made with the improved pit 
kiln, but since weighing equipment was not compatible with the wood size, efficiency was 
not monitored. On average, the direct drum method used 35 dry k.g. wood/batch and 5 
dry k.g. fuelwood/batch as input. Average output for this system was 11 k.g. of charcoal, 2 
liters of wood vinegar, and 1.2 liters of tar and tar water. Therefore, average efficiency of 
the direct drum method was 39% in dry weight. It is worth to note that it was not until the 
9th batch that wood vinegar condensation pipe (bamboo) was obtained and used. It was 
also obvious that the yield of tar and tar water from this method is significantly low. 
However, through sedimentation of wood vinegar and the condensate during the last stage 
of charcoal making, more tar can be realized afterwards.  
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Table 5 – 6 Results of direct method horizontal drum kiln batches in Quelimane: 

 

 
 
 
4.2 Quality 
 

4.2.1 Quality of Charcoal 
 

Electricity resistance has been used as a proxy to test the amount of fixed carbon 
in the final charcoal. None of the charcoal samples had resistance of less than 1,000 , 
except the second batch of the direct oil drum method that had electricity resistance of 
200-300 . 

 

In order to test the heating value of charcoal produced by the experimental 
methods compared to the market charcoal, 0.5 k.g. of each charcoal sample was used to 
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bring 0.5 liter of water to boil and timed. Volatile and ash content were observed but not 
measured due to the lack of proper testing equipment. 

 
 

Table 7 Results from heating value test 
 

 
 
 

      
Fig. 18-20 Test and comparisons of charcoal from different batches 

 
4.2.2 Quality of Condensed Liquid 

a. Acidity and Density 

For the retort system, an interval of approximately 15 days was given to the 
condensate to sediment before pH and specific gravity values were tested. As for the direct 
method, there was only 3 days – 1 week time for sedimentation before the testing.  

 
Table 8 Quality of distilled liquid from the trials 

 
Note: S.G. stands for Specific Gravity or density of liquid compared to 

water (S.G. of water is 1) 
 



 

 38 

       
 

     
 

       
Fig. 21 – 31 Test of distilled liquid  

 

pH and S.G. values of all distilled liquid samples from the direct drum method 
were wood vinegar that is in appropriate range for agricultural application. The testing 
should be conducted again when the vinegar is mature, which is after 3 months, and before 
utilization.  

 
 
4.3 Training 
 

Building up the demonstration batches in Quelimane contained the component of 
training in the following way: 
 
 The main trainee was Mr. Nicolas Kassimatis, the owner of the Quelimane saw mill. He 

participated daily in the experiments. He constantly conducted experiments on wood 
vinegar application himself with domestic animals and husbandries. 
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 Mr. Abilio from the saw mill was nominated to participate daily as an assistant in the 
carbonization batches 

 Other staff (some 10 people) from the saw mill participated irregularly in, but on average 
one addition person per day 

 Another saw-mill owner (Mr. Carlos Cosotto from Nicoadala) was trained in his sawmill by 
visiting him twice and explaining the method and process with manuals and pictures. He 
also visited 2-3 times the Quelimane saw mill site to see the carbonization in practice. 
During the training he built another Oil Drum Retort in his saw mill. 

 After the training, a 3.5 m.3 mud kiln was being installed at the Quelimane saw mill and a 
double horizontal drum with direct method was being prepared at the Nicoadala saw mill. 
(Please see Appendix B – D for more information.) 
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Chapter 5 
Observations and Recommendations 
 
 
5.1 Oil Drum Retort demonstration batches  
 

5.5.1 Observations  
 

The optimum input wood material for Oil Drum Retort carbonization should be 
rather dry: water content between 15-20 per cent of the total. The size of the wood pieces should 
be rather small. An old rule of thumb is that the dimensions of the human arm should not be 
exceeded, that is the wood piece maximum length should not exceed 40 cm and the maximum 
diameter 8-10 cm. The rule of thumb was verified in Quelimane. The best carbonization and tar 
production results were obtained with dry, small pieces. The batch No 19 for instance used 
chanfuta pieces of 25 cm x 25 cm x 2 cm and produced best tar output, 1.75 liters. 
 

If optimum dry and sized wood material is used and the condensing pipes work at 
their best it can be targeted the following output from the 200 liters drum retort: 2 liters tar, 10 
liters tar waters, 20 kg charcoal. 
 

The Oil Drum Retort produces also wood vinegar as part of the tar waters. The 
wood vinegar seems to be rather mixed in the tar water, and its separation may done with 
sedimentation process, but further investigation is needed on appropriate sedimentation time and 
whether the end product will be qualified for agricultural uses. However, with careful follow-up of 
the exothermic reactions and the color of the smoke (volatiles) the period of wood vinegar 
production can be found and special container can be placed under the pipes to collect the wood 
vinegar. 
 

For wood vinegar production, the temperature range is very important. In the retort 
system, temperature inside the drum varies that smoke from very low temperatures, appropriate 
temperatures, and very high temperatures were emitted at once and mixed. Mostly, the 
temperatures were too high. (Please see figures of white tile testing below for reference.) Before 
the boom of the petrochemical industries, his method of production used to be done in chemical 
industries where particular chemical compounds like acitic acid, methanol etc. will then be 
extracted from the mixture by a fraction distillation process. To get wood vinegar, which is 
produced during a particular temperature range, a lot of monitoring and skills is needed for this 
system. Without close monitoring and separation, or appropriate temperature control solution, it 
remains yet to be discovered whether and how the mixture of condensed liquid can be put to use 
as it is and without distillation. 
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Fig. 32 Condensed liquid from different pipe openings of the experimental drum retort system 

          
1st hour of operation. 

 

         
3rd hour of operation 

 

         
5th hour of operation 

 
 

In general the differences of charcoal, tar and tar water production quantities were 
small between the different species. However - based on only one batch - it seems that coconut 
may produce more tar and less tar water as compared to local Zambesian tree species. This 
lonesome observation should be verified with additional carbonization batches. Also the quality of 
coconut charcoal differs from local hardwood charcoal. Coconut charcoal is lighter, breaks more 
easily and the fibrous inner structure of the coconut trunk remains in the charcoal. 
 

The planted timber Casuarina carbonizes and produces pyrolysis oils well. One 
batch was done with branches (even twigs) of Casuarina and output results were good. This 
observation may however be due to the size rather than due to the species, however. 
 

Oil Drum Retort is not suitable for carbonization of saw dust. The output in 
charcoal especially, was disappointing. 
 

By adding the upper pipe to the Oil Drum Retort it seems possible to increase the 
wood vinegar production. In five batches of Oil Drum Retort 2 (upper pipe included) the tar water 
production was 8.4 liter, whereas in 14 batches of Oil Drum Retort 1 the tar waters were 6.7 liters. 
On the other hand, the tar production is simultaneously lowered: 0.4 liters for Drum 2 and 0.9 
liters for Drum 1. 
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5.1.2 Conclusions and recommendations for the future 
 

It was shown in the one month's period of carbonization demonstrations in 
Quelimane, that 
 

 It is possible to build a working retort using locally available materials and local 
skills of Mozambican countryside, and that 

 The Oil Drum Retort is quick way to demonstrate locally the carbonization 
system and to carry out simple, comparative carbonization trials, like between 
various species. 

 

The Oil Drum Retort, however, is by no means the recommendable method for 
commercial scale. The biggest disadvantage is the wasteful energy economy. The in the Oil Drum 
Retort is practically under the open sky, and most of the fire wood energy is lost in escaping flue 
gases. 
 

Improvements for the energy economy and more optimized outputs of the retort can 
be done in three steps. 
 

First step is the method of using closed fire box and controlled flow of flue gases. 
The method is described in the Figure 33.  
 

 
Fig. 33 Principle of retort with closed fire chamber. A) denotes the retort chamber, B) over (fire 

box), C) output for volatile matters, D) output for tar, E) cooler or condensing unit (filled 
with water) and F) collection of condensed liquid matters (including wood vinegar). 

 

Various applications for the method in Fig. 17 are in use. Some of them are 
permanent and rectangular and based for instance on normal freight container size. The others are 
portable, or at least movable, like the one in Figure 34. 
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Fig. 34   Movable (behind a tractor or car) drum retort. The fire box is in 

the left. The condensing unit is separate and is installed in situ. 
 
 

The second step is to move away from batch process to a continuous process. The 
immediate improvement in the energy economy follows from the fact that the system can operate 
continuously in a standard temperature and there is no need of cyclical heating up and cooling 
down. The most common continuous retort is the Lambiotte retort (Fig 35 Carre et al 1985, 
Emrich 1985). There are about 20 such plants in operation in Europe. 
 
 
 

   
Fig. 35 Lambiotte retort, using continuous carbonization. 

 
 

The third step, at most advanced level is to integrate charcoal, bio-oils, electricity 
and heat production in optimum manner. One of the leading innovations is the Carbo-V process. 
It is currently developed for producing biodiesel from the pyrolysis oils. The heart of the slow 
pyrolysis part of the Carbo-V process is however more or less the same than in the Oil Drum 
Retort, see Figure 36 (note that the drum to the left is here in horizontal position.  
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Fig. 36 The continuous Carbo-V process to produce pyrolysis oils from woody biomass. 

 

The Carbo-V process is described in the link 
 

http://www.choren.com/en/biomass_to_energy/carbo-v_technology/ 
 
 

Recommendation: It is recommended that the research and development of using 
the by-products and forest residues of Mozambican saw mills for combined and optimal products 
of charcoal, tar and wood vinegar - or more modernly for charcoal and pyrolysis oils. The batch 
type retorts should be used for more developed demonstrations than the Oil Drum Retort. The 
final target should, however, be the continuous carbonization process. 
 
5.2 Direct Method Demonstration Batches 
 

5.2.1 Observations and Recommendations 
 

In this mission, the direct method was used to realize comparables of end 
products and outcomes, especially wood vinegar, as well as to help improve methods of its 
collection. Even though it was not the main focus of the experiment, it was observed that most of 
the available wood resource is hard wood. By this method, the process will take twice as much 
time, which makes wood vinegar yield higher and gives denser charcoal than normal wood. 
However, smaller pieces of wood will use less time. By mixing other variety of wood in the batch 
also helped quicken the process and raise carbonization temperature, which in return gives higher 
quality charcoal.  
 

With high density wood, more ventilation through the kiln is needed in the first 
and the beginning of the second stage, but kiln operator must be more careful in regulating the air 
inlet towards the last stage. Because one batch of scrap wood in saw mill may contain various 
moisture contents, it will help improve the quality of charcoal and the carbonization process to 
regulate air outlet at the chimney during the dehydration stage by covering it to help moisture 
circulate and help the wood to be dehydrated as evenly as possible. Also, because the wood input 
comes in various shapes and sizes, the kiln operator must pay special attention not to block the 
chimney airways in the back of the kiln.  
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Regarding wood vinegar, only acid resistant material should be used for 
condensation to realize in good quality. Because wood vinegar is acidic, not only that it corrodes 
and shortens the lifespan of the equipment, but also that it will be contaminated with heavy metal, 
which is harmful to living things. 
 

 
 

Fig. 37 Metal contaminated wood vinegar 
 

We also experimented using a square pipe made of coconut planks of about 3 
meters long. In principle, after warming up the pipe and smoking it for some to or after a few 
trials, it should have been able to condense the smoke. However, it was observed that even if it can 
do so, it would not have been efficient in condensing wood vinegar, because the type of wood we 
were using had low heat transfer rate (it is more of a insulator), and therefore, heat exchanging 
effect with air did not take place well enough. Thinner planks and harder wood could have worked 
better. Also, it was suspected that some improvement could be done by increasing the length of 
the pipe, but we did not try it in our experiments. The wood plank pipe was heavy and to increase 
the length means more serious construction work to support it. Instead, we used bamboo rods of 
about 5 meters with all joint barriers taken off. Bamboo has proven to be effective for 
condensation by normal temperature air. Also, we did not try to use other medium of 
condensation than air, e.g. water or wet cloth, but we did try using wet clay. It also helped increase 
condensation efficiency. Below are the pipes we used in our trials and system design for some 
other material (earthen pipe) that could be effective as well. 
 

         
 

Fig. 38 Coconut plank pipe and bamboo rods  
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Fig. 39 Designs of wood vinegar collection systems 

 

For larger scale charcoal and wood vinegar production, stainless steel is generally 
used as vinegar condensation pipe. 
 

Tar production by this method was usually realized through enhanced smoke 
condensation and sedimentation. Figure XX below shows proportion of refined wood vinegar in 
the final product of 60-70% of crude vinegar by sedimentation method in Japan, implying that tar 
sediment should be approximately 30-40% of crude wood vinegar if smoke during the refinement 
stage is also collected. Due to the short period of the mission, results in the project setting could 
not be monitored. However, experience in Thailand, where smoke during the refinement stage was 
not collected, showed that sediment of insoluble tar accounts to only 10-15% of the crude wood 
vinegar.  
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Fig. 40 Yield of charcoal, crude wood vinegar and refined wood 

vinegar per one batch of 100 k.g. wood in Japan. 
 

By increasing the backward slope of the kiln and have an opening in the back to 
realize tar at the same time as the other two products affect the quality of the charcoal and tar yield 
was not significantly increased. However, the design of the retort system could be applied to the 
direct horizontal drum, and the size of tar collection container buried under the chimney should 
have been larger to prevent overflow and ease monitoring efforts, but due to limited project time 
and priorities, trials have not been conducted with this design. 
 

       
 

Fig. 41-42 Sizes of buckets for tar collection in the trials; large (left) and small (right) 
 

Furthermore, after a number of trials, it was observed that bricks that were used 
for the firebox in Quelimane were not durable and broke after being fired only once. To reduce 
maintenance costs, a metal bucket were made into square with the lid and bottom taken out. It 
worked very well and made operation easier since it required less clay patching. However, the size 
of this metal firebox should have been smaller, (because its walls were thinner than the bricks,) to 
reduce heat loss and ease air inlet regulation afterwards when the kiln reached the carbonization or 
pyrolysis stage. Local clay fired bricks are also more fire resistant and can also be used, but 
installation cannot be made easier. They are 1.5 MT per piece. 
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Fig 43 – 44 Application of modified metal bucket as firebox 
 

It is worth to note that, because the direct method (drum, improved pit and mud 
kilns,) takes longer time, especially with the specie of the available wood and scale, it strongly 
requires that patient, dedication and responsibility is needed to have a successful run of one batch.  
 

As for further development in production scale, it was observed that local clay and 
material can be used for mud and brick kiln construction. However, similar quality of clay in large 
quantity was hard to find. Fortunately during the trials, it was discovered that clay from anthills 
with approximately 15% wood ash can be applied. Also, from observation, local fired clay bricks 
were heat tolerance and have the possibility to be used for this type of kiln. 
 

      
 

Fig 45 – 47 Testing of clay mixtures 
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Appendix A 
Carbonization Products 
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Appendix B 
Construction of Mud Kiln in Quelimane Sawmill (Danmo TTC) 
 
Type : Japanese Black Charcoal Kiln 
Location  : Quelimane 
Main Features : Larger scale, low costs, wood vinegar and tar collection is possible, has one 

chimney – not complicate to operate, smooth ventilation-very high quality 
charcoal can be realized. 

Rough Drawing: 
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Operation : 
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Activities and progress: 
 

A. Material preparation 
 

  
 

B. Construction of Outer-wall and Chimney 
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C. Construction of Inner wall 
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Appendix C 
Installation and Operation of Oil Drum Retort System in Sawmill 
 
Type : Drum Retort System – Batch type 
Location  : Nicoadala 
Main Features : Low costs retort system, fast, good quality charcoal and tar, possibility of 

wood vinegar collection. 
 
Activities and Progress: 
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Appendix D 
Construction of Horizontal Double Drum Kiln in Nicoadala 
 
Type : Horizontal Drum Kiln, Direct Method 
Location  : Nicoadala Sawmill (Owner: Mr. Carlos Cosotto)  
Main Features : Low costs, can accommodate longer pieces of wood, wood vinegar and tar 

can be realized 
Rough Drawing: 

 

 
Activities and Progress : 
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Appendix E 
Dying Fabric with Wood Vinegar 
 
Material : A handful of rusted metal, 1 liter of refined wood vinegar, a 20 cm. x 20 cm. 

piece of natural fiber cloth. (Works best with silk.) 

Methodology: Heat wood vinegar and rusted metal until the color of wood vinegar is dark 
(about 20 minutes). Take the metal out of the solution and sieve it. Heat it 
up again. Tie the piece of cloth tightly to make patterns before dipping it 
into the wood vinegar solution. Leave it to submerge under the solution for 
at least 15 minutes. Take the cloth out. Dip it in an alkaline solution (salt or 
calcium carbonate solution) for darker color (Optional). Rinse with water. 
Hang dry. Repeat the dipping once or twice before untie the cloth. Wash it 
thoroughly and hang dry. 

Activities :  
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Appendix F 
Instructions for Wood Vinegar Application 
 
Wood vinegar contains a number of compounds. When applied for agriculture, wood vinegar will 
serve as a soil improving agent, growth accelerator for roots, trunk, buds, blossoms, and fruits of 
some plants. Mixing wood vinegar with soil will help accelerate growth and control diseases 
causing by earth worms and fungus. Wood vinegar also acts as plant hormones, and when applied 
at certain concentrations, it will limit growth in different parts of plants. Wood vinegar will harm 
plants when strong concentration is pored to the soil in large quantity or when used without 
diluting with water first. It is also utilized in industries, such as deodorants, skin toner, smoked 
meat production, dermatology pharmaceutical, etc. This manual will focus only on wood vinegar 
application for agricultural and husbandries with some other interesting applications.  

 
 
 

Because wood vinegar is considered to have high acidity value, before applying to plants, it 
has to be diluted. Wood vinegar is diluted at different concentration for particular purposes. 
Different ratio of wood vinegar to water gives the following effects: 

1:20 or diluting it with 20 times water to spray the ground and disinfect it from harmful 
micro-organisms and insects, e.g. bacteria that cause rotting, spotty trunk, and earth worms. The 
spraying should be done approximately 10 days before planting, because wood vinegar will reacts 
with alkaline substances in the soil and form carbon monoxide, which is unhealthy to plants. The 
10-day period will give time for the carbon monoxide to react with oxygen in the air and becomes 
carbon dioxide (CO2), creating better, favorable conditions for plants. 

1:50 or diluting it with 50 times water is also used to pre-treat the ground for 
disinfecting and decomposing. Higher concentration is not recommended for this purpose, 
because it will be harmful to the roots. 

1:100 or diluting it with 100 times water to pour around the trees to cure fungus diseases, 
rotting, and also to prevent insects from laying eggs. 

1:200 or diluting it with 200 times water to spray on the leaves as well as the ground 
around the plantation every 7-15 days to repel pests and prevent fungus. This concentration can 
also be used to pour around the trees to accelerate growth. 

1:500 or diluting it with 500 times water to spray on young fruits (15 days) and help 
enlarge them. This concentration of wood vinegar is sprayed once again on the 20th day of fruiting, 
which is just before harvesting to increase sweetness, because wood vinegar helps with fructose 
and amino acid synthesis. This way, yield and quality of the produce is increased. 

1:1,000 or diluting it with 1,000 times water and spray the leaves will gloss over them and 
reduce the use of chemicals, because chemicals will be more effective in mild acidic conditions. 
This way, utilization of chemical can be reduced by half.  

(Source: Charcoal and Wood Vinegar, Thailand Department of Forestry and JBIC, 2001) 

Wood Vinegar Application for Agriculture 
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Vegetable  

Wood vinegar helps improve yield and quality of vegetable produce like tomato, eggplant, 
and cucumber greatly. It also repels pests and helps prevent diseases effectively for these 
vegetables. Standard dosage is 1:500 at young stage and 1:300 at mature stage, 2-3 times a month. 

Type Concentrations of wood vinegar solution 
and frequencies of application 

Spinach In the beginning, spray 1:1,000 solution 2 times 
in 5 days, after that apply 1:500-800 solution 
once every 5 days 
Before harvesting, spray once with 1:300 
solution 

Cabbage, Chinese cabbage In the beginning, spray 1:1,000-2,000 dilution 
once every 7 days. After that, spray 1:300 
solution 2-3 times a month. 

Green onion, onion, garlic During sprouting, apply 1:800-1,000 solution 2-
3 times a month. After that, apply 1:300 
solution at the same frequency. 

Source: Deep-Tech Co., Ltd. 

Rice  

Wood vinegar improves regeneration of rice roots. It also increases seedling ratios. After 
transplanting paddy sprouts in the field, just before earring, pour 1:50-100 dilution of wood 
vinegar in the watery field, the maximum dosage is up to 80-160 litre/1,600 sq.m. of paddy area. 
After earring, spray 1:200-1:300 dilutions on the rice 2-3 times a month. 

Apple  

Application of wood vinegar will reduce uses of chemicals and increase productivity of apple 
trees, because it promotes healthy leaves. Suitable dosage is 1:800 during regeneration of new 
young leaves. Then, increase concentration to 1:500-600 as the leaves age. When the leaves are 
mature, use a concentration of 1:300 to spray them 2-3 times a month. 

Orange  

Wood vinegar benefits orange in the same way as it does for apple. Apply a concentration of 
1:300-500 2-3 times a month. 

Pine  

Wood vinegar is particularly effective with pine trees. When used at a concentration of 1:200, 
survival rate of seedlings is improved. It also helps accelerate growth. 
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Wide-leave Perennial 

When wood vinegar at a concentration of 1:500-600 is applied to this type of plant, survival 
rate of seedlings will be improved. Growth is also accelerated. 

Wood Vinegar and Fermentation 

Wood vinegar helps reduce smell from fermentation of compost or other organic substances, 
accelerate decomposition, and increase numbers of useful micro-organisms in the compost. 

Wood Vinegar and Soil Improvement 

Wood vinegar can be used to improve soil conditions, because wood vinegar will help the 
soil to be more crumble and loose, reduce numbers of pests and disease carriers in it. In the case 
where the soil is too alkaline, wood vinegar will help adjust the pH value to be suitable for plants. 
Acidity of wood vinegar at different concentrations are as follow: 

Amount of water 
(Unit: portions) 

pH Value 

0 
50 
100 
300 
500 
1000 

2.95 
3.71 
3.96 
4.43 
4.96 
5.64 

Source: Deep-Tech Co., Ltd. 

 

Wood vinegar effectively reduces smell and numbers of insects in animal farms. When 
applying for the first time, mix wood vinegar with 100 times water. Later, the proportion of water 
can be increased to 200 times. Moreover, it can be mixed into animal feed to improve digestion 
and prevent diarrhea. However, directly mixing it in the feed will give smoky smell, which is not 
preferable for animals. Therefore, mix wood vinegar with charcoal powder first using 2 litres of 
wood vinegar with 8 kilograms of charcoal powder to mix with 990 kilograms of animal feed, 
(equaling one ton in total.) Wood vinegar – charcoal mixed feed has the following benefits: 

- Improve digestion and nutrient absorption, making animals grow faster with the 
same amount of feed, or less feed with the same growth cycle period. 

- Prevent gastric conditions and absorb heavy metal element in the stomach, making 
the animals more healthy. 

- Prevent and cure diarrhea 

- Improve quality of the meat, reduce water content in the meat, giving the meat 
better taste, color and smell 

Wood Vinegar Application for Animal Husbandry 
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- Improve quality of eggs, yolk becomes bigger and thicker as well as richer in 
vitamins with less cholesterol. 

- Increase yield of milk 

- Prevent formation of ammonia and sulfur dioxide gases; thus, reduce smell from 
animal excrement and tension of the animals from the smell. This excrement also 
make good quality compost. 

- Prohibit insect, especially flies, from hatching in the excrement, reducing population 
of them in the farm. 

Meat Poultry 

Wood vinegar will improve quality of the meat. The meat will be tender, firm, has good taste 
and does not stench. Use 0.7-0.8% of diluted wood vinegar to mix with chicken feed from the 
beginning until they are mature, which will take 55-60 days. 

Egg Poultry 

Wood vinegar makes the yolk fuller and rounder, sweeter and thicker. Mixing 1.5% diluted 
wood vinegar with chicken feed will increase vitamin A in the egg by 23%, vitamin E by 50% and 
B12 by 14%. The egg will also contain less cholesterol by 9% in the first month, 16% in the second 
month and 25% in the third month. 

For this type of poultry, concentration of wood vinegar has to be gradually increased 
according to the following table, because egg poultry has longer life cycle. 

 

 

 
 
 

Pig 

Mixing 0.5-1.0% diluted wood vinegar with pig feed will improve quality of pork and 
decrease numbers of days required by 10%.  

If 100% wood vinegar is mixed with charcoal powder in a ratio of 2:8 by weight, the pig will 
be healthier and give better meat. The wood vinegar-charcoal mix can be added by an amount of 
0.5-1.0% of the feed. This proportion can be increased to 2 – 3% to prevent diarrhea. 

Cattle 

Wood vinegar improves consumption efficiency in cattle. They grow faster and have less 
stress. Using 1% diluted wood vinegar to mix with the feed will reduce smell from excrement. 
Milch cows receiving wood vinegar can be milked until 10 years old and the milk yield will increase 
by 20-30%, i.e. 7-8 k.g. to 10 – 12 k.g. per day. 

Days Wood vinegar concentration (%) 

0 - 100 
100 - 150 

Over 150 days 

0.4% 
0.6% 
0.8% 
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In general, charcoal powder and wood vinegar is mixed in a ratio of 8:2 by weight to add to 
about 0.8 – 1.8% of cattle feed. 

(Source: Deep-Tech Co., Ltd.) 

 

 

Apart from agriculture and husbandry, wood vinegar can be applied in households as well. 

- 100% concentration is used to treat wound, burn and skin problems caused by 
fungus 

- Wood vinegar that is diluted with 20 times water will destroy termites and ants 

- Wood vinegar diluted with 50 times water will keep away termite, ants and other 
harmful insects, e.g. scorpions, centipede, etc. 

- Wood vinegar diluted with 100 times water is used to spray garbage can to prevent 
bad smell and flies. This concentration can also be used to kill smell in toilet, kitchen, 
damp areas, pet pen, etc. It can be added to organic compost from food waste to 
accelerate the fermentation, but after 1 month of fermentation, add 5 times more 
water. 

 
Source: Wood Vinegar Manual, Appropriate Technology Association 

 

Other Uses of Wood Vinegar 


