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Modern Biochar Manufacture
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The reaction equation of carbonisation:

Kilning in Madagascar (1992) and in Germany (2011).

Clean Fuels’ test carbonisation facility, Oldenzaal.

Emission factors for charcoal making (kg emission/tonne of charcoal).

EPA Documentation 

for AP-42

Clean Fuels 

CarboniserMethane (only) 54

Methane, Ethane + Methanol 156 0.03

CO2 560 0

Global Warming Potential (CO2 eq.) 1134 0.68

CO 140 0.19

Non-CH4 Organic Compounds 140 0.03

POM (polycyclic organic matter) 0.0047 0.00032

Particulate Matter (Dust) 160 0.029
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A batch retorting process with counter-phase batch operation: 

Two separate carbonisation cycles are executed. Each cycle consists of an endothermic drying & 

heating phase during which the retort needs to be heated from outside, and an exothermic 

carbonisation phase during which the retort releases a vapour mixture. This mixture is combusted. 

The two cyclic process are operated in counter-phase, whereby the exothermic phase of one retort 

provides the heat needed by the other retort which is in an endothermic phase.

PROPOSED TECHNOLOGY

Strategy towards a Clean Carbonisation Technology:

• Retorting (vs kilning), in view of emissions, efficiency and quality control

• Batch operated (vs continuous), in view of simplicity, vulnerability, costs

• Modular and small (vs large), in view of resource base (market)

Selected principle: Counter-phased twin batch retorting

• Phases: 1) Drying & heating, 2) Carbonisation

• Phase 2 fuels Phase 1

R&D issues include: 

• Balancing (timing!) energy release and consumption, bridging instantaneous 

energy shortages. (Over the entire production cycle, the total heat released 

from combusting the process gases and vapours is more than enough)

• Flexibility for variable biomass qualities (e.g. moisture contents, 

morphology)

ANTICIPATED RESULTS

EMISSION CAPS

The emissions resulting from a central furnace combusting the carbonisation 

vapours were measured. Emission reductions are phenomenal.Reduced GHG 

emissions if kilns are replaced by the Clean Fuels retorting process:

• Per unit of charcoal: > 1 t GHG eq. / t charcoal

• For the local EU27 charcoal production: > 480,000 t GHG eq. /yr 

• For the local EU27 charcoal production: 70,000 t particulate matter

And worldwide ...

ECONOMIC VALUE (ENVIRONMENTAL VALUE)

At a unit value of € 15 /t CO2-eq., the value of emission reduction amounts to 

approximately € 7.2 million annually for the EU27. Under a discount rate of 

10% and assuming a project duration of 15 years, this represents a net present 

value (or an investment) of € 55 million. On the basis of a single production 

unit with a capacity of 1000 t of charcoal per year, the NPV represents           

€ 130,000 (under the same economic assumptions). This is quite a relevant 

amount in view of the investments of such a system.

CONCLUSIONS 

• Most charcoal production technologies are strong emitters of GHGs:            

~ 1 t GHG / t charcoal.

• Biochar development should account for this fact.

• Clean Fuels is developing a clean carbonisation technology that avoids 

GHG emissions.

Technology development objectives:

• Clean - No net release of Greenhouse Gases. Emissions compliant with 

European environmental law for large industries.

• High charcoal qualities - Controllable at desired levels (e.g. biochar 

standards, European Standard EN 1860 for  BBQ and industrial charcoal 

standards).

• Energy self-sufficient - No need of sustaining fuels (like LDO).

• Highly efficient - Optimised by the retorting principle.

• Modular capacity - 1000-1200 t charcoal/yr per module, for medium to 

large industries

• By-products - Residual heat for drying operations and

   /or 30-50 kW electric power / module

Dutch patent granted 2011, PCT pending, more patents 

are following.

First development phase planned to be completed 

by fall 2012.

Kilning: Air valves are controlled to provide combustion air at the required periods (t = 1-5). 

Uncombusted vapour cools down on the heating load. The cooled vapour cannot ingnite and gives 

dirty emissions. 

Retorting: Released vapour is combusted to 1/ indirectly provide heat to the load, and 2/ to prevent 

dirty emissions.

Retorting:Kilning:

Air

t=1 2 3 4 5

Air

Reaction front

Why actual emissions depend on technology:

The smokey cloud consists of .......

Reported emission factors for charcoal making (kg emission/tonne of charcoal).

Baseline Project

Methane (CH4) 54 30 47.5 34.7

Ethane (C2H6) 26

Methanol (CH3OH) 76

CO2 560

CO 140 210

Non-CH4 Organic Compounds 140 51

POM (polycyclic organic matter) 0.0047

Particulate Matter (Dust) 160

IPCC 

Guidelines

CDM Plantar 

Project

EPA 

Documentation for 

AP-42

EMISSIONS FROM CHARCOAL MAKING

The gaseous products from charcoal making include: noncondensible gases 

(CO, CO2, CH4, and C2H6), acids (mainly acetic acid), methanol, ethanol, tars 

including polycyclic organic matter (POM), and water vapour. 

If left uncombusted, tars may solidify to form particulate emissions, acids 

may form aerosol emissions, and methane is emitted as a severe green 

house gas. However, part of the vapours is usually combusted following the 

carbonisation reaction, and if that would be complete, the said products 

(expect CO2 and H2O) would be formed into CO2 and water vapour before 

leaving the reactor. Because the extent of this combustion varies from 

production site to site, emission levels are quite variable. 

Emissions from the charcoal industry were analysed on the basis of research 

carried out for the U. S. Environmental Protection Agency (EPA), the 

Intergovernmental Panel on Climate Change (IPCC) and the World Bank. 

Methane is found to be quite a relevant emission from charcoal manufacture. 

Emissions of CO2 are not considered very relevant for global warming by the 

data sources investigated. This is because the assumption made by the 

researchers involved that the biomass used for charcoal manufacture is grown 

sustainably. All CO2 emitted would be captured again by the returned growth 

of the biomass involved. 

Charcoal manufacture is now recognised as a relevant sector for GHG 

emission mitigation. Specifically for the Clean Development Mechanism 

(CDM) which is one of the flexibility mechanisms defined in the Kyoto 

Protocol, a specific baseline methodology concerning the “Mitigation of 

Methane Emissions in the Wood Carbonization Activity for Charcoal 

Production” has been developed. An example CDM project is Plantar Project 

in Brazil, which is co-financed by Rabobank. 

CARBONISATION TECHNOLOGIES USED

Kilning in mounds or pits is the most wide-spread method of charcoal 

making. The carbonisation process involves a chemical decomposition of 

wood at elevated temperatures in the absence of oxygen. Thereby, a high-

temperature gas (resulting from combustion) is used to transfer heat to the 

respective pieces of wood processed one after another from one end of the 

stacked batch to another. And since inside the kiln, contact with air is 

avoided, the gas ultimately emits from the kiln as unburnt smoke. At that 

point, the temperature of the smoke has decreased to such an extent that it 

does not ignite anymore. Hence the considerable emissions of a common 

kilning process. 

Retorting is a solution for an economic disadvantage of kilning. To raise gas 

temperatures to the desired level in charcoal kilning, part of the feedstock is 

offered as a fuel. By means of a retort, the process vapours are separated from 

the raw material, and subsequently combusted is a separate reactor component 

to generate process heat. In this manner only the vapours are used to provide 

the energy sustaining the process. Thus, it is ensured that the entire raw 

material is available for conversion into charcoal. Therefore, the yields of 

charcoal from retort processes are the highest technically achievable. 

Retorting offers the opportunity to avoid methane emissions.

Nevertheless, kilning is the mostly wide-spread technology to manufacture 

charcoal, all over the world, across all continents. It is estimated that 85% of 

the charcoal manufacturing capacity throughout Europe consists of kilning 

processes. Virtually nothing changed in the charcoal industry since the Bronze 

Age, 5000 years ago.
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Clean Fuels’ test carbonisation facility, Oldenzaal.
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