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Summary 
 
Comparative study on existing biochar plants and pyrolysis technology 
 
     Biochar technologies continue to play a negligible role, although their potential in the 
long and medium term is significant not only in terms of the implementation of the 
Strategy Europe 2020. Europe is lagging behind the trend of implementation of 
strategies oriented at the biochar and the situation is even more difficult in Central 
Europe. This trend is considerably caused by binary applicable legal standards within 
different regions which complicate the overall implementation of biochar standards in 
the Central European regions.  
     In favor of implementation of biochar technologies and standards suggest several 
factors. Technologies for the production and processing of biochar can contribute to 
employment creation in regions with a dominant agricultural sector, as well as to an 
increase in environmentally sustainable management of inputs and outputs of 
agricultural production.  
     The present study is focused on the description and definition of the rules for 
comparison of different technologies for the production of biochar.  
 
     In Part "Terminology and definitions" are defined the basic terms related to biochar 
and pyrolysis technologies. Second part is focused on the description of the key 
milestones in the historical development of biochar and pyrolysis technologies. The 
following part contains the methodological approaches used in the production of 
biochar. The specific inputs for the production of biochar and a description of the 
qualitative aspects of the various methodological approaches in relation to the final 
product are described in forth part. Specific technology applications and systems are 
included in the comparative table in the fifth part. Sixth part of the study includes a 
comparison of the fundamental parameters of existing biochar plants and methods for 
the production of biochar. The final part focuses on the definition of the main 
environmental aspects, which are crucial for the implementation of sustainable 
strategies aimed at biochar. In different parts of the study is contained appropriate 
photo documentation. 
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Terminology and Definitions  
 
Biochar is char derived from the thermal conversion of biomass. The term “biochar” 
was coined by Peter Read to describe charcoal used as a soil improvement. (1) Residues 
of incomplete organic pyrolysis, e.g., from cooking fires, are thought to be the key 
component of the terra preta soils associated with ancient indigenous communities of 
the Amazon basin. Terra preta is much sought by local farmers for its superior fertility 
compared to the natural red soil of the region. Efforts are underway to recreate these 
soils through biochar, the solid residue of pyrolysis of various materials, mostly organic 
waste (2);  
 
Converter produces biochar by carbonizing small particles of biomass such as chipped 
or pelletized wood (3);  
 
Gasification is the sub-stoichiometric conversion of a material into a gas, commonly 
referred to as ''producer gas'' if the reaction is with air and "syngas" if the reaction is 
with O2. Steam is also sometimes added along with the oxidant to promote gasification, 
but steam may also be used in its own right to gasify a material at high temperatures. 
The ''ideal'' stoichiometric air/fuel ratio is in the 0.3-0.4 to assure complete gasification 
of the solid fuel and obtain the optimal heating value of the gas product (4);  
 
Kiln is a thermally insulated chamber, a type of oven that produces temperatures 
sufficient to complete some process, such as hardening, drying, or chemical changes. 
Various industries and trades use kilns to harden objects made 
from clay into pottery, bricks etc. (5);  
 
Pyrolysis is defined as the thermal degradation of biomass in the absence of oxygen to 
produce condensable vapours, gases, and charcoal; in some instances a small amount of 
air may be admitted to promote this endothermic process (6);  
 
Retort is a reactor that has the ability to pyrolyze pile-wood or wood logs over 30 
centimetres long and over 18 centimetres in diameter (7);  
 
Torrefaction is a thermal process to enhance product quality and energy density of 
different biomass feedstock and opens up a wide field of applications, for example to 
increase the co-firing rate up to 100%. Torrefaction is one of the innovative processes to 
convert solid biomass of different sources into a highly suitable renewable fuel. (8) 
 
References 
 
1) Read, P.: "This gift of nature is the best way to save us from climate catastrophe. Biochar schemes 
would remove carbon from the atmosphere and increase food supply, says Peter Read". Guardian 
(London). 2009 

http://en.wikipedia.org/wiki/Terra_preta
http://en.wikipedia.org/wiki/Indigenous_peoples_of_Brazil
http://en.wikipedia.org/wiki/Amazon_basin
http://en.wikipedia.org/wiki/Biochar
http://en.wikipedia.org/wiki/Oven
http://en.wikipedia.org/wiki/Clay
http://en.wikipedia.org/wiki/Pottery
http://en.wikipedia.org/wiki/Brick
http://en.wikipedia.org/wiki/Pyrolysis
http://www.guardian.co.uk/commentisfree/2009/mar/27/biochar
http://www.guardian.co.uk/commentisfree/2009/mar/27/biochar
http://en.wikipedia.org/wiki/The_Guardian
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2) Source: http://en.wikipedia.org/wiki/Pyrolysis#Biochar 
3) Garcia-Perez, M.; Lewis, T.; Kruger, C. E.; 2010. Methods for producing Biochar and Advanced Biofuels 
in Washington State. Part 1: Literature Review of Pyrolysis Reactors. First Project Report. Department of 
Biological Systems Engineering and the Center for Sustaining Agriculture and Natural resources, 
Washington State University, Pullman, WA, p. 13 
4) Peacocke, C.; Joseph, S.: Notes on Terminology and Technology in Thermal Conversion; Cited from: 
International Biochar Initiative: www.biochar-international.org   
5) Source: Goyer, K.: Kilns and Brick Making; 2006 
http://www.bioenergylists.org/stovesdoc/Goyer/Kilns/Goyer_Kilns_and_Brick_Making.pdf "Brick making 
kilns" (PDF). Retrieved 2012-05-20; cited from: http://en.wikipedia.org/wiki/Kiln  
6 Peacocke, C.; Joseph, S.: Notes on Terminology and Technology in Thermal Conversion; Cited from: 
International Biochar Initiative: www.biochar-international.org 
7) Emrich, W. 'Handbook of Charcoal Making, the Traditional and Industrial Methods'. D. Reidel Pub. Co., 
Hingham, MA, 1985, p. 296 
8) Source: http://x00.g.andritz.com/se-downloads-torrefaction.pdf 

 
 
 

History of Pyrolysis Technologies  
 
     Slow pyrolysis of wood was probably human’s first chemical process. (1) It is known 
to have been practiced by the ancient Chinese. The Egyptians, Greeks, and Romans made 
charcoal by wood carbonization, and collected the condensable volatiles for embalming 
purposes and for filling joints in wooden ships. (2)  
     The first pyrolysis oven that transferred heat through its metal walls was designed by 
Reichenbach in 1819. (3) Until the late 1800’s, wood carbonization was the major 
pyrolysis process, and supplied the increasing amounts of charcoal that were required 
for iron ore smelting. (4) By 1850, the wood distillation industry began to expand. (5) 
     By the 1900’s, destructive distillation of wood was practiced widely on a commercial 
scale by heating wood in closed retorts. The vapours produced were condensed to give 
tar (wood tar or sedimentation tar) and an aqueous layer (pyroligneous acid). (6) 
     By the turn of the century, wood was the only source for the latter chemicals. (7) The 
predominant use of wood as the principal raw material for the organic chemicals 
industry was short-lived. (8) Alternative processes for the production of acetone, acetic 
acid, and methanol were soon developed, and the petrochemical industry almost 
completely replaced the wood distillates market. (9) Traditionally, charcoal was 
produced from wood using charcoal piles, earth kilns, or pit kilns. (10, 11) Hardwood 
was carefully stacked in a mound or pit around a central channel, and then covered with 
dirt, humus, moss, clay, or sod. The process was slow and it could take about 6 weeks 
before completion. Later, permanent kilns were introduced producing higher yields of 
charcoal. Brick or masonry was used to cover and contain the wood during 
carbonization, and doors were used for charging wood and removing product. Holes and 
chimneys were optimally located to regulate air flow and discharge flue gases. The retort 
furnaces were later developed to produce charcoal on a commercial scale and the 

http://en.wikipedia.org/wiki/Pyrolysis#Biochar
http://www.biochar-international.org/
http://www.bioenergylists.org/stovesdoc/Goyer/Kilns/Goyer_Kilns_and_Brick_Making.pdf
http://www.bioenergylists.org/stovesdoc/Goyer/Kilns/Goyer_Kilns_and_Brick_Making.pdf
http://www.bioenergylists.org/stovesdoc/Goyer/Kilns/Goyer_Kilns_and_Brick_Making.pdf
http://en.wikipedia.org/wiki/Kiln
http://www.biochar-international.org/
http://x00.g.andritz.com/se-downloads-torrefaction.pdf
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recovery of by-products was possible. Different discontinuous and continuous systems 
are used.  All commercial processes operate at near-atmospheric pressure. (12) 
     Destructive distillation of pine wood was once of great economic importance in the 
manufacture of naval stores. (13) Naval stores included turpentine, as well as pitch, tar, 
and resin, which were indispensable in shipyards for protecting surfaces and caulking 
seams of wooden ships. The destructive distillation process for pine was similar to that 
used for hardwoods, except that the products were charcoal, turpentine, pine oil, 
dipentene, pine tar, tar oils, and pitch. (14) 
     Charcoal was produced as a by-product residue. Softwood distillation gives lower 
yields of acetic acid and methanol than hardwood distillation (15), therefore longleaf 
and slash pine, especially in the form of recovered stumps, were favoured because of 
their high resin content. (16) The bio-char was produced in small ovens without liquid 
recovery and in highly pollutant kilns without liquid product recovery from 1920 to 
1960. (17) 
     Since the oil price crisis in the early and late 1970’s, considerable effort has been 
directed toward the development of processes for producing liquid fuels from biomass. 
Fast pyrolysis is one of the most viable methods for such conversion. (18) During the 
80's, several fast Pyrolysis Technologies reach commercial or near commercial status. 
     The first Pyrolytic Gasification systems were brick ovens using indirect heat / low 
oxygen that were made of firebrick. Waste was placed into the unit - the unit was sealed 
and heat applied. After the process of degradation was completed, the oven was opened 
and emptied to make room for the next batch. These systems were known as batch-by-
batch systems. This format was first introduced commercially in the early 70's. (19) 
     During the late 70's and early 80's, R&D turned away from batch-by-batch systems, 
which at that time had found some commercial success processing Hospital Waste and 
continual-flow systems, which were a form of rotating Auto Clave. This format was later 
refined into cone shaped retorts in order to direct the gas stream to a central point for 
evacuation. This refined cone design first showed up in England, then the US and 
Germany, followed by Japan, Canada and the Netherlands. (20) 
     It was during this time that manufacturers of incinerator systems started to run into 
environmental problems. As environmental laws worldwide became stricter, it became 
exceedingly difficult to get permitting. The price and installation of incinerators became 
extraordinarily expensive due to the air quality equipment that had to be added in order 
to pass air quality regulations. But, whereas, air quality issues could be handled with 
additional equipment, by-product leach ability could not. In most cases, the average 
incineration system was eight to ten times over limits set for low volatile metals, which 
are leachable and carcinogenic if ingested through drinking water. (21)  
     In the early to mid-80's, the first pilot and then commercial systems using direct 
gasification started to show up. These were in the form of Fixed Bed, Entrained Bed and 
Fluidized Bed Systems. These systems all had drawn backs in the form of their by-
products, which were tars that were hazardous, or char and ash, that the oxidation 
within the process had consolidated low volatile metals that were leachable. In some 
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cases, the Entrained Bed Systems created a slag that contained leachable metals, but the 
major drawback was the operational costs. The Fixed Bed and Fluidized Bed Systems 
were still found to, at times, create smaller but traceable amounts of dioxins due to the 
continued use / presence of oxygen. (22) 
     Since 1990, bio-oil upgrading strategies (bio-oil micro-emulsions, hot vapour 
filtration, use of additives) began to be developer. Development of new bio-oil derived 
products to replace products from the petroleum industry (Bio-lime, slow release 
fertilizers, Wood Preservatives, Glues, Sealing materials, hydrogen, phenol formaldehyde 
resins) from 1990. Increase in oil prices, global warming and first signs indicating the 
beginning of a steady decline of Petroleum Industry caused development of new bio-oil 
based refinery concepts targeting the Production of Green Gasoline and Green Diesel 
which began to be developed by 2000. (23) 
 
References 
 
1) Goldstein, I. S.: Organic chemicals from biomass, Florida: CRC Press, Inc., 1983; pp. 64-95; Cited from: 
Tiilikkala, K.; Fagernäs, L.; Tiilikkala, J.: History and Use of Wood Pyrolysis Liquids as Biocide and Plant 
Protection Product; p. 3 
2) Tiilikkala, K.; Fagernäs, L.; Tiilikkala, J.: History and Use of Wood Pyrolysis Liquids as Biocide and Plant 
Protection Product; p. 3 
3) Garcia-Perez, M.: Washington State University; Challenges and Opportunities of Biomass Pyrolysis to 
Produce Second Generation Bio-fuels and Chemicals 
4) Goldstein, I. S.: Organic chemicals from biomass, Florida: CRC Press, Inc., 1983; pp. 64-95; Cited from: 
History and Use of Wood Pyrolysis Liquids as Biocide and Plant Protection Product; Kari Tiilikkala, Leena 
Fagernäs and Jasse Tiilikkala; p. 3 
5) Garcia-Perez, M.: Washington State University; Challenges and Opportunities of Biomass Pyrolysis to 
Produce Second Generation Bio-fuels and Chemicals 
6, 7) Tiilikkala, K.; Fagernäs, L.; Tiilikkala, J.: History and Use of Wood Pyrolysis Liquids as Biocide and 
Plant Protection Product; p. 3 
8) Goldstein, I. S.: Organic chemicals from biomass, Florida: CRC Press, Inc., 1983; pp. 64-95; Cited from: 
History and Use of Wood Pyrolysis Liquids as Biocide and Plant Protection Product; Kari Tiilikkala, Leena 
Fagernäs and Jasse Tiilikkala; p. 3 
9) Tiilikkala, K.; Fagernäs, L.; Tiilikkala, J.: History and Use of Wood Pyrolysis Liquids as Biocide and Plant 
Protection Product; p. 3 
10 – 11) Goldstein, I. S: Organic chemicals from biomass, Florida: CRC Press, Inc., 1983; pp. 64-95.; Antal 
MJ Jr. The art, science, and technology of charcoal production, Ind Eng Chem Res 2003; 1619-40.; Cited 
from: History and Use of Wood Pyrolysis Liquids as Biocide and Plant Protection Product; Kari Tiilikkala, 
Leena Fagernäs and Jasse Tiilikkala, p. 3 
12) History and Use of Wood Pyrolysis Liquids as Biocide and Plant Protection Product; Kari Tiilikkala, 
Leena Fagernäs and Jasse Tiilikkala, str. 3 
13) Goldstein, I. S.: Organic chemicals from biomass, Florida: CRC Press, Inc., 1983; pp. 64-95; Cited from: 
History and Use of Wood Pyrolysis Liquids as Biocide and Plant Protection Product; Kari Tiilikkala, Leena 
Fagernäs and Jasse Tiilikkala; p. 3 
14) Tiilikkala, K.; Fagernäs, L.; Tiilikkala, J.: History and Use of Wood Pyrolysis Liquids as Biocide and Plant 
Protection Product; p. 3 
15) Sjöström, E.: Wood chemistry, fundamentals and applications, 2nd ed. San Diego: Academic Press 
1993; pp. 234-5.; Cited from: History and Use of Wood Pyrolysis Liquids as Biocide and Plant Protection 
Product; Kari Tiilikkala, Leena Fagernäs and Jasse Tiilikkala; p. 3 
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16) Tiilikkala, K.; Fagernäs, L.; Tiilikkala, J.: History and Use of Wood Pyrolysis Liquids as Biocide and Plant 
Protection Product; p. 3 
17) Garcia-Perez, M.: Washington State University; Challenges and Opportunities of Biomass Pyrolysis to 
Produce Second Generation Bio-fuels and Chemicals 
18) Tiilikkala, K.; Fagernäs, L.; Tiilikkala, J.: History and Use of Wood Pyrolysis Liquids as Biocide and Plant 
Protection Product; p. 3 
19 – 22) Source: http://www.balboa-pacific.com/Papers/HistoryOfPyrolysis.pdf 
23) Garcia-Perez, M.: Washington State University; Challenges and Opportunities of Biomass Pyrolysis to 
Produce Second Generation Bio-fuels and Chemicals 

 
 
 

Methods of production and processing of biochar 
 
      Pyrolysis produces biochar, liquids, and gases from biomass by heating the biomass 
in a no oxygen environment. The absence of oxygen prevents combustion. The relative 
yield of products from pyrolysis varies with temperature. Temperatures of 400–500 °C 
produce more char, while temperatures above 700 °C favor the yield of liquid and gas 
fuel components. Pyrolysis occurs more quickly at the higher temperatures, typically 
requiring seconds instead of hours. (1) 
 

 
 
Figure 1. Scanning electron micrographs of switchgrass a) feedstock, b) slow pyrolysis char, c) fast 
pyrolysis char and d) gasification char.  
Source: Brewer, C. E.: Biochar characterization and engineering; Iowa State University; 2012 

 

http://www.balboa-pacific.com/Papers/HistoryOfPyrolysis.pdf
http://en.wikipedia.org/wiki/Pyrolysis
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Combustion
http://en.wikipedia.org/wiki/Char
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Slow pyrolysis 
 
Slow pyrolysis has been used for centuries to produce charcoal, tars, alcohols such as 
ethanol and methanol and other solvents. This is usually carried out in batch processes 
using kilns or retort furnaces. (2, 3, 4) Conventional pyrolysis is characterised by (5): 
 
• long solids and volatiles residence times [typically greater than 5 s for volatiles; 
solids residence times can be minutes, hours or days], 
• relatively low reactor temperatures [< 400°C], 
• atmospheric pressure, 
• very low heating rates ranging from 0.01°C/s to up to 2°C/s, 
• very low rate of thermal quenching of the products [minutes to hours]. 

 

Char, viscous tarry liquid and gases are formed in approximately equal mass 
proportions due to the slow degradation of the biomass and extensive secondary 
intraparticle and gas/vapour phase reactions. (6) 
 
Conventional pyrolysis 
 
Conventional pyrolysis is similarly characterised by (7): 
• long solids and volatiles residence times [typically less than 5 s for volatiles; solids 
residence times can be longer] up to one minute, 
• relatively low reactor temperatures [< 450°C], 
• slow heating rates [of the material] of about 2-10°C/s, 
• atmospheric pressure, 
• low rate of thermal quenching of the products. (8, 9) 
Yields of organic liquids products from conventional pyrolysis are typically low, e.g. 20 
% with char yields of typically 20-25 wt%, 20 wt% water and the balance 
noncondensable gases comprised mainly of carbon dioxide. (10) Yields are subject the 
composition of the starting material. (11) 
 
Flash and fast pyrolysis 
 
Flash pyrolysis was formerly characterised up to the early 1990's by (12): 
 
• moderate pyrolysis temperatures [400-600°C], 
• atmospheric pressure, 
• high heating rates [10-1000°C/s], 
• gas/vapour product residence times less than 2 s to maximise liquid yields at 
gas/vapour product temperatures less than 500°C. 
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Fast pyrolysis was characterised similarly by (13): 
 
• higher heating rates than flash pyrolysis [>105 C/s], 
• higher reactor temperatures [> 600°C] to give primarily a gaseous product at the 
expense of liquids and char, 
• shorter gas/vapour product residence times of less than 0.5 s (14), 
• rapid thermal quenching of the products [100-1000°C/s]. 
 
Fast pyrolysis therefore gives higher reaction rates due to the higher temperatures. The 
distinction between flash and fast pyrolysis has largely disappeared and now the 
term"flash" has largely disappeared and is gradually being replaced by a more 
generalised definition for fast pyrolysis of (15): 
• high heating rates [> 1000°C/s], 
• reactor temperatures greater than 450°C, 
• short vapour product residence times [< 2 s for liquid fuels, < 1 s for speciality 
chemicals], 
• rapid product quenching [< 40 ms]. (16) 
 

     The fast pyrolysis process can be operated from 425-550°C to optimise liquid yields 
[depending on the feedstock] and above 600°C to increase or optimise the gas yield, 
commonly referred to as ''syngas''. This may also be referred to as high temperature 
pyrolysis. (17) 
 
Gasification 
 
     Gasification is a process that converts organic or fossil based carbonaceous materials 
into carbon monoxide, hydrogen and carbon dioxide. This is achieved by reacting the 
material at high temperatures (>700 °C), without combustion, with a controlled amount 
of oxygen and/or steam. The resulting gas mixture is called syngas (from synthesis 
gas or synthetic gas) or producer gas and is itself a fuel. The power derived from 
gasification and combustion of the resultant gas is considered to be a source 
of renewable energy if the gasified compounds were obtained from biomass. (18) 
     The advantage of gasification is that using the syngas is potentially more efficient than 
direct combustion of the original fuel because it can be combusted at higher 
temperatures or even in fuel cells, so that the thermodynamic upper limit to the 
efficiency defined by Carnot's rule is higher or not applicable. Syngas may be burned 
directly in gas engines, used to produce methanol and hydrogen, or converted via 
the Fischer–Tropsch process into synthetic fuel. Gasification can also begin with 
material which would otherwise have been disposed of such as biodegradable waste. In 
addition, the high-temperature process refines out corrosive ash elements such 
as chloride and potassium, allowing clean gas production from otherwise problematic 

http://en.wikipedia.org/wiki/Biomass
http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Steam
http://en.wikipedia.org/wiki/Syngas
http://en.wikipedia.org/wiki/Producer_gas
http://en.wikipedia.org/wiki/Renewable_energy
http://en.wikipedia.org/wiki/Fuel_cell
http://en.wikipedia.org/wiki/Carnot%27s_rule
http://en.wikipedia.org/wiki/Internal_combustion_engines
http://en.wikipedia.org/wiki/Methanol
http://en.wikipedia.org/wiki/Fischer%E2%80%93Tropsch_process
http://en.wikipedia.org/wiki/Synthetic_fuel
http://en.wikipedia.org/wiki/Organic_waste
http://en.wikipedia.org/wiki/Chloride
http://en.wikipedia.org/wiki/Potassium
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fuels. Gasification of fossil fuels is currently widely used on industrial scales to generate 
electricity. (19) 
 
Torrefaction 
 
     Torrefaction takes place at temperatures between 250 and 350 °C. The process lasts 
about 30 minutes and does not burn the material. Torrefaction can be used for all 
organic by-products that, preferably, contain as little water as possible. By-products 
with high water content can be treated, but a lot of the heat is lost in the subsequent 
drying process. (20) 
     The properties for thermal conversion, which can be very different for each of the 
unprocessed fuels, become more and more similar during the process resulting in the 
homogenisation of the different by-products. (21) 
     The evaporated gas has a net incineration value that, depending on the input's water 
content, can be high enough to provide enough thermal energy for the process. (22) 
     The primary goal in torrefaction is to refine raw biomass to an upgraded solid fuel, 
including better handling qualities and enhanced combustible properties similar to 
those of fossil coal, leading to decreased costs. The essential principle in this respect is to 
increase the energy density of the biomass (roughly 30%), requiring a growth of the 
ratio between energy and mass. Consequently, the calorific value of torrefied biomass 
increases as well. During the process, the structure of biomass changes, leading to new 
properties that make the handling of the final product much easier and also offers the 
possibility to utilise it in existing coal-fired boilers. (23) 
 
 

Typical product yields (dry basis) for different modes of pyrolysis: 
 
Mode Conditions Liquid* Char* Gas* 
Fast pyrolysis * moderate temperature - 500°C 

short vapor residence time - 1 s  
75% 
 

12% 
 

13% 
 

Moderate pyrolysis*  moderate temperature ~ 500°C 
moderate vapor residence time - 10-
20 s  

50% 
 

20% 
 

30% 
 

Slow pyrolysis*  moderate temperature 500°C 
very long vapor residence time - 5-
30 min.  

30% 
 

35% 
 

35% 
 

Gasification*   high temperature > 750°C 
moderate vapor residence time - 10-
20 s  

5% 
 

10% 
 

85% 
 

Torrefaction temperatures between 250 and 350 
°C 
residence time – 30 min. 

Wide range of properties of 
the different by-products 

* Source: IEA Bioenergy Annual Report 2006, 2007. 

http://en.wikipedia.org/wiki/Fossil_fuels
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15) International Biochar Initiative: www.biochar-international.org; Dr Cordner Peacocke and Dr Stephen 
Joseph; Notes on Terminology and Technology in Thermal Conversion 
16) Graham R.G., "A characterization of the Fast Pyrolysis of Cellulose and Wood Biomass", Ph.D. thesis, 
February 1993, University of Western Ontario, London, Ontario, Canada; Cited from: International Biochar 
Initiative: www.biochar-international.org; Dr Cordner Peacocke and Dr Stephen Joseph; Notes on 
Terminology and Technology in Thermal Conversion 
17) International Biochar Initiative: www.biochar-international.org; Dr Cordner Peacocke and Dr Stephen 
Joseph; Notes on Terminology and Technology in Thermal Conversion 
18, 19) Source: http://en.wikipedia.org/wiki/Gasification 
20 – 23) Source: http://www.biolake.nl/torrefaction.php 
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Raw material and qualitative aspects of biochar 
 
     Pyrolysis is one of the many technologies that produce energy from biomass and 
waste. (1) The production of biochar, a carbon-rich, solid, by-product (2) distinguishes 
pyrolysis from the other technologies. The major pyrolysis products are pyrolytic oil 
(bio-oil), synthesis gas with differing energy values (syngas), and biochar. (3, 4) A range 
of process conditions, such as the composition of the feedstock, temperature and heating 
rate can be optimized to provide different amounts and properties of products. (5) 
     Volatile products can be captured to provide energy, or upgraded to specific chemical 
products (e.g. wood preservative, meat browning, food flavouring, adhesives, etc.). (6, 7) 
     Depending on the operational time and temperature, there are three subclasses of 
pyrolysis. Yields of liquid products are maximised in conditions of low temperature, high 
heating rate, and a short gas residence time, whereas a high temperature, low heating 
rate and long gas residence time would maximise yields of fuel gas. Low operational 
temperatures and low heating rates give maximum yields of biochar. (8) 
Feedstocks currently used on a commercial-scale, or in research facilities include wood 
chip and wood pellets, tree bark, crop residues (straw, nut shells and rice hulls), switch 
grass, organic wastes including distillers’ grain, bagasse from the sugarcane industry, 
olive mill waste, chicken litter, dairy manure, sewage sludge and paper sludge. (9) 
     The particle sizes and moisture contents of feedstock are important as wet feedstocks 
with large particle sizes will require more energy for pyrolysis. Some of the carbon in 
the feedstock may need to be burned to supply the energy needed, and so less feedstock 
is converted to biochar and to the other products. Maximising the production of biochar 
relative to the mass of the initial feedstock is always at the expense of bio-oil and gas 
production. (10) 
     The pyrolysis temperature typically changes the yield and properties of biochar. With 
increasing temperature, the yield of biochar commonly decreases but the carbon 
concentration increases. (11) 
      Material from the lower temperature and shorter heating time had a lower surface 
area, and a lower C content (indicating lesser transformation to stable biochar product) 
than for the product at the higher temperature. (12) 
     The major components of biomass are cellulose, hemicellulose and lignin. The 
proportions of these three components determine the ratios of volatile carbon (in bio-oil 
and gas) and stabilised carbon (biochar) in the pyrolysis products. Fast pyrolysis 
favours feedstocks with high cellulose and hemicellulose contents as bio-oil and gas are 
the main products, and with lesser yields of biochar. Feedstocks with high lignin 
contents produce the highest biochar yields when pyrolysed at moderate temperatures 
(approx. 500°C). (13, 14, 15) Slow pyrolysis yields high quantities of biochar, and 
therefore favours feedstocks with high lignin contents. In the future, selection of 
feedstock may be dictated by the desired balance between pyrolysis products (gas, oil 
and biochar), and whether or not slow pyrolysis is being used. (16) 
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     Depending on the torrefaction circumstances, the material becomes brittle and is easy 
to grind into powder with little energy. Because of the evaporation of the organic 
components, the material loses some 30% of its weight while the incineration value only 
decreases by 10%. The torrefacted product can be pressed into pellets to create a fuel 
with homogenous feeding and conversion properties. Pressing it into pellets makes it 
easy and safe to transport. Today's pellet furnaces have automatic feeding systems that 
are still based on sawdust and wood chips. The market for this product will grow 
providing torrefacted material can be made into pellets with properties that are similar 
to the current product. (17) 
 

 
Scanning electron micrographs of biochar particles showing porosity. Left: Hardwood slow pyrolysis 
biochar from a commercial kiln. Right: Biochar from the fast pyrolysis of corn stover.  
Source: David Laird, USDA ARS, National Laboratory for Agriculture and the Environment, Ames, IA. 
Images taken by Terry Pepper 

     
     The combination of biorefining and pyrolysis can provide profitable industries that 
will decrease waste disposal costs and provide cost effective energy services that profit 
agriculture and industry. (18) Substrates with significant carbohydrate contents, 
including the lignocellulose components of straws, waste wood and forestry thinnings, 
provide appropriate materials for biorefining operations. (19) 
One example is the production by acid hydrolysis under conditions of high temperature 
and pressure of levulinic acid, furfural, and formic acid from the hexose components and 
furfural from the pentoses of hemicelluloses of biomass and of lignocellulosic and other 
waste materials. (20) 
These components provide excellent platform chemicals for the production of a wide 
variety of products, including liquid fuels and fuel additives such as ethyllevulinate, 
gammavalerolactone (GVL), and methyltetrahydrofuran (MTHF). (21) In the cases of 
lignocellulose materials the residuals from the biorefining process will amount to about 
50% of the starting materials. These can be pyrolysed to give syngas, bio-oil, and 
biochar. (22) 
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     Biochar products are often gasified to provide energy, or used in high value products 
such as activated carbon. (23, 24) The addition of biochar to soil, instead of using it as a 
fuel, decreases the energy efficiency of pyrolysis bioenergy production. However, the 
decreases in the emissions associated with biochar additions to soil would be greater 
than those that would be attained had the biochar been used as a fuel. (25) 
 
     In the future materials that are now regarded as organic wastes are likely to be seen 
as resources for biorefining and bioenergy initiatives. In many agricultural and a 
forestry production system, waste is produced in significant amounts from crop 
residues such as:  

 forest residues(logging residues, dead wood, excess saplings, pole trees); 
 mill residues (lumber, pulp, veneers);  
 field crop residues;  
 urban wastes (yard trimmings, site clearing, pallets, wood packaging). (26)  

 
     Biochar for a More Appropriate Utilisation of Waste and residues from animal, crop, 
and forest production are valuable resources that can be used directly and indirectly for 
energy, including pyrolysis energy and biochar. (27) In addition to providing energy and 
biochar, the pyrolysis process will decrease the volume and the weight of the waste 
material. (28)  
 
     Algal biochar, derived from the remediation of wastewater from aquaculture, 
agriculture, atrophied natural waterways, or saline waste water sources could provide a 
significant revenue stream in the future through energy co-generation, carbon credits 
from providing long-term soil carbon sequestration, and sale as a soil ameliorant and 
fertilizer. Further studies are underway to test the impact of algal biochar on soil 
properties and plant productivity. (29) 
 
 Biochar Pathways for Different Environments: 
 

 Feedstock Sustainability 
challenges 

Production 
technology 

Additional 
process 
steps 

Potential 
co-
products 

Biochar - 
applicatio
n 

1. 
Restoration 
Site (forest, 
wetland, 
etc.) 

thinning 
slash, 
noxious 
weeds  

 mobile 
pyrolysis, 
charring piles 
in situ 

 biochar, 
bio oil, 
heat for 
drying 
feedstock 

soil and 
watershe
d 
reclamati
on site 

2. Managed 
Forest 

thinning 
slash, 
logging slash 

overcutting 
diminishes 
ecosystem 
services, 

mobile 
pyrolysis, hog 
fuel for co-
gen, 

produce 
pellets or 
briquettes 
to use in 

biochar, 
bio oil, 
process 
heat, 

fertilizer 
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transportatio
n footprint 

feedstock for 
pellets or 
briquettes 

home or 
district 
heating 
pyrolysis 
appliances 

electricity, 
home heat 

3. Forest 
product 
processing  

sawdust, 
shavings, 
hog fuel 

overcutting 
diminishes 
ecosystem 
services 

co-gen 
pyrolysis or 
gasification, 
feedstock for 
pellets or 
briquettes 

produce 
pellets or 
briquettes 
to use in 
home or 
district 
heating 
pyrolysis 
appliances 

biochar, 
bio oil, 
process 
heat, 
electricity, 
home heat 

fertilizer 

4. Biomass 
Plantation 

trees, grass, 
hemp, algae, 
kudzu 

could displace 
native 
ecosystems & 
people, water 
use, 
monoculture 
problems, GM 
species 

co-gen 
pyrolysis or 
gasification, 
feedstock for 
pellets or 
briquettes 

produce 
pellets or 
briquettes 
to use in 
home or 
district 
heating 
pyrolysis 
appliances 

biochar, 
bio oil, 
process 
heat, 
electricity, 
home heat 

fertilizer 

5. Urban 
Forestry and 
landscaping 

thinning 
slash, 
logging 
slash, weeds, 
grass 
clippings 

 co-gen 
pyrolysis or 
gasification, 
feedstock for 
pellets or 
briquettes 

produce 
pellets or 
briquettes 
to use in 
home or 
district 
heating 
pyrolysis 
appliances 

biochar, 
bio oil, 
process 
heat, 
electricity, 
home heat 

fertilizer 

6. 
Agriculture – 
outputs of 
Crop 
Production 

straw, cobs, 
orchard 
trimmings 

need to leave 
some 
decomposing 
organic 
matter in soil 

mobile 
pyrolysis, co-
gen pyrolysis 
or 
gasification, 
feedstock for 
pellets or 
briquettes 

produce 
pellets or 
briquettes 
to use in 
home or 
district 
heating 
pyrolysis 
appliances 

biochar, 
bio oil, 
process 
heat, 
electricity, 
home heat 

fertilizer 

7. straw, cobs, need to leave stoves, kilns, pyrolyze biochar, farm soils 
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Agriculture – 
outputs of 
Crop 
Production- 
Subsistence 

orchard 
trimmings, 
kernels, 
peels, hulls, 
pulp, offal 

some 
decomposing 
organic 
matter in soil 

feedstock for 
briquettes 

briquettes 
in home or 
district 
heating 
appliances 

process 
heat, 
home heat 
and 
cooking 

8. Industrial 
Food 
Processing 
Waste 

kernels, 
peels, hulls, 
pulp, offal 

 co-gen 
pyrolysis or 
gasification 

 biochar, 
bio oil, 
process 
heat, 
electricity 

fertilizer 

9. Animal 
Feedlot 

pig, chicken, 
steer 
manure 

large CAFOs 
have many 
impacts - 
water, 
disease, 
animal rights 

co-gen 
pyrolysis or 
gasification 

 biochar, 
process 
heat, 
electricity 

farm soils, 
fertilizer 

10. 
Municipal 
Sewage 

solids, urine contaminatio
n by toxics 
and heavy 
metals 

co-gen 
pyrolysis or 
gasification 

 biochar, 
process 
heat, 
electricity 

fertilizer - 
non-food 
crops 

11. 
Municipal 
Solid Waste 

trash, paper pollution, 
losing 
resources that 
could be 
recycled 

co-gen 
pyrolysis or 
gasification 

 biochar, 
process 
heat, 
electricity 

suitable 
for use as 
carbon 
sink only 

12. 
Household 
and District 
Heating 

pellets and 
briquettes 
from 1-7 

need to invest 
in building 
efficiency to 
reduce fuel 
needs, 
transportatio
n cost to 
distribute to 
users 

pyrolysing 
cook stoves, 
furnaces and 
boilers 

 heat, 
biochar, 
possibly 
electricity 

home 
garden, 
landscapi
ng 

Source: International Biochar Initiative: www.biochar-international.org; Biochar Pathways for Different 
Environments, IBI, August 26, 2009 
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Technological applications and systems - kilns, reactors, retorts and 
converters 
 
 

 Fast Pyrolysis Reactors 
 
     Current technologies use high volumes of carrier gas and sand as heat carriers. These 
reactors have very poor selectivity towards the production of precursors of 
transportation fuels. (1) 
 

 
 
 
Source: Vanderbosch RH, Prins W: Fast pyrolysis technology development . Biofuels, Bioproducts & 
Biorefining. 2010, p. 178-208 
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Source: Dynamotive fast pyrolysis processes - http://dynamotive.com/technology/ 
 
 
 

 
Source: http://upload.wikimedia.org/wikipedia/commons/d/d3/West_Lorne_Plant.jpg 
  

http://dynamotive.com/technology/
http://upload.wikimedia.org/wikipedia/commons/d/d3/West_Lorne_Plant.jpg
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Source: Ensyn fast pyrolysis reactor; http://newenergyandfuel.com/wp-
content/uploads/2009/03/ensyn-renfrew-ontario-rtp-processer.jpg  

 
 
 

Intermediate Pyrolysis Reactors 

 

 
Source: Black is Green Pty Ltd.; http//www.bio-char.com.au/about.html 

 

http://newenergyandfuel.com/wp-content/uploads/2009/03/ensyn-renfrew-ontario-rtp-processer.jpg
http://newenergyandfuel.com/wp-content/uploads/2009/03/ensyn-renfrew-ontario-rtp-processer.jpg
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Source: Amaron rotary drum reactor Amaron rotary drum reactor (Coates Engineering) 
http://www.coatesengineering.com 
 

 

 
Source: BiogreenR (http://biogreen-energy.com/bio-green.html) 

http://www.coatesengineering.com/
http://biogreen-energy.com/bio-green.html
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Source: Agri-Tech Producers; http://www.agritechproducers.com  
 

 
 

 
Source: International Tech Corporation; http://www.internationaltechcorp.o rg/IT-info.htm 

   

http://www.agritechproducers.com/
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Source: eGenesis CR-2 pyrolysis unit; http://www.egenindustries.com  
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Kilns, reactors, retorts and converters 
 
Kilns: 
 
Kilns/main 
characteristics 

Earth Kilns Cinder Block and Brick 
Kilns 

Large Kilns with Recovery 
of Pyrolytic Vapors 

Final Product Biochar Biochar Biochar/Bio-oil/Gases 
Heat transfer Slow pyrolysis Slow pyrolysis Slow pyrolysis 
Mode of 
operation 

Batch operation Batch operation Semi-batch operation 

Heating 
method 

Partial combustion 
(auto-thermal 
process)  

Partial combustion 
(auto-thermal 
process)/contact with 
hor gases 

Partial 
combustion/Contact 
with hor gases 

Construction Earth Cinder/Brick/Concrete Fire Brick/Iron 

http://www.egenindustries.com/
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material /Iron Bands 
Portability Built in place Stationary Stationary 
Reactor 
Position 

Horizontal/Vertical Horizontal Horizontal 

Raw material  Cordwood Cordwood Cordwood 
Loading and 
discharge 
method 

Manual Manual/Mechanical Manual/Mechanical 

Size of the kiln Small/Medium Small-Large Large 
Charge 
ignition 
method 

Small kindled wood at 
midpoint 

Small kindle 
wood/Burning oil/Gas 
fired torch 

Small kindle 
wood/Burning oil/Gas 
fired torch 

Process 
control 

Observing colour of 
produced vapors 

Observing colour of 
vapors and 
temperature 
measurements 

Observing colour of 
vapors and temperature 
measurements 

Pressure Atmospheric Atmospheric Atmospheric 
Pretreatment 
needed 

Seasoned wood None Seasoned wood 

Source: Garcia-Perez, M.; Lewis, T.; Kruger, C.E.; 2010. Methods for producing Biochar and Advanced 
Biofuels in Washington State. Part 1: Literature Review of Pyrolysis Reactors. First Project Report. 
Department of Biological Systems Engineering and the Center for Sustaining Agriculture and Natural 
resources, Washington State University, Pullman, WA, 137 pp. 

 
 
 

 
 
Pit kiln 
Source: ppt; Brown, R.C.: Biochar Production Technology R. C.; Traditional Charcoal Making; Iowa State 
University  
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Mound kiln 
Source: ppt; Brown, R.C.: Biochar Production Technology R. C.; Traditional Charcoal Making; Iowa State 
University  
  

 
 
 
 

 
Brick kiln 
Source: ppt; Brown, R.C.: Biochar Production Technology R. C.; Traditional Charcoal Making; Iowa State 
University 
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Kiln with Cylinder Block - transportable metal kiln 
Source: ppt; Brown, R.C.: Biochar Production Technology R. C.; Traditional Charcoal Making; Iowa State 
University 
  
 

 
Source:  
BIOCHAR KILN - The Superchar 100; http://www.biochar-international.org/profile/carbon_gold 

http://www.biochar-international.org/profile/carbon_gold
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Continuous multiplehearth kiln 
Source: EPA, Emission Factor Documentation for AP-42, Section 10.7 Charcoal., 1995, U. S.Environmental 
Protection Agency, Office of Air Quality Planning and Standards, Emission Factor and Inventory Group, 
Washington. 
 

 
Retorts: 
 
Retorts/main 
characteristics 

Small Retorts 
without Liquid By-
product Recovery 

Retorts with By-product 
Recovery  

The Wagon Retort 

Final Product Biochar Biochar/Bio-oil/Gases Biochar/Bio-oil 
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Heat transfer Slow pyrolysis Slow pyrolysis Slow pyrolysis 
Mode of 
operation 

Semi-batch 
operation 

Semi-batch operation Continuous 
operation 

Heating method Indirect heat Indirect heat through the 
walls 

Indirect heat 

Construction 
materials 

Brick/Metal Steel/Iron/Brick Steel 

Portability Portable Stationary Stationary 
Reactor Position Horizontal Horizontal Horizontal 
Raw material  Sawmill chips Cordwood/Softwood/Chips Cordwood 
Loading and 
discharge 
methods 

Manual Manual Use of Wagons 

Size of the kiln Small Small Small-Large 
Charge ignition 
method 

External 
combustion with 
leaves and bark 

External combustion 
chamber 

Heating with an 
External 
combustion 
chamber 

Process control Observing of 
produced vapors 

Direct temperature 
measurement 

Direct 
temperature 
measurement 

Pressure Atmospheric Atmospheric Atmospheric 
Pretreatment 
needed 

None None Drying 

Source: Garcia-Perez, M.; Lewis, T.; Kruger, C.E.; 2010. Methods for producing Biochar and Advanced 
Biofuels in Washington State. Part 1: Literature Review of Pyrolysis Reactors. First Project Report. 
Department of Biological Systems Engineering and the Center for Sustaining Agriculture and Natural 
resources, Washington State University, Pullman, WA, 137 pp. 

 
Converters: 
 
(For processing wood logs) 
Converters/main 
characteristics 

The Reicher Converter The French SIFIC process  

Final Product Biochar Biochar/Bio-oil 
Heat transfer Slow pyrolysis Slow pyrolysis 
Mode of operation Semi-batch operation Continuous operation 
Heating method Direct contact with hot gases Contact with hot gases 
Construction 
materials 

Metal Metal 

Portability Stationary Stationary 
Reactor Position Vertical Vertical 
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Raw material  Cordwood Cordwood 
Loading and 
discharge methods 

Mechanical Mechanical 

Size of the kiln Large Large 
Charge ignition 
method 

N/A Hot gases generated in an 
external oven 

Process control Direct measurement Direct temperature 
measurement 

Pressure Atmospheric Atmospheric 
Pretreatment 
needed 

None Pre-dried 

Source: Garcia-Perez, M.; Lewis, T.; Kruger, C.E.; 2010. Methods for producing Biochar and Advanced 
Biofuels in Washington State. Part 1: Literature Review of Pyrolysis Reactors. First Project Report. 
Department of Biological Systems Engineering and the Center for Sustaining Agriculture and Natural 
resources, Washington State University, Pullman, WA, 137 pp. 

 
(Converters for processing wood chips) 
Converters/main 
characteristics 

Herreshoff Multiple-Hearth 
Furnace 

Rotary Drums  

Final Product Biochar Biochar/heat 
Heat transfer Slow pyrolysis (Potentially 

fast pyrolysis) 
Slow pyrolysis (Potentially fast 
pyrolysis) 

Mode of operation Continuous Continuous operation 
Heating method Contact with hot gases Contact with hot gases 
Construction 
materials 

Metal Steel  

Portability Stationary Stationary 
Reactor Position Vertical Horizontal 
Raw material  Chips/fine particles Chips 
Loading and 
discharge methods 

Mechanical Mechanical 

Size of the kiln Large Small 
Charge ignition 
method 

External combustion chamber 
to produce hot gases 

N/A 

Process control Direct temperature 
measurement 

Direct measurement 

Pressure Atmospheric Atmospheric 
Pretreatment 
needed 

Chips/fine particles Chips 

Source: Garcia-Perez, M.; Lewis, T.; Kruger, C.E.; 2010. Methods for producing Biochar and Advanced 
Biofuels in Washington State. Part 1: Literature Review of Pyrolysis Reactors. First Project Report. 
Department of Biological Systems Engineering and the Center for Sustaining Agriculture and Natural 
resources, Washington State University, Pullman, WA, 137 pp. 
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(Converters for processing wood chips) 
Converters/main 
characteristics 

Auger Reactor Moving Agitated Bed  

Final Product Biochar/Bio-oil/Gases Biochar/Bio-oil 
Heat transfer Slow or fast pyrolysis Slow or fast pyrolysis 
Mode of operation Continuous Continuous  
Heating method Can use indirect heat through 

the walls, hot sand or hot 
gases 

indirect heating 

Construction 
materials 

Metal Metal 

Portability Stationary or Portable Stationary 
Reactor Position Horizontal Horizontal/Vertical 
Raw material  Chips/fine particles Chips/fine particles 
Loading and 
discharge methods 

Mechanical Mechanical 

Size of the kiln Small Medium/Large 
Charge ignition 
method 

Heating with an external 
combustion chamber  

External oven 

Process control Direct temperature 
measurement 

Direct temperature 
measurement 

Pressure Atmospheric Atmospheric 
Pretreatment 
needed 

None Pre-dried 

Source: Garcia-Perez, M.; Lewis, T.; Kruger, C.E.; 2010. Methods for producing Biochar and Advanced 
Biofuels in Washington State. Part 1: Literature Review of Pyrolysis Reactors. First Project Report. 
Department of Biological Systems Engineering and the Center for Sustaining Agriculture and Natural 
resources, Washington State University, Pullman, WA, 137 pp. 

 
(Converters for processing wood chips) 
Converters/main 
characteristics 

Shelf Reactors Paddle Pyrolysis Kiln  

Final Product Biochar/Bio-oil Biochar 
Heat transfer Slow or fast pyrolysis Slow pyrolysis 
Mode of operation Continuous Continuous  
Heating method Indirect heat Indirect heat 
Construction 
materials 

Metal Metal 

Portability Stationary  Stationary 
Reactor Position Horizontal/Vertical Horizontal 
Raw material  Chips Chips 
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Loading and 
discharge methods 

Mechanical/Manual Mechanical 

Size of the kiln Small Small 
Charge ignition 
method 

Direct measurement  External heater 

Process control Direct temperature 
measurement 

Direct temperature 
measurement 

Pressure Atmospheric Atmospheric 
Pretreatment 
needed 

Pre-dried None 

Source: Garcia-Perez, M.; Lewis, T.; Kruger, C.E.; 2010. Methods for producing Biochar and Advanced 
Biofuels in Washington State. Part 1: Literature Review of Pyrolysis Reactors. First Project Report. 
Department of Biological Systems Engineering and the Center for Sustaining Agriculture and Natural 
resources, Washington State University, Pullman, WA, 137 pp. 

 
 
Fast pyrolysis reactors to produce bio-oils:  
 
Converters/main 
characteristics 

Fluidized Bed Reactors Circulating Bed 
Reactors 

Ablative and Cone 
Reactors 

Final Product Biochar/Bio-oil Bio-oil Bio-oil 
Heat transfer Fast pyrolysis Fast pyrolysis Fast pyrolysis 
Mode of operation Continuous Continuous  Continuous 
Heating method Direct and Indirect 

heat/sand 
Direct heat with 
carrier gas 

Indirect heating 

Construction 
materials 

Metal Metal Metal 

Portability Stationary  Stationary Stationary 
Reactor Position Vertical Vertical Horizontal/ 

Vertical 
Raw material  Fine particles Fine/Chips Chips 
Loading and 
discharge methods 

Mechanical Mechanical Mechanical 

Size of the kiln Large Small-Large Large 
Charge ignition 
method 

External combustion 
chamber to heat the 
carrier gas  

External combustion 
chamber 

External 
combustion 
chamber 

Process control Direct temperature 
measurement 

Direct temperature 
measurement 

Direct 
temperature 
measurement 

Pressure Atmospheric Atmospheric Atmospheric 
Pretreatment Particle milling and Particle milling and None 
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needed pre-drying pre-drying 
Source: Garcia-Perez, M.; Lewis, T.; Kruger, C.E.; 2010. Methods for producing Biochar and Advanced 
Biofuels in Washington State. Part 1: Literature Review of Pyrolysis Reactors. First Project Report. 
Department of Biological Systems Engineering and the Center for Sustaining Agriculture and Natural 
resources, Washington State University, Pullman, WA, 137 pp. 

 
 

Biochar plants 
 

     Biochar technology is much than just the equipment needed to produce biochar. 
Biochar technology necessarily includes entire integrated systems that can contain 
various components that may or may not be part of any particular system. In general, 
biochar systems include the following elements:  
 

 Collection, transport and processing of biomass feedstock, 
 Production and testing of biochar, 
 Production and utilization of energy co-products: gas, oil or heat, 
 Biochar transport and handling for soil application, 
 Monitoring of biochar applications for carbon accounting or other purposes.  

 
Comparative analysis 
 
Kinds of existing biochar plants: 
Converters/main 
characteristics 

BSI pyrolysis unit  
(BSI, Carbondale, CO) 

PYREG 

Size of unit Small unit Small unit 
Final Product Biochar/gas and heat are co-

products of biochar production 
Biochar/gases 

Heat transfer Fast pyrolysis Fast pyrolysis 
Mode of operation Continuous Continuous 
Heating method Direct and Indirect heat  Direct and Indirect heat 
Construction 
materials 

Metal Metal 

Portability Mobile Stationary 
Reactor Position Vertical Horizontal 
Reactor – kind of 
feedstock processing  

Two-stage reactor One-stage reactor 

Loading and 
discharge methods 

Mechanical Mechanical 

Charge ignition 
method 

The pyrolysis gas produced 
during the first stage of 
pyrolysis is used as sweep gas 

External combustion chamber 
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for the second stage and is 
pulled through the system by a 
blower. 

Process control Direct temperature 
measurement 

Direct temperature 
measurement 

Pretreatment 
needed 

Particle milling and pre-drying None    

Capacity of input 
material 

225 kg/hour (dry substance) 40 – 180 kg/hour; 1200 t/year 
(dry substance) 

Capacity of biochar 
production 

Up to 30 kg/h Up to 40 kg/hour; 350 t/year 

 
 

Converters/main 
characteristics 

ANDRITZ ACB  Wyssmount -  Turbo-
dryer  

TEA - gasification 
system, Locust, NC, 
USA 

size of unit Large unit Small unit (wide 
range of sizes) 

Medium unit 

Final Product Biochar/ Wide range 
of outputs products 

Biochar/Wide range 
of outputs products 

Gases/Biochar is 
co-product of gas 
production 

Heat transfer Torrefaction Torrefaction Gasification 
Mode of operation Continuous Semi-batch 

operation  
Semi-batch 
(double-run) 
operation 

Heating method Direct and Indirect 
heat 

Direct and Indirect 
heat 

Direct heating 

Construction 
materials 

Metal Manufactured in a 
wide range of 
materials 

Metal 

Portability Stationary  Stationary Stationary 
Reactor Position Horizontal Vertical Horizontal 
Reactor – kind of 
feedstock processing 

Two-stage rotary 
drum reactor 

Dryer consists of a 
stack of slowly 
rotating circular 
trays and next lower 
tray where the 
material is mixed  

 

Loading and 
discharge methods 

Mechanical Mechanical/Manual Mechanical 

Charge ignition External combustion Unit operates as External 
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method chamber  dryer, cooler, 
reactor, heat treater, 
calciner, humidifier, 
agglomerator, 
sublimer, roaster, in 
combination if 
required 

combustion 
chamber 

Process control Direct temperature 
measurement 

Direct temperature 
measurement 

Direct 
temperature 
measurement 

Pretreatment 
needed 

Densifying of 
feedstock material 

None None 

Capacity of input 
material 

1 t/hour wide range of input 
volumes 

700 kg/hour 

Capacity of biochar 
production 

Wide range of output 
products and volumes 

wide range of output 
products and 
volumes 

35 – 175 kg/hour 

 

 
 Biochar Solutions, Incorporated (BSI), Carbondale, CO, USA  
 

 
Source: The Biochar Systems Incorporated (BSI), pyrolysis system Beta. Photo: BSI. 
 

 
     The BSI pyrolysis system was engineered to produce biochar from biomass, 
including agricultural residues and residues from forestry and wood industry, with a 
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focus on achieving high yields of biochar with a high percentage of stable, recalcitrant 
carbon. The BSI system uses a two-stage reactor. In the primary reactor, the feedstock is 
carbonized in a controlled aerobic environment with limited oxygen at a temperature 
between 700 and 750 °C for less than one minute. Then the material passes into a 
second reactor, where material is held in a sweep gas environment for approximately 
ten to fifteen minutes at a temperature between 400 and 550 °C, before the material is 
removed from the machine by a liquid cooled auger with an air lock. The dust fraction of 
biochar present in the gas stream is collected by a cyclone trap before the gas is 
evacuated from the system by a blower. Dust does not receive the same sweep gas 
treatment as the coarse biochar output, which receives full residence time in the second 
reactor. The dust fraction of production is not characterized in this study. The pyrolysis 
gas produced during the first stage of pyrolysis is used as sweep gas for the second stage 
and is pulled through the system by a blower. This gas is composed primarily of carbon 
monoxide, nitrogen, methane, and hydrogen, with some oxygen. Some limited oxidation 
occurs in the first stage, but oxidation is very low in the second stage. (1) 
 

 

PYREG pyrolysis plant 
 
     The fuel enters via a metering device into the reactor in which it is heated up to 800 
°C. In this process the material is not being burned but pyrolised. Thereby gases are 
being generated which will then be burned in the FLOX-burner at 1250 °C to complete 
the combustion. The FLOX combustion generates very low exhaust emissions witch 
cannot be fulfilled by other methods. The gained heat heats up the PYREG reactors to 
keep the process running afterwards it can be used for different purposes. (2) 

 
Source: http://www.pyreg.de/technology-en.html 

http://www.pyreg.de/technology-en.html
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Characteristics of technology: 
 

 combustible capacity: up to 500 kW per plant, 
 combustible flow rate: 40-180 kg / h, up to 1200 t / year (dry matter, depending 

on combustible), 
 waste management services (sewage sludge) up to 40,000 population 

equivalents per plant, 
 operating Limits: calorific value> 10 MJ / kg, humidity <100% , 
 Biochar production: up to 40 kg / h - 350 t / year. (depending on combustible),  
 thermal output: up to 150 kW of waste heat. (depending on combustible), 
 power consumption: about 7.5 kW, 
 weight ca. 10 tons, 
 dimensions: 30 feet, built in container platform (approx. 9m x 3m x 3m), 
 Types of Feedstock - green waste, bark, wood, needles, leaves, organic waste, 

grain residues, straw, rapeseed cake, beet pulp, grape pomace, olive stones, nut 
shells, sewage sludge, fermentation residues, screenings, coffee grounds, 
compost, miscanthus, silphium, corn silage, chicken manure, paper fiber sludge, 
slaughterhouse waste, spent grains, etc. (3) 

 
     The PYREG-Process works decentralized and uses only the sludge-bound energy for 
drying and burning. The direct use of the sanitized sludge ash as an organic fertilizer 
which contains up to 18% of phosphorus is another interesting recycling option. (4) 
     Due to the ratio of volume to surface the reactor size is fixing and two reactors is the 
maximum per unit (equivalent to 500 kW entry material, depending on the input 
material). Units / modules however can be coupled. The smallest unit realized is a 150 
kW biomass plant, which converts about 350 tons of biomass per year and generates 50-
70 kW thermal power. 60% of the nitrogen is burned in the combustion chamber at high 
temperatures. Phosphorus is completely preserved (concentration by reducing the 
material), potassium remains in the char. (5) 
 
 
Andritz – ACB technology - Rotary drum  
 
     Andritz uses a rotary drum reactor which is called ACB (Accelerated Carbonised 
Biomass) technology. The ACB system is offered as an integrated solution with the 
turnkey production unit, which has process steps for densifying, waste gas utilisation 
and thermal energy production. The technology is based on their indirectly heated 
rotary-drum technology. The ACB  (accelerated carbonized biomass) process comprises 
an efficient and robust method for turning different biomass feedstocks  into a densified 
and torrefied biomass fuel  product. (6) 
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     During torrefaction, low-energy components in the biomass are transferred to the gas 
phase. The process operates at relatively low temperatures (250-280° C) in the absence 
of air, firstly pyrolyzing hemicellulose. The products of this process are water, CO2, CO, 
and various organic acids. (7) 
 
Characteristics of technology: 
 

 Uniform fuel produced from various biomass sources, 
 Improved grindability compared to wood pellets, 
 High net calorific value of 19-23 MJ/kg, 
 Improved energy-density in comparison to wood pellets, up to 20% more energy-

dense, 
 Low costs for transport and handling, 
 Combustion/Co-combustion (coal substitute) in conventional power plants 

(power plants can avoid extra investment for wood handling) (8)  
 

 
Source: ACB torrefaction – reactor; http://www.andritz.com/no-index/pf-detail?productid=5867 

 
     The turnkey production unit contains process steps for producing densified, torrefied 
fuel, including waste gas utilization and thermal energy production, resulting in an 
independently operating fuel production unit. The ACB plant can also be extended to 
produce electricity. The ACB technology uses an indirectly heated, rotating drum reactor 
for the torrefaction stage. This technology provides high flexibility in terms of 
processable particle size as the particles do not need to be fluidized or to form a fixed 
bed. Energy to heat the torrefaction drum and the belt dryer is supplied by a polytechnic 
biomass grate furnace. The furnace co-incinerates the lean gas from the torrefaction 
process. (9)                                                                                                                          
 
  

Wyssmount (US) - Turbo-dryer (Multiple-hearth furnace)  
 
     The Wyssmount Turbo-Dryer is a multiple-hearth furnace-type reactor. The Turbo-
Dryer consists of a reactor, which houses several slowly moving rotating circular trays. 
The biomass is fed from the top of the reactor and is then wiped through the trays, 
which are heated with air or gas circulated by fans. The temperature can be adjusted in 

http://www.andritz.com/no-index/pf-detail?productid=5867
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each zone or the entire reactor can have a uniform internal temperature. The drying 
conditions can be adjusted automatically, and the residual time adjusted precisely. (10)  

 

 

 

 

 

 

 

 

 

 

Source: 
http://www.wyssmont.com/product_detail.php?section=Dry
ers&id=1 

 

Characteristics of technology: 
 

 Handles temperatures up to 650°C, 
 Product Quality - little dust, little product degradation, even with fragile 

materials such as crystals and pellets, 
 Controlled temperature and residual time, 
 Automatically maintained drying conditions, 
 Can adjust to varying feed rates, 
 Can operate with inert atmosphere recirculation with solvent recovery, 
 The self-cleaning wiping action often eliminates the need for manual 

cleaning at product changeovers, 
 Easy start up and operation on different materials, 
 Low maintenance costs because of its unparalleled reliability, 
 Low energy consumption, 
 Can use any heating medium: steam, gas, electricity, oil, high temperature 

oil or waste gas from other operations, 
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 Does low temperature drying as low as 15°C without vacuum or up to 
650°C, 

 Available in laboratory sizes, package units, and large field erected sizes, 
 Vertical construction, little space requirements. Outdoor or indoor 

installations. (11) 
 
     Turbo Dryers usually operate round the clock, month after month, without the need 
for a  maintenance shutdown.  Many companies operate for 2 year periods or longer 
without shutdown.  Normal lubrication maintenance can be performed while the Turbo 
Dryer is being operated. The speed of the Turbo-Fans can be adjusted to minimize or 
eliminate dust blowing around.  The Turbo-Dryer does not create or generate dust, and 
it gives the most uniform product of any dryer. Turbo Dryers can use any heating source 
appropriate to the nature of the product, and the required temperature inside the dryer. 
(12) 
                                     

Tucker Engineering Associates (TEA), Locust, NC, USA  

 

 
Source: Anderson N.; Jones J. G.; Page-Dumroese  D.; McCollum D.; Baker S.; Loeffler D.; Chung W.: Article: A 
Comparison of Producer Gas, Biochar, and Carbon from Two Distributed Scale Thermochemical 
Conversion Systems Used to Process Forest Biomass; Energies 2013; www.mdpi.com/journal/energies 

 

     The TEA system was engineered to produce high-quality, high-energy gas from a wide 
range of feedstocks including coal, municipal solid waste, and residues from forestry and 
wood industry. The TEA biochars are usually carbonized at 1040 °C in a direct heat, 
screw conveyor reactor heated by six tangential burners fuelled with propane. With 
feedstock airlocks and no inputs of oxygen, steam, or carrier gas during the conversion 

http://www.mdpi.com/journal/energies
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process, oxidation during conversion was very low. The pyrolysis gas pressurizing the 
system is primarily carbon monoxide, nitrogen, methane, and hydrogen. Residence time 
is estimated at 1.5 min per run. The TEA biochars are outputs of “double run” process, 
where the feedstock runs through the system to produce biochar, and then the resulting 
biochar output runs through the system again to remove any residual volatiles and 
simulate a longer auger configuration, which is currently in development by TEA. (13)  
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Environmental aspects 
 
     Biochar as a waste management strategy decreases GHG emissions associated with 
traditional strategies. Land filling of organic waste, garden waste, results in the release 
of significant quantities of methane. Anaerobic digestion of animal wastes release 
methane and nitrous oxide, and these gases are 25 and 298 times, respectively, more 
potent as GHGs than CO2. Management strategies that avoid these emissions can 
therefore contribute significantly to mitigation of climate change. The production of 
biochar rather than composting is more effective in locking up carbon. Carbon contained 
in compost will be released by microbial transformations within 10–20 years. (1)  
     In contrast, the carbon sequestered in the pyrolysed wastes would be stable in the 
soil, and also simultaneous emissions of GHGs, such as methane, would be decreased. (2)  
     Animal and crop wastes, can present significant environmental burdens that lead to 
the pollution of ground and surface waters. Thus, strategies that will utilise such 
materials are ecologically and economically attractive. All of these residues contain 
significant amounts of carbohydrate that provide the raw materials for biorefining 
processes, and those with high lignin contents will enhance the yields of residuals that, 
on pyrolysis can be expected to yield syngas, bio-oil, and high yields of biochar. (3) 
     Biochar can contribute significantly to securing a future supply of green energy 
because it can effectively retain nutrients and promote an environment in the soil that 
will enhance plant growth. (4) 
 

http://www.mdpi.com/journal/energies
http://www.pyreg.de/technology-en.html
http://www.andritz.com/no-index/pf-detail?productid=5867
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Carbon and nitrogen cycles 
 
     Carbon and nitrogen are circulated between the atmosphere, soil, and water. Carbon 
dioxide is fixed by plants and nitrogen by bacteria. The soil carbon pool is made up of 
different types of carbon with different turnover times. Labile carbon, as occurs in the 
microbial biomass, has a turnover time of about 1–5 years, humic carbon may turn over 
in decades, and inert organic matter such as charcoal may decay over thousands of 
years. (5) 
     Humic substances contain both carbon and nitrogen, so that soils acting as net sinks 
for carbon are also acting as sinks for nitrogen. Every tonne of carbon lost from soils 
adds 3.67 tonnes of carbon dioxide to the atmosphere. Soils losing carbon are also losing 
nitrogen, including nitrous oxide and other forms. (6) 
Humus improves soil structure, moisture retention, and microbial activity. As soils 
approach nitrogen saturation, and plants are unable to take it up, the risk of nitrates and 
nitrates leaching into waterways increases. Lifting the carbon: nitrogen ratio in soils has 
the effect of increasing nitrogen retention and therefore reducing nitrous oxide 
emissions and nitrate leaching. Adding biochar to soil may prevent or limit the 
anaerobic production of nitrous oxide. (7) 
     Biochar can be an important tool to increase food security and cropland diversity in 
areas with severely depleted soils, scarce organic resources, and inadequate water and 
chemical fertilizer supplies. Biochar also improves water quality and quantity by 
increasing soil retention of nutrients and agrochemicals for plant and crop utilization. 
More nutrients stay in the soil instead of leaching into groundwater and causing 
pollution. (8) 
 
     Environmental aspects of biochar application: 
 

 In addition to creating a soil enhancer, sustainable biochar practices can produce 
oil and gas by-products that can be used as fuel, providing clean, renewable 
energy. When the biochar is buried in the ground as a soil enhancer, the system 
can become "carbon negative"; 

 Biochar and bioenergy co-production can help combat global climate change by 
displacing fossil fuel use and by sequestering carbon in stable soil carbon pools. It 
may also reduce emissions of nitrous oxide; 

 The stability of biochar in soil greatly exceeds that of un-charred organic matter. 
Additionally, because biochar retains nitrogen, emissions of nitrous oxide (a 
potent greenhouse gas) may be reduced. Turning agricultural residues into 
biochar also reduces methane (another potent greenhouse gas) generated by the 
natural decomposition of the waste; 

 As a soil enhancer, biochar makes soil more fertile, boosts food security, 
preserves cropland diversity, and reduces the need for some chemical and 
fertilizer inputs.; 
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 Biochar improves water quality by helping to retain nutrients and agrochemicals 
in soils for use by plants and crops, resulting in less pollution; 

 Biochar production offers a simple, sustainable tool for managing agricultural 
wastes. A combination of waste management, bioenergy production, and 
sustainable soil management can succeed with an approach involving biochar; 

 By converting agricultural waste into a powerful soil enhancer with sustainable 
biochar, we can preserve cropland diversity and discourage deforestation. (9)  

 
     Fossil fuels are carbon-positive - they add more carbon to the air. Ordinary biomass 
fuels are carbon neutral - the carbon captured in the biomass by photosynthesis would 
have eventually returned to the atmosphere through natural processes - burning plants 
for energy just speeds it up. Sustainable biochar systems can be carbon negative because 
they hold a substantial portion of the carbon in soil. The result is a net reduction of 
carbon dioxide in the atmosphere, as illustrated below. (10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: http://www.biochar-international.org/biochar/carbon 

     Biochar can hold carbon in the soil for hundreds and even thousands of years. Biochar 
also improves soil fertility, stimulating plant growth, which then consumes more CO2 in 

http://www.biochar-international.org/biochar/carbon
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a feedback effect. And the energy generated as part of biochar production can displace 
carbon positive energy from fossil fuels. Additional effects from adding biochar to soil 
can further reduce greenhouse gas emissions and enhance carbon storage in soil. (11) 
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