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Biochar Production in EU 

Germany 5000 t (EBC certified) 

Austria 500 t   (EBC certified) 

Switzerland 700 t   (EBC certified) 

UK 500 t 

all other EU countries < 50 t 

Gazifier char-ash:      ca. 50.000 t 



Germany‘s Charcoal Import 2009 



Biochar Definition  

Biochar is a charcoal-like substance that is pyrolysed from 
sustainably obtained biomass under controlled conditions with 
clean technology and which is used for any purpose which does 
not involve its rapid mineralisation to CO2. (EBC) 
 
Biochar is a name for charcoal when it is used for particular 
purposes, especially as a soil amendment (Wikipedia) 
 
 



legislation - a linguistic problem? 

• in all except 4 EU countries, charcoal can be used as soil 
amendment, compost additive, fertilizer support 

• vegetal carbon (E 153) is legal in EU as feed and as food additive  
 

• Charcoal = Holzkohle = charbon de bois etc. 
• vegetal carbon = Pflanzenkohle = charbon vegetal etc.  
• biochar = charcoal = vegetal carbon 

 
• biochar is legal if you call it charcoal or vegetal carbon without any 

environmental limits 
• the same material is illegal even when it complies with the most 

sever thresholds it you call it biochar 



So what‘s the difference?  

Biochar is a charcoal-like substance that is pyrolysed from 
sustainably obtained biomass under controlled conditions with 
clean technology and which is used for any purpose which does 
not involve its rapid mineralisation to CO2. (EBC) 
 
Biochar is a name for charcoal when it is used for particular 
purposes, especially as a soil amendment (Wikipedia) 
 
 



Soil amendment 
7. Carbon fertiliser, 8. Compost,  9. Substitute for peat in potting soil, 10. Plant protection,  11. Compensatory 
fertiliser for trace elements 
 
Livestock farming 
1. Silage agent, 2. Feed additive / supplement, 3. Litter additive, 4. Slurry treatment, 5. Manure composting, 6. 
Water treatment in fish farming 
  
Biogas produktion 
21. Biomass additive, 22. Biogas slurry treatment 

55 Uses of Biochar 
farming 
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decontamination 

Decontamination of soil and natural water 
17. Soil additive for soil remediation, 18. highly adsorbing, plantable soil substrates 19. A barrier preventing 
pesticides getting into surface water 20. Treating pond and lake water 
 
2.6 Waste water and sewage treatment 
23. Active carbon filter, 24. Pre-rinsing additive, 25. Soil substrate for organic plant beds, 26. Composting toilets 
  
2.7 Treatment of drinking water 
27. Micro-filters, 28. Macro-filters in developing countries 
  
2.8 Exhaust filter 
29. Controlling emissions, 30. Room air filters 



Building material 
12. Insulation, 13. Air decontamination, 14. Decontamination of earth foundations, 15. Humidity regulation, 16. 
Protection against electromagnetic radiation (“electrosmog”) 
  
Textile industry 
45. Fabric additive for functional underwear, 46. Thermal insulation for functional clothing, 47. Deodorant for shoe 
soles 
  
Food industry 
48. Conservation of food 49. Digesting helper 
 

55 Uses of Biochar 
industry 
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Building material 
12. Insulation, 13. Air decontamination, 14. Decontamination of earth foundations, 15. Humidity regulation, 16. 
Protection against electromagnetic radiation (“electrosmog”) 
  
Textile industry 
45. Fabric additive for functional underwear, 46. Thermal insulation for functional clothing, 47. Deodorant for shoe 
soles 
  
Food industry 
48. Conservation of food 49. Digesting helper 
  
Wellness 
48. Filling for mattresses, 49. filling for pillows 
  
Radio protection 
50. Shield against electromagnetic radiation  (microwaves, TV, Netzgeräte, computer) 
 
Further uses  
Industrial materials (31. carbon fibres, 32. plastics) 
Electronics (33. semiconductors, 34. batteries) 
Metallurgy (35. metal reduction) 
Cosmetics (36. soaps, 37. skin-cream, 38. therapeutic bath additives) 
Paints and colouring (39. food colorants, 40. industrial paints) 
Energy production (41. pellets, 42. substitute for lignite) 
Medicines (43. detoxification, 44. carrier for active pharmaceutical ingredients) 
 



Cascading use of biochar 
 Use it nine times – pay it only once 

silage feed additive litter additive liquid manure treatment 

composting urban soil substrate soil amendment humus increase 

climate farming 



Cascading use of biochar 
 Use it seven fold – pay it only once 

1.  

Charging biochar with 

malolactic bacteria and 

add 

1 % BC to silage 

Cascading use of biochar 
 Use it seven fold – pay it only once 

1. Silage 
 Cascading use of biochar 

reducing mycotoxins and butyric acid, adsorption of pesticides and herbicides 

Hof Holderstock – Wilhelmine & Bruno Koller 



2.  

1 % BC for feeding 

Carbon-Feed 

increases energy efficiency of digestion, decreases milk cells, adsorption of 

gram positive bacteria (botulisme), pesticides, herbicides, reducing odors, 

fixation of nutrients, improvement of barn climate   

2. Feed additive 
 Cascading use of biochar 



CarbonFeed 

• Ingredients: Wheat bran (40 %), biochar 
(15 %), sugar cane molasses, linseed, 
alpine herbs, corn flakes, wheat flakes, 
barley flakes, minerals 

 

• Water 43 %, raw proteins 7.5 %, raw ash 
5.2 %, raw fibre 4.7 %, raw fat 1.7 %, 
sodium 0.03 %, calcium 0.08 %, 
phosphorous 0.5 %, magnesium 0.2 %, 
lysine 2.7 g/kg, methionine 1.0 g/kg 

 

 
For cows, horses, chicken, pigs, sheep – dogs, cats … 



Reduction of methane emission caused by 
rumination 

Leng et al 2012, Biochar reduces enteric methane and improves 
growth and feed conversion in local “Yellow” cattle fed cassava root 

chips and fresh cassava foliage 
 

http://www.lrrd.org/lrrd24/11/leng24199.htm for full details 
BC – Biochar 

KN – form of potassium nitrate 

http://www.lrrd.org/lrrd24/11/leng24199.htm


3.  

5 - 10 % BC in litter 

3. Litter Amendment 

reducing humidity and odors, fixation of nutrients, reducing NH3 and CH4 

emissions, ameliorates hygiene, hoof infections 

Hof Holderstock – Wilhelmine & Bruno Koller 

Cascading use of biochar 

The carbonised biomass is mixed in the deep 
litter in the cubicles 



Biochar induced ammonia reduction in chicken 
farm 



4.  

1- 1,5 % BC  

in liquid manure 

Reducing NH3-losses, methane emissions, increases plant nutrient 

efficiency, decreases nutrient leaching and odors  

4. Liquid manure additive 
Cascading use of biochar 



5. 

Composting the carbon 

manure + the separated 

solids of the liquid manure 

10 – 20% BC 

Terra Preta 

5. Composting the manure 
Cascading use of biochar 



Composting with biochar 

• 20 % - 25%  less C-lost 

• 12 % - 20 % less N-lost 



reduction of GHG during composting 

Figure 2. Changes in N2O emission rate during pig manure composting. 

Wang et al. 2012: dx.doi.org/10.1021/es305293h | Environ. 
Sci. Technol. 

Chen et al. 2010, Chemosphere 78: 

up to 65% reduced N loss (total Kjeldahl N) 

with up to 9% bamboo biochar addition  

(pig manure + sawdust +/- BC (pH 8.8) 



Peat substrate vs BC-compost 
pumpkin 

peat ED73        peat substitute              soil           compost                        BC-compost 

C.Kammann / M. Schroeder – University Giessen 



Peat substrate vs BC-compost 
pumpkin 

peat ED73        peat substitute              soil           compost                        BC-compost 

C.Kammann / M. Schroeder – University Giessen 

Frischgewicht

0
20
40
60
80

100
120
140
160
180

Kom
post

BC-K
om

post

Kom
post+

BC

ED
 7

3 TE PT

[g
]

Biomass – fresh 

weight 



Nicotina benthamiana 



Nicotina benthamiana 
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Summary – biomass yield changes 

University Giessen    & Kammann C, Schmidt HP, Schroeder M 



Swiss Terra Preta 

greenhouse substrates, urban farming, pot substrates, special 
cultures, tree nurcery 

Corresponding to 1000 t biochar / ha 



Planting trees with terra preta 

terra preta 

 

Highly concentrated hotspots close to the roots 



under the roots: biochar substrates 



7. 

Soil amendment  

Fixation of nutrients 

Increase of SOM 

7. Soil Amendment 
Cascading use of biochar 
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Data from a vineyard field trial in Valais 
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9. 

Carbon sequestration: 

SOM, BC 

Reducing NH3, CH4, N20 

 

CO2-certificates? 

Ecosystem Service Certificate 

9. Carbon sequestration 
Cascading use of biochar 





Decontamination of waste water 



Adsorption of contaminents by 
activated biochar 
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Magnetic charging of biochar 

Biochar 

Ferrous sulfate 

© Ivo Safarik 



Building material 
12. Insulation, 13. Air decontamination, 14. Decontamination of earth foundations, 15. Humidity regulation, 16. 
Protection against electromagnetic radiation (“electrosmog”) 
  
Textile industry 
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Food industry 
48. Conservation of food 49. Digesting helper 
  
Wellness 
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Further uses  
Industrial materials (31. carbon fibres, 32. plastics) 
Electronics (33. semiconductors, 34. batteries) 
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Biochar in Textile Industry 
  
45. Fabric additive for functional underwear, 
46. Thermal insulation for functional clothing, 
47. Deodorant for shoe soles 

30% bambou-char 



Conservation of Food 

Regulation of humidity, anti-bacteriologic, 

adsorption of ethylen 



Cosmetics 

36. soaps, 37. skin-cream, 38. therapeutic bath additives) 



Biochar Food 



Zhengrong Gu,, 2013. American Transactions on Engineering & Applied Sciences. Volume 2 
No.1 ISSN 2229-1652 
TEM of Activated carbon from DDGS biochar (KOH 0.075 1050 °C). TEM at 20 nm, 

33. semiconductors, 34. batteries, 35 nanotubes 

Graphen 



Graphen 

Stephen Joseph, C. Kammann University NSW & University Giessen&  



Forest Waste for Supercapacitors 

https://www.pddnet.com/news/2013/10/fores
t-waste-cheaper-greener-supercapacitors#! 



Biochar-Clay-Plaster for  
optimal indoor climate 

humidity control, thermal insulation, toxin fixation, electro-magnetic shielding  



50% Biochar 

50 % Biochar 

20 % Argile 

30 % Sand 



Biochar for habitats 



Effects of Biochar-Plaster 

• Regulation / buffering of humidity 

• Insulation 

• Noise protection 

• Toxin binding (solvents, VOC) 

• Blocking of high frequency radiation 

• Low electrostatic charging of air 

• Conservation of wood 

• Reduction of dust (mites!) 

 

 



• Deodorising 

• aesthetic 

• Anti-bacteriological, fungicide (repellent) 

• Air cleaning 

• Increase of redox potential 

• Emission of far-infrared radiation 

 

 

 

Effects of Biochar-Plaster 



Ithaka Institute‘s conferencing room 



Ithaka Institute‘s conferencing room 



Painted with with Claycolour 



Ithaka Institute‘s Office 



carbon recycling is the key for the 
sustainable development of the 

human civilisation 

At least 4 Gt C would have to be fixated by biomass recycling 
while reducing the human emissions by at least 5 Gt C.  



Biochar Definition  

Biochar is a charcoal-like substance that is pyrolysed from 
sustainably obtained biomass under controlled conditions with 
clean technology and which is used for any purpose which does 
not involve its rapid mineralisation to CO2. (EBC) 
 
Biochar is a name for charcoal when it is used for particular 
purposes, especially as a soil amendment (Wikipedia) 
 
 



 

Who knows what biochar is? 

 

     







Different feed stock different char 

Adriana Downie,Alan Crosky and Paul Munroe (2009) 



Different temperature different char 

Adriana Downie,Alan Crosky and Paul Munroe (2009) 



Stable Carbon (fixed, laticed carbon) 
Carbon Backbone 

Schimmelpfennig & Glaser 2012 



Pyro-LP Frühjahr 2010 

REM-picture of a fraction of biochar  
Biomasse: green clipings – Swiss Biochar 





Volatile Organic Carbon (10min at 150°C) 

Spokas et al. 2011 



Volatile Organic Carbon at 900°C 

Crombie et al. 2013 



Syngas – Biochar - Condensates 

Syngas + biochar 

outgasing versus condensation outgasing versus condensation outgasing versus condensation outgazing versus condensation 

equal & continuous syngas flow 

for whole batch 



thermographique analysis (woodchar) 



TGA olive pomeces 



VOCs & DOCs 

• Chemical classes 
• Alcohols 
• Acides 
• Amines 
• Aldehydes  
• Ketones 
• Phenols 
• Lignin monomers 
• Dimers 
• Sugars 
• N-heterocyclics 
• Carbocyclics 
• Aliphatics 
• Fatty acids 
• Furans 
• PCB 
• PAH 
• ….. 

 

Some known mo toxic 
molecules 
Glycol 
Hydoxy-propionic 
Butryric acids 
Benzoic acid 
0-cresol 
Quinones 
Phenoxyethanol 
Aceton 
Ethyl 
Benzene 
Trichlorethene 
Toluene….. 
 

Graber & Elad 2013 

 

More than 1500 carbonaceous molecules  

 



47 trace elements analysed in all biochar samples 

 Lutz Winter, University Göttingen 



Micron Size Ca P phase 

High Fe content in the pores © Stephen Josephs 



wheat-straw-char with NPK-minerals 

© Stephen Josephs 



Biochar Mineral Complex 

© Stephen Josephs 



Technical Definition of Biochar 

EBC IBI 

C-content > 50 %  > 60% / > 40 / > 10  

H/Corg < 0.7 < 0.7 

Contaminents (HM) Pb, Ni, Cr, Hg, Zn, Cu, Cd Pb, Ni, Cr, Hg, Zn, Cu, Cd 

Org. Contaminents PAH, PCB, Dioxines, Furanes PAH, PCB, Dioxines, Furanes 

nutrients declaration declaration 

BC, VOC, pH, BET, WHC 
 

declaration 
 

declaration 
 

feedstock positive liste any 

production positive energy balance any 
 



Schmidt HP,(Delinat Institute), Abiven S (University Zurich), Kammann C (University Giessen), Glaser B (University Halle), Bucheli T (ART 
Reckenholz), Haren Rv (Kiemkracht), Starmann I (InKnowCom), Leifeld J (ART Reckenholz) 

© European Biochar 
Foundation (EBC) 



Pillars of the EBC-Certificate 

1. Sustainable provision and production of biomass 
feedstock – (positive list) 

2. Energy efficient, low emission pyrolysis technique 

3. Biochar characterization – key parameters 

4. Biochar quality – low contaminant level 

5. Low hazard use and application of biochar 

www.european-biochar.org 





Just an example: PAH threshold 

5.8 The biochar's PAH content (sum of the EPA's 
16 priority pollutants) must be under 12 
mg/kg DM for basic grade and under 4 mg/kg 
DM for premium grade biochar.  



Total and bioavailable PAHs 

Biochar: Contaminant source or sink? 

Isabel Hilber | © Agroscope Reckenholz-Tänikon Research Station ART 

Biochar [‰] (bioavailable 

PAH fraction) 

Grapevine wood 1.3 

Elephant grass 0.3 

Coniferous wood 

residues 

0.12 



PAH uptake by plant roots 

PAH - uptake through barley roots
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However, biochar is too unimportant for 
the regulator to accept different thresholds 
than for other soil amendments like 
compost or other animal feed products.  



How to take samples ? 

Hilber, I, Bucheli T, Schmidt HP  –Agroscope Schweiz, Delinat-Institut 



PAH values in real and mixed samples 

real sample
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Hilber, I, Bucheli T, Schmidt HP  –Agroscope Schweiz, Delinat-Institut 

Sample precision: 0.041 

Random sampling 120 g Mixed sampling AAA - 3kg 



• Independent on-site control (governmental 
accredited: q.inspecta)  

• Independent sampling 

• Unified analytical methods (accredited labs) 

 

Pillars of the EBC-Certificate 



Methodes 

ring trials 



• Independent on-site control (governmental 
approved: q.inspecta)  

• Independent sampling 
• Unified analytical methods (authorized labs) 
• Regular revision of standard by the scientific 

board of  the EBC 
• Legally backed-up 
• Economical viable 
• Close to practice, understandable 
• Voluntary industrial standard 

Pillars of the EBC-Certificate 



Safeguarding Biochar quality 



non for profit foundation 

 

Supported by  
– EU-INTERREG IVb NSR Biochar and  

– EU COST ACTION TD 1107 

 
The Foundation has as its object: 

Promoting sustainable biochar production and sustainable biochar 
applications for environmental, agricultural and industrial use in Europe and 
the rest of the world;  

 

 

European Biochar Foundation 



End of Waste (EoW) 

• charcoal made from untreated forest wood can be used in agriculture 
 
• charcoal made from grape pomaces, green clippings, straw is considered as waste and 

can‘t be used in agriculture 
 

• It has to be defined which biomass and when it is charcoal / biochar 







REACH 

 
Annex V 
EXEMTIONS FROM THE OBLIGATION TO REGISTER IN ACCORDANCE WITH ARTICLE 2 
 
SUBSTANCES WHICH OCCUR IN NATURE: MEANS A NATURALLY OCCURRING SUBSTANCE AS 
SUCH, UN GRAVITATIONAL MEANS, BY DISSOLUTION IN WATER, BY FLOTATION, BY 
EXTRACTION WITH WATER, BY STEA EXTRACTED  FROM AIR  BY ANY  MEANS; 
NOT CHEMICALLY MODIFIED SUBSTANCE: MEANS A SUBSTANCE WHOSE CHEMICAL 
STRUCTURE REMAI TREATMENT, OR  A  PHYSICAL  MINERALOGICAL  TRANSFORMATION, FOR  
INSTANCE  TO  REMOVE  IMPURITIES; 
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