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A circular economy approach to 
waste materials using 
Pyrogenic Carbon Capture and 
Storage Negative Emissions 
Technology at source
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Carbonisation:  A New Technology?

➢ Technological innovation and utilisation of woody biomass, dating back 7,000 

years

➢ Charcoalification:  first true chemical process

➢ ‘Dost see the great thicket yonder?’ “I see.” ‘I must have it uprooted out of the 

earth and burnt on the face of the ground so that the cinders and ashes thereof 

be its manure…’ 

▪ Culhwch and Olwen; The Mabinogion 14th Century
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The Challenges

▪ Thermal treatment of organic matter 

produces a variety of materials

▪ Do not consist of one chemical 

compound 

▪ Do not form a group with well-

defined characteristics

▪ Varying biogeochemical 

properties

▪ Lack of consistency = confusion

➢ Perception of ‘pyrolysis’ 

➢ Historic plants 

➢ Calorific value of the material

➢ Moisture content of the material

➢ Blending of materials

➢ Regulatory movement 

➢ Concentration of heavy metals 

Pyrogenic Carbon Continuum (Spokas, 2010)



What is 
Biochar? 

• A carbon rich product formed by thermal 

decomposition of organic material under limited 

oxygen

• 500 – 800 oC

• A highly stable (refractory) form of carbon. i.e. 

resistant to degradation for millennia

• Pyrogenic Carbon Capture and Storage (PyCCS)

• Negative Emissions Technology (NET)

• 20MT CO2e/yr by 2050

• Offset 12-16% global emissions per year

• Produced for C-sequestration and soil 

amendment – NOT A FUEL



Carbonisation and Properties 

Converts cellulose, 
hemicellulose and 
lignin into carbon 
rings and mineral 

ash 

More heat  - more 
fused carbon rings 

created 

More heat – more 
porosity (volatiles 

are driven off) 

Condensates on the 
surface as ash 
(degradable) 

(1) Electrical charge  
- exchange minerals 

and nutrients 

(2) Pore spaces – 
absorption air and 

soluble nutrients 

(3) Condensates  - 
surface reactions



Tree 

Planting 



Land 
Re-vegetation 



Contaminated 
Land 
Restoration 



Construction Materials 

Carbon-negative construction 

materials can be realised by 

emerging biochar applications.

Incorporation of biochar can 

mitigate CO2 emissions and natural 

resource depletion.

Biochar as construction materials 

foster the attainment of Sustainable 

Development Goals.





Woody Biomass example 

1

•100 tonnes of wet wood

•50 tonnes of dry wood chip for carbonisation 

2

•25% biochar yield  

•12.5 tonnes of biochar produced 

3

•11.5 tonnes of refractory carbon 

•42.20 tonnes of CO2-e sequestered 



Carbonisation – 
End of Line Solution



Carbonisation – Mobile, Relocatable System
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➢ Volatilisation & immobilisation of 

heavy metals

➢ Reduction/Destruction of POPs, 

nano/microplastics

➢ Nutrient Recovery: P & K, plus 

trace elements

➢ Regulatory compliant form of  

refractory carbon – biochar

➢ 1 tonne of biochar ≥ 2 tonnes of 

CO2e sequestered

Regulatory Compliance

Parameter Regulation/Standard Compliance

Emissions, inc. 

particulates and PFAS
DIRECTIVE 2010/75/EU ✓

Destruction of 

Pathogens
DIRECTIVE 86/278/EEC ✓

Heavy Metals: As, Cd 

& Hg

• European Biochar 

Certification 

• International Biochar 

Initiative Certification 

✓ FeedPlus –

Basic Materials 

✓

Heavy Metals: Cr, Cu, 

Pb, Ni & Zn

• European Biochar 

Certification 

• International Biochar 

Initiative Certification

✓ FeedPlus –

Basic Materials 

✓

Organic 

Contaminants, inc. 

PCB and PFAS

• European Biochar 

Certification 

• International Biochar 

Initiative Certification

✓ FeedPlus –

Basic Materials 

✓

Destruction of 

Micro/Nanoplastics

No comprehensive Law:

• DIRECTIVE 2010/75/EU

• REGULATION (EU) 

2019/1009 - Fertilising 
Products Regulation

✓

➢ Significant volume reduction

➢ Thermal oxidation and destruction 

of volatiles 

➢ Removal of SO2 and particulates 

(<2.5µm)

https://eur-lex.europa.eu/eli/reg/2019/1009/oj
https://eur-lex.europa.eu/eli/reg/2019/1009/oj


E N E R G Y  G E N E R A T I O N

V O L U M E  R E D U C T I O N

C A R B O N  S E Q U E S T R A T I O N

D E F E R R E D  C O S T

P R O D U C T  

C O M M E R C I A L I S A T I O N

1.

2.

3.

4.

5.

75-90% Reduction of dry solids

Thermal energy

Quantifiable & auditable carbon 

removal

Carbon certificates

Landfill, Transport and 

incineration 

Construction material

New material creation

Recovered nutrients

Carbonisation Offers



www.terraffix.co.uk

info@terraffix.co.uk

Imugford@rsk.co.uk
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