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• Current number of papers >38.000 (keyword biochar)
• Current conservative estimate of global production: 

350,000 t biochar (2023); CAGR (2021-2023) 91%;   
Revenue biochar producers, distributors, value-added producers & 
equipment manufacturers exceeded $600M USD in 2023; CAGR 97%
(IBI & USBI Global market report)
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Swiss Sugar, Frauenfeld CH:
Biochar + Process heat + 
District heating + electricity 
Feedstock forest residues
=> 9000 t CO2e p.a. 

Slow pyrolysis: 
~50% of Biomass-C into biochar, 
~50% into thermal energy
Current TRL level is 8 - 9
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See also
https://CDR.fyi

https://cdr.fyi/


Biochar: 
Global mitigation potential: 

0.3 - 6.6 GtCO2/yr
(Weng, Cowie et al., Review in prep.)

Cost:
10 - 345 USD/tCO2

Production scalable to biomass availability

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 10



Biochar C persistence – state of knowledge
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Key papers to read:
Woolf et al. 2021

Azzi et al. 2024
Sanei et al. 2024

After E. Krull
Quicker & Weber 2016



Biochar C persistence – state of knowledge

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 12

0,0

0,4

0,8

1,2

1,6

2,0

0 0,2 0,4 0,6 0,8

O/C ratio [mol/mol] 

H/
C 

ra
tio

[m
ol

/m
ol

] 

Biomass

Brown coal

Stone coal

Peat

Cellulose

Lignin

Holz

Anthracite

„Van-Krevelen Diagram“ 
(Coal chemistry >150 years)

O/C ratio [mol/mol]

H/
C 

ra
tio

[m
ol

/m
ol

]



Biochar C persistence – state of knowledge

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 13

0,0

0,4

0,8

1,2

1,6

2,0

0 0,2 0,4 0,6 0,8

O/C ratio [mol/mol] 

H/
C 

ra
tio

[m
ol

/m
ol

] 

Biomass

Brown coal

Stone coal

Peat

Cellulose

Lignin

Holz

Anthracite

„Van-Krevelen Diagram“ 
(Coal chemistry >150 years)

O/C ratio [mol/mol]

H/
C 

ra
tio

[m
ol

/m
ol

]

CSI – EBC/WBC: H/Corg < 0.4

Quicker & Weber 2016



Biochar C persistence – state of knowledge

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 14

0,0

0,4

0,8

1,2

1,6

2,0

0 0,2 0,4 0,6 0,8

O/C ratio [mol/mol] 

H/
C 

ra
tio

[m
ol

/m
ol

] 

Biomass

Brown coal

Stone coal

Peat

Cellulose

Lignin

Holz

Anthracite

„Van-Krevelen Diagram“ 
(Coal chemistry >150 years)

O/C ratio [mol/mol]

H/
C 

ra
tio

[m
ol

/m
ol

]

All other standards: H/Corg < 0.7

Quicker & Weber 2016

CSI – EBC/WBC: H/Corg < 0.4



Persistent and semi-persistent biochar C
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SPC = semi-persistent 
carbon

PAC = persistent 
aromatic carbon

PAC quantification:
 7 fused aromatic rings
 Quantification HyPy
 Correlates well with

H/Corg and production
temperature

 Random Reflectance as
a novel method
(„Inertinite“)?Schmidt, Hagemann et al. 2022
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Reduced uptake of
heavy metals (+ PFAS)



SDG- & CDR-relevant Co-benefits

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 21

Reduced uptake of
heavy metals (+ PFAS)



„CDR safety margin“: SOC stock 
increases with biochar use are likely
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Weng et al, 2022 
Nature 
Communications

Years after initial biochar 
application



Comparison of existing MRV schemes
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„A Manual for
Biochar Carbon 
Removal -
A comparative guide 
for the certification of
biochar production as
a carbon sink“



Comparison of existing MRV schemes
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Global C-sink Registry Foundation: Data 
delivery for National balances is possible

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 25

https://global-c-registry.org/projects



• (optional) method for estimating change in 
soil carbon stocks from biochar amendment

• For biochar applied to grassland and 
cropland soils

• Quantification based on
• Total amount of biochar produced
• C content (feedstock, product. process)
• Fraction remaining at 100 years:

See also update: Woolf et al.2021 
https://doi.org/10.1021/acs.est.1c02425

https://doi.org/10.1021/acs.est.1c02425


Summary: 
Estimating biochar-CDR at national level

Biochar-CDR….
• Can be quantified easily, accurately and affordably (batch 

weight, C-concentration, H/C ratio; novel methods 
emerging)

• Has proven co-benefits when used in soil
a) for climate (N2O emission reduction, soil C increase) 
b) for SDGs (higher yields, lower contamination)

• MRV schemes based on scientific understanding subtract 
manufacturing & transport/processing emissions & are 
used already for biochar CDR certification and trade

• CDR uses encompass besides agriculture / soils: Urban tree
(macadam) substrates, building materials (concrete, 
plastics…) and asphalt

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 27



Estimating biochar-CDR at national level

Including Biochar-CDR requires….
• Quantification of biochar production (factory gate) 

towards its use-pathways including
• Agricultural soil / animal husbandry uses
• Non-agricultural biochar-CDR applications

• Through recording of national biochar producer sales & 
deliveries into CDR-relevant usage pathways

• Classified by type of biochar (grouped according to 
properties influencing fraction remaining at 100 years)

• Laboratory assessment of biochar properties by
producers, especially H/Corg ratio

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 28



Thanks – Questions?
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© Stockholm Stad Handbook 2017



Adding biochar to soils builds C steadily, 
other amendments decompose

01. July 2024 IPCC TFI Expert Meeting on CDR & CCUS, 
Vienna, 1-3 July 30

Joseph et al 2021: How biochar works, and when it doesn't: A review of mechanisms controlling soil and plant responses to biochar.
Global Change Biology - Bioenergy



Limitation of incubation 
experiments 

31 | Nikolas Hagemann Ithaka Institute

CO2

75% 50%

15%
10%

15%
10%

25%

4%

biochar consisting of 
fractions with different 

mean lifetimes

from 
different 
fractions 

incubations are well 
suited to characterize C 

stability for mean 
lifetimes << 1000 yrs

controlled conditions:
defined inoculum, 

moisture, 20 °C, nutrients

Hagemann et al. 2024,
Oral held at 

3rd NE conference, 
Oxford
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