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Biochar: some thoughts on 
mitigation potential and 
biochar quality control



Cowie et al., 2025

Recommended 
approach to 
assessing climate 
change effects of 
bioenergy systems: 
compare bioenergy 
with reference 
system providing 
same service

Quantifying the climate change effects of bioenergy (incl biochar systems)
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Checklist

for analysing the 
climate effects of 
bioenergy (incl 
biochar) systems 
using methods 
consistent with the 
goal of the study

Cowie et al., 2025





Biochar systems provide climate change 
mitigation by:

Storing carbon for centuries to millennia

Avoiding GHG emissions from energy generation

Avoiding GHG emissions from biomass handling, use and 
disposal

Reducing nitrous oxide emissions from soil

Stabilising existing and new soil organic matter 
(“negative priming”)



Weng & Cowie, 2025

Sustainable mitigation potential of biochar: 2.6-10.3 Gt CO2-e / yr



A framework for including biochar in mitigation scenarios

Buss et al, in prep



Buss et al, in prep



Budai et al., 2013

Estimating durable biochar carbon from H/C ratio 



IPCC guidelines for national 
GHG inventories

https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_Ch02_Ap4_Biochar.pdf

• Appendix  provides optional method for estimating 
change in soil carbon stocks from biochar amendment

• Based on feedstock, production process, production 
temperature

• Estimates Fraction remaining at 100 years – Fperm

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



Persistent and semi-persistent biochar C

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

Schmidt, Hagemann et al. 2022





AS 5541 
“Grading of biochar, 

biocarbons and 
associated products”

Standards Australia is developing AS 5541 
that will:
- specify requirements for sustainable 

production and utilisation of biochar
- cover range of applications: animal 

feed, soil amendment, industrial (eg 
building materials, roads), reductants

- specify testing requirements and 
procedures for different quality grades 
of biochar: 
- Premium/Standard/Industrial 1&2

Does not cover biomass sourcing and 
processing
Based on ANZBIG biochar code of practice

Development of Australian Biochar Standard



www.ieabioenergy.com

For further information:

Annette.cowie@dpird.nsw.gov.au

ANZ Biochar Industry Group (ANZBIG) Code of Practice for the Sustainable 
Production and Use of Biochar in Australia and New Zealand

Cowie et al. 2025 Quantifying climate change effects of bioenergy and 
BECCS: critical considerations and guidance on methodology 
Global Change Biology Bioenergy

Schmidt, H.P., Abiven, S., Cowie, A., Glaser, B., Joseph, S., Kammann, 
C., Lehmann, J., Leifeld, J., Pan, G., Rasse, D. and Rumpel, C., 2025. 
Biochar Permanence—A Policy Commentary. GCB Bioenergy, 17(12), 
p.e70092.

Weng, Z.H. and Cowie, A.L., 2025. Estimates vary but credible evidence 
points to gigaton-scale climate change mitigation potential of 
biochar. Communications Earth & Environment, 6(1), p.259.


