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Quantifying the climate change effects of bioenergy (incl biochar systems)
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(1) Choose relevant LCA approach according
to the goal of the study:

(2) Define modelling Micro-scale decisions, Policy development and
choices according to the compliance testing other major decisions
LCA approach selected: (ALCA) (CLCA)

Functional Unit: E.g. 1 MJ of bioenergy Change in supply of the
BECCS: t CO2 removed functional unit due to the
bioenergy of BECCS system
studied
Land reference Natural regeneration Most likely alternative land
system/scenario: (where relevant) system
Energy reference Fossil / other bioenergy / Fossil / other bioenergy /
system/scenario: other renewable other renewable
CDR reference system for Other CDR method Other CDR method
BECCS:
Spatial boundary: Stand /Landscape / Landscape / Regional
Regional
Temporal boundary: Retrospective / Prospective Retrospective /
Prospective
System boundary: Indirect market-mediated Direct and indirect market-
impacts excluded mediated impacts included
Allocation method: Allocation based on attribute System expansion
(mass, LHV, value)

~ ~ ~

(3) LCI/ LCA analysis + uncertainty & sensitivity analysis

(4) Interpret and communicate the results coherently with
the goal and the methods chosen

Checklist

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

Cowie et al., 2025
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RESEARCH REVIEW

How biochar works, and when it doesn't: A review of mechanisms
controlling soil and plant responses to biochar
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Biochar systems provide climate change
mitigation by:

mStoring carbon for centuries to millennia
BAvoiding GHG emissions from energy generation

BAvoiding GHG emissions from biomass handling, use and
disposal

BReducing nitrous oxide emissions from soil

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



Sustainable mitigation potential of biochar: 2.6-10.3 Gt CO,-e / yr
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A framework for including biochar in mitigation scenarios

Inputs Outputs

Residues: GHG emissions
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Estimating durable biochar carbon from H/C ratio
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Appendix 4 Method for Estimating the Change in Mineral Soil
Volume 4 Organic Carbon Stocks from Biochar Amendments: Basis for

Agriculture, Forestry Future Methodological Development
and Other Land Use

* Appendix provides optional method for estimating

Edited by Calvo Buendia, E., Tanabe, K., Kranje., A.,

O, APyt Shermmnn, e Foercs, 5 change in soil carbon stocks from biochar amendment
* Based on feedstock, production process, production
temperature
* Estimates Fraction remaining at 100 years — F .,
Production Value for F perni, o
High temperature pyrolysis and gasification (> 600 °C) 0.89 + 13%
Medium temperature pyrolysis (450-600 °C) 0.80+11%
()| Low (350-450 °C) 0.65 = 15%

https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4 Volume4/19R V4 Ch02 Ap4 Biochar.pdf

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




Pyrogenic Carbon (metric tons)
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SPC = semi-persistent carbon

PAC = persistent aromatic carbon

PAC quantification:

» 7 fused aromatic rings

» Quantification HyPy

» Correlates well with H/C,,, and
production temperature

» Random Reflectance as a novel

method

Schmidt, Hagemann et al. 2022



EISEVIER

Contents lists available at ScienceDirect

International Journal of Coal Geology

panei et al Biochar (2025) 7:9

journal homepage: www.elsevier.com/locate/c F :
hittps://doiorg10.1007 /54277 3-024-00408-0

Molecular characterization of biochar and the relation to
carbon permanence

Arka Rudra™ ,

* Lithospheric Organic Carbon Group, Department of Geosciences, Aarhus University, Aarhus, Denmark

b Geological Survey of De.

Henrik 1. Petersen ”, Hamed Sanei ™

Evaluating the two-pool decay model
for biochar carbon permanence
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| POLICY COMMENTARY EIEED

Biochar Permanence—A Policy Commentary

Hans-Peter Schmidt’ | Samuel Abiven®?* | Annette Cowie* | Bruno Glaser® | Stephen Joseph® | Claudia Kammann’ |
Johannes Lehmann® | Jens Leifeld® ©© | Genxing Pan'®® | Daniel Rasse!! | Cornelia Rumpel'? | Dominic Woolf® |
Andrew R. Zimmerman'? (2 | Nikolas Hagemann!!#

j Masak™*

as natural fusinite and semifusinite

H.L Petersen™ ,
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M.R. Stokes ", P.C. Hackley ", A. Rudra®, Z. Zhou“, H. Sanei




Development of Australian Biochar Standard

AS 5541 Standards Australia is developing AS 5541
“Grading of biochar, that will

biOcarbOnS and - specify requirements for sustainable

production and utilisation of biochar

aSSOCiated products” - cover range of applications: animal

feed, soil amendment, industrial (eg

building materials, roads), reductants

- specify testing requirements and
Designation: AS 5541:202X . .
Committee: PC-008, Biochar, Biocarbons and Associated Products p roce d U res fO r d Iffe re nt q U a I Ity g ra d es

Project [D: MC-X2XXXXX-XX

Project Manager: Suba Ananth Of biOCha r:
Premium/Standard/Industrial 1&2

Grading of biochar, biocarbons and associated products

Does not cover biomass sourcing and
processing

Stage 03: Committee Drafting

Based on ANZBIG biochar code of practice



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
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