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Soil Carbon Accumulation and Policies
Biofuels vs Carbon Removals

Two main streamlines to Carbon accounting

• REDII – IR (and REDIII): relevant for Sustainable Biofuels. In place.
• CRCF: Carbon offsetting, under development by DG Clima 

initiative. Relevant to voluntary and mandated (revised ETS, 2026) 
Carbon markets.

David Chiaramonti



David Chiaramonti

Soil Carbon 
Accumulation and 

Sustainable Biofuels



4

COMMISSION IMPLEMENTING REGULATION 
(EU) 2022/996 of 14 June 2022 

on rules to verify sustainability and 
greenhouse gas emissions saving criteria 

and low indirect land- use change-risk 
criteria 

REDII
(2018)

Implementing Regulation

(2022)

SCA (SOC) & Biofuels
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Carbon and Sust.Fuels: REDII
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EU on Carbon and Sust.Fuels: REDII - IR

COMMISSION IMPLEMENTING 
REGULATION (EU) 2022/996 of 14 

June 2022 
on rules to verify sustainability 
and greenhouse gas emissions 
saving criteria and low indirect 
land- use change-risk criteria 

David Chiaramonti

45 / 25 (biochar/other) gCO2e/MJ threshold Based on measurements of C stock
MODELS allowed  only if validated
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CRCF:
Biochar in Soil Carbon 
Accumulation and CDR
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Carbon Removals & Carbon Farming
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Role of CRCF Regulation in voluntary and 
regulated carbon markets

• Corporate Sustainability Reporting Directive
• Sustainable Reporting Standards on Climate for non-financial reporting

• Green Claims
• Commission proposal from March 2023 in co-decision

Corporate claims and sustainable finance

• EU ETS review in 2026
• Commission to assess the inclusion of permanent removals in EU ETS

• Review of LULUCF and Effort-Sharing Regulation in 2026

Post-2030 EU climate policy

David Chiaramonti

https://finance.ec.europa.eu/regulation-and-supervision/financial-services-legislation/implementing-and-delegated-acts/corporate-sustainability-reporting-directive_en
https://environment.ec.europa.eu/topics/circular-economy/green-claims_en
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Biochar in 
CRCF

PROCESSES AND END-USES
• From pyrolysis or gasification
• In soil or materials (cement, concrete, asphalt..): no distinction in CRCF

PERMANENCE assessment: two methods
• Decay function > 200 y
• Inertinite assessment or IPCC
• Higher permanence as H/Corg reduces. H/Corg < 0.7 (<0.4 recommended)
PRODUCT CHARACTERISTICS
• Feedstocks: limited to wastes and residues (proposed). Sustainability requirement as BioCCS
• EBC Guidelines for product specifications
• Standardised baseline 0 tCO2e/yr

Other specifications
• Allocation of emissions between biochar and other co-products
• Processes with low biochar yield to treat it as residue: no emission allocated (gasification)
• CH4 emission from feedstock decomposition depending on adoption of storage practices

Other specifications
• Allocation of emissions between biochar and other co-products
• Processes with low biochar yield to treat it as residue: no emission allocated
• Methane emission from feedstock decomposition depending on adoption of (good) storage practicesDavid Chiaramonti
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Experimental evidence 
of Carbon permanence
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Biochar and Carbon Permanence
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Recovery and assessing real-case Carbon Permanence

David Chiaramonti

Accepted for publication on Biochar J. Proof under preparation
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Recovery and assessing real-case Carbon Permanence

David Chiaramonti

REMARK: Crucible: 80 mg, Soil Sample: 1,63 kg   0,0000491 = 0. 00491 %
Biochar (a concentrated form of Carbon) is unevenly distributed in soil (solid-solid mixture) 
 Soil sampling is not a suitable verification method for certification of biochar amount in soil

Crushed < 5 mm before 
deployment
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Recovery and assessing real-case Carbon Permanence

David Chiaramonti

• FT-IR, SEM-EDX, CHNSO, TGA, …..
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Recovery and assessing real-case Carbon Permanence

David Chiaramonti



Biochar Value 
Chain is mature
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LTAG Scenarios (ICAO, March 2022)

Key messages from ICAO

None of the scenarios reach zero CO2 emissions 
(Net Zero) using in-sector measures only. 

Offsetting needed.

• Aircraft Techn: Advanced tube and wing, unconventional airframe/propulsion concept aircraft, non-drop-in fuels such as battery electric etc
• Operations: improvements in the performance of flights across all phases

Operations
Biomass SAF
Gaseous Waste SAF

Atmospheric CO2 SAF

Hydrogen

Aircraft Technology

• ICAO, 2017  142 Mt CAF at 2010  570-860 Mt at 2050 (Intern. Aviation) + 400-600 % !!
• 100% CAF substitution (MAX scenario) – 170 new biorefineries each year from 2020 to 2050 (15-60 $B/y) – 

• MAX would reduce CO2 emission by 63%

David Chiaramonti



CARBON NEGATIVE: Offset (Compensate)
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 Low-ILUC : Camelina&Barley in recovered land under marginalization (BIO4A, BIKE)
 Offsetting CO2 at EU airport land, landside and/or airside + Circular Airports (TULIPS)
 Nature-based offsetting next to SAF production, or in combination with it (BIO4A, BIKE)

 Energy can support more sustainable agriculture through Biofuels Done Right models

David Chiaramonti
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“Biofuels Done Right” can be Carbon Negative and support 
farming in EU

• Carbon NEUTRAL vs Carbon NEGATIVE:  renewable BIOfuels can be C-Negative
• Biogas Done Right and Digestate, or Pyrolysis of residues to Biochar are some examples
• Fully deploying REDII-IR (Esca factor  C in soil in GHG assessment)

Crop on
(marginal/low ILUC )

soil

Veg.Oil

Crop residues 
and press cake

Biochar

HVO/HEFAPress 
mill

Crop on
(marginal/low ILUC )
soil &/or cover crops

Biogas

Digestate

Biochar
(+ fertilizers)

BiomethaneAnaerobic
Digestion

Nutrients

No fertilization
Mineral
fertilization

Biochar+
Compost 10%

100% 
Biochar

100% 
Compost

David Chiaramonti

Bulk density 
very relevant 

in SOC 
accounting
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Slow Pyrolysis and Anaerobic Digestion
Zero waste – C negative

David Chiaramonti

Pyrolysis 
reactor

AD 
reactor

GAS to CHP

CHAR

LIQUI
D

Organic 
phase

APL

Maize 
silage

Make-up
Water

Digestate
Liquid 
Digestate

Solid 
Digestate

Dried  
Digestate

Dried  
Digestate

drying

Biomethane (Advanced)

APL= Aqueous phase liquid 

CO2

FIELDS
or other uses

Lignocell
Biomass



22

Conclusions
• Regulation is rapidly evolving to incorporate biochar as 

a key CDR NET
• This will pave the way to large scale uses, bringing 

additional environmental benefits beyond CDR
• Costs and technologies will have to meet these growing 

C markets
• Integration of Slow Pyrolysis and other processes (as 

AD) hides large environmental and economic 
opportunities  (and challenges, both technical and non-
technical)

• New integrated processes are under development 
(demo, FOAK). Industrial symbiosis is the keyword

David Chiaramonti
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Politecnico di Torino
david.chiaramonti@polito.it

David Chiaramonti
Thanks for your attention
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