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D o w n d r a f t  g a s i f i e r
1 0  k W e

R E C  P A R K - T H E R M O C H E M I C A L  U N I T S

üRotary kiln Slow Pyrolysis 100 kg/h
üDowndraft oxidative pyrolysis 50 kg/h 
üOxidative reactor for innovative 
Slow/intermediate pyrolysis 2-3 kg/h
üInterm. (catal.) pyrolysis unit (paddle, 
batch)
üHydroThermal Liquefaction unit
üHydrothermal microreactor system
üDowndraft Imbert-type gasifier 10 kWe
üNr 2 Bio-Adapted Microturbines
üFractional condensation unit
üChemical leaching unit
üLab-scale furnace for char activation F i x e d  B e d  O x i d a t i v e  

P y r o l y s e r
5 0  k g / h

I n t e r m e d i a t e / S l o w  
P y r o l y s i s  - S p y r o

2 - 3  k g / h

Under design & construction:
1) 20 kg/h oxidative innovative pyrolyser, 2) PO cont.hydrotreater, 
3) CH4 pyrolyser - just published: https://authors.elsevier.com/a/1hnvc4s9Hw9snS : 

https://authors.elsevier.com/a/1hnvc4s9Hw9snS
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Setting the scene

• Waves of Innovation: 
Technology evolution vs 
industrial and policy 
implementation

• Soil and degradation
• Biochar: a long-lived C form
• Decarbonisation of processes: 

in-sector vs inter-sector
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Ø Industrial scale-up & Policy making need to adapt their action to such fast changes
Ø What is achievable in the given timeframe? Is this compatible with the urgency need?
Ø Which socio-economic impacts? How to build consensus (No One Left Behind..)

Adapted from:
Newman,P.COVID,CITIES and CLIMATE: 
Historical Precedents and Potential 
Transitions for the New Economy. 
UrbanSci. 2020, 4, 32, 
doi:10.3390/urbansci4030032. 
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Soil: the urgent need to take action

V. [..] no EU-level strategy on desertification and land 
degradation. Rather, there is a range of strategies, action plans 
and spending programmes, such as the Common Agricultural 
Policy, the EU Forest Strategy, or the EU strategy on adaptation to 
climate change, which are relevant to combating desertification, 
but which do not focus on it. 
[…] we make recommendations to the Commission aimed at 
better understanding land degradation and desertification in the 
EU; assessing the need to enhance the EU legal framework for 
soil; and stepping up efforts towards delivering the commitment
made by the EU and the Member States to achieve land 
degradation neutrality in the EU by 2030. 

While climate change is projected to improve conditions for 
growing crops in parts of northern Europe, the opposite is true for 
crop productivity in southern Europe. 
According to projections using a high-end emission scenario, 
yields of non-irrigated crops like wheat, corn and sugar beet are 
projected to decrease in southern Europe by up to 50 % by 2050. 

EU Soils need more  
Organic Carbon and 
Matter (SOC/SOM) + 
Nutrients

< 1.5 %SOC (<3 %SOM) 
applies to a very large 
part of the EU 
agricultural area

Land degradation 
quickly progressing, as 
documented by EC 
JRC, EC EEA, etc
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[..] We conclude that biochar can persist in soils on a 
centennial scale and that it has a positive effect on SOM 
dynamics and thus on C sequestration. 

Adapted from:  The Oxford Principles for Net Zero Aligned Carbon Offsetting, September 2020, 
University of Oxford

Biochar
A long-lived storage

BIOCHAR

David Chiaramonti
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Biochar - Carbon decay rate
Models based on 10 

years experiments.

Model of decay rates:
• labile fractions (3% of biochar) = 3% /y (108 days)
• recalcitrant fractions (97% of biochar) = 0.0018% /y(556 y)

10.1111/gcbb.12266, Wang, JY; et al. 2016

IMAP project (Evidence Map)
• >7000 abstracts screened
• >1900 full texts screned
• Around 600 meta-analyses selected and analysed
https://wikis.ec.europa.eu/display/IMAP/Impacts+of+farming+practices+o
n+environment+and+climate

David Chiaramonti

https://wikis.ec.europa.eu/display/IMAP/Impacts+of+farming+practices+on+environment+and+climate
https://wikis.ec.europa.eu/display/IMAP/Impacts+of+farming+practices+on+environment+and+climate
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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 à 142 Mt CAF at 2010 à 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%
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Policy in the EU

<a href="https://www.flaticon.com/free-icons/contract" title="contract icons">Contract icons created by Kiranshastry - Flaticon</a>



Source: M.Georgiadou, 2023

10+ CO2 Regulation + Green Deal Industrial PlanDavid Chiaramonti
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EC COM 2021 on Carbon Cycles

COMMUNICATION FROM THE 
COMMISSION TO THE EUROPEAN 
PARLIAMENT AND THE COUNCIL 

Sustainable Carbon Cycles. 
EC 15.12.2021, COM(2021) 800 final

David Chiaramonti
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EC COM 2022 on Carbon

Proposal for a REGULATION OF 
THE EUROPEAN PARLIAMENT 

AND OF THE COUNCIL 
establishing a Union 

certification framework for 
carbon removals. 
EC 30.11.2022, COM(2022) 672 final

David Chiaramonti
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EC 2021 & 2022 COMs
KEY REMARKS & RECOMMENDATIONS FOR IMPROVEMENT
ü Better address the possibility to sequester and use C instead of CO2

ü Biochar, the most cost-competitive nature-based solution to permanently remove C from 
the atmosphere, only marginally addressed.

ü COM focuses on long lived C removal. Only biochar (+DACCS) meet this requirement, 
among nature-based options. COM should also remark the high value of delivering most-
needed biogenic C instead of CO2

ü More focus on developing  a C farming market. Goal: regulated markets with positive 
cash-flows.

ü Creating a new Carbon market will require many years. Also, EC PAC per ha and not per t 
of CO2 sequestered. Why not expanding EU ETS, which already exists?

ü Biogenic Carbon mentioned for buildings, while it should preferably be brought back to 
soil

David Chiaramonti
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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
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Carbon and Sust.Fuels: REDII

Biochar not yet explicitly
listed in REDII-Annex V-Part C
Solid evidence C 
increase to be provided

David Chiaramonti
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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 

Carbon and Sust.Fuels: REDII–Implementing Regulation 

David Chiaramonti
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EC Expert Group on C removal certification
Most of the previously mentioned issues are addressed within this group

David Chiaramonti



Biochar Value 
Chain 
evolution
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Comparing infiltration rates in soils 
managed with conventional and alternative 

farming methods: A meta-analysis
Andrea D. BascheMarcia S. DeLonge

Bringing organic C back to soil, 
and promoting soil health and 
fertility , are key elements for 
Sustainable Bioeconomy chains 
as BDR, Climate Positive fuels, 
Agroforestry, Agroecology, etc. 
fully aligned with EU Mission and 
policy on soil, contrast to 
desertification/erosion,  
promoting sustainable agriculture  

No fertilization
Mineral
fertilization

Biochar+
Compost 10%

100% 
Biochar

100% 
Compost

Reverse ILUC approach:
Barley & Camelina in recovered 
soil in Spain. 

Food/feed otherwise
not produced.

FOOD, FEED AND ENERGY (FUELS)

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

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

David Chiaramonti
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The Biogas Done Right case

Biomethane
comes with
C, N, P… in the
Biogas Done
Right model.

It is a Carbon –
Negative 
model
(ANNEX VI RED)

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 à 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
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DACS
Direct Air

Capture &
Sequestration

PYROLYSIS
(Carbonization)

Sun radiationAtmosphere

Photosynthesis

Atmosphere

Water, Nutrients

Biomass

Pyrogas (energy, biochem)

C as Solid
Carbon

(Biochar)

Power, energy 

C as CO2 in gaseous form
Water

Injection in 
Basalt Rocks

(slowly turning into 
solid carbonate mineral)

Upgrade to
BioProducts by

Hydrogen-based
processes

H2

Renewable
Power +

Electrolysis

CCU CCS Simultaneous
CCS&U

Biochar use
In Soil

Possible addition of
Nutrients, etc (biochar doping)

CARBON SEQUESTRATION (AND USE): DACS vs BIOCHAR

Stable (lingering)
Recalcitrant Carbon

Natural or forced drying

∼ 50% of C remains in biochar as stable C

CO2 is taken
from atmosphere

David Chiaramonti
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PYROLYSIS
(Carbonization)

Sun radiation

Photosynthesis

Atmosphere

Water, Nutrients

Biomass

Pyrogas (energy)

Solid
Carbon

(Biochar)

Simultaneous
CCS&U

Biochar use
In Soil

Possible addition of
Nutrients, etc (biochar doping)

CARBON SEQUESTRATION (AND USE) – IMPROVED MODEL BY ADDITIONALITY

Stable (lingering)
Recalcitrant Carbon

Natural or forced drying

∼ 50% of C remains in biochar as stable C

ADDITIONALITY OF BIOCHAR 
(BEYOND SEQUESTRATION):

Only if 

• Biomass is cultivated by recovering marginal land 
(climate change mitigation) and/or
• Productivity is increased by restoring soil and 

regenerative/sustainable agricultural models

Both cases addresses improving Soil Health and 
Photosynthetic Efficiency.

If biomass is produced through rotation on marginal 
land: food/feed is produced on difficult soils, otherwise 
unproductive à Reverse ILUC concept

CO2 taken
from 

atmosphere
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Enabling more sustainable agriculture & Negative Carbon
through Sustainable Biofuel chains

How to make this linear 
biofuel thinking sustainable 
(GHG) enough?

Which opportunities Bioenergy 
& Bioeconomy offer to 
sequester Carbon and make 
agriculture more sustainable 
(beyond GHGs, towards SDGs)? 

From linear to circular, from energy-
driven to C-negative sustainable 

agricultural models

Feedstock
Production

Feedstock
Conversion

Fuel 
Delivery

Fuel 
Use

GHG Chain
Assessment

Multi-Feedstock
Multi-Annual
Production Design

Multiple
Products

Multiple 
Markets

Product 
Use

Products for Sust.Agriculture
Model and Soil Recovery & Improvement

• Food
• Feed
• Energy
• Fuels
• Materials

Bioenergy / Bioeconomy enabling 
more Sustainable Agriculture AND 

Carbon removal

TtW

WtW
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Policy and 
Economics of 
NETs in EU ETS
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US: support to DACS
• Biochar removes CO2 from the atmosphere, like Direct Air Capture System

(DACS).
ü In the case of Biochar the CO2 removal is performed by the crop/tree
ü In the case of DACS, it is done through dedicated RES technologies/processes

• In the US DACS is already economically well supported by the Country

• It would be reasonable, not to penalize the EU industrial and agricultural 
stakeholder, to allow the proposed interpretation and include biochar in the ETS 
(coherently also with the support given to the investments in this sector through 
EU funds as EU Innovation Fund and others)

• Biochar can deliver measurable (evidence-based) CO2 removal at a much lower 
cost and with many additional benefits

David Chiaramonti
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ETS
EU ETS Reform is one of the five laws adopted by the Council on 25/4

• EU Emission Trading Scheme (revised) – following the provisional agreement of 
Dec 2022

• Maritime Transport Emission
• Building, Road Transports and Additional Sectors
• Emissions from Aviation
• Carbon Border Adjustment Mechanism (CBAM)

Council adopted 25/4/23

David Chiaramonti
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EU ETS Council adopted 25/4/23

David Chiaramonti

Price on Carbon (CO2) CAP “Carbon Leakage” risk
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EU ETS Council adopted 25/4/23

David Chiaramonti
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ICAP studies: why connecting NETS and 
Allowances can make the difference…

International Carbon 
Action Partnership 
(ICAP) is an international 
forum for governments 
and public authorities 
that have implemented 
or are planning to 
implement emissions 
trading systems (ETS).
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Biochar (as NET) and Carbon Market

Source: https://ember-climate.org/data/data-tools/carbon-price-viewer/
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Conclusions
• Biochar as NET for CDR, the only nature-based 

option for long-lived C
• Even if EU Goals on RES are achieved, removal and 

compensation will always be needed. 
• International dimension (e.g.UN ICAO) also 

considering inter-sector offsetting 
• Beyond supporting investments, the creation of 

stable and balanced market mechanisms is needed 
for large scale deployment

• Connecting RU and NETs needed
• Economics and market development depend on 

policy evolution
• Focus on biogenic C in soil, given the ongoing 

desertification (EU MED)
David Chiaramonti
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