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UK Biochar Research Centre
University of Edinburgh

« Established in 2009 to complement research on CO, capture and
sequestration

* Focussed on integration of biochar in bio-economy systems

« Multi-disciplinary centre in collaboration of Schools of GeoSciences,
Biology, Chemistry, and Engineering

* Member of the European Biochar Industry Consortium (EBI)

- Pyrolysis technology - Material engineering - Soil science — Bioenergy &
biorefinery concepts - Environmental and sustainability assessments -

Unique ability to offer multiscale
production facilities for biochar
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What is biochar?

Biochar is the solid, carbon rich residue of biomass pyrolysis — think of charcoal

Miscanthus pellet biochar Oak chip biochar Sewage sludge biochar
[700°C] [550°C] [550°C]
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Biochar carbon removal

Pyrogenic Carbon Capture and Storage [PyCCS]

« CO, is first captured by plants
 The biomass is heated under oxygen-limited conditions to produce biochar
» Biochar sequesters the carbon in a solid form for centuries

Wood pellet Wood biochar pellet
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Biochar carbon removal

Pyrogenic Carbon Capture and Storage [PyCCS]

Biochar hacks the natural carbon cycle
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Natural biomass decay — Biochar carbon removal

CO, re-released from the natural cycle
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but competition still exists
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Sludge, manure,
straw, trimmings,
algae, RDF,
MSW...

Pyrolysis
500-700°C

No oxygen
No combustion
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. + Biomass pyrolysis produces
50-70 o/ excess heat and/or electricity
= 0

Carbon neutral

Carbon negative

30-50 %
> ~2.5 tons of CO,e

per ton of biochar

Industrial production is energy-positive
Pyrolysis reactors can be up or downscaled [500 - 50,000 t yr]
Decentralised deployment possible



Biochar yleld and stability

Biochar C stability

Temperature
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Blochar stability

Permanence

« Biochars generally consists of two carbon pools — semi-persistent and persistent
« The higher the production temperature — the more persistent the carbon
« Polyaromatic carbon will be stable on geological timescales
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Semi-persistent carbon (SPC) pool
25% of total pyrogenic carbon, MRT = 50 years
Complete decomposition after 350 years

500

Polyaromatic carbon (PAC) pool of 75%
Highly stable > 1000 years

Pyrogenic Carbon (metric tons)

0 100 200 300 500 1000 , ,
. . " Schmidt et al. 2022. Permanence of soil
years since soil application applied biochar, The Biochar Journal.
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Biochar production technologies

Main product
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Different sets of opportunities and challenges
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Biochar production technologies
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Biochar production scales

Traditional charcoal burning
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oil, tar, liquids 5

Industrial unit for continuous production

Batch pyrolysis kiln

A
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Biochar applications

Catalysis : Polymer fillers Sensors
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O functional
groups

Construction
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i materials

Water treatment : : =
blochar propertles and appllcatlons

Anaerobic
digestion - 4+ @

Agriculture/ Horticulture/ Forestry Electrochemical Composting
applications

Electric

conductivity

@ Carbon

co, storage
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Biochar applications

Biochar properties can be tuned to match
the needs of specific applications
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Biochar engineering

Options for modification of biochar yield and tuning of biochar properties

Pre-treatment W Post-treatment

* Woody biomass -+ Milling + Temperature + Washing * Minerals
* Herbaceous « Grinding * Heating rate + Activation * Nutrients
biomass » Pelleting * Residence time -+ Functionalisatio + Microbes
+ Algae  Briquetting « Volatile n * Mycorrhiza
* Organic « Leaching interactions * Pelleting .
residues + Acid washing * Mode of heating + Doping
* Husks » Extraction « Cooling .
» Sludges . ... .
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Biochar applications - soll

_ Improves soil fertility
Increases water retention

Soil Amendment
Long-term carbon storage

Enhances soil structure

Carbon Sequestration

Reduces greenhouse gas
emissions

Enhancing Plant Growth
Stimulates microbial nhancing Flant Grow

activity

Management of nutrients
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Biochar applications - soll

Rate of change in water scarcity
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BIOMAC

™ : ' ©Navamc A _ . g ©Novamont S.p.A.

Biochar produced at UKBRC Biochar-polymer composite Biochar-polymer composite
masterbatch film blowing
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Biochar — additive in AD
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Biochar — additive in AD

First commercial products are emerging

Enhanced Biogas
Production by up to
10%+

Biochar provides a
favourable habitat for
beneficial microorganisms,
resulting in increased
biogas yields and improved
methane production.

Enhance Quality of Biogas

Increased methane content
by up to 3%.

Trace Elements

Improved microbial efficiency
can lead to reduced
requirements for trace
element additions.

Reduced Process
Instability

Biochar helps to reduce
fluctuations and maintain
stable process conditions,

reducing the risk of process
failure and downtime.

carbogerilcs
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Biochar — use In urban environment
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Indoor environment Building frames and

facades

Green roofs i Roads and infrastructure
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Biochar — sequential uses

Waste material Biogas Sulfonated i Soil amendment Comprehensive
purification catalyst use of multi-
ch Adsorption of gt pH buffer Carbon f :onal bi
ar H,S Esterification sequeslration unctional biochar
WW treatment Carbon.
Waste Nutrient sequestration
Prolonging the material loading

P removal J

Soil
lifetime of biochar application J

Source: Christian Wurzer
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Biochar — sequential uses

Sequential biochar systems

(0 q»
Common biochar system ﬁ —

Carbon
sequestration
(D o v v (2
Sequential biochar system L + +

Cost-division over several use phases

- Carbon sequestration decoupled from carbon price

Source: Christian Wurzer
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Biochar carbon removal potential

Biochar produced from agricultural residues, manure, and sludge

Biochar’s carbon dioxide removal potential of 6.23 + 0.24% of
total GHG em|SS|ons in the 155 countrles assessed

L

0-4Mt4-10Mt 10-25 Mt 25-50 Mt 50 - 250 Mt 250 - 500 Mt NA

Available biomass | Biochar potential CO, potential
[Mio t yr-1] [Mio t yr-1] [Mio t yr-1]
32.5 14.5

Lefebvre et al. 2023. https://doi.org/10.1007/s42773-023-00258-2

Biochar potential (Mt CO, e yr™)
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What does it cost?

Estimated CO, abatement costs for biochar in the UK
« CO, abatement costs are
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The biochar market

« The market is growing at annual growth rates of +50% [by volume]

« +130 production plants currently in operation in the EU
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www.biochar-industry.com/market-overview/

Operational production plants [EU]
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Cumulative installed production capacity
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Biochar carbon removal certificate market

« Biochar is the main technology delivering permanent carbon dioxide removal to date
* 9 out of top 10 CDR suppliers
« Current CO, certificate price at ~£115 per ton

CDR-fyl Top 10 Carbon Removal Suppllers CO2 Removal Certificate Weighted Index Family (CORCX)
Ranked by tonnes of CDR delivered
Euro/Tons
200.00
Name Method Total Sales
180.00 a )
1 Wakefield Biochar Biochar 160.00 // \ / \\
Douglas County Forest ; 140.00 \ /
2 Products Biochar m / / \ / \ )
120.00 ~ \ -~ =0
3 Aperam BioEnergia Biochar ! v d
100.00 /
4 Freres Biochar Biochar 80.00 o= o 2 - ~ . |
5 Charm Industrial Biooil m 60.00 / s \ !
—_———= [
6 Qregon Biochar Solutions Biochar B 5550 40.00
7 Carbofex Biochar - 3976 2000
0.00
8 GreenSand Enhanced Weathering 2,383 NN N L R (N N QN QN T e s N I B B Y R I I R R
N G T o v‘g r 1 90% & v“& ga‘?% o‘*& < o 0@(;1, 9& ngq’ p o YQ"L ; & 5&% & v“& %OQ@ o‘}w
9 NovoCarbo Biochar .2,209
) = CORCWOOD CORCCHAR == =CORCX
- Carbon Cycle Biochar I1‘782 @ Recalculation of index weights for CORCX
https://carboncredits.com/carbon-dioxide-removals-cdr- https://www.nasdaq.com/solutions/carbon-removal-platform [27.11.2023]

purchases-jump-437-in-first-half-of-2023/
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https://www.nasdaq.com/solutions/carbon-removal-platform

Biochar carbon removal

« Biochar is already commercially deployed (TRL9)
« Carbon negative material production

» Co-production of heat or electricity

« +130 European producers currently active

« Current CO, credit price of ~ £ 115 t

« The regulatory framework and lack of standards is still an obstacle
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Pyrolysis integration options in bio-energy systems
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Synergies among CDR technologies

Enhanced Weathering

(EW) —

BIOCHAR

Sorption Enhanced
asification

EW minerals’
integration

(BC)

Biochar without CCS

Biochar with CCS
(BCCCS)

+ organic residues (circular

~

Combined production through

| pyrolysis technologies BioEnergy with CCS
: (BECCS)

Ash

economy),vegetation growth

Artificial Soil
(AS)

Heterotrophic CO2
fixation

Biological/Microbial Carbon Fixation
(BCO2)

Autotrophic + Heterotrophic
CO2 fixation
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Prof. Ondrej MaSek
(Chair of Net Zero Emission Technologies)

Tel. +44 797 5682248
Skype: ondrej.masek-ukbrc
Email: ondrej.masek@ed.ac.uk

Web: http://www.geos.ed.ac.uk/homes/omasek

Web: www.biochar.ac.uk

QR code: contact details
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