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Consortium: 31 countries, 300 members _eBRNL
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Partners EU projects:
NL — Fertiplus

(Kuikman, Oenema)
NL — Interreg (Starmann,

van Haren)
HU — Refertil

(Edward Someus)
IT — Eurochar

(Franco Miglietta)
Partners Industry
CarbonTerra GmbH
PYREG GmbH
3R Agrocarbon
EVONIK Industries (Eco?)
SmartCarbon.....

Partners Policy
National governments
COP 17 (Climate Action book)



Scientific context and objectives

1. Biochar production and characteristics
Optimization of biochar properties
Development of roadmap for large scale biochar production
|dentification of most beneficial biochar use strategies
=> Standardization (test procedures, protocols, applica tion, certificates)

2. Environmental impact (benefits vs. risks)
Strategies for carbon sequestration and soil improvement
Evaluation of potential threats
Development of potential detoxification strategies
=> Best practice recommendations

3. Knowledge expansion and handling
Provision of target group-specific recommendations
|dentification of common (EU) R&D targets
Promotion of public information transfer
=> Network (Biochar database)



Major challenges and work groups

> 300 members from 28 + 3 countries
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Char Archive, Study site exchange Feedstocks Legislation basis

(reference set) @ Synergistic field trials  |ggy  Technology igp Biochar database

Sample exchange

Distribution of Model scenarios Meta analysis
Method prac'f!callre.po"rts & Implementation Synthesis reports
standardisation recipies

K / \ / \ / \Review papers/

How does it work?

What is biochar ? How to use it ? Is it economic ? Is it save ?
How to make it? Is it efficient ? How to legalize and
Heike Knicker (ES) Frank Verheijen (PT) Nele Ameloot (BE) communicate?
Hans-Peter Schmidt (CH) Constanza Zavalloni (IT) Saran Sohi (UK) Ruben Sakrabani (UK)

Jirgen Kern (DE)



Use of COST Instruments

Activity (No.) Year 1 Year 2 Year 3 Year 4
MC/SC Meetings 4 8 9 7
STSMs 5 4 15 (15)
Training Schools 1 1 1 (1)
Workshops or 4 7 6 1
Conferences

Publications 21 49 ? 16+
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Examples of STSMs

« Aiofe Brennan: Effects of biochar amendment on root traits
and contaminant availability of maize plants in a copper and
arsenic impacted soil - Brennan et al. (2014) Plant and Soll
DOI 10.1007/s11104-014-2074-0

e Ulrich Hanke : Mechanisms of Water Interaction with Pore
Systems of Hydrochar and Pyrochar from Poplar Forestry
Waste — Conte et al. (2014) J. Agric. Food Chem
dx.doi.org/10.1021/jf5010034

 Luke Beesley : Assessing the in uence of compost and biochar
amendments on the mobility and toxicity of metals and arsenic
In a naturally contaminated mine soil — Beesley et al. (2014)
Environmental Pollution 186, 195-202



Results vs. Objectives

*Biochar ring trial (3 BC to 22 labs in 12 countries
=>733 data sets

*Representativity study / meta-analysis of biochar pot
and field trials across Europe

«Contribution to EC fertilizer directive (REFERTIL),
protocol on biochar stability (IBI expert panel)

Roadmap for a Biochar Archive & Standard Materials
=> UKBRC

sParticipation in various BC books and special issues

*Biochar processes broken down to thematic crosslink
groups
=> Session topics + Topics for final publication
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Final publication 1-5

Chapter 1: Time matters: Biochar persistence in soiland itse  ffects on SOC stocks
Saran Sohi, Bruno Glaser, Heike Knicker, Yakov Kuzyakov, Stefan Doerr, Christine
Santine, Samuel Abiven et al.

Chapter 2: Biochar Production Technology: designing biochar pr operties
Ondrej Massek, Hans-Peter Schmidt, Jan Mumme, Stephen Joseph, Kurt Spokas et
al.

Chapter 3: The Janus face of Biochar: Risk of pollution versus pollution remediation
tool
Thomas Bucheli, Ana Bastos, Gerard Cornelissen, Ana Bastos, Guido Fellet, Jim
Ippolito et al.

Chapter 4: Biochar use in horticulture: Designing biochar subs trates for reduced peat
use and improved plant health
Ellen Graber, Claudia Kammann, Juergen Kern et al.

Chapter 5: Biochar use in temperate and tropical agriculture, animal husbandry and
organic fertilizer management
Gerard Cornelissen, Bruno Glaser, Ruben Sakrabani, Costanza Zavalloni,
Alessandro Peresotti, Simon Shackley, Hans-Peter Schmidt, et al.



Final publication 6-10

Chapter 6: Biochar use for reducing GHG (N ,0, CH,) emissions in soils, substrates
and animal production
Claudia Kammann, Juergen Kern, Nele Ameloot, Kurt Spokas, Maria-Luz
Cayuela, Simon Jeffrey, Victoria Nelisson, Lukas van Zwieten et al.

Chapter 7: Representativity study field experiments
Frank Verheijen, Ruban Sakrabani, Simon Jeffrey, Bruno Glaser et al.

Chapter 8: Representativity study pot experiments
Ruben Sakrabani, Frank Verheijen, Simon Jeffrey et al.

Chapter 9: Biochar as option for peat replacement
Juergen Kern, Claudia Kammann, Gabriel Gasco, Bruno Glaser et al.

Chapter 10: Biochar definition and harmonization ???
Edward Someus, Ines Vogel, Hans-Peter Schmidt
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Final publication timeline

End of Feb 2016: Internal review of chapters
COST members

End of March 2016: Submission to Journal of Environmental Engineering and
Landscape Management (5-years Impact factor 0.785)

Summer 2016: Final publication
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Summary biochar processes

+ ¥
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Glaser (2014) Soil Biogeochemistry... in Modern Agroec  ology: Concepts and applications. CRC Press
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Future challenges
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Thanks for exciting collaboration
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1 BC persistence and SOM interaction

1.

Biochar can inverse soil degradation due to intensive land use

2. 14C labeling showed rather high stability (centuries rath er than

decades) and

. 14C or 13C labeling showed very small negative priming effect (meta

analysis by Wang, Xiong, Kuzyakov 2015), but opposi  te results were
also reported (e.g. Heike, Dane)

Soil-biochar interaction has to be taken into account =>
guantification?

Consensus? (Is it stable or not???)
Maybe grasses and low temperature not so stable
=> Evaluation of feedstock and temperature on C stabi  lity?

Persistence about one order of magnitude higher than n atural
organic matter

15



2 BC production technologies

|

ECN database on biochar properties (Rianne Visser)
Individual biochars need to be designed for desired
Inorganic PTEs are dominated by feedstock

Organic PTEs:

Formation: temperature, feedstock
Evaportation: carrier gas, temperature
Deposition: pyrolysis unit design, HMW PAHSs

N

5. Standard and premium biochars
=> European Biochar Certificate (EBC)

properties
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3 Pollution risk vs remediation tool

1. Organic compounds are strongly bound to BC => reduced
bioavailability

2. Charcoal sorbs PAHs 100-1000 x stronger than SOM (Jonke  r 2000
EST 36: 3725)

3. Higher BC formation temperature => higher surface area= > stronger
binding (Hale 2015 Chemosphere)

4. Max tolerable risk in soil (95% species protected): 8 mg kg-1 (Hale
2015 Chemosphere)

5. Bioavailable PAH in BC: pure BC 0.2-10 ng L-1, maxt olerable risk in
water: 500 ng L-1

Only low PAH amounts released from biochar
Strong sorption of monoterpenes (C10H16) by BC
Much stronger sorption of biocides (diuron) than soll

© 0 N O

Sulfamethazine sorption to biochar muach weaker in pre sence of
soil (Teixido 2013 EST 47:6197-6205)

10.Sorptionof‘organic acids:'Dow'+specific surface area => pest fit 7



1 BC persistence and SOM Interaction

1.

Intrinsic carbon stability — resistance to oxidative d egradation —
indicators and predictors

Biochar can inverse soil degradation due to intensive land-use

Material properties

TOC > 50%

O/IC<04

H/C < 0.6

Black carbon 10-40% of TOC
=> HTC is no biochar !l

Contaminants

Heavy metal tresholds

PAH < 12 mg kg

PCB < 0.2 mg kg-1

PCDD and PCDF < 20 ng kg

Standard and premium biochars
=> Europeaip-Biochar Certificate (EBC)
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6 GHG reduction (N ,O, CH,)

Biochar does not mitigate N2O release in acid soils (  Cayuela et al.
2013) => higher zNos gene @ higher pH (Harteretal. 2013)

Biochar pH effect changes N2O/N2 ratio
Ethylene and PAH are toxic to soil microorganism

Limited C availability (biochar and SOM sorbed to bio char) to
heterotrophic denitrifiers

Biochar could immobilize N (NH ,* and NO )

No physical effect of BC

No overall reduction of soil microbial activity => No MO inhibition
Adsorption not significantly related to N20O emission

Amount of re-oxidizable groups not realted to N20O emi ssion

10.No complete reduction to N2

11.Rather nitrification-driven than denitrification drive n
12.Eventually direct N20O sorption to BC

20
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