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Lataf et al, 2022. The effect of pyrolysis temperature and feedstock on biochar agronomic properties - Journal of Analytical and
Applied Pyrolysis; Lataf et al,, 2023. The screening of various biochars for Cd?* removal at relevant soil pH - Waste managemen; Lataf et
al, 2023 Co-pyrolysis of chicken manure with tree bark for reduced biochar toxicity, enhanced plant growth and reduced stress
response in Arabidopsis thaliana — Scientific reports
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-> Snelle screeningtest om het potentieel voor zowel NH,*-N- als
NH;-sorptie van biochar in te schatten.

Viaene et al,, 2023. Screening tests for N sorption allow to select and engineer biochars for N mitigation during biomass processing
- Waste Management; Viaene et al., 2023. Biochar amendment to cattle slurry reduces NH3 emissions during storage without risk of
higher NH3 emissions after soil application of the solid fraction - Waste Management; Viaene et al,, 2023. Application of biochar to
anaerobic digestion versus digestate: effect on N emissions and C stability — Sci. Total Environ.
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-> Biochar reduceert de NH;-uitstoot tijdens de opslag van rundermest
tot 20%.

-> De door de biochar uit de mest geabsorbeerde N kwam bij het
uitbrengen van de vaste fracties niet als NH; vrij en kwam op korte
termijn (binnen 28 dagen) ook niet als minerale N vrij
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Houtige biochar
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Research gap

Y

The heterogeneity in results in the literature regarding the size
and magnitude of biochar's effect on ecosystem services of
sandy-textured soils

T
Y

Approach >

Systematic synthesis of evidence base to explain this
heterogeneity

|
Y

Outcome 1 >

Development of a systematic review protocol
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Bekchanova, et al., (2021). Biochar's effect on the ecosystem services provided by sandy-textured
and contaminated sandy soils: a systematic review protocol. Environmental Evidence, 10, 112.

!

Research question
developed
Research method
developed

» 15091 results

»| 2738 after step 2 6946 excluded
Too much for the next
step
585 after step 3 1137 excluded
}—» 109 after step 4
-
H 92 after step 5 17 excluded

IVO

5407

duplicates
removed
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Systematische review en meta-analyse—>
Bodemprocessen - resultaat

Ecosystem processes

Estimate [95% Cl]

Soil total NPK S 125117
Soil mineral nitrogen -—l—< 1.04 [0.93
Plant nutrient level 1—-—4 1.14 [1.01
N20 emission E ‘ 0.76 [0.57
Soil NPK availability [N 1.28[1.17
Potential CEC —— 1.12[1.04
Effective CEC —— 1.19[1.12
Nutrient use efficiency l—r—t 0.98 [0.85
Mineral N leaching [ — 0.63 [0.52

| I | |

0.4 1 1.5 2

Observed OQutcome

. 1.34]
L 1.17)
,1.28]
,1.00]
. 1.40]
L 1.21]
,1.27]
,1.12]

,0.76]

Bekchanova et al.,(2024). Biochar improves the nutrient

cycle in sandy-textured soils and increases crop yield: a systematic

review. Environmental Evidence, 13(1), 1-34.
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Systematische review en meta-analyse
- Bodembiomassa en opbrengst

Ecosystem processes

Estimate [95% CI]

Biomass production

Food crop yield

0.92 [0.81, 1.04]

1.15 [1.05, 1.25]

0.4

Observed Qutcome

1.5 2

Biomassa
productie

Gewas
productie
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[l Inorganic fertilizer Belgium ] Biochar in Europe

Prof. Dr. Tom
Kuppens
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Campion
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Created with Datawrapper

Figure 7: Comparison of the cumulative installed biochar production capacity in Europe
(EBI) and the consumption of inorganic fertilizers (nitrogen and phosphorus) in Belgium
(Eurostat).
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Systematic review and meta-analysis

Externality

References

Monetization

Benefits

Carbon sequestration

Aller et al. (2018)
Field et al. (2013)
Galgani (2012)
Galinato et al. (2011)

Kung et al. (2015)
Lu & El Hanandeh (2019)
Meulemans (2017)
Mohammadi et al. (2017)

Pandit et al. (2018)
Snyder (2019)
Wrobel-Tobiszewska et al. (2015)

36 USD/Mg CO: (SCC)

23.09 USD/Mg CO: (SCC)

7 USD/Mg CO; (VCM)

1 USD/Mg CO2 (2008 Chicago Climate Exchange) and 31 USD/Mg CO:
(2008 European Climate Exchange)

10 USD/Mg CO:2 (2009 European Climate Exchange)

29 USD/Mg CO: (Australian Government, The Treasury)

40.6 USD/Mg CO2 (SCC)

15 USD/Mg CO: (Johnston et al., 2011) and 80 USD/Mg CO:z (Dutta &
Raghavan, 2014)

6 USD/Mg CO: (VCM) and 42 USD/Mg CO: (SCC)

30 USD/Mg CO: (SCC)

10 USD/Mg CO: (Authors’ estimation)

Avoided GHG
emissions from
agricultural inputs

Field et al. (2013)
Galinato et al. (2011)

Kung et al. (2015)
Mohammadi et al. (2017)

23.09 USD/Mg CO: (SCC)

1 USD/Mg CO; (2008 Chicago Climate Exchange) and 31 USD/Mg CO2
(2008 European Climate Exchange)

10 USD/Mg CO2 (2009 European Climate Exchange)

15 USD/Mg CO: (Johnston et al., 2011) and 80 USD/Mg (Dutta &
Raghavan, 2014)

Reduced soil GHG
emissions

Field et al. (2013)
Meulemans (2017)
Mohammadi et al. (2017)

23.09 USD/Mg CO; (SCC)

40.6 USD/Mg CO2 (SCCQ)

15 USD/Mg CO: (Johnston et al., 2011) and 80 USD/Mg CO: (Dutta &
Raghavan, 2014)

Reduced nutrient
leaching

Aller et al. (2018)

Nitrogen leaching: 3.13 USD/Ib N or 6.90 USD/kg N (Ribaudo et al.,
2014)

Campion et al. 2023. The costs and benefits of biochar production and use: A
systematic review. Journal of Cleaner Production, 408, 137138.
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Systematic review and meta-analysis

-> Cost and benefits of biochar production

Factor

Producer perspective

User perspective

Integrated
production and use

Life cycle perspective

Biochar price

Burger (2018)2
Campbell et al. (2018) 2
Clare et al. (2015) 2
Dongyeob et al. (2015) ®
Giwa et al. (2019) 2
Heredia Salgado et al.
(2018)=°
Wrobel-Tobiszewska et
al. (2015) @

Galinato et al. (2011)
Sessions et al. (2019)

Feedstock

Sessions et al. (2019) 32

Aller et al. (2018)

Field et al. (2013) @
Kung et al. (2015)

Production
conditions

Campbell et al. (2018)
Heredia Salgado et al.
(2018)

Sessions et al. (2019)
Snyder (2019)

Aller et al. (2018)

Field et al. (2013)
Kung et al. (2015)
Lu and El Hanandeh
(2019)

Scale

Abbas et al. (2018)
Burger (2018)

Aller et al. (2018)
Williams and Arnott
(2010)

Pandit et al. (2018)

Location

Aller et al. (2018)
Dickinson et al. (2015)
Meulemans (2016)

Externalities

Campbell et al. (2018)
Clare et al. (2015)
Galgani (2012)

Aller et al. (2018)
Dickinson et al. (2015)°
Galinato et al. (2011)

Mohammadi et al.
(2017)
Pandit et al. (2018)

@ Identified as the most important parameter.
® Not studied but mentioned.
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Systematic review and meta-analysis
- Kosten en baten van biocharproductie

- De winstgevendheid biochar zijn zeer case-specific afhankelijk
van factoren zoals locatie, grondstof, schaal, pyrolyse-
omstandigheden, biochar-prijs, typegewads, en de opname van
externe effecten.

- Nieuwe onderzoek voor biochar research:
- Externe factoren niet enkel broeikasgassen
- Niet enkel kijken naar bodemapplicatie

- Standardisatie van economische assessment.
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Systematic review and meta-analysis
- Kosten en baten van biocharproductie

* 2 biochar inputstromen: Hout vs. mest

* 2 pyrolyse temperaturen
450°C vs. 600°C

* 2 biochar applicaties: direct gebruik vs. cascade

-> 8 scendario’s

Campion et al. 2024. Environmental Life Cycle Assessment of Biochar: Comparing Biochar Feedstocks,
Production Temperatures, and Applications for a case study in Belgium. (Submitted to Scientific reports)
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- Green waste = | [ Pyrolysis | . >

transport A ) Y '

= Transport by Gas cgmbuntion
lorry Heat ‘Energv

+ Electricity production

* Emissions to air: €O, Ny,
NO,, SO,

* Quenching water

I_' Green waste ‘_'l Incineration |
| transport {with energy recovery) |
| * Transport by » Electricity 1
| lorry production |
1 » Ashes valorization 1
| * Emissions to air: I
| CO;, N3, NO;, S0, |
| l
i .
I Reference system (REF)

U

S

Green waste I Puraly ]—i' Biochar Biochar field I

— wp | L_Pyrolysis —»l - [

transport A * transport application
» Transport by 2285 COMBDUSTION * Transport by + Diesel for tractor |
lorry E lorr ) §

| Heat | ygtnery Y « Fentilizer substitution (PK) I

* Electricity production « Emissions to air: CO, (sequestration), |

* Emissions to air: CO,, Ny, N0, NH, I

NO,, 50, + Emissions to water: NO, PAH 1

* Quenching water * Emissions to soil: HMs (As, Cd, Cr, Ph) |

|

|

Pyrolysis with direct use in field |;I"'r‘l-»‘.f_}clf-|

Biochar ‘ ‘ Biochar addition Biochar (in - Biochar field ]
transport to AD digestate) transport application 1
* Transport by * Increased * Transport by * Diesel for tractor 1
lorry biomethane tractor o o
production * Fertilizer substitution ]
(PK)

1
* Emissions to air: CO, 1

(sequestration)
]
+ Emissions to water: PAH |
+ Emissions to soil: HMs 1

(As, Cd, Cr, Pb)
]
Pyrolysis with cascading use in anaerobic digestion before field application (PYROc) 1
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Impact categorieén

« potentieel voor de opwarming van de aarde

« vorming van fijne deeltjes

e verzuring van het land

* eutrofiéring van de zee

¢ carcinogene toxiciteit voor de mens

* niet-carcinogene toxiciteit voor de mens

* schaarste van fossiele hulpbronnen
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REF: cement substitution

REF: emissions from incineration

Biochar application: fertilizer substitutian
Biochar application: diesel

Biochar application: field effects

AD: natural gas substitution

Pyralysis and REF: electricity production
Pyrolysis: guenching water

Pyrolysis: emissions

Transport
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