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Programme de PAtelier

* Introduction aux enjeux
* Rappel du contexte climat / gestion du carbone / GES
* Propriétés des biochar(s)
* Potentiel d’application dans le cycle de U'eau

* Questions / Echanges

e Conclusion
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Rappel du contexte et des élements de base
entre biochar / climat / gestion du carbone /
éemission de gaz a effet de serre
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De quoi parlons-nous ?

Synergies between different NETs
It Is about synergies, not about competition

Build-up of

Afforestation/
é Reforestation é SOM
« SOIL IMPROVEMENT 1 r SOIL IMPROVEMENT »

=

" Biochar Carbon
. Removal (BCR) |

L BIOMASS D> > » < ci0oMASS J

Enhanced

é Weathering
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0 De quoi parlons-nous ?

SOIL
INCORPORATION

Sawdust
F' At Bark
v T P, o Diseased/
infested wood
Woodchips
Branches
Pruning
Husk
Kernels
SHES
Rice straw I
Bagasse
Plant stalks l

Resilient cities
Long-term

carbon
sink

Sustainable food

Green waste
Deconstruction
Unused
vegetable
fibers
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PYROLYSIS CONVERSION

Sustainable wood Forestry & mdustry

EXCESS ENERGY
to be recovered
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Quels moyens d’action sur le Climat et ses
impacts

Mitigate climate change

All actions reducing the global concentration of green house gases in the atmosphere All actions that
in order to limit the impact of climate change anticipate or adjust
to both current and predicted
effects

PILLARA PILLAR B PILLAR C of climate change

Reduce emissions Avoid emissions Develop carbon sinks

Help others reducing their GHG Remove GHG emissions from the
emissions through services and atmosphere and
products and

Reduce the quantity of GHG
emissions from our activities and the
ones we are accountable for

Mandatory market (ETS) or
Mandatory carbon market (ETS, ...) Voluntary carbon market Voluntary carbon market
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0 Les Accords de Paris en bref !

—= 53GTly... all GHG included

2 GOALS DEFINED BY

IPCC/PARIS AGREEMENT: ~ 40GT emitted/y worldwide

Reduce drastically CO, world emission
Develop a 10GT CO, sequestration

\\
®
i &
annual capacity by 2050 o,
A
%

+ PREFERENCE FOR SOLUTIONS \
HAVING CO-BENEFITS ATTACHED A —= ~10GT/y RESIDUAL EMISSION

(SDGs) _ .1.+

16/02/2023 ASSISES NATIONALES DES BIOCHARS - 1ére edition

A



) Inventaires des solutions

Solutions:

Solution maturity

Permanence /

Negative
externalities/
leakage risks
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Nature-Based Solutions (NBS)

Affores. Agro- Soil Pestiand  Forest | piochar
tation forestry  Carbon Rewetting managemt

BIOCHAR
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Technology-Based Solutions (TBS)

Terrestnal
Bomassin oo ced BECCS  DACCS  CCU

IGings Weathenng
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ipcc

ITEAsovianmENTAL rants on Climate change

Climate Change 2021

The Physical Science Basis
Summary for Policymakers

‘ IPCC

Hoaste chnee

Climate Change and Land
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0 Comptabilité des impacts carbone

2 mandatory principles =» be additional & avoid double-counting

Methodology
needed

ex-POST > < ex-ANTE

<
K
g
g
O

REDUCTION

Biochar stable carbon

removed/t LABEL BAS Y t CO2
CAR B% NE avoided/t

ACV (ISO 10040)

=
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Incineration / Combustion NO
Thermal regeneration depends on carbon actual losses

Effluent “epuration”
through a dedicate Inclusion in construction material YES

processing (filtration, Inclusion in compost/AD YES

contactor, ...) Spreading on land YES

Landfilling YES

Contaminated soil (i.e. Extraction and thermal desorption NO
water table/ surface water

protection) Soil kept in place

~ -
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Proprietés des biochar(s)

»
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Source : 2020, Ambaye TG. et al.
Mechanisms and adsorption capacities of
biochar for the removal of organic and
inorganic pollutants from industrial
wastewater

Fig.2 Mechanisms of metal cations (e.g. Cd**, Cu®*, Hg™*. Pb*',
Zn™") and oxyanions (e.g. PO,"", AsO,") sorption to biochar pre-
pared by pyrolysis at high temperature (> 450 °C) and low temper-

ature (<450 °C)  (Reproduced with permission from Sizmur et al.

(2017). Bioresource Technology 246 (2017) 34-47)

Source : 2021, Krasucka et al. Chemical %
Engineering Journal, 405:126926
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ar ... matrice finalement complexe

High temperature pyrolysis : Low temperature pyrolysis
>450°C <450°C
pH (PZC)
Electrical conductivity
lon chromatography (Cation exchange capacity)
CHNS, EDS, XPS (Biochar compositions)
XRD, ICP, XRF (Metallic contents)
Muffle furnace and TGA (Proximate analysis)
FTIR, Raman (Surface functionality)
Boehm titration (Surface acidity/alkalinity)
13C NMR, Raman spectroscopy (Surface aromaticity)

O 00

Chemical |
property '
/

O0O00OO0O0

Thermal
stability

Biochar TEA-DSC

characterization

techniques Surface

structure & SEM/FESEM

TEM
XRD, Raman (Crystallinity)

Oxy-anion

Metalcation  (6)  Polarised aromatic structure o BET with N, gas sorption (Surface area, pore volume
Physical e and size)
Property | Laser sizing (Particle size distribution)
Mercury porosimetry for macro-/meso-porosity
analysis, Pycnometer (Density)

PORE FILLING
Fig. 1. Classification of characterization techniques versus biochar properties reported in biochar literature.

————" Sources : 2022, Zeghioud et al. A comprehensive review of
INTERACTION biochar in removal of organic pollutants from wastewater
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J Quel biochar pour quel usage ?

Pistachio shell biochars Date palm leaf biochars

I Polarity indices arity indices

Aromaticity and hydrophobicity Aromaticity and hydrophobicity

F Volatile matter | . Volatile matter

Ash content

TOP parameters

1.Biomass sourcing

. v VaaCHy v, ~CH v fmen o ‘4vc
2 . P ro d U Ct I O n p a ra m ete rS h oo 400°C  Loss of hydroxyl, carboxyl, carbonyl and aliphatic
groups through thermal decomposition
& Technology

3.Activation/
Impregnation

00 Loss of aromatic C-O and C-H functionalities

through condensation

:Wi U NMW( qu wa MM ’ R
3600 3300 3000 27001850 1650 1450 1250 1050 850 650 800°C
Wavenumber (cm')

— Pistachio shell ——Date palm leaf

Normalized absorbance

Schmidt et al. Bioresour. Technol. Rep. (under review)
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Parallele important entre biochars et charbons

actifs

Key-concerns Commercial Activated Chars Biochars

1. Fossil AC prices
(powder, grain, ...)

2.AC carbon footprint

3.AC/biochar ...
cost/benefit
balance

(e) Corncob () Activated carbon (corncob)

Srenscek-Nazzal, J., Narkiewicz, U., Morawski, A.W., Wrdbel, R.J. and Michalkiewicz, B., 2016. The increase of  Januszewicz, K., Kazimierski, P., Klein, M., Kardas, D. and tuczak, J., 2020. Activated carbon
the micoporosity and CO2 adsorption capacity of the commercial activated carbon CWZ-22 by KOH produced by pyrolysis of waste wood and straw for potential wastewater
treatment. Microporous and mesoporous materials. adsorption. Materials, 13(9), p.2047.

-
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Potentiel d’application dans le cycle de U'eau

»
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e Activite R&D monde sur les biochars

Nombre d’articles publiés en cumul / pays Country
USA
INDIA
KOREA
ITALY

COU ntry AUSTRALIA

BRAZIL
AUSTRALIA SPAIN

, PAKISTAN
INDIA POLAND
- |TALY CANADA

A GERMANY
— KOREA
MALAYSIA

USA FRANCE

Articles

= ] =]
(2] L8] o o

(Source : SUEZ CIRSEE / bibliométrie)
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e Occurrence des thematiques

»
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(Source : SUEZ CIRSEE / bibliométrie)
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Intérét fonctionnel des biochars

Minerals Fertilizers,
Ammonia,

lons (cations, anions)

Metals Heavy metals : Pb(ll), Cu(l), Cr(lll), Cd(ll), Ni(ll), Zn(ll), ...

i Petroleum hydrocarbons
Organlc Polycyclic aromatic hydrocarbons (PAHS)
Pharmaceuticals & human/veterinary antibiotics
Phenols, pesticides
Dyes
... large spectrum of soluble organics

Micro-organisms Pathogens | |
Useful micro-organisms (mycorrhizes, ...)

Particles Mechanical filtration effect (depending on the size distribution)

- '
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Biochar ... un élement de Pequilibre des usages
de eau

Irrigation and global water use
“ AL L L L) Key-concerns

Water consumption by sector 1. Quantity
*.- 2. Quality

3. Storability

P
v

Brauman ot al Elomonta Sconco of the Anthropocont (20168) 4. 000083

+ Irrigation accounts for >70% of freshwater consumption globally
« Estimated 71% of irrigated area experiences water shortages, expected to worsen
* Alternative water sources will be critical to meeting future water needs

16/02/2023 ASSISES NATIONALES DES BIOCHARS - 1ere eédition



Biochar ... un reactif d’interét pour le grand
cycle de 'eau

Drinking water

N

71\

II I\

’-. Raw water

Agri Industries Municipalities
(manure)

Water resource ¥ ’

Discharged effluents
(post-treatment & urban rain-offs)

Groundwater
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Questions / Echanges
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