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Options for negative emissions =

Considered as promising tools for the CO, reduction
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Biochar

Biochar is a carbon-rich solid material
produced during the thermochemical conversion of biomass
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How is biomass converted during
pyrol s/gasmcatlon

Porous structure of plant material
is conserved

AND

Additional micropores are created

Consequences: high specific
surface area, high sorption
capacity

Chemistry: H and O are released
in volatile compounds, C is
enriched—> Carbonisation.

Results in degradation-resistant,
robust C-compounds (highly
condensed and aromatic
structure)

IEA Source: E.V. Kultikova, 1999
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Manufacturers of industrial pyrolysis
reactors (examples)
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Source: EBI, European Biochar Market Repoft 23!24
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\-
Biogenic residues to slow down climate
change

* Residues from
 Agriculture

* Forestry

e Horticulture

* Food production and consumption

* Processed to
* Compost
* Anaerobic digestates
* Sewage sludge

* Biochar as (by-) product

-
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Decomposition of biomass

Mean residence time (MRT) depends on type and conversion of biomass

= Biochar

100+ ¢+ == Slowly-decomposed biomass (woody)
== Readily-decomposed biomass (herbaceous)
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C losses by pyrolysis
(here 50%)

MRT: 5/ 500 years

C remaining (%)
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MRT: 4 / 25 years
MRT: 1/ 25 years
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Modified from Woolf et al., 2018

plant biomass is rapidly decomposed and
released as CO, back to the atmosphere
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Carbon removal with biochar (pyrolysis)

0,79tC
in Long-term stored
carbon

Biochar

Can be used for
thermal or electric
energy generation
(should replace
fossile C).

750 kWh per t of
CO,-sequestration

* Average costs for CO,-capture with (pyrolysis) biochar:
Sources: https://carboncredits.com/, 179 USD / t co,

https://www.carbonfuture.earth/

@ IE.A « Average CDR*-costs with other technologies; PR = carbon dioxide removal
= Bioenergy 8 www. ieabioenergy.com

388 USD /t CO,


https://carboncredits.com/
https://www.carbonfuture.earth/

CO,-compensation with biochar?

COZ—e

Necessary mass of biochar for compensation:

o biochar —— requires about 9-10 t dry feedstock!

x=8,1/(0,79 * 3,67 * 0,92)
x=3,0
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Is there a chance that biochar will
contribute significantly to net-zero?

* Estimations of biochar potential: globally 0,1 bis 6,6 Gt CO,./yr

* Neither biochar, nor any other technical CO2 removal -technology alone will be
sufficient to achieve the total necessary contribution to net-zero

—>0nly a COMBINATION OF ALL AVAILABLE NETs will keep the
chance to reach net-zero alive!

—>Technology-openess is required!

IEA
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Necessity of “Negative Emission Technologies”

(NETs)

Reduction der greenhouse gas emissions ist indispensable, but not sufficient (to reach net-zero)

Greenhouse gas emissions (stylised pathway)

.............

MNet GHG emissions
./ Emissions: Non-CO, GHGs 60
Net CO, emissions Emissions: Fossil CO,
| M Emissions: Managed land 50

Remaovals: Conventional CDR on land
Remavals: Novel CDR methods

B

Gross emissions

Annual 00, emissions IGtCO_yr)
8

(1) Before net zero (2) Net zero C{Jzor GHG

Sreae, ____________ 10
.""+-...__

! 0
(3) Net negative ’.\

Gross CO, removals

/'

Goal: net-zero by 2050

@ IEA
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2020

¥ Uncertainty range

Non-C04

I Transportation

Residential and Commercial
I 'ndustry
B Cther sector

AFOLU-CO,

Energy supply
Movel COR

—

CDR - carbdh dioxide removal
GHG - greenhouse gas

e.g. biochar

AFOLU - agriculture, forestry and other land use
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Certified biochar

 EBC = European Biochar Certificate (voluntary standard)

*  Emphases: sustainable production, climate impact, contaminant limits, incl. Certification of
production plants (process control)

e Austrian national standard

*  Focus on: product quality for soil application, compliance with Austrian environmental and
waste rules, more application oriented

ONORM
S2211

Ausgabe: 2024-08-01
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Ausgangsmaterialien, Qualititsanforderungen und

Untersuchungsmethoden

European Biochar Certificate

for a Su Sta | na bl e p ro d U CtIO N Of b| Ocha r Plant biochar — Source material, quality requirements and test methods
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Certification of biochar carbon removals according to
European standard (CRCF-framework)

2024/3012 6.12.2024

REGULATION (EU) 2024/3012 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 27 November 2024

establishing a Union certification framework for permanent carbon removals, carbon farming and
carbon storage in products

— Existing
2025/2358 21.11.2025
COMMISSION IMPLEMENTING REGULATION (EU) 2025(2358
of 20 November 2025
laying down rules on certification schemes, certification bodies, and audits under Regulation
(EU) 20243012 of the European Parliament and of the Council _
COMMISSION DELEGATED REGULATION (EU) .../... =1 Has already passed the
commission; still has to
of XXX pass the council and the
! Regulation (EU) 2024/3012 of the Eu Parl dof th pariament~ then L can
supplementing Regulation of the European Parliament an the . .
Council by establishing the certification methodologies for permanent carbon removals ,,t}f;. ublished and will be
activities | valid (summer 20267?)
Bioenergy 13
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Pathways for biochar utilization

Soil & agricultural use Industrial applications

Soil anmendment Wastewater treatment
Horticulture (greenhouses) Concrete additive
Composting Asphalt additive

Soil remedation Catalyst support

Activated carbon precursor

Industrial use e.g. conductivity,
thermal resistance,...

IEA
= Bioenergy 14 www. ieabioenergy.com



Biochar for waste water treatment
(MCI Innsbruck, Austria)

EnVironmental Technology & INNvation 32 (2023) 103271

Contents lists availabla at SciencaDirsct

Environmental Technology & Innovation

journal homepage: www.slsevier.com/lacatelati

Heliyon 10 (2024) e31264

Chemienl Engineering Reseasch and Design 217 {2025) 108-120

‘Contents lists available at ScisnceDirect

F
Heliyon .

journal homepage: www.ce . com/heliyon

Chemical Engineering Research and Design

Cantents lists available at ScienceDirect

IChemE

joumnal homapage: www. sisevier com/ocate/cherd

Research article

Insight into the application of biochars produced from wood
residues for removing different fractions of dissolved organic
material (DOM) from bio-treated wastewater

Tayyeb Zeirani Nav**, Thomas Piimpel ", Dominik Bosch *%, Anke Bockreis*
*Unit of Enviranmensal Engineering Deparanent for Infrestucure, University of hnsbruck, Technikersmage

13, 6020 mnsonuck, Austria

® Depanmenr of Microbiology. University of Imsbruck, Technikerstrafe 25d. 6020 Imsbruck, Ausria

*Josef Ressel Centre Jor productin of oawared corbon from mumicpal residies, Deparment of Brvirommensal, frocess and Fnergy
Engineering MO-The EVTepreneurial Scho, Lniversisoerssrasse 15, G020 MASHUCE, AUSITZ

ARTICLE INFO ABSTRACT

Amiae nistory:
Received 16 April 2023

Received in revised form 22 June 2023
AcCepred 30 June 2023

Available online 10 July 2023

The primary aim of this study was to conduct a comparative analysi
biochar types, which were derived from wood residues through v
methods. To assess their efficacy in removing dissolved organic ma
bio-treated wastewater, this study examines the capacity of these bi
DOM fractions from wastewater sourced from landfill leachate. Th
biochar were raw gasification biochar . and gasification biochars actival

Keworas
Biochar CO: respectively. The other one was a pyrolytic biochar produced frot
Adsorprion To evaluate the biochars' performance in DOM removal, various \
DOM ananysis companents were analyzed. The study found that the production me:
Casitication impacted the biochars' ability to remove DOM while the activation b
Pyrolysis slight impact on the biochars' performance in DOM removal. Activ

biochars exhibited superior DOM removal compared to pyrolytic bic
wastewater COD was removed by activated gasification biochars whilc
only removed 4% of the COD, at 7 gl of the biochars. Pyralytic biod
64% of the wastewater COD at 7 gL' of the biochar and showed t
compaunds adsarption. Further analysis revealed that pyralytic biochai
tive in remaving higher molecular weight compounds. In contrast, acti
biochars removed compounds with 3 broad range of molecular weigl
adsorption efficiency were attributed to changes in specific biochar ch
as pare size distribution and changes in functional groups. This study

gasification biochars have great capability in DOM removal.
102023 The Author(s), Fublished by Flsevier BV This is an open access at
BY license{ http:{ jcreativecommans.org

ooreyixions: ATR-FTIR, JMERUATEA FoL31 TENECTANce-Tourier CTansIOrTN inlrared:: €, DIOCNATSEp: CBC. CO; SCNATed biochar:
ORYgen demand; DOM, GeSoMed. OTEARIC TAKTT: EEM-PARAFAC, EXCHALION eMission WAL parallel IACKr analysis; EM. emissio
FA, fulvic acid; FAS, fulvic acid like substances; HA. humic acid; HAS, humic aci e substances; HBC, HyO activared biochar,
Tagh-peTIONMANCe SIZe EXCHISHIN CIOMATOGTAPRY: HI. BUITIC SUDSEANCE; REC. T DHOCNAI, Sger. SPECIC SUMace ared; ZBC, T :
Pyrolytic binchar
* Corresponding aurnar.

fesses: Tayyet Zeirani-Nav@srudent uibkc acr (TZ. Nav), Thomas Puempes@uibicac.ar (T. Pampel), Dominik boschd

(D. Bosch), Anke Bockreis@uibk acac (A. Bockreis)

hexps:j/oi org 10,1016 exi.2
BS54/ 2023 The A\Amnr[s} Talshe by Elsevier BY. This is an open access anide under the CC BY license (hurpfjcre
HCEMSES{Oy]4.01)
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One-step thermochemical activation of waste wood for micropollutant

adsorption: Optimisation via design of experiments
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ARTICLE INFO ABSTRACT

chemical activ;

Hinq)dluun(wpﬁnn
Water

Ereoneoemal mstioabil
Design of experimesnts (DoE)

The increasing generation of waste wood (WW) and the demand for activated carbon (AC) in wastewater
treatment highlight the need for sustainable altematives. WW was comverted into AC via one-step therme
using carben diaxide, steam, or both in @ fuidised bed reactar. A Design of Experiments
to optimiss temperature and residence time. The remilting ACs achicved surface arcas up
& and adsorption capucitics of 254 mg g for organic micropollutanis, The process yielded
favaurable porosity and surface chemisiry. It sapports circular economy principles and offers @ scalable route
aligned with current enviropmental regulaticas.

1. Introduction

Water contamination poses 2 conciderable threat to public health
and the environment [1] and haz been the focus of global monitoring
initiatives [2]. Treated wastewater and dewnsweam water bodics
frequently conmin organic micropolluzanz (OMPa), some of which
exceed acute toxicity limitz and pose significant ricks to aquatic eco-
oyotems and human health The chronic effects of OMP exposure,
including genetic mutations, reproductive impairment, and antibiotic
resiztance, have been well documented [5], including their implications
for human health [4]. Conventional wastswater tressment plane:
(WWTPs) ae lasgely inefective st removing srganic micropollutants,
achisviag elimination sates of oxly 0-50 %, depending on the dhemical
properties of th [sl. NP3 have
been found to be perciztent in the environment [5], and of 42 malecules
snalyeed, ealy 9 5 were semoved 2t 3 sasefacsary level of 230 % in

treatment, while the remaining 91 % exhibit=d
2n average removal efficiency of ju 50 % [7].
In response, the Buropean Commizsion (EC) adapead mare stringent

WWTPs with ity 2 150, 1 fvalents (p.e.), or = 10,
000 p. e. in environmencally senzitive areas, are obliged to implement
quaternary srestment to encure an 30 % removal rate for six of fwalve
indicator substances by 2045 [5]. These measures form part of the Eu-
ropean Oreen Deal's Pollution Prevention and Control Action Plan [10].
Ad.mrpuunnn m.wamdcarhm(.\cl and ozonation will be the
for treatment the BU

[11]. AC, with it= porous stracture and surface fanctional gronpe, is sed
emare widely, mainly due to i cost efficiency [12]. Howsves, most ACs
are otill desived from lignite or hard coal, both of whick are highly
mon-sustainable resources [15]. In order to mitigate the environmental
impact of AC product hers are explari . renew-
able sources of AE, inchading woody vesidues [14- 16, sice husks, pine
conea [17], olive kemels [15], and organic waste [15]. Az demonstrated
in Ref. [20], AC: derived from biomass exhibit 2 significandy reduced
global warming potential and energy demand in comparison to those
produced from fossil-based sources. However, it has been reported that
the activarion process i swongly influenced by the activarion temper-
ature (T) and the residence time (RT) [21]. Cansequently, this provides

Depurtrurs of Bl
[ SusieistyirT-m

waitat baubruck,

Proces md Energy Bpiring, MCH- The Entrerarial Schood,
Ehiversty of Netursf Riesoum end [ife Sdmos, Grope. Mendel-ftmge 39, Viena 1180, Amstria

lsiveraititiatragie 15, bmbrack G020, Austria

254, sbrack 46000, Ausris

ABSTRACT

T meet the recast EL Usban Wastewater Treatmuent Directive, the EU and Austria will require appecs. 270 and
10kt s of activated carbon, repectively. This study exploses the potential of wsing non-foasl setivated eabon
derived from residual woody biomass to falfl this demand using experimental adsarption data. We compared &
commereial activated carbon (COM-AT) with three activated carbons produced from local residual wood (ZINC-
AC, G-AC, COZAC) using vasious setivation strategies. ZINC-AC was peoduced through onestep chemical
imnpregnation with ZaCl, of waste wood. G-AC was & by-product of gasifying forestry sesidue biomass, and COZ-
AC Is the O0z-activated version of G-AC Adsorption experiments were pesformed with o mix of S micre
poltutants in different water marrices. ZINC-AC exhibited the highest surface aren (Spay 1946 o® 5" and the
second highest micsopollutant eapacity in tap wter (2574 mg g '), after COM-AC (297.6 mg g~ L ZINCACS
capacity remained stable ln wistewater, G-AC Showed a low eapacity (34.6 mg g 1), which could be incressed to
1051 mg g~ by CO-aetivation. The predominant removal mechanisns are idestified as hydrophobie and
isteretions. The study suggess that these activated casbons from residual woods eould be a viable aitermative
for wastewates treamment, production yicd (35 % vi. 3.5 % for the mast proosiing mmnmsjlnﬂ quality
will be eneial for amessing Europe’s activated casbem production potential from woody biomasses

polyflucroalkyl substances (PFAS)-sensitive areas, must progressively
upgrade their infrastructare o achieve a total remaval of at lexst 60 %

(EC)

122) for pollutants in surface and ground
® adopted by the European Partiament in
v of the recast Urban Wastewater Treatment
ament, Coun i
5 Bw implementation of a quatermary treat
maval, subject to certain criteria being met.
satment plants (WWTP) with a capacity of
salents (-], as well as thase with a capacity
charge into micropalhsant- and per- and

pean P

dstricter guidelines  far six of the

2 1 2024) until 2045, These steps are impartant
companents of the Eurapean Zero Pallution Action Plan, which is part of
the Buropean Green Deal (Furopean Commission, 2119).

In the DACH region (Germany, Austria, Switzerland), Switzerland
has led the way, being the first country to regulate quaternary treatment
Ty law (DETEC, 2006). Germany has pursued valuntary implementa
tion, achieving significant progress in some regions (German Associa
fior Water, Wastewater and Waste, 2027), while in Austria, quaternary
treatment has been the focus of numerous research initiatives (eg.

il of th

seefved in sevised form 5 Mareh 2025; Accepted 23 March 2025

5
sis). Published by Elsevier Ltd om bebald of Institution of Chessieal Engineers. This Is an oxpen access article under the OC BY lcense
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Biochar comparison

Slow pyrolysis / fluidized bed gasification

A — pyrol. 400°C, 60 min
B — pyrol. 600°C, 60 min

C — gasif. 600°C, air
D — gasif. 750°C, air

IEA

: Bloenergg (c) Lab scale FB GHW 1, air, 600 °C. (d) Lab scale FB GHW 1. air, 750 °C.



Biochar from pyrolysis and gasification -

differences

Main Property

Surface functional groups
Ash content

Carbon structure (aromatic/
graphitic character)

Porosity & water retention

Chemical/biological reactivity

@ IEA

= Bioenergy

Pyrolysis Biochar

High

Lower

Less condensed

Better microporosity and

water holding

More reactive and

biologically active

Pyrolysis char = chemically active carbon
Gasification char = thermally hardened carbon

Gasification Char

Low

Much higher

Highly condensed /
graphitic

More thermally

damaged/coarser pores

More inert and refractory

Why It Matters

Controls nutrient retention, microbial

activity, and chemical reactivity

Affects pH, salinity, mineral loading, and

soil compatibility

Determines stability, conductivity, and

inertness

Important for soil moisture and

microbial habitat

Influences soil response, aging

behavior, and nutrient cycling

www.ieabioenergy.com



Concluding remarks

*Biochar provides a stable pathway for long-term carbon sequestration and
climate mitigation.

*Pyrolysis-derived biochar typically exhibits higher porosity and greater surface
functional reactivity
and is more suitable for soil anmendment and horticultural applications

*Gasification-derived char is more carbon-condensed and structurally inert and
offers enhanced stability
for long-term carbon storage applications (industrial appl.)

*Climate mitigation will not be achieved by biochar alone,
but through the integrated use of multiple complementary technologies and
strategies.

@ IEA
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Thank you for listening!

IEA Bioenergy

Technology Collaboration Programme

Jitka.hrbek@boku.ac.at

www.ieabioenergy.com

Technology Collaboration Programme
by 1€



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

