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ABSTRACT

The high organic carbon (Cor,) sequestration ability of biochar can greatly contribute to atmospheric CO,
removal for global C neutrality. These climate-positive services of biochar are traded as C credits on inter-
national C trading platforms through reliable methodologies. Here, we reviewed the international biochar C
credit certification methodologies and quality standards to build foundations for biochar C credit trading in
Korea. The quality of biochar includes the quantity of C,, sequestered over 100 years, the content of toxic
contaminants below their threshold values, and the biochar properties related to soil fertility, as described by
European Biochar Certificate (EBC) and International Biochar Initiative (IBI) certification guidelines. The
higher amount of C,, sequestered over 100-year in biochar is ascribed to the lower the molar H/C,, and O/
Cor ratios, resulting from pyrolysis of feedstock at a high temperature over 350°C. For assuring the perma-
nence of biochar, the threshold value of molar H/C,, ratio is 0.7 in both EBC and IBI. Besides, EBC standards
also have the threshold value 0.4 of a molar O/C, ratio for all biomass and require a pyrolysis condition of
exceeding 500°C for 3 min at minimum for animal-derived biomass. Quality-certified biochar can be used for
C credits. Biochar C credit is the amount of net CO»-eq removed over 100-year by the biochar activity, i.e.,
biochar C,, sequestered over 100-year minus greenhouse gas (GHG) emissions over the biochar life cycle.
The three voluntary C credit trade platforms with their own biochar methodologies are Puro.earth with life
cycle assessment, Carbonfuture with C-sink certification, and Verra with UNFCCC Clean development mecha-
nism (CDM) methodology. All three methodologies present standards for permissible biomass for feedstock,
energy efficiency and by-product treatment for production, permissible matrices and tracking system for end
use, and the third-party verrification. On a regional basis in Korea, where biochar feedstock is mainly biogenic
waste, GHG emissions during biochar lifetime mainly depend on the production stage. In pyrolysis facilities
that meet EBC and Verra’s high-tech standards, GHG emissions during the production stage could be assumed
to be very low. However, low-tech facilities with high GHG emissions during biochar production could deterio-
rate biochar C credits. Therefore, securing biochar C credits could be achieved through the modernization of
pyrolysis facilities. Besides, it is essential to establish a process-oriented measurement, reporting, and verifi-
cation systems, to ensure scientific reliability of biochar C credit certification.

Keywords: biochar quality, life cycle assessment, organic C sequestration, permissible biomass, pyrolysis
condition
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Calculation methods for biochar carbon (C) credits called CORC, C-sink, and VCU used in voluntary C credit trade plat-
forms, Puro.earth, Carbonfuture, and Verra, respectively.

€ credit trade C credit calculation methods (tCO,eq) Comments
platform
* CORC = Eslored - Ebiomass - Eproduction - Euse
ES ore .
* Eslored = Qbiochar X Corg x FpTH’TS x 44/12 tored CO2
. . . . . sequestered over 100
* Qbiochar 1S the amount of biochar produced over the reporting period; Coy is years

Puro.earth the organic C content of the biochar produced; F,""" = ¢ + m x H/C, is
the permanence factor of biochar organic C over a given time horizon TH in
a given soil at temperature Ts, where the coefficients ¢ and m are a function
of TH and Ts

* C-sink is determined by integrating C-sink potential, greenhouse gas
emissions (GHG) during C-sink

* Ebiomass. Epmduction,
Eys: Life cycle GHG
during each stage

tracking after leaving factory gate, and C remaining % after 100 y in * EBC C-sink standard
applied matrix requires that the
Carbonfuture * C-sink potential = C,, content of biochar - GHG during biomass sourcing -  biochar may only be

GHG during production - Safety margin used in specific ways

* Safety margin = 10% of the total GHG emission of biomass sourcing and
production

* VCU =ERpsy - PEasy - LE,, in year y

* ERpsy = GHG emission removals at production; PEss, = GHG emissions at
application; LE, = Total leakage emissions, primarily attributed to transport
emissions

Overall  * ERpsy= Z((ZCCyxy x 44/12) - (ZPEpspy)) * GHG reduction at the

equation ¢ CCyy = Organic carbon content, sequestered over 100 years, on a dry weight sourcir.lg stage is zero
basis for biochar type t used for application type k; PEps ., = Project GHG followmg'a '
for production of biochar type t at production facility p may arise from conservative scenario

Verra pretreatment like drying wet waste, thermodynamic conversion, oruse of ~ * GHG by transport
external energy must be accounted
. . . - for only if the
High tech. * Thermodynamic conversion emissions are zero and renewable energy use . -
. distance is more than
production  reduces GHG . .
200 km in round trip

* Thermodynamic conversion includes CH, emissions, which can be obtained
Low tech. using estimation equation
production ¢ GHG for the pretreatment and use of external energy can be obtained using
CDM Tool 05 (UNFCCC, 2008a) and CDM Tool 03 (UNFCCC, 2008b)

Introduction

A2 38l= QIR sl s, Eetot B, At Aok, 294 2 A 715 FHet 7159171l
-85h= 71852 AT viERF Ay, 71948, CO, AlA L Al 7522 T (IPCC, 2023). £5] IPCC
(2023)= AFEAIRL Q1570 QF-E QIR mEA| Al RT AFQfSle | H Tt 1.5°C dsolehs A HEH-2E A1E eIet &
AL G| Y54 Fgtopet ti7] Co, AA7F B4E7 st

%2

R = =] ?j
5 7167 S0 e, HPOlii}—t— 44 of

1 A

B

CO, AA= 21 5 244 s 214 7] = Hoz B
It (Erbach and Victoria, 2021). Hfo] @217} t7] oitebetAE A A sk= Hefi= etigto| A njgdE2] Hio] 2.

oA Bl 2 ull e 27| 51= H] It} (Lehmann et al., 2006). Lehmann (2007)-2 o] @ uj A GESHES Sof] AY
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4V vlo] @ Zjof| Hio] @ mj A BFA 9 FO] OF 40% 7 F A1 =™ 2F20%+= EAYEHIAIONA 100 o BEF=TAR
qu7]_g g Q! Harstolrt. o] e = Hio| @ak= AHAA s o 2 FRER|T, Hio] @2} ALk 915k AEA
2ol Aol ofl| 2] B-&2Q1 ¥ 0 2 gbgof| shE 7134 ¢ 2 E 7o) At o] JITH(EBC, 2023a). &
STk ) lie) 2] 5] S lio] 2] ol 2 dele] i ool 2K 4 el 421 oz
ZAtk=770] QITH (IPCC, 2022). #7H o2} Roe et al. (2021)-2 HHIRHCO, AlA 714 5 Hio] @210 gt47Ao
CO, =3 7H& 2|t USD 1002 74 wf 2020114 2050'd Ato] ofAjof e S 2] ol 71 744141 7]
o2t AAFY. o|2Rt A o]F o] & Hatof et Hlo| 02F EYAIE-2 EF Yo g2 K4 T E
ofo] Ea)31atA R, ESFN,09} CH, HiE 7H4 5-9] 3714 o]4o] gltkal B 11%]1 9Jt} (Omondi et al., 2016;
Kim et al., 2017; Lee et al., 2021; Li and Tasnady, 2023). HFo]22k2] CO, A AFgel| tigh 712 i 2e
IPCC (2019)7} "o @2} AAFTA 91 GE5] (pyrolysis)2} 7143} (gasification)f] tHol] 2 H=E 100 oAt
A F7 TS T 4 e A= Als ol wht =412 Q1 Ho] @ 2} gHA-HlE-H (carbon credit) Aol G2]A|
LaPele
Hio] @ 2h= Hi&, AArtzAd, it & e Sofl met Co, AlARRL 2ol A= F3ke] AHE- o] 7] wfizo]
Hjo] @ 2}o] EAuiEH-2 e ol F44] FakE T4 (et 2& A2 = {1t (Nabuurs et al., 2022) a1F 7K
FOI71 H Q3 72 255, MRS ESA (polycyclic aromatic hydrocarbons, PAH) 5-2] a4 ¥elo]th
(Hilber et al., 2017a). ©]5 G222 Hio| @ 2} A7 EAT} A o] whet chokgt 0 2 2|5 4= Aloi oFd
ARE-S QIR B4 7o) "ot} (Dutta et al., 2017; Hilber et al., 2017a; Xiang et al., 2021). =A% © & H}o] Q.
2} B4 elFofl= - guto] @ 21915 (European biochar certificate, EBC)} =iAHEo] @ 20| U A E]H (international
biochar initiative, IBI) 15-0] §1.0H, nl=ia} 7iubct oAk Hio] @21 74 7153 A7gstal oof w9152 of
QI (Draper, 2019). ZF &4 7|52 GARI T QAR 2fo| e ARt -2yt Hlo] @ x}o] =A| A 24 91
= H A= 1 W82 AAls] mefe T a7t Qlet. 5] Hio] @2 EBC Q152 4o AP AjiEo s 4
gt opet A= d Hio| @2 A4 A] gAY AARAIAE TS 2ERtstal Sl o= §HAHIEH, = CO, A7
& Q153 AA=IC}H(EBC, 2023a).
Hpo] @ 2}0] fHAHIEH 71 = Te6] CO, AlAZ L= AR w20 o 1 TRt 715-& S5 A Ak Rt EU
A A|A 215 Y= (carbon removal certification framework, CRCF) = BH4-%55-2 91$HCO, A|A 2l50]| 4
Ztzojok & 4712] 7|20 2 AT 750l A=FE Zl (be quantifiable and quantified)’, <7152 o] o] QlojA|
Z7H4 (additional to existing climate benefits)’, ‘%717 €417 (strive for long-term storage)’, ‘A&7 Fs/3]| 7|
o] (contribute to sustainability)’ = AAIZICH (Goss, 2023). Al S, 2122 0] vlo]| @ 2} A|Zo] EQH|-L.L Z-710
atdola Fiw AleB-L Hafsto] uk= Aolahd o= 2|4 7Rsshl B 2 glo] ElaujE P o 2o] 1A= 2+
2] Z3TH(EBC, 2023a). Hlo] @2} E87} §4:913-0] 91 4717] 7158 ThEstt et Am-ed7]E, Yart #i vt
o] @u| A0 Z}8A, TR A& H ol 7] 4-8 Sof| whef Ho] @2} eAuiEE ] 71A] = EEHIt (Lehmann
and Joseph, 2015). 24|, vlo] @ 2}e] da3o, A4 ARE ol tigh A E 7} (life cycle assessment, LCA)7}
sttt A BE7 = ARIEE0 A 2 B3t e Fe B ok 7 o & A EES 1 ISOCA] 1ISO
14040 ¥ 14044 5 LCA S AASHAL It} Bergman et al. (2016)< 1SO 20| w2t 2154 = Hio] 2.2}9]
LCA 7= AAfsh= 1< AR BF Qlet Carvalho et al. (2022)- Hio] 22 AJ4to]] tis AAIE TR LCAS
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AER AT LA DT A5 o et CO, AlARR] &2 FlellA] Hio] @24 252 t COy-eq7HA] E 5= 2 melst
. ¢-2uztell A% Kim and Kim (2014)°] H=A4E -85 Ho] 210] TRt LCAE AAIste] CO, Al Ze] =
7Y 1 =9 242 kg CO»-eq = H ISFAALY.
Hlo| @ 2} el AHEES A ﬂ]ﬁ}—‘i ZPEA B AR SElE.2 R 2 o)A (Puro.earth), 7HETF4] (Carbonfuture), H|
2} (Verra)7} B2 o]}, 7} E21E-2 vio] @2 ehAulEH JISHHES 7141 1 §let. 2023'd 39 IPCC 587} 53]
oA ©7] 719385 AF3S FEFHIPCC 62F HAlA7F 51 ol whet CO, AlA | AlA| Zh=ro] AR 73A14] 9l&
A& A 02 T (IPCC, 2023). ofof] F-8-5to] Hio| 2} A EH W22 HAAAT BEo] A=eE =
o]7] SJal| AEA 73A=] 21 QIek (EBC, 2023a; Puro.earth and Nasdaq, 2023; Verra, 2023).
U= TE Y] 70% oV & ARGk AR oA A BARE, B3 Aol A A=A s YA T s A RAT
AFRlollA] 715 5 FAARE 5 Hlo] Qu| A 2plo] F5ket (Shin and Hwang, 1998). TE3F-¢-2jubet B9k
E o] B 16%= =] il 52 A1ef2]3 0 2 #4lslo] (NIAST, 1992), Hio] @212] 504 82 5ol B
g, 328, e o SX 5 ESE A v A avtE 71T 4= QITh(Woo, 2013; Han et al., 2014;
Jang et al., 2018). =7F4© 2= 2030 NDC (=7} 247} ZF553, Nationally determined contribution) B33}
2050 ©A5H-S ol HIo| @AHE 0]-8=_E CO, A|A 0l A &4 0 =2 W geh ™ @7} Qi kA9 @-2juel= =71 24
of| A Ho] @2} F A7 Ak Ed T At uH]e Argolok. wheba] 2 Aol A= -EuEte] ol o2t &
A 7 eAanEE SRR S Aol A =A1R o2 B8 T Gl v @4 F V1w HAHIEE <
FHHES dESHIH:

0

Tlo

i
AN

Materials and Methods

HiO|2XI2| BE QF whAulEHoR Holi=Hlo|ox}o] FH-& 3l F22 dfo] @ate] QFd ARt
ez e)seoloh. 1R H| 5414 1 vfo] @2} Q15711 IBIFEBCT ol #4150 ' 9joll 2te |7} it At
RN EBC (20232)= CO, AlA S 0.2 H}o] @217} 7EAjoF & EAJ-S& F4 150l ZLdsict. ¥ IBI (2015)= 2
e vio] @2} AlFe] B0l 23S W] 3T o] 2Rt Q1552 Y] Zfoli= 7} 7|3 Hpo] @ 2} A ofof & Kt
o] QItk (Table 1). IBI=2012'd0]] Hio] @2} QIFA-E APslaL, 201580 S5 = W) Zifol=Zo=
734151 5iet. IBI Hfol@2f Q15 2 = 9l F 7] A1 B 2.1 EA o 2 st (IBI, 2015).
EBC=2012Wd0f A7gsted 2023 37E4] Q15 2132 78415t ghom B =FoA= 71 24191 12 10.3EE =4
o =2 SIATH(EBC, 2023a). EBCO] 749, Ak, 715 %, 5, A, A5 5o ol et 7712 <] vf
0|92} Q1F SE ANISIAL ATt o] FollM B ALE--87F 2P 15 5 5% 77154 (EBC-AgroOrganic), &
% (EBC-Agro), =A€7 (EBC-Urban)©] 2F5to] 24151310 IBISFEBC L] O Hl=iat 7iuTh FollA o] FofA]=
Hpo] @24 £ Q155 ZARslaL #AI5I3AT:

O
ON
_O|L
rr
-IN
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Table 1. The differences of biochar certifications between the European biochar certificate (EBC, 2023a) and the inter-
national biochar initiative (IBl, 2015) guidelines.

Subjects IBI EBC
* Biochar is a porous, carbonaceous material that is produced by
Biochar A solid material obtained from the pyrolysis of biomass and is applied in such a way that the
definition thermochemical conversion of biomass in contained carbon remains stored as a long-term C sink or
an oxygen limited environment replaces fossil carbon in industrial manufacturing
* It is not made to be burnt for energy generation
Certification _. . .
target Biochar product * Biochar product + Feedstock + Production process
. . * EBC-Agro for agriculture
Certification & gr . .
classes for * EBC-AgroOrganic for organic argriculture
soil Biochar that is used in soil * EBC-Urban for tree planting, park maintenance, sidewalk
. (one class) embellishments, ornamental plants and rainwater drainage and
application .
. filtration
biochar

(three classes)

Submission of feedstock chain of custody:
Biomass 1) Feedstock type and description,
feedstock i) Feedstock conversion rate, and

iii) Feedstock harvest location

* The feedstock application classes and application restrictions
specified in the ‘Positive List of Acceptable Biomass for
Biochar Production’ must be adhered to

Biochar * Each production batch has to be registered on the EBC website
production  Not subject to certification * Managed the tracebility of the biomass feedstock, the
batch production and biochar quality using the ID and QR code
Biochar * Taking representative biochar samplie following the CSI
. Not subject to certification approved sampling plan and sending it to the accredited
samplin ) pp pling p 2
ping laboratory

. T t ies A i ili rti . .

Analysis of est Ca eg.o ries A (basic utility prop f.: fes) Elemental analysis, physical parameters,
. and B (toxicant assessment) are required, . . . .

biochar . . TGA (thermogravimetric analysis), nutrients, heavy metals,

. but Test Category C is optional for all ) ) . .
properties and organic contaminants are required for all biochars

biochars

* No-use of fossil fuels except the preheating of the pyrolysis
reaction, recovered or burned pyrolysis gas, compliance with

Pyrolysis Not subject to certification . . .
yIoty ) national emission limit values, and carbon efficiency of at least

70%
» Compliance with fire and dust protection regulations, and
Work safety . . . - . . .
and health Not subject to certification providing all workers with notice of all possible hazards and

appropriate protective equipment

HiO|2X}e| BtAHIESH ABWHE =A12]Q1 APL2] &4 AP E21E 5 AA| 9] Hio] @4} fHAHIEH 915
RS2 7R ESE2 202, 7HETA, HiZto|oh (Table 2). 2012420201 71 HA] Hio] @ 2} eh4HiEd
AE AlRFotal UAY (Nasdaq)t H=H SfE4E 153 2%t (Nasdag, 2021). F2012712022 5
g A 20] 2 Hio] @ 2} 3= HIHE (Puro standard biochar methodology) S -4t 0 2 51T} (Puro.earth,
2022). 7FEFA%= EBC 442 (C-sink) (EBC, 2021)2}F A|AI 23 BFAF 14 EX7 7} opd =71o] Higt 229
o)A EtAA)3 (Global Artisan C-sink) (Ithaka Institute, 2022) 2 L}F0] HEo| @ 2} EbAn[EH-S 7|25kl St
SelvEs 1A5=7E EREe] 22 ol B F o= g R] (=t} wEbA] EBC ©A4)3 (C-sink)
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A F FAHAR12.1E (EBC, 2021);._ B Ao 2 skt Hgk=2007d0] A E]o] 28 Sof| tfst A== &
2 35 (verified carbon standard, VCS) T2 T2 2P| eb4AA o] A5l @1 Qlct H2ke] vio] @2k ves B
]:‘H =
H T

Z A1 2023 BIA 1.1 (Verra, 2023)-2 B0 2 519t

R

Table 2. Brief descriptions of biochar carbon (C) credit methodologies used in C credit trade platforms, Puro.earth,
Carbonfuture, and Verra.

C credit trade Main methods in determining biochar C credit, meaning net C
Methodology . . Comments
platform sequestration over 100 years by biochar
* Using feedstock with proven sustainability and certified

Puro standard biochar, the life cycle of biochar is divided into the biomass, ~ * Working together

biochar production, and use stage, and the CORC (carbon dioxide with Nasdaq
Puro.earth . o . .

methodology V2 removal certificate), the C credit unit in Pure.earth, is * Headquarters in

(Puro.earth, 2022) determined by the result of life cycle assessment of each stage  Finland
and Woolf et al. (2021)

* EBC C-sink potential from biomass sourcing to biochar * Joining EU
EBC biochar-based factory 'gate for E_BC certified biochar is obt?ined, and C-sink Carb_on R_emoval
Carbonfuture  C sinks V2.1 Trader is respon&ble for pr(?duct. tr.ansportatlon and use Certification
(EBC, 2021 * Total n.et C—sml.i, the C. credit un1t.1n Carbonfutures, is . Framework .
determined by integrating the C-sink potential and C-sink * Headquarters in
tracking Germany
* It targets certified biochars of purely biogenic wastes with
Verified Carbon proven sustainability, and greenhouse gas emission reduction ¢ Other voluntary
Standard with VCU (verified carbon unit), the C credit unit in Verra, is C markets use
Verra Methodology determined by subtracting the baseline from biochar project this methodology
0044 V1.1 minus the baseline * Headquarters in
(Verra, 2023) * 100 years sequestrated C contents in biochars are calculated USA

about high technology and low technology, respectively

Ho| @ 2} M (life cycle) B9 BFAAl=T (carbon footprint) ] THRF A AR -2 MY H7HLCAYE
Sk Puro.earth (2022)°]] & LR Itk Fig. 1-2 Blo] @2} ghauliE-d B 20] 47 A5 HAS ehd 7/1
o[tt. Puro.earth (2022)= Hpo] @2} P O] A AR AAE < QoA 2714 o @ #ollx] FE7R &= Liro] A
AISHTH (Fig. 1). HFol@2k0] < @ ol A 27k = Qiag-gi) Bio] @2} Al AJ4t71A] oo}, okl vio] @21 ¢

sl ol omlspef ol A A itel () 2HEoRs B2 S I Mol 1 BtlRE
Wtk e mlo] 9x40] < RtelA] PRI L ARTE, WA, HEAFE7IA vo] @3} HRbol A haiAiES

gt} vlo| @ 2}e] M-S oD = 7R 2 U= o] oL olzo] EWAT} §-4AS —.43]1*10]1’4- HzAdoz g
7tol= AL« QoA FH7ER] o] 2|9t TAFE Hio] @2} AlE7EA| Q1 @ ol A /A E G4 s] BERto 2A ]l
O] A=) dE& =022} 5= Zlo|th (Puro.earth, 2022). EBCO] §HA/] A (C-sink) S15-2> Y=oA] T Hiol @

2F AlE7EA] of] thet A T 'S (C-sink potential) 2152} Ho] @2} AlFo] A4S wd & by, & Hlo] @
A} ARES] AFEA 2 2530 2| F ARGl Hiet Za T4 5+2] (C-sink Tracking) © & F26to] TRFAL QIT). £hA

A3 42 o]elrt A4 (Ithaka Institute) Ol A Q155 A A AR (tracking system)S 28510 ©-AA1T A S
2 (C-sink Trader)°] BRIt EBCOA Q159 72 E215-2 2 =20 24V 7249t 2ol 5o
Th(EBL, 2021).

—
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Hj2h= 5= I%%(leakage)i e

=719 W71 29 a2 okl Paad Be AlEsS 5 olsol dE o=
#ojshe Salo] Qick. et HEA 0 2 ol o 3} Anpgoleke A48 A Qo gl BE W3S EB} 9]
o} (Fig. 1).
Biomass Sourcing Production and Biochar Certification End Use
p b Waste : Crops Biochar Certification : Transport 1Sloil
uro.eal i Production (IBL, EBC) application
Biomass T it I
! ranspo :
! I
1
Carbon Waste | || Crops Transport | Biochar | Certification | i| Transport S.Oill
future Biomass : Production | (IBI, EBC) application
: :
Verra Waste : Biochar | Certification |\ Soil
Biomass | |, Production | (IBL, EBC) : application
Cradleto gat |
m St | K
_______________________ 4 *
Inputs Outputs
Materials, Energy, Water GHG emissions, Biochar, Co-products

Fig. 1. Overall system boundary and the main processes for a biochar lifetime in each methodology described by Puro.
earth, Carbonfuture, and Verra.

Results and Discussion

HIO|2} BHOIS: 100 Ol4 22| R7IEAY o] @} 100 ol 2] f7]ekampe vlol 92 f7]e

ATHEF (Corp) Ol HFO1 Q21 G718 ATHE 2 10018 o4} A 8] HI-821 524 Al4= (permanence factor) S Foto] T3t
T}, whebA] BEo] @210] Cor RFde] =2 ™ 1004 oV A2 H7 8= e S71RITh IBI (2015)2] 787, Cor, T 2

A2 10%2= 7152 AATokal Segol whef 3712 = Hio] @ AHE FL2-3Hh (Table 1). EBC (2023a)i=2012'd0Ti= Corg
T 50% oVdolet= 710l o A= 715E0] §lo] Co, TohE A 1I6H= 210 & Sfar Qi) §E )= AlE4]
e (AAPFCO) Hlo] @zjof| thal] 2|4~ 60% Cor, TgOl2H= 7155S AAISIAL 1T} (Draper, 2019).
Hpo] @ 2} G454 Al H/C,,, & Hl&] wel D2bth o] H/Cyy, & HI-&-2 o] 2 2}10] 'ts} Yo} QP A&
el A E= HMQX} =4 ?J%—OM ZF4a5lt} (EBC, 2023a). H/Co & HIES BRol27t =2 o Wt
(Camps-Arbestain et al., 2015), 11 E] FFEEA S| =& o Yotk (Wang et al., 2023). IBI®FEBC7-5-5
O 2 AAGH=H/Corg & HIE 71552-0.7 01 Slo]t} (Table 3). ©] 712 Hio| @2} THAH|EH IS 2o 5
ZHesal Q1= 715=0]th Budai et al. (2013)<2 H/Cor, & Bl T} 100'E o1 A7) Cor, o Alktste] A|AT5E
ATt H/C o B HIE 0.4904] Bt 80.2%, 0.7°114] 58.2% XAk =, H/C o & I 0.72] HEO]| 22X ZAH Core &
58.2%7F 2o]% 1008 F<t $H 2 0 2 Holgl& 7Hs/do] 22 UERATE IPCC (2019)°M = 9574 ArE &
B 600°C ool A Bt 0.89, 450 - 600°COlIA] 0.80, 350 - 450°CNA 0.65, 12|11 et AR =7} 9l
2= 789-0.56 2 ASFIL, ©] Q1A= Verra (2023)0l4 Z-8-5] 11 It} H/Corp = HIE, QRN 25 5 HIo| 22} Al
I HAE A7} Qo F&A4 Aleef] vl = AR ESFRE 7T QUL Lehmann et al. (2015)2 22 H/C,y = HI-E2]
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Hpo] @ 240] F&/d A7 EG2 I 20°CHTE 10°ColA] B 3= Holqle). oj2iet /o tigh delAt=ot i
4 55 %‘3}04 Woolfet al. (2021)2 F&/ AGE H/Cor, & HIE0 thieh PAF2 Urepfjar 11 PAfek2]
A} 71E715 1008 77720 2 ERR = AR[SHlT o] Wi frE ol A W Eol A A=
Verra (2023)0l4 = 28 7Fs3hS Ho] L §l
EBC (2023a) IBI (2015)2} H=A] O/Cor & HIE 0.4 ©15 PE}L 7%= F7F2 AAISKAL It O/Cor & HlEE
H/Corp = HIEAH WFSEtAgo] S71oPHA] Hol= 5442 7HA|2L Itk (Li and Tasnady, 2023). O/Cor =
Hl-&-2 Hio]| @245 E/4J3}s}7| 9ol S-a st QIAF= 75| %] 9t HHEHE 2ol & A 2] Ei= Ak} T Sl 248 17
A= AL S R Qo) 0.42 2143t 4= Q). o|w= EBC B4 AALS S-sfsto] A% 24 W d BT
7} BAEIThH At AAE o 4= il AASEAL QITH(EBC, 2023a).

Table 3. Basic properties that must be limited or declared in the European biochar certificate (EBC, 2023a) and the
international biochar initiative (IBI, 2015) guidelines.

EBC
Biochar test IBI (EBC-AgroOrganic, EBC-Agro,
EBC-Urban)
10% minimum
Organic carbon Class 1: 260% Only declaration
(Corg) Class 2: >30% and <60% (no limit value)
Class 3: =210% and <30%
H:C,, molar ratio 0.7 maximum 0.7 maximum
0:C,y, molar ratio Not specified 0.4 maximum
Declaration of moisture, total ash, total nitrogen,
electrical conductivity, liming (if pH is above 7),
IBI test category A particle size distribution (%<5 mm; %0.5 - 1 mm; -
%I -2 mm; %2 - 4 mm; %4 - 8 mm; %8 - 16 mm;
%16 - 25 mm; %25 - 50 mm; %>50 mm)
IBI B
test category Germination inhibition assay, toxic contaminants -
parameters
IBI test category C Declaration of N, P, K, Ca, Mg, S, Volatile matter,
parameters (optional) total surface area, and external surface area
EBC elemental analysis - Declaration of Cy, Corg, H, N, O, S, ash

Declaration of water content, dry matter
(as received and @ <3 mm particle size),
bulk density (DM), WHC, pH, salt content,
electrical conductivity of the solid biochar

EBC physical parameters -

EBC thermogravimetric i TGA needs to be presented for the first
analysis (TGA) production batch of a pyroylsis unit
EBC nutrients - Declaration of N, P, K, Mg, Ca, Fe

AV

gl

=

e B L Sof JkS 5= QIR Table 30 Ul k. 4-Egke, ZolBok), & a3, A
52 IBI (2015)2} EBC (2023a)°l4] 5824 02 & Al a1 E]ojok g TWoglmo|th o]:= EBC (2023a)°ll4 B3

H—1

F

HlOlRRH BHIE: 7Y o] Q0] 71E EAol T2 EF A Al EoF Belsloly, 424, &
= s, A
il PaSrey

ok
I
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O 7 FHES, U4 3 mm oot AT, HMEAUL, SEE -G8 RESRF (A4, QL 4, vty Za 2 A),
ASHEY (TGA) 5= IBI (2015)Et 712 ] @61l Sty @5FEY 7[a2 Alart 445t =2 7tae
] EAYSl= ) sk U E R sto] 7o) d QP wt 31ebd A E o] vl8-g Aol B4 o7 thE 3dy &

=
71312 A H o ZHAE o] QlTk(Yietal., 2013). EBC (2023a)= E A= 0 2 v HA U 3= 7]

J

IBI (2015)°114] EBC (2023a)%2} The 5271 Ha =0 2 7| 285X Test A parameterof|A] QA7 23 pH 7
oA} A A3k (liming)©] 3l SAAEZ E4 715721 Test B parameterf| 4] oFAS|A| @3} B, Cl, Na 52| g0l
QI IBI (2015)0l4 FEg=F 52 A8 38521 Test C parameter® AAISIL Ut} YA 7| E3E9] -9 EBC
(2023a)0llA4] EATI o] A=A Qlo], B -2 o fele A 3b50 = AfjeiE 710 2 o). &, EYE
dofl Y= v = Q= Hto] @ 2k] THeFRH 5785 EBC (2023a)2HIBI (2015) 4] ZESHA|TE L= b=
ol Zfo)7} QLo ™ EBCOA 8ok B4ahmo] o B 20 & et fHH 0 & Hio] Q20 A& =405 4

A 7R RE OISR MR 0 2 S 1B 2015y 5914 QPAe] 4 Eoka Bk 4 gl

HIO|2X} EHRIE: 334 71E =429 =4 UAA=Table 42} Table 5] U it} EBCO] ESFAS
H}o] @ 2} 5 EBC-AgroOrganic+= EBC-Agro, EBC-Urban Et} JA|X|7} Yot o] AASH] T == 71 0 2 LrElyt
t}. IBI (2015)+= EBC0]| 7t Co, Mo, Sell thet AAIZE AAISEL Q1A EBC (2023a)= 5712 AgE 578
4R =2 2sto] 416k Flof Qltt. AgS U AR Eljofl A Al ZoiAte]] =402 Lhehd 4= Qlokal B s =
=74 (Zhang et al., 2022)= 2023'd°] 7= Ut} (EBC, 2023a). =/d=del thet fAIA]ellA] IBI (2015)+= EBC
(2023a)7 2] sht9] QIAIR|7F ohd BI9I2 AA =] o] Qlek 1 olf= R4, 25, Zidt], J=1, vul=r 5 A AlA o
It UetollA ETHEA = RS 7152 A5l 7] wizolth IBI (2015)= /8222 eHAI7]=4] ofl thaliA
o] Q X7 F YA 11 ARG = Uiete] Z]Eol| 2 5 AFSHAL Qi) ol E o] v|=te] Hg YA = e 189
17 g2 IBI (2015)2] Z|thzkell st (USDA NRCS, 2022). EBC-Agro, EBC-UrbanZ24; $JA| A= 1BI &
H Sjof| A 2| &gkt -FARIA L EE Al EBC-AgroOrganic2 i 2|4 g o W7 Uelstct, o] 2 &2 uff X 73415
EBC (2023a) a5 72 AlAIA o2 AATS & = Sl

SeUR B R E Ao Hs 571 HIR] S A= TEF 715 159 g 2= Pb 130, Cd 5, Cu 360,
Ni 45, Hg 2, Zn 900, Cr 200, As 45°]t}(RDA, 2023). ©*=EBC (2023a) YAIA| HTh =17 IBI (2015) FAIX] H 2ol
A 2 Zol &Rtk Uo7 FHS A=Y H71ER] 7S Ee 9EE S 7 FSEEH] A Zngt Cufl
T 2474257 - 5,102 mg kg, 68 - 1,243 mg kg ' 02 B2 ]2 YePdtia BRI, =2 glo] Y=
o= Al= oA Znet Cuf] ego] A e 7] w0 2 A|AI5kL {1t (Ko and Kim, 2016). 15 H] 7F5-2E[H]
7t QR SRS AR Hiol @At EH, F AAES0] EolEe T Sas] w5 o] oS wobd 4
Q.o o] ol5f ZA 2 AefEAof M7} 912 4= Atk (Wang et al., 2019, 2021; Rathnayake et al., 2023). EBC
(2023a)=2023d o] @ 2} A7 2 5]- 8753t o] euj4of H|AEA] Aa S IelstHA Ya o] SEclo] tis]
AEotal Qlom, si=e U Fof Hlol e &Rl B thA|= Faiatdo] i =] Ut EFE-E o] @2} (EBC-
Agro, EBC-Urban) ¥=2A4] 61-8514] 931 524 ARG 2R/t 61-83tc}al 114sal Qlrt. ol= Sa<atde] A
7197152 Hiol 2} A& AR 2 A 9] 5]-875/dS Aok T8 AlRIEI0] B o= Alelolth

B

H

0
59
;S
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Table 4. Thresholds for toxic elements including heavy metals recommended in biochars of the European biochar
certificate (EBC, 2023a) and the international biochar initiative (IBI, 2015) guidelines.

Toxic element IBI EBC
EBC-AgroOrganic EBC-Agro, EBC-Urban

Pb(gt' dw') 121 - 300 45 120

Cd (gt! dw) 14-39 0.7 1.5

Cu (gt' dw) 143 - 6,000 70 100

Ni(gt! dw) 47 - 420 25 50

Hg (gt' dw) 1-17 0.4 1

Zn (g t' dw) 416 - 7,400 200 400

Cr(gt' dw) 93-1,200 70 90

As (gt dw) 13- 100 13 13

Co (gt" dw) 34 - 100 - -

Mo (g t! dw) 5-75 - -

Se (gt” dw) 2-200 - -

B, CI, Na (gt dw) Declaration - -

Ag (gt dw) - No limit value, only declaration required

T dry weight.

Table 5. Thresholds for organic compounds recommended in biochars of the European biochar certificate (EBC, 2023a)
and the international biochar initiative (IBI, 2015) guidelines.

EBC
Organic compounds IBI -
EBC-AgroOrganic EBC-Agro, EBC-Urban
a4t 6.0 + 2.4 for EBC-Agro,
- +
16 EPAPAH (gt dw?) 6-300 6.0+2.4 declaration for EBC-Urban
8 EFSA PAH (gt" dw) - 1.0 1.0
benzo[e]pyrene +
TE <1.0 fi h of both

benzo[j]fluoranthene (g ' dw) 3TEQ' dw 0 for each of both substances
PCB (gt dw) 02-1 <0.2; Once per pyrolysis unit for the first production batch
Dioxins & furans (ng kg™) 17 TEQ <20 I-TEQ WHO?; Once per pyrolysis unit for the first production batch

Tdry weight; Ta toxicity equivalents; ‘international toxicity equivalents following WHO (world health organization).

HIOIRXI EHQUE: SHEEIE 7I1E =4 f7lekd=<] E292H|Hd (polychlorinated biphenyls, PCB),
tho]541 (PCDD, PCDF) 9 35k (furans) @] @Fg-2 -2 Fof %l Hio] @uf A9 ¢ A-glake] whah Gepzieh (Gullett
et al., 2000). IBI (2015)+= A=< il ojtd ARSI EBC (2023a) Q155 #{ets QES| AH|= o]2fgt B4
F71RtE S HAagu ALtetn 2 EGAG o] @ 2}9] 749 diitall AHA Ao} Akof 3t S5k F-25lth

3 ZFERbe: SEA|RE o] = Hio| @2} Y&} H% Hio] @uj A7} GAxgteo] Wol PCB, thol54l B Frehe] A4do] v
= S HA= it qhef vio] @nj A o] Aelao] wrbd S22 E4o] B adh 4 ekl AA[StaL it (EBC,
2023a). PCB YAIR]+= Table 501 Yeht S&O U% IBI (2015)2] Z|AZko] EBC (2023a)2] A2} 2ttt thol-241

o 2to] QA 2] = ohE =AEA Y U £ 1B (2015) 2t EBC (2023a2)7}F 257 =7 LRt
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CEPRFESEISIEA (polycyclic aromatic hydrocarbons, PAH)+= 77| 249 GE|A] B4R AR =
=85, dubz o g AFs| 7hAot oA S o] A4a-EH nh|Eltk. PCB, thol 241 Bl et} 22, PAHE HFo] 2.

A FF PRl 0] G 9] oF=rt (Hilber et al., 2017a). 1T 57527100 w2t A4 PAHZ Ho] @410
52 4= Qlek 59] sl 7EA7F Sl AdE oA Bl @ 24E WZsHH PAH 32 S2HE o] o] o ol 4
AT (EBC, 2023a). IBI (2015)= 0|= 3F3 R G5 (EPA) 94187 @ JEA 2 431 16 EPA-PAH (EPA 14 167
PAH SIFFE)E UAIA] HAR AXISEL 212 EBC (2023a) YAIAE 1 #912] Hxzkel szttt (Table 5).
EBC (2023a)E 16712 PAH 315tE 5t B35 PAH 8710]l thish AAIXIE F7H=2 AAlstaL Qlt. 1 o)
+ 4 PAHE B &2 A0 = Hio| @ ajof B & HolglS 4= 17 wliZolth (Hilber et al., 2017b). ©l= -4
A1ZOFIA (EFSA)S 2= 71 © & § EFSA PAHE 7|3t 16 EPA-PAHE= B4 6.0 g t', 8 EFSA PAHE= 1.0
gt 9] AARE 7HICE. Tt U B4 Hlx ] o2l = WIE[j1EF-.2tdlo] s EBC (2023a)= 212} 1 mgkg'!
H} IBI (2015)= 90 & 3 mg kg TEQ dwhHt =2 g %Em A= Alofstal QITt (Table 5). 1714
TEQ=AE=/d<S Uehd o 2ol= 5457 FMsr & tol &4l oA S48 SR7F ol 7L ofl, 24t 24
O] A5 of| EAG7 AL (toxic equivalent factor, TEF)E & & of2] 71X S 5 e gholct Hio| @
A PAHTE Ao & HoiA = ol dollAl Hio] @2l PAHZ}-32 2 S2F61A] g 2ol GEal 7S+
g5l d4dle 507 ol BT R] A A= Zlo] ulle- 581} (Hilber et al., 2017b; EBC, 2023a). ©]
£ Il EBC= 2012355 A4RAA Q150 PAH o] ¢ ‘5{8 Hpo] Q445 Aiboh= 71 B 5= 28
5}9Act (EBC, 2023a).

HIO|2XI EIAHIEH QB9 FQ | EAujEHoR AT YsiM+= A&7 (sustainability) 2t
7154 o]of|A 2] F7}Hd (additionality to existing climate benefits) 2] 5+ 7}2] Y21-& Tk=otojof et UN A A1
77N I9192] (WCED)olM= A&7 Fs 3= mlg] Atz 159 895 552 & Sl 7IHkS &7 1A e
9 HellA AAIH ] 875 5417 1= 2 02 Aokl QIth (UCLA Sustainability, 2023). HFo] @2} gHA-HE-Ho]|
A A&7 s/ €7 3T B Zo] Hio| QWi AE Ho] @ 2} 1w 2 ARESHAA 511 9 'k Eo] 4w 2] oF
= Ze LRtk 7154 o|folM 9] 72 ehAabEd glol= Ao (oks AV HEH A B AIAE Y
S} (Gillenwater, 2012). 12|11 271 4 Sof] oJal] A2 02 S8 Zlo] of]ojoF i), Z, o Akglo] ol
AP 2ol 2 AFY S 4-3ohH AR == A o] FESHARE Ak S 0 & A SR 7 FsRE Aol 3
7o) Q1A= & 4= Q)

A&7Fs 8 S = TS ) QIS E = SIS Bl A AFEEE 0 2 100 oV A A CO, Fo
=, 0]=1009 o} A Hlo| @2} C,pp 0l 4] HEo] @2 3 FQH AR A7 EA Bl S-S ZHRE ghol et o] A
7] &A1& (removal C credit) 2019 0|5 Aaﬂﬂg Pa%—t_ ), 71 A7 = A 1], Aoy A] S0

S)u] et4-ul=E4A (avoidance C credit)©] AP ©FAAAFO] =5 o] 0T} (Dawes et al., 2023). 2019 0] CO, A|
Aol 24-& T2 G0l A E FRo A7 EFA = AA SAEAS Th= R, 2007975 AP g

Ao E-S Algoih ke AlA SaulEHE ofy 2} 8] n] ehAr S-S Hlo] @4 daTAl| A 285k 9
T} (Verra, 2023). 2]4] ©HAH]EE2 SRS AFGE S0l 315 miQl Hlo] AR AU @ 247 EA HiE ol A]
ERAEE AFIES 27T Bl ETRES AR 2ATEA TSRS Rl o] wff H4=A o] A2 (conservative
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baseline) A7 @zlo] A-GHr. o]= Ho| gl AlUte] @ 2A7IA &SRS < T/AFA] B (business as usual) Hl
ZF o] & o572 WA AASH= 212 TSI (Gustavsson et al., 2000; UNFCCC, 2021). Hl2k= B2 wjo]Azte]
A7 P2S ofet Hio] @41 m THA| Hlo| AERlE 0.0 = ASkal QUTh (Verra, 2023). 0|24 Y= THA| Hio] @i~
of| thigt 2] u] ehaulEE2 00] =0, H2te] ghaulEd ERt FRo| A0t FREF A9t o] 100 o1 <=AIAE CO,
Fo & Hoflxict.

ELAHIEE OIF wWHE: FRIIT vlo] oAk YR vlo|Qul AT} FEOlF RIS 2 Sl CO, A
Pz o] @ A}o] T FH} lo] @ul2 RS F1 o] FolAl ThE ARlEe] Ao|t(IPCC, 2022). Verra

(2023)= HIO| LA ARYEE O] 2|47 e 22 48| == & vlo] 0] ZHAARIE A7 Fset #1712 Bt
oleml2 FF2 5% 2 17stal 202118 71 A A|A| vlel oA} At BlES AR At AR 5% meiel
0.06%0 ]2k H 18PHA] vlo] @ 2} AFERE 0] 7155RS AJAFALT.

A GBE] A&7 s R o2 te] @ aF Y& A HAMIE A /15-0] FR3t QAR A& e
of Rttt Puro.earth (2022)= AH8-d Hlo| QA 5 YE 0] Y4t B 2|&571sd S Hiol Ll Ak
of thiet 2871 23hE 8-ttt 5, AT Hro] el 0] 73 FSC (forest stewardship council) 2] 2174 G <15

o] AEAE aTslo], BPIHLE Hlo] orl 0] A9 AIEAE aTekA grort AT g Ale] Tl 8
Z
]

» ol

_l

o
Z710[th EBC ©A 3 5ol PR BAFHAS 3ith Ya o] Bageide 21E7s 41 fAR]
fidoltt. =, Y& o] QujAT}t Skl SLojlA] Hio| QUi AT} ThA| 212} A2 o] B 7-9-ofgh vio] @27}
H S o= QIAE 4 Stk T U2 AASkAL QAT (EBL, 2021).

o] @ 2} @7 0] £33 Hlo] @ 2ke] FA ALY, Aol 27| &= vIZItk (Ippolito et al., 2020; Fawzy
et al., 2022). MEpA] IPCC (2019)0l4 152H Y==50] AA =31, EBC (2023b)<} Verra (2023)°141 % AA]
St 98 E2o] gQltt F2ojA [PCC (2019)2} EBC (2023b)2] Y& 22 Aeishyl 9, 7HEF21= EBC
(2023b) 9] Y=5E-3 A=kl Ut} Verra (2023)2] -9 A&7 Fsota, =716 A&7 HH71E Hio| @uf2o]H
H2g 0= Aulsta] il TR H7ellA = =]A] gEetolof Fotal skl QI Verra (2023)9] Y=ESol=
IPCC (2019)2} EBC (2023b) Ym550 ¢l EHahirdA BAFEQl EH-HAES] (high-carbon fly ash from
biomass)7} Qlth= o] $53t Thofet. o, MERAH|AFS] = A7 1E Hho] @ulA A 2|Fe] 5%E W] ¢l Hio]
QLS FE017] Qlofl A=7 71&0] ARSE| T HEE AlFofiok b Hiol @2} 22 QI deFEA = SHAA
T AFEE|R] IThE AS Y55toloF SHaL IBI Hio] @2} F47]%-E& RESslolof SaulEd-E SRt Hio] @ 4}
AT Z QA ETH (Verra, 2023).

EBC (2023b) ¥=55-2IPCC (2019)9] Ha55S o ZtolHA 7P Al Esls1r E48HE 5535 AAskL
AL}, 2022 @7 = AEA Hlo| QufATES 2 YR E R0 2 AAJsIT}2023 1 olrEE E

N

>
o
o)
§
>
M
i
0

o)

5
%At Table 6> EBC (2023b) 9] YE55 5 /HESRIGl0] EFAS Hio| eal2 8753 Yug 153 A
Zolok EE a2 AS A HH {75 Yol AHE-SH= EBC-AgroOrganic8-2 77154

= Aot} 1211 AR A2 H| ARG RF 5o] A E|ofok gttt AEat EA FARE 2] A9 A& ks A S
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e, AE7 SRS, A8 SollAe 2k E 2 1% olsl, TAF 1% olst 52 74skal Q). 121112023
| 371 524 Y= At 918l nge A= AAE Sloll ditoll 210] 24 3517 500°CE ZfofoF
Shth= Q7% 70] Qlrk o] Guo (2020)7} AAIRE HEo] @ 2}e] SHARH -G 7|etaglako] A1EA] g ofA 350°C ©]
ellA, ZHaRHl71ZelA GEo =25 500°C oVdollA o= F71et At A4 Hr. £3], 500°C o1de] dals
e AR 715 Ho] @A = 7 Mol Al Ho | == et AF|R0|E, H8A 5 f7 ] a@e o] AIAE E
PAEA] A QFd/Jo] oIt (Rathnayake et al., 2023).

Jn

Table 6. Permissible biomasses for EBC-AgroOrganic, EBC-Agro, and EBC-Urban without individual approval, partly
extracted from “Positive list of biomass feedstock (EBC, 2023b)".

Biomass types Special requirements

Annual and perennial energy crops grown specifically for
energy or material biomass use; Woody biomass from
Agriculture short rotation plantations (SRC); Tree, vine and shrub
pruning; Harvest residues such as straw, cabbage, leaves,
stalks, husks; Old straw and grain dust; Vegetables; Seeds

¢ For EBC-AgroOrganic only from organic
cultivation

* For C-sink certification, the amount of
fertilizer used must be declared

Forestry and Bark, wood chips only from mechanically treated wood * Only from certified, sustainable forestry
. (pure firewood); Wood, wood residues from mechanical ~ * Approved are the FSC and the PEFC
wood processing . .
processing (waste wood A1); Sawdust, sawdust shavings labels, others on request
Landscape Foliage; Root stocks; Biomass from nature conservation; ¢ No road wiping material
management General landscaping residues * The soil or sand content < 10%
* For EBC-Agro, only defined
Reevelin Urban green cuttings; Wastepaper; Untreated waste wood ~ sub-assortments from defined sources and
yelng (A1), wood shavings, bark, wood wool; Residues from with small amounts of foreign matter: total
economy . . . . . .
industrial biomass processing; Paper fiber sludge content of synthetic coating, varnishes and
plastic contamination must not exceed 1%
Kitchen, canteen, and restaurant residues * Contamination by plastic < 1%

Material from washing, cleaning, peeling, centrifugation
and separation processes; Pomace, kernels, husks, grist or
press residues; Expired food residues; Manufacturing
residues from the production of canned food; Residues
(from starch production, etc.)

* The soil or sand content < 10%
* Contamination by plastic < 1%
* Only vegetable food

* Only pure vegetable residues

Food processing
residues

Water maintenance & vegetal marine biomass - Screenings, floating debris,  * Contamination by plastic < 1%

mowed material; Aquatic plants and algae * Water quality control is required
. Cellulose, cotton, and plant fibers; Fibers of hemp, sisal, * The content of synthetic fibers must not
Textiles
etc. exceed 1%
Plant-based digestate; Digestate from secondary plant biomass * Not contain sewage sludge

* Pyrolysis conditions must exceed 500°C
for 3 min at minimum to eliminate
biological hazards and micropollutants

Anaerobic digestion - Manure digestate; Animal by-product digestate
Animal by-products - Bones; Manures

EAHIE R Q15 WHE: HIO|RX} it B Hlo] o3} f7|eAao] Bl d54, S EaiAIde &
Sf|2 oI5 LFEhL} R 2 Hio] @ 2|2 Hra A BhA 37 9 22 (pyrogenic carbon capture and storage) 7102kl E 9F

A 71&0]
T} (Schmidt et al., 2019; Carbonfuture, 2022). G+ol| 57} Hio] @Hl| 2~ 0] A2, o] @2} £-2]2] 50| Hio| @2}
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AAE 35k 4ol

Table 7-2IPCC (2019)°lA] ARt FFEE"E ol 2 o] @ 240] {784 Hl-golo}. Fioi7} 7t ot
o =2 4 7 Sg ¥ = Sollke Sl 7 =2 4k Holal Utk Ippolito et al. (2020)-> Hio] @212] E
G Cor B8-S GEN 2571, Hiol @2te] ot EFEe|afely Wk durt =2 ks nixtta ik &
2ol FH, Z ke FEol B = Faolls o] @2 EA 2 e nIAR] ¢ A 0 & B Skt (Ippolito et
al., 2020). TbA Y&}t ol 2 of it A4k = Blo] @ 2k0] EA4Jo] Aalix] 11 71 £/ o] 5= 2|23k &-8o]
Aol =B a7} Itk (Wang et al., 2023).

"

Table 7. Organic carbon content factor of biochar by feedstock and production type (Fc,) from IPCC (2019) Table 4Ap.1.

Feedstock Pyrolysis production process Values for F¢,
. Pyrolysis 0.38 £49%
Animal manure . .
Gasification 0.09 +53%
Pyrolysis 0.77 + 42%
Wood . .
Gasification 0.52 +52%
Herbaceous PerlySiS 0.65 +45%
(grasses, forbs, leaves, excluding rice husks and rice straw) Gasification 0.28 + 49%
) . Pyrolysis 0.49 £49%
Rice husks and rice straw . .
Gasification 0.13 £49%
) Pyrolysis 0.74 £49%
Nut shells, pits, and stones . )
Gasification 0.40 +49%
o Pyrolysis 0.35+49%
Biosolids (paper sludge, sewage sludge) . )
Gasification 0.07 +£49%

Puro.earth (2022)+= "JAFA Ol A AP g 7te]| 2o Sa-55-2 AlAoka T s Ssolx] WAt He =
A7E vifETo] ARtE okl it} Faiell 30 FARER] &, 77], T Hiol @ @ Yol Atk oA 28k
2] 1 F8 AF o= I 739 Hio| e ajet BAFEAL] o[ | 2] g5 2-8sto] APy E7HE g vhi
717412 EBC ©A o = Giial -5789] FabEo] 7150l 57484 =
Xt} (EBC, 2021).

EBC (2023a)= €& 9] AJidu] 2 LA == vo] @2 A4 A] (production batch)E AT | Eo] 5551 ot
V-5 IDLFQRI == Efbet. 17| al Hio| @2t ALk ol A Aol 27t Aol A 20% ol T ER] oF
ool 5}l Hio| QUi A 1 TERF20% oY §I5ER] grotok gttt 7ol Qlek. Ert 521 A&7 (sampler) ol 2]5f
o3 & (sampling)& Sto] FAISHES 5L Qlrk T FEof 5782 ol|A] 82191 4], = o|F 2jofl= 814
A= AF-E S5k, QR 1 T B8 Gl 7t SleEAY Hilof s, @47 EES =7 HiEA]
e 3= =eoliok ol Hio] @2} A4k Fiol 7hA A W E 3] 50 = §HAT|<E o X B-&0] 70% o)dolofof
QIt}. EBC (2023a)9] ©]212t 11742 Verra (2023)°ll4 H7]% (high technology) AJAMA A= A&lstal Qi o5
RFESIA] Fohe At A2 B S 71 (low technology) ABATAIE = FHERIT T1=] 31 AT A oA ' EASH= 2
A7 HES A e E TR AL,

ILRAZ]A]
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AN sk %4%7& SRS sl Au] o] ofld, utol Quf 0] ), e, Wele} 8l A% 5o
FAE, SR 2F, 193 7R Sl 3 - wiEtelE 5ol et T

oy ]12_/“347} CO, =t} 86H =Tt (EBC, 2023a). ioll7FAE Bl 9L 314-614] ¢h2
w2 HEh gl ot 45201 Fk2 viol e40] 715 5294 miks d4iA7 171 o

o] o2 o]o].otl‘_—_tﬂ uH

o

F

OZi
jus)

ol 7150l 42 BHE & S 9lek olefeh o)1 EBC (2021)2 G4
W5 ppm t]gke] VRS vt jERE £ L Sl 0 2 vhg HAleka A a w vlgo
@%%%%ﬂ%&?ﬂﬂ%ﬂE%”éi1W24”ﬁﬂﬂﬂﬂ%ﬂéﬂ%ﬂﬂiwiiﬁﬂﬂiﬂi°
2 afol AN TGO Hlo] A4S AN QIS A 1 A vo] 9.3} kS0 7] )8 ot
Z 4= QJt} (EBI, 2020; Fawzy et al., 2021, 2022).

EEAHIER QIF WHE: HIO|2X MIZ AR Tl Hlo] oA A8 Fs3 il ES A (matriv) 2= HH] 5
A2 24, 5784 5 EY, 2R E 5 77 24, 22t T AluE s, o] FollA Hiol eaprt el
L o

A= TR Bl AH *]%Ql‘f 9—}"“‘:; % EOW\] 2Ao] QHL H)2 S3} 55}

A2 71934 JO]E} H7]| o]t} (Hilber et al., 2017a; Xiang et al., 2021; IPCC,
2022; Nabuurs et al., 2022). ©|2]gt thofet Ao} BEHAIA-& Fo] 7} ZH I ES AL 7SS H E gl A9k A&

7-] 114/\]&1—31 % 71~zl_jr_ 31;}

Hpo] @ AF &HAHIEH QIS A= HIo| @20 ARG-C & EZ|of| A Az o] Ak %] oofof shal Hfo] @ 27} A
|5 EAT}E FAE] Eojof ShH AREA]Z|= Biol @} ALt Tell W= A4Skl itk (EBC, 2021; Verra,
2023).

SIS APS Il 7HY A vio] @2 R E-S AIAGHIPCC (2019)0l4= " HE 487 Fs EAIE 5784
) i Zﬂﬁ&ﬁ}i’ At} EBC AM87Fs FIERIA £5 (EBC, 2023¢) & EU EH], |5 5 ES A1S- AA=51A] vl
EgAE FE6}0] Table 82 HUERHRACE. Table 8-2 Hlo] @2} ALt E-IAEE QFHUER (safety margin), HfO] 2
o] Y4 Al B 2a ARSI itk F54 Alr= B 1001 715 0.82, 1000 715 0.75 % AA]
=, o= 242t Bl @3} Cor, 5 82%7F 1001 B3 EFoll HolRla, 75%7F 1000 52t Hot k= ojmo]
t}. o] ¥5/d A= EBC HAA A ISHHES ARSShe 7FE7A o ©harlE-d Alitel 2AQ1ek QFARERI2 ok
= SR 517 f1of gt ARMIIE Db, SR04 100%, AFHoNA 0 - 20% 2 ol - 52 FREe] 100%
Zhe A2 100%E ARIeIth= on| = Hio] @2} A8 2 FX] 0] {7|etart 2aofid 1ol il oA feH4] flo]
El7} - 7] o iZel] @A Bio] @2k Al G WlEE AR FAE AR ghd2 1T A Y A, B ol A
HollA vl @27 G7ekA0] Bl 7HE2k 4 Qlo] X[ 20%2] QP mixlo] A-§rm ZFAH O] ESR2 7AI9}
QR-EHof| ofsf] Weiitz] = Ao] Tt 2735 AAISIAL Itk 57341, TAIRHY, BAHE Aol A= A8 S8

b
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Table 8. Biochar application matrices and their conditions for agriculture and vegetation, partly extracted from “Posi-
tive list of permissible matrices for the establishment of biochar C-sinks (EBC, 2023c¢)".

Security C remaining % after

C-sink matrix ) Conditions
margin 100y 1000 y
Agricultural soil - 82 75 * Tracking and prove of soil application must be provided
Urban soil - 82 75 * Tracking or reporting and prove of soil application must be provided
Mine reclamation - 82 75 * Tracking or reporting and prove of soil application must be provided

* Biochar may lead to accelerated mineralization of wetlands
Wetlands 100% 82 75 * Too few scientific data available
* Not accepted as C-sink matrix today

* Biochar may lead to accelerated mineralization of certain boreal
forests where a higher security margin is applied

F - 209 2 . . .
orest 0-20% 8 7 * The soil of natural forests should better not be disturbed by machines
and substrates
* The use of compost as soil amendment must be proven
CompostJr - 82 75 * Potting soil cannot be certified as most of it end up in waste
treatment plants
. * Th il t , t 1
Solid manure " i 0 75 e use as soil amendment must be proven, must not be pyrolyzed or
combusted
Liquid manure f - 82 75 -
. * The fertilizer does not reduce the permanence, but biochar may
Biochar based . . . .
fertilizer " - 82 75 increase emissions during manufacturing and storage

* A GHG balance of the production must be provided

T biological matrix.

Verra (2023)014 LAl v} Qe gkt gk 1 o)1) Exjol A EoF Al
GG 2 glon] 22 £2) §ole A, 29 9 o] TRLCKL AXSHAE 123 vol o xfe] EoF EH @
84 58], AS @714 4510] 25123 22 THE BAu Eglwlolof st EOF 4 BEAE BEOR Eo)
wls PP ThE B Bete] B8 4 olrkal AN 9k ol Guo (202007} Alke A48
22418 270014 T Hlol 9212 EQHERe] Bl AL sulol ¢

©
i

S
b
ek
4

ol %
EA0-15 cm EE S8tol= 2t _?r/\].g]_q.

ZA A AELL. Hlo] 9 27} AR E EoF Tl Zhao] 2|2]A €]2]9} A9 K ]2 olok stk xS wh=c)
(EBC, 2021; Puro.earth, 2022; Verra, 2023). £3| H}o| @2} = Hlo]| 9 215 ¢kG3t E2lo] 85 EX|= GPSS
=35j 712 5]ojof slt}. EBCO] A, ZAA|AH] Q128 Ea] Bbarlg ZA1} Aako] tiet A2 52 o] 114} 51
Ath(EBC, 2021).

71% AlH1 29} BlEo] Hio] @27 Al8-EA ol BHA| BIMYS 7= A uie- Fastt o E flol H4of B

>~

8 52 FE7FARARIA 2 22E Ta7T 9Tt USDA NRCS (2022)= HEo| 4} AL§HH
S 71 ¢ 7004 Hio] @2p7t A-83E EAof| A o]g e 917l Eol= ol ofop ok FE s § E}. ol =&
F 7R Ul A] Es] oo & ARate |t gt AAPFCO 7 2lof| whef vlo] @2} Al E- Aol Fuj,
|52, AR, Y2 ot R RAR 52 A5 o1l It (USBI and NRCS, 2019). HFO| 92} A1-8- EFE A7}
|5 il Guo (2020)+=pH 7.5 ©|5} 2 EC 2.7 dS m™' ©]5}2] EoFo]| Al E2A Y= HIo| Q2R =2 - 5%, 715590

_,,
mlo
=
Do)
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HEO| Q 2P= | - 3%9] Al-8-5-2 575137 It} Lehmann et al. (2006)-2 HFo| @2} A|-85F0] 50 t ha'-2 Z}5|A] ot
of gt AFFed], o= ZEZ0] 10 em 7|02 2F 5% s eict. $-eluelolie GA vto] o2k Al g a Tt
S B 1% 1 QIr}. Park et al. (2021)> J5Aulol| 4] A Hio] @2} 49,9} E]H| 0] 2§ Al-go] EF A /Nt 3
714 H5 AR Aot -FARRE AAATES LR ikl B 1SS Kim et al. (2022)-> ]@*Hhﬂw kAo 9 2}
2 tha'& 274 AL§=F0 2 BTstgli=t], o[ =2tEZ]0] 10 cm 7150 2 0F0.2%°] s gt o4 d =7t -2 1t

ol @Afe} shefet 2REut EFEA, By ol et 27 ALg o] Fe 4 glof nlol ok0] 214 282 Siat
A7} ehet k2] dhef o Bastokn peEck

HiO|2X} EtAHIEH Alltat HE  Hio] @A EAuEH S Teh=t COs-eq (CO, 57hHolt CO, #RF ol
2} et 5 R 2AVEAE 238X 4-E o-85te] 5712] COLE SHREO 2H t CO,-eq@] 9= 37]E0h
o] Aot Heto] BAHlEE AR Bio] @210] 100 oY AT 7hs 7 EAagollA] ZF eAloflA viERt R
A7 AP Sl Aot (Table 9). ZF THAOlA 247 EA WETERS Puro.earth (2022)= 887+ &0 +
gtk Verra (2023)= A4tdAllA 7| AR vl & ALt el met Eol= o] th=r) £9
HIH 7 |& LA oA 7] 5 ol|R]4H], HghillE Foll thel /<71 82k oF (UNFCCC) 2] i47~47HH1';‘<ﬂ7«ﬂ
(clean development mechanism, CDM) B2 (UNFCCC, 2008a, 2008b)2 E-&5}o] A7 AH &SRS AP ettt
7412 EBC ©HA YT 218 AF-8of| wet 954 A aebd o olo] 25 ARS8 =71 57 ] = ZgE el A
EAauEEe ok 540] Al Z, HEo| @4 CopollA] P B AL A O] 24714 Bl E ) 119 10% S ?Pﬂ ]’
710 & F7h= 2ApFsto] GA/J A ARV R S1a1 2|F HAHIE IS HO| @A Al E-E SOl A7 A alEE S
At gkl HEARS-E Lol 54 A& Hote] APg et

FEOIAFEBC ©Ad 3, 18] 11 Hjete] et ]& AL R] ol U 2] B-8/407 7148 55 2 Aek A i
SfAHo A= iAo 2A7EAEEC] A F-S flol ARERT o] 502 AljtE]e] WA yeRdtt. T1eu w2k
O] BT & Aol A= AP A o] 247 A ulEe | wo] A < Qlo] o & Zp4i sl Hiol e 4 ehAHlEd
o] o] 4= Qlth. Verra (2023)+= HIo] @24 A= 2F Al 25014 200 km ©5Fe] 25A 2] ollA 24714 vl
2 FAIE o et AAJekL ok vk Yurt R AE7 |97 E ol AT 502 At
200 km F|9H 73971 Hof Hio] @2} iAol A LATFAHIES = ALTAA oA S ot & 5 Qlot o
2hA] RUetol| A= Hio| @2F AL O] AfetAslrt ehAnlEd S of| Fasal ThhE T,

Carbonfuture (2020), Puro.earth (2022), Verra (2023)+= ©|aliHA17} = 522421 Al3Ate] ot A5 2+ A

Alstal giot. BlEo] Hio| @2}o] Hubd-g ZAdotal B skl HEok= A|AH], = 57 x HAl x 45 (monitoring,
reporting, verification, MRV) A|AE1S- :[Lai;ﬁ]-oﬂ EIA QIS0 AR E Al lstal Utk E5] FAto|Eof BtAHEH

HRAEZE FAsI 71 59 Fofet EHAdS =o]al Ut} (Carbonfuture, 2023; Puro.earth, 2022; Verra,
2023).

Hpo] Q 2}E- o] g5t F2H AVEA ZEEFEO Pathak et al. (2022)°] €10.3 - 6.6 Gt CO,-eq= A3 Wang et
al. (2023)2 ¢12.56 Gt COr-eq 2.2 22 A7 AHIETF] 5% 2 FHFCE 181} 715 917] s o244 o] @
A= of2]71R] A EARICE. AlREA Q] thit i LAV, At AV A A7) Aike], BEotet ke o oF
Al 5] 71 dlo|tt (Gwenzi et al., 2015).
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Table 9. Calculation methods for biochar carbon (C) credits called CORC, C-sink, and VCU used in voluntary C credit
trade platforms, Puro.earth, Carbonfuture, and Verra, respectively.

C credit trade

C credit calculation methods (tCO,eq) Comments
platform

* CORC= Eslored - Ebiomass - Eproduction - Euse

Esorea: CO
Eslored = Qbiochar X Corg xF pTH’TS x 44/12 stored 2
. . . . . sequestered over 100
* Qbiochar 1S the amount of biochar produced over the reporting period; Coy is years

Puro.earth the organic C content of the biochar produced; F,""" = ¢ + m x H/C, is
the permanence factor of biochar organic C over a given time horizon TH in
a given soil at temperature Ts, where the coefficients ¢ and m are a function
of TH and Ts

* Ebiomass. Epmduction,
Eys: Life cycle GHG
during each stage

* C-sink is determined by integrating C-sink potential, greenhouse gas
emissions (GHG) during C-sink

tracking after leaving factory gate, and C remaining % after 100 y in * EBC C-sink standard
applied matrix requires that the
Carbonfuture * C-sink potential = C,, content of biochar - GHG during biomass sourcing -  biochar may only be

GHG during production - Safety margin used in specific ways

* Safety margin = 10% of the total GHG emission of biomass sourcing and
production

* VCU =ERpsy - PEasy - LE,, in year y

* ERpsy = GHG emission removals at production; PEss, = GHG emissions at
application; LE, = Total leakage emissions, primarily attributed to transport
emissions

Overall  * ERpsy= Z((ZCCyxy x 44/12) - (ZPEpspy)) * GHG reduction at the

equation  * CCy, = Organic carbon content, sequestered over 100 years, on a dry weight sourcir.lg stage is zero
basis for biochar type t used for application type k; PEps,y = Project GHG following a

for production of biochar type t at production facility p may arise from conservative scenario
Verra pretreatment like drying wet waste, thermodynamic conversion, or use of * GHG by transport
external energy must be accounted
for only if the

High tech. * Thermodynamic conversion emissions are zero and renewable energy use

. distance is more than
production  reduces GHG

200 km in round trip

* Thermodynamic conversion includes CH, emissions, which can be obtained
Low tech. using estimation equation
production ¢ GHG for the pretreatment and use of external energy can be obtained using
CDM Tool 05 (UNFCCC, 2008a) and CDM Tool 03 (UNFCCC, 2008b)

Conclusions

o] QA HEa= A/AJH Hio] 2= 2kATt 7o) 87 CO, AlA 7|&2E 7194 o|io] 9k Bt opat
E7Nl olgt 4t St 5 584 o]k A& 4= = 71wo ot A vio] o2 BRAHE A QIS E
Aol Q155 Hio|@ato] ol Pmggollxl A4k, HFAS7HA 57, B, HF AlAEE Fofl gaviEds
2 0 2 ErfolA| Ag ettt o]t Al ARl afuE Ho| 9.2} erAulE QIS Eo T Ut itk Bl E
o] A, vrol et £, geka o] thefet S-S 1=sh "Wa vt Qlrt. AAVY SHollA, & 5
SEFAEC] T2 WASHE FAbd] Fo] ATl Hio| oap Aabrt 8-S % Eli=s

Arta]of|E {2g B ol el &= 200 km O|U] &E5A T = LATIAHIES T

b
>~
o}
A
)
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Y 5102 ehEick, TG AR} Y 5 AU oI A vlo] 03 F U SRS TS ol o] ]9 %
Rk BBoh S, 500°C olAke] BRAFFHE 7171 7R vlo] @ A= 7 Rol A Bo] Wrish Helg, AdR
ol=, A 5§71 0GB o] AATI] EF AGA B AL Y 5 Itk oFF W A9A Hlol o4 s
77 o] 7} 2B 2 vho] 93} EPAIE-] Al7|obuhe] EQFEA 9 88 58 HA 4 Q=S AP B
79Ik, 27T, Blo] o2 A2 QIFHPE Eo] U, AT, ALE 5o vlol o4} At e etete] 412 7
A B Azt eIk ol Hol o4 B8 €O, AAS BASKE Wit ohjeh B Hlo] 9x}0] 24 B0 E

78 W 22 d Sl 7] ofskel=t 7]t
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