UAC] Technical Reports, Vol.10 (2023), pp. 52-59

| srzaEEE

RANT VY AET

WVOBE L TEMBANDOBEHIZBITS

ﬁ%* j(_‘**,***’

g;é'gl

%E*
L T i

Summary of Mass Balance Model and Its Challenges in Application to
Industrial Materials™

Taichi Suzuki ** *** and Ichiro Daigo ***

1. FUBHIC

WA, AMRRRCELGIIR LT, MR AR 5 [
L7250k NA A< 2R, R ae M % S h
EREMERAT R E, 94 794 7 VEEIZHEDL
BRI TIRL 2B MROLNTWE, ZThbo
JER D, BABRRED LN - BaOMAZTETHD
T BRIEIR I 2 B IE MO FEMIZ1E, CoC (Chain of
custody, —HOHFH) HVHENEY, ZZTDCoC
X, WMRLLLZHHEY T IAF -V DEAT Y

ZBWT, AMBLOHEERE L2 5 T
Tk - Bl - #3248 A 23T, CoCTIX, *F
LOWHRLERONAFEIZIG L TE2DET I, BAERD
121 identity preserved model (IPE 7)), segregated
model (SGEFIV), controlled blending model (CBE
7°)V), mass balance model (MBE7 V), book and
claim model (B&CETIV) O L) 2 €7V % %
EL, WHTZZEDTESY,

CoCOERIZ N, BEDNOLHA LD DERZIC
%énfgtocw%mwtfémﬁt%@ﬂ%%
Fig. 1125 o CoCETFMIEYM, EEWE TS
WA ENTE L, TORDIL, 19724 1CF SNz
International Federation of Organic Agriculture
Movements (IFOAM) ¥ (2 X 248 - FUAEE TV TH
HLERD, TNIE, HREICXLDRIEWE THDL
NEBmBECXNTL2ZEE2HBMELTEY, BED
CoCETFTNVONTIPESGET NV EFEELTWD, £
D%, REEHROET) L EDITARRLELZ T TRL
FRE I RE 2 BAEMIC O R 2R F D 3@, 1987 4F 123k

3. & 17z Rainforest Alliance ® 2¥MB € 7V % 923 L 7=
bR BE e BAEWTH S B RRE R AR L Tv B,
CoOHMBIE HARINTBLITAHTDH %25,
Rainforest Alliance(Z & A RBAEDR G & NAEHZ ML IZ
b720), IPRSGETFNDOATIINREMETE Hd >
elebeZEzoN b, B, ENTIIMBETVE [*
ANTG Y AFR] EFTHRAHPEITHBEL TS, 72
721, AFTIXISO 22005 D KFLICEDE T ANT ¥
AEFNELIEMBET N LT 5, 20044127807
¥ M7z Roundtable on Sustainable Palm Oil (RSPO) ”
(3, FRBETRE 2 O ITI A S M S — Al il
IWRD72DIZ, B&CET NV EFERKL ~;:.J.]E%fﬁi)\l,“('
Who BECET NV HERKT HZ & TIEBORMIC
FHE R S — AR E E N2 VDD LR WS, F‘r
BN RE 222X — AU ARIZHER Lo & 2 9 CTRESE I
SN/ L FRTE, EETTLADBIIIHIIT ST A
FEHIE LoD, Ffii R S — MO T 2 Y 7
7egBLENTVEY, HHINZETVITHL T L
WRAERE, RIEW TP EIZh 725 TIEL
CoCETLHFHNLNTEY, CoCORERFEVILT
Z %o RAVEMOMIZ, KRB Clds 2 HARER % Bk

LB S 7oA 2 38EET 5 72012, 1993@75‘
5 Forest Stewardship Council (FSC) 9 12 & % Z3EAS,
1997445 Programme for the Endorsement of Forest
Certification (PEFC)”IZ & 2872 £ ZIEA S
T, b, _h%®m£fiﬁE®H)SG MBI
B TZETAEHEINT N5,

THEMETIE, LRI 5 E80ET, i SEEK
7 TCoCE 7 v AV A & 1T W %o 20074 12

ARoEETHIME, HALCA &6 20 (2024), 2-10 (2383

The main part of this paper has been published in Journal of Life Cycle Assessment, Japan, 20 (2024), 2-10.

(%) UAC] ~—%4 74 v 7 - HiliRE R&D k> ¥ —

HBAFETR

Development Department II , Research & Development Center, Marketing & Technology Division, UACJ Corporation

LUK
The University of Tokyo

52 UACJ Technical Reports, Vol.10 (1) (2023)



RANTG VAETVOMELE TEMBNOBTITHE T 28 53

Agricultural products
1970 ‘
Organic farming
IFOAM*', 1972

1980 @

Sustainable crops
RA*?, 1987

Coffee
DMH*®, 1988

1990 @

GMO crops Sustainable trade
EU, 1997 Fair Trade, 1997
Tea, cocoa, coffee)
UTZ, 2002

Palm oil Cotton
RSPO**, 2004 BCI*® 2005
Soy Sugar Coffee
RTRS*®, 2006 Bonsucro, 2006 4C*7, 2006

2010 @ Tea

ETP*®, 2009

Soy
Pro Terra, 2012

2000 @

N

2020 @

Timber

Chemicals Metals

Timber
FSC*°, 1993

Timber
PEFC*', 1999

Biofuel
RSB*"!, 2007

Bio-product
RSB*'", 2011

Renewable Renewable ;'V "Renewable ‘\;
ISCC**, 2012 UL"", 2012 UL*"® 2012

Renewable
TUV SUD, 2013

Renewable Renewable
REDcert, 2018 Ecocycle, 2018
Renewable " Renewable
GreenBlue, 2021

Fig. 1 Examples of certification using Chain of Custody (CoC) models.
* 1 IFOAM; International Federation of Organic Agriculture Movements, * 2 RA; Rainforest Alliance,
* 3 DMH; Dutch Max Havelaar, * 4 RSPO; Roundtable on Sustainable Palm Oil, * 5 BCI; Better Cotton Initiative,
* 6 RTRS; Round Table on Responsible Soy Association, % 7 4C; 4C Association, * 8 ETP; Ethical Tea Partnership,
* 9 FSC; Forest Stewardship Council, % 10 PEFC; Programme for the Endorsement of Forest Certification,
* 11 RSB; Roundtable on Sustainable Biomaterials, s 12 ISCC; International Sustainability and Carbon Certification,

* 13 UL; Underwriters Laboratories.
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ZIREBIRENTD, TZICELETIE, KO
BB X OERBRIC L D a2 2T RETIVAIR
ENTW5E, CoOCETIND—DL LTIYANT VX E
TLVOFMELR LXMDY b, RENLR D%
Table 1IZ/RT, &8, P& L TIZEEAF D CoC
ETNRRANT VAETVERNDHVIEF R L
ORI ENBD 32 7 HAEDEFHR Tk
WA EIFCHER LD 01k S v, Table 1
W72k 9 B, ISEAL Alliancell & 5 X&EB X
YISO 220951%, CoCEF IV DE A4 & H gD T
WARWILAN R DD TH S, ISEAL Alliance (& FHED
PRAEEAD DHERL S, BT 2 BB CREEEE L) R
WHDIZTHIEEAME LTEIH LTV AHEETH
%o ISEAL Alliance Tl&, WIS 5 TX 2 Fpke g
PO FRICEHT 2 T & 220154 ICHITLTE Y,
Z OB E LT CoCETF VDM % itk L 72305

Z20164EICA L7222, 72720, Zhidd < T TR
DEFHZ% T LDDOAT, ISEAL Alliance & L T< A
NGy A%GLCCETFNMEHLLERLZRTIR L
Vo RLFEORITRIL, CoCETIVOBH A RIEY
PO SO THEMBANEIEN D GO 5 43I 2 7 Th
D, ALHFZEHNRZRERETIZCoCET NV ZILH
MICFLR L2 iR OLETH S LT 5. ISO 22095
1%, #F* 8 T » 5 “Chain of custody — General
terminology and models” 25/~ 3 & 9 12 CoC D —#E1 72
HFELETVEHRELZDDOTH S, 20164EI1CF T ~
T DFEFIZ I Y CoC OBMAER A FAG S, 2020 4712
ISO 22095 & LCTHAT E 720 1SO 22095 (58 F x4 %
EOFTIZCoOCETNVEERLRMNOBIETHL LE
A, BTERBRMED 2 4 I v 7 %A b L, ISEAL
AlliancelZ X 5 X#H EF U < CoCE T IV D@AILKA
ZOERIHFHETHEEZLZOND, 72721, TONE
ZCoOCOMFHEETNVDOERICE L E S, BIE, <A
NG Y ABLUOB&CEF NV EMRE Lz X itz
ORI HED LN T WD,

CoCDIBLTIANT VAILETVORNEEKDY,
MATHEMATLZOME L72d DL L TIE Ellen

Table 1 Comparison of mass balance model in documents and standards

Chain of Custody Models

Enabling a Circular
Economy for Chemicals

ISO 22095: 2020 (E), Chain

Circular Economy of

Title and Definitions with the Mass Balance of cu§tody — General Polyme'rs: Topics in .
terminology and models Recycling Technologies
Approach
Ellen MacArthur . L . .
Publisher ISEAL Alliance Foundation, Circular Internatlonal. Orgamzatlon Am.e rican Chemical
for Standardization Society
Economy 100
Published year 2016 2019 2020 2021
Product Not specified Chemicals Not specified Polymer

Target of CoC

Certified product

Recycled material

Specific characteristic

Recycled material

Name of model

Mass balance

Mass balance approach

Mass balance model

Mass balance accounting
approach

Definition of mass
balance model

The volume of certified
product entering the
operation is controlled
and an equivalent volume
of product leaving the
operations can be sold as
certified.

It involves balancing
volume reconciliation to
ensure the exact account
of volumes of in- and
out-of-scope source is
maintained along the
supply chain, provided that
the volume or the ratio

of sustainable material
integrated is reflected in
the product produced and
sold to customers.

A chain of custody model
in which materials or
products with specified
characteristics are mixed
with materials or products
without some or all of
these characteristics,
resulting in a claim on

a part of the output,
proportional to the input.

The quantity of recycled
content allocated to
products matches the
quantity of waste plastic
fed into the front end

of a chemical recycling
plant, while accounting for
manufacturing efficiencies
and yields.

Applied to Certified product Recycled content Specified characteristic Recycled content
An integrated chemical
production system, with
physically interconnected
production plants at the Continuous processes, a
S Batch-level, site-level, same location, or plants . . . > Within a single integrated
ystem single site, multiple inputs

group-level.

at different locations
which are temporally and
physically interconnected
by dedicated
transportation systems.

between multiple sites.

site.

Time period

Less than 1 year

1 year

Not specified

Not described
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BFIZOWTHERT 5 Y Y RY 7 4 (ACS Symposium
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WHNAR X O##HO—E% ACS Symposium Series &
L C20214F 10 #H4 & LCRAT L2, RFfEPIC
“Mass Balance Accounting Approach” & #8 L 7zE 45X
BEINTBY, EMFOHE LRI TR < — 8
LTI AN HFA 2 VTE S~ —{LL 7258 % F
ML, HEEHEEROERIITANT VATV E
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CoCETFIVDEFHITISO 2209512#E LT b, EMFIZ
E2HAEBLCACSICE 2HERITOTRITIE, fbF
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EZoN, FRELTIANT VAETFVOLY) —E
DREZRD1ODLDEFZ %,

INHOXLHEIE, YANT Y AETVED LT3
BICESZHRENLIREN LD TH D, 727201,
Table 1IIRT LI ICRANT VAETFTVDOEHRZTDD
DRFNOENFITENHOND, D RKEHEN
& LT, ISO 22095 Tl CBETIVE R ANT VX E
ThVEHOETVE L TH#oTwad—7, ISEAL
Alliance R EMF T, CBETIWVAYANT Y AET
VZEOTVDHPBTFONL, TOXHIZ, RS
BB HEIC L > T ANTG VRAETF VO GRHE
WHEPRERZ HICEENLETH D, F1IC, THEM
B2 GG Lea, CoCETVDE R T RFEA
FERZHR -2 Twhwnwboo, HHNICERS
CoCETIVE LTIXISO 22095 B35 Z & F
Ly,

32 TANTURAETFIVOEMAFEE

ISO 22095 Tix, Y~ ANT Y AET VOISR LD
JERE L L Crolling average percentage method (*F-391E
) & credit method (7 LYy Mik) O DOARENT
Who PIMEEE, ANTE TN D A ORED L
PEBHLELILEZHELZDOT, NHL kb8
RMEHI L CEROWE 2 20, RN
ZOWTHEA DD Z PG TR LEATE
b0 2%, A DATNTEEINLEADORED L
&, WHHRFRTZ2EADREOHEI—H L 2T
ENFFREIND, 7 VT y MER, 2HE LORL 2
FERZ ANELTHWAEEICEATE S, e L
TRlgk S Noimly, ANRICHELL ZTE RS %
W, 722L, ARtz s LYy MIERT S
BRIIE, i 2 I S s MR B I3 LT
E O SN L EELRE (conversion factor) ZH Uz lI
I bhv, ZOEZNFIE, FUTITHEICHIZ THYIT
b, T, FIRONGE % 2R R I3 L
MCZ7 LYy MOEEZREL, FROBEZED 5,
SR ANOANICEENLEADOREORD, 7L
Ty MAEAOHEIFANFIH YT 2, £72, WL
BWNOW AR TIERT B4R EORED, 71V T v b
S O5] & 1 LIS T 5. AJ) & M) THAL
RMEE 7R GOMBESI R R Y6, AN F il
IERBREERE L TCINEZR—T 5. ANMICH—
AL EIEHAMNC, BRI —T 25 EIZIEA
TN AR E 2 e U A, 1SO 22095 Tld, HALOE
DB E L TARMZZFTw5, Bl 213 AT 2R
(m®) ¢, HJmAEE (ton) TENENEFHI LT
Y6, ANEICERREEZ R CERICHA L L
T, ANICEENLEA 0RO RS XA Tk
THLEAOHEOEEZ LYy FELTHOHI &
B, MNEHHEAOT] & L aEEHO FRRIEE— B o
HIFANOBRETHY, ZLIIEPIAF A EL%
WEINIZT B, 72, 7 LYy MEEIZ—EOWIRR
BRICHET 2, 7L Yy MEIBWTY, ANICHE
INDEAOREDOIEE, e DM IIA RS [
BOREDIEN—H L eV EFFHFEIND,

3.3 I¥MEADERICHT5EMHE

B4 e THEMBNOBEAPELT ANT VAET IV
THAHH, EEERISEHT EOHEI L O9FF
9%, $9, TTFEFTRTELLICIANT VA
EFNVTIE, EROWNFEFERE L THRIZEINS
A OYE L ORISR A L2586 0H %5, 29 L
ZERIIAT =27 RNV F =05 ORFHMEICRIT 2EN
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TeODERBIEZ O LHEmERDO LN RV, T2,
RANT VAETUPEAMEA SN Z L 1ZxT
2 ebdHb, EMFTIE, TEREFCBITT 57200
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RANG YAETNVEBHTELDH, HFIZEDLH
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REEOFEMVD BN, IS, "NAFTFAF v 2D
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BERELEINTVWEP, Th ST RL TR ML
I3 rEmTEDL OO, FROHMEEME
WZHIRRS 2 W REME DD Bo Y ANT Y AE TV Z5E
5, TR0 BHELZ GBI 2 HPHICHD 5 X,
SROMmIFIN D,

ENTIX, YANT VAEFTVEBEH L2 NA 4~
ABM T T AF v 7 OEA T 2R ED 5T
W29 ZORTHRBENTVDL LI, NI FTA
BMTFTAF v 71ETATHA 7V TORERNREN A
P OTARAIZT 2 E 2 05 T ENTE S
T, ZOBBHAMKRA R IO W CHERRE 512
BESTWARV, T2, SANTVAEFLVLDI NI
FAOREZ AT HEEZE ) B TL L) ZEZITD,
WHIRL 2 EMETHT74 THAINT R ARA Y N DE 2T
EEALRVEDIHMEINT VS, IANTVAET VE
BT BB, FRR T ORME 0 E B O J
DVTHikma RETREPHLLEFZ LI,

TR L2k H1E, 79AF v 7 IcfRFESN LR
T, NANG Y AEFTNVEAAIZHRAEA F— 498

RS 27, €BRMEZG0%  OTLEMET
X, FROGEPMER OREFEZEORREICERLN
TWwao FIZREFRICHLTE, Z7)—rTryva
EOFED Z MmN, BRI LT — 1 2 7
AF— AR FEEZHEL, Zhill- 7z EikE24T
ATENLEF L,

RANTG Y AETNVTE, FEMB X BRI Y
AT LEREED, YATFANDATE MR REL
72T, ANNCEEFNLEAOREER S L, 40
WA ERT 2 4G OREOEEZ EDLH T LA TE
%o —MEIC, TIHEMBCTIIBEEROEMEZ R v
OB 2 RET L, SANT VAETVEHEMT S L,
AT & RO R % el o A D%
HEforoFEcERILL, £t LA LTRSS T 5
VENH D, Bl 2L, EMF TId# 7% 2 H¥E o mAE
ZHWLY4E, JEROEF EHAL%Z “chemical value” 12
WAL ChiZ, BAOREORARLE ) B ToORE
DOTEHEZ M#ET H2MAMAZRELTWVDY, F 7
ISO 22095 Clx, 7 LYy MELLTRANT VY AET
WA BUT 2 A OFED & #ILE X OB O Fikh5E
ASNTWD, 72721, HLETTHKE LTHHMR
EATINRENTVEDRTH D, T, VAT LB
ROBENTFEIZLY ¥ AT 2~D AN DBZEALT 575,
ISO 22095 TIER ANT Y AEF VOB S L % 5
VAT ABFIZOWTHEE IR TRV, JFR L% D
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