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Abstract: The environmental toll of the fashion industry is significantly exacerbated by resource-intensive design and sam-
pling phases, in which repetitive physical prototyping is standard. Although 3D virtual sampling has emerged as a promising
alternative, its ecological benefits have not been rigorously and quantitatively validated. This challenge is compounded by
the forthcoming EU Digital Product Passport (DPP), which mandates lifecycle transparency, but lacks a clear framework
for integrating design-stage data. This study aims to address this gap by empirically assessing the environmental impact
reduction achieved through virtual sampling and developing a practical framework for its integration with DPP require-
ments. A comparative case study was conducted on a t-shirt, analyzing three scenarios: traditional (physical-only), hybrid,
and fully digital. The CLO 3D platform was utilized for virtual prototyping, and an Abridged Life Cycle Assessment (LCA)
was employed to evaluate key metrics, including carbon emissions, resource waste, and energy consumption. The findings
reveal that a fully digital workflow curtails the aggregate environmental load by approximately 95% compared with con-
ventional methods, providing strong empirical support for its adoption. The analysis also revealed that the data native to
CLO 3D were insufficient for comprehensive DPP compliance. Consequently, this study proposes an enhanced “Core 19
Fields” data structure and a set of technical recommendations to create a seamless data pipeline. This work makes a vital
contribution by quantifying the impacts at the often-overlooked prototype stage and by providing the industry with an
actionable roadmap for aligning technological innovation with sustainability goals and regulatory demands.
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& 2 oqyx wlES f¥ske AN PR AFHAY
(Niinimaki et al., 2020; Sandin & Peters, 2018), ©]ol thg

dto] 22 HASELS CLO 3D9F 22 HFY AZHe] 7t

% HUAY Z2IS =)8 A AE FE Hd 50% ©]
d E0om, A HrlEd Ba WSS 2 15-30%, TR
ZAJA7HE 30% HHAE 5 Aok ek 3tk (Khomariah
et al, 2025; Mcdowell, 2019). Z1&JL} o] =X AR B EZE
o HIgke Al 2AT FPAR, Sk ZFe] BEsi,

71& A 34 H7KLife-Cycle Assessment, LCA)
= 98 AR AR A8 240 H5E 7P 873
Hap7t Be CRRIAAE dAle] A dolHE F53] tF
A E3chMuthu, 2019).

olg} FAl FHAKEU)YS ole 37370 tl-&3ld
2027 E] Af-ulEE] 5 94 AELE AR E XY AF
&]¥ (Digital Product Passport, DPP) <=4 22 =313} 203037}
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A A o Algelgiar L3St Council of the European
Union, 2024). DPP= QR =4 NFCE 53l A== tAd
TAE, A 7, gaE A, Y 7FsA T AlE AolE
7] ARE e} A7)0 FeA ATeheS aele]
(European Parliamentary Research Service[EPRS], 2024), <=3+
BAZE ARS FAskn Bele] ALrFse PIANE 9
A =2 7HEt(Videntijevié & Simeunovié, 2024). 11}
TAR) S S T HelEE ofE FHow 5
3 dgsfof skeAloll tigk A1 A3 o] FAsl, 19ES T
A tlgoll TS A3 12 (Lopes & Barata, 2024), 53] ©l
ole] %73}, AT8-84, 3w Aol AR £y 52 AN
ol DPP =92 F8 AR FollthDomskiené & Gaidule,
2024). WA HAY 22088 83 R AEFe] 37
FEFS Feotstar, AHE tAE vlolHE DPP 8 7AR o
U WS ARkl A7t Z st
oo ¥ A= HFY AEHo] AWATARIAAF T
RS A= A A=A AFEL, o] el
A A23€ tAE Hlo]ElE EUS] DPP #A| S-7AR e 17|
= AFA tlolE A& HREE ARblE As EHO
2 gt} 2 A7) A= 71€ LCA A7llA =R o
ARJI-AAF DAL AR dolBE E3e AFH S5 Al
Alste 27] AFEA HFY AEYe] B34 848 E
o7 AEskr, FF HANHNAN

DPP #8-& 913 A28 7=l 7]

ok

I

21. ™ I HIKLCA)

2.1.1. LCAS] 7

LCA= =$A4| %53}7]+*(International Organization for Stan-
dardization, ISOY’} ‘A& A|28e] A Ao A= =19
T A= AAA FAHPEES THH R Hrtske "Ap
2 A% Wy Eo]t(International Organization for Standardi-
zation[ISO], 2006a). Guinee et al. (2011) ¥A] LCAS A&
I ARze] SIS A A7) AHdeM AFHoR
7kl WHECS R Aosi, vl IO &l X Fel =3
HA &= FAA Hriel daAds xStk ISO= LCA
TRE 9 FF ZHAHIE AL ded, A W &
AZ FhEH 2 8-S v 2ok 3, S5 3 e A
Aeoltt. ol 54, i Al&H, 715 29, Al=w A, 78
g A RS "] Jojste dAloltt. dE o], HM=
g e 3 G WK o, 75 9E HM= 3 s
197k 2808 HAsta, AAF AAE QA FE7A
(cradle-to-grave)’ T QoA FRE7EA] (cradle-to-gate)’ = A4
AE = Aok B4, A 3 E= E4(Life Cycle Inventory,
LChelth. ol AAE A=E A WA AF Al=ge] B

€ 99 34t FUEEE, A, B ) EEA
F, A WiEE 50 555 st Adsishe wlol
t}. o] ©AlA R E dlolEe] AEMde] LCA A 4lF]
5 ook AA, d A% dFE7HLife Cycle Impact

Assessment, LCIA)|T} o] 52 54 AyE nlgloz )
A2l AP EFS Hriske DAt A+ 2ds), A 34,
2Hgsl, Feddst & theket 4% W3l dis) Ll dHolElE
Helsle] AGTe 27|15 ek, 24 9 HEE 54
3} Al4*(characterization factor)S LCI £ vi&el] F3
FAreted A g G Ak A, A #g sy
(Life Cycle Interpretation)©]Th. ©]= LCI ¥ LCIA A3E
Tt A AIGEE 2 19 AR eI EE3 BH0) 7t
ke A8 rlolmeiRlS EEdske WAloltt. A3 B4
4 AEE Bk, 7o S HEs] Z1EdTH(Iso,
2006a; 1SO, 2006b).

2.1.2. s e4 9] LCA

A RopellAE 20000t FRHFE AHE At s
8o |, FFLE], YR T YA @A HES Y]
W3 tH(Horrocks & Anand, 2015; Muthu, 2016). ©]& 24|
A gl 33 LS wEA 7hsshe |l 718k, A
383 2=}t Preferred Fiber Index’$} 78 $-41429)
AAE FHskE 2A7F =AUk 20108 o] FHE = Al=H 7
AE Bate] oFe] AN WAIME %, TR} 7] o
ACHE, &7, AgeHE sk @ FoIX FE@7E] (cradle-
to-grave)’ #4102 wFAEIITE Sandin & Peters(2018)2] <A
T= o o AEE Hrlh AAMEe] o FFHeH, F 714
RE Azbolu wigHoh R e diddelgle AS 4139
LCA 972 53] =3t} =3 Niinimaki et al(2020)
HrEA o Qe 2k Fue} H|=2 QlEk oFe Al
| ol sk FAA 34 Fo] FFHEHIL U2 XAt

o]EE 71& LCA 97 B AxAR-H7] G %
20 FFate] tARI-AAFE @AY E8A AAE vHE A
Zpo R WA= A BH[9 g4 HjES AAH R vk
312 EslTH(Niinimaki et al, 2020). A2 Ho|E]7} LCIoIA
FHEE AAR7E AAFeR f=E el Artk(Sandin &
Peters, 2018). Wt 2 7 8734 Ak H7HUNEP,
2023), A 248 #7344 B]W(Sandin et al, 2019)9} 70|
e, AR, AN Auskshs WFe g wdsia Q). &, o]
£ 9 AA 5] uiil AEY A 53Foz ¥
7¥8R= LCA 977F B3t} IS0 14067= o83k F& AA
HAT-E H R s8shaA, AIF BT At B8 @
Al J5 F Ue <AE v TH(Fonseca et al., 2023).

=

2.2. C|X[d MZE 0{H(DPP)
22.1. WA4EA 4 DPPe] = Al
DPP= A&7Fsdt AFES g ol=ZuA] 79 (Ecodesign
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Fig. 1. Checking DPP with QR code. https://www.peoplegate.co.kr.

for Sustainable Products Regulation, ESPR) #|8ZolA A&
H 5 ARG AR Fioz AAsia Algske AAE
wep, 7k AlF-2 3 AEAe) dlolE 7H2]of(QR'RFID %)
£ Sl AellFr] At JARE ols|@AIR}elA AArez
TN =S A E cH(European Commission, 2022a)(Fig. 1).
DPP =& 20199 4 EU2 ‘2@ Y(Green Deal) oA #|
& AAEAL, 20200 =2EA| AW AE (Circular Economy
Action Plan, CEAP)IX 32 ZAIZ A3} = {ch(European
Commission, 2019; 2020). CEAPS A+, wiEl2], ZAAFS
4 7ERAEER XAEH DPP 7iES w2188, oo 2021
Digital Europe Programme 3%l Az} wiElg], A4 370
oke] AH DPP /i ZRAES AYshH 7eF H8 7|v
v} gl CH(Buropean Commission, 2022b). 20221 3% ESPR
ZQto] HEEEAA WA =
AL, 20249 59 FHF A2 AAA 2027d%E EU A
EAEE 2E ARAES DPPE HAslor s 20303714
P

i mlo

ok AfAEe] 489 AA X8 AA 9 DPP AlF- F
A FES HA FFoT IR )R] ke AJE|o|tH(TrusTrace,
2025).

Al A Q8 WANGAN Aed AF AT " A
o] T FXEUTH HEHCE EU A Z2ZAHE CIRPASS
= DPP 4528 2=, 35 AR 4, T2EE] opH
A& AL 300 FHEYZ} 3| B HES FEIS
™, D22 BRIAME A FEX SxoF A 5§ T,
ZM A 712 A2 5 X RSl A ZF DPP AR A
g A B3 AAUSE FHE BP0 (CIRPASS
Consortium, 2024). 2=¢|ele] RISE 9174} VinnovaZl 53
St Trace4Value &¥] A+ Kappahl®} Marimekko 534 7+
Bah=o} ™3| 3,00009 o] o]Fe] QR == 7|§t DPP
2k, 4k doly AAF AH|R} IEjH 0|28 AEs
o2 Af FEEAA 7l Y 7HsAEE dEdd
(Trace4Value, n.d.).

i

o

it rlo

222 Fo] 15 W=
E AAFoA <Fo] HX(Core Field)® EUS| DPP AA <l
Al BE AlFo| 38502 FFoF & Ao IF oy &

B TS ouisi, WA ARH 275 Al "Hal]
3 Zo] "= =& S 9IS vloly T AR IS
13 ISO/IEC 154597} AAlehe AEar ZH ol -ZH|Ql
122 A3 F8ato] su P HETeld)et 2=
F37 ARy 21502 re] FSIITHISO/MEC 15459-
1:2014; ISO/IEC 15459-6:2014). 3] AlZolE DPPY HF
<77F S ESPR #5641 1IVF o315t 2 Elofejet 74
F5 o[BS Zdely, ez Q] 2 A7 o] AR
BHde stHehr] fls) EuQl A9l W2 ‘CIRPASS’, 29
gl 2% (Vinnoca)?] A& WAL, HF BA7F EU 39
H5S 533 "TracedValue ol A Aote Ao} 317 dlo]
HE tETHCIRPASS Consortium, 2023; Trace4Value, 2023).
ESPR 4] M7} o8l 21 -HEeto|d2 HlolElE FY
2 53, =9l CIRPASS7} A|¢te ¢ AR §23
Trace4ValueZt AAgk &4 wal vgS Fafsle] < Hd3]
oAl FEo= ERI=EE I, g 7EX]e] £Adol2t= ESPR H
olEj¢} FEEE 57l 12]3 CIRPASSS} TracedValue?] &%
84%F ofX|RF ESPRE A fAlo]7] wj&e] DPP Al
Aol Pz T FHOR VN, F 1519 FEo= e
o 2A% 2= 39 TPH(ESPR)S] WH 75E 3w A
T ZZ2AE(CIRPASS, Trace4Value)e] AT EFFAS EAl9
HEa, SHE g3 AdElolA B S ARl AR A
£ o|Fsle e Tz g goRsle Fe f9d
Agdict f9F 2o o r wEH I 15 B2oE o
9} 7FK(Table 1).

do e EM

2.3. LAY M =280l ERet sH4X Mut

2 de A gakl ZeAzos 8EE Uxdg Z2a
o] THRE Yo, N&rbas HAARI £ 37 =
Hog ofudl 715 SR AYPATE Tl BAsiuat
sht}, FH 5(2020~20251d ) k] =] -9] MaAF 259 A
B3 A3}, CLO 3D, Browzwear, Marvelous Designer, Optitex,
TUKAcad, Adobe Ilustrator 5] 34 tjxE tjzjel =23
Fog wRAo=" AFEr}. 3] CLO 3D 37 7]v&
=9t Ma A7t 7S ©9kth, Khomariah et al.(2025)y>
3D 7V AlEH A Zed 8IS O Hule] =7 27
HE AAH ez vwsdet], A =8 F 12944%)°l
CLO 3D AHIE x§alH, o] X2 o] 7P ZIEE]Y
3 49 HH3E T FE G713 Hd 80%7A Eolx
AA AR SE3it e Bl Ao RE o= A
ol A ek AR 22%9} ZHPAIZE 30%E AT ¢ UL
(Kim, 2024), 943 T EYZ o|F AA Aol ZIEEIRY9)
o] 7+ (Kim & Joo, 2022), & dEle] ZE FakEo] 7
@ 18% 2AI7F 7Fs3cH(Yoo & Lee, 2020). ©]= CLO 3D
of & MFY USR] diE Aumet MY W FHE E
14 -5 GAE dEgto = MA, ALk BF A 29
2 wiE Ao s AAE F deg oujdith tE 22

N
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Table 1. ‘Core 15 field’ contents

Evidences
No. Core 15 field
ESPR CIRPASS Trace4Value
1 Unique product ID Product-specific identifier DPP identifier (DPP ID) Unique identifie
2 Basic product information Model, batch, or serial number Product name, Product image Product name, Description
. .. Informati bst: f . . . ..
3 Material composition friormation o substances © Bill of materials (BOM) Material composition
concern
4 Country of origin Place of manufacture Country of Origin Country of manufacturing
5 Supply chain & traceability = Information on the supply chain Traceability Events Traceability information
6  Environmental impact indicators  Environmental performance Carbon footprint of product Environmental footprint
7 Recyclability information Information on recycled content Recyclability information Recycled content
8 End-of-life instructions Instructions on end-of-life End-of-life Information Disposal information

treatment

Name and contact details of

9 Brand/manufacturer information

manufacturer
10 Durability information Expected lifetime, durability
11 Repairability information Information on repair

. . . Instructions for use and
12 Care & maintenance instructions .
maintenance

13 Certifications & labels
14 Corporate social responsibility

15 Date of market placement

Applicable conformity marking
Information on social compliance

Date of placing on the market

Manufacturer name Brand

Durability -

Repair information -
- Care instructions

- Certificates

Social compliance -

WO Qasiss Browzwear £ & 27] T2 EE] 25%7H
A 33%E 7P RYE AT & dee] SEEHAN
(Browzwear, 2025), Optitex= 3D I|¥l 80|93} A5 wA
vl %] (automatic nesting) HOZ AZS 3HA 1HE F9]
IR HES 40% WS H(EFI Optitex, nd.), TUKAcad
SMARTmark®] AFE-S et 2H|E 720% A0S 4 ok
(Tukatech, 2020). T3+ Adobe IlustratorS 3D =72} <1538}
W oAE PR R Fo] B JI AMEHS 15-25% = A
A GA] A AR-S ¢skshe &7 ERlE A THKim,
2024) MEZ AZHEEGE olUg} A1E 250 A= Odlos AlY= Al

Z 70%E 3DE A % WAl v wiEe A &k
E T, uAE A Z2a3e 84 AEY ¥
H7= 2, Al AL T8 23R 17HHE
, AAZE HlolE 3=wlg 53l LCA 1 Po
Al 7R 2] AFE Aol Ayt 3}

% gk,

«(ﬁi w2 rlo
ey gt 3
o r&

S AE) o -
ot b1 > u
o o [+

r

rﬂ l:l:l

ek

34, 917 2 MY
2 A7E AR AE FAdAE oz et 3

o A7 BAE AASAT 3, AHCAR1) WA A
ol AAEE dolE F DPPel 232 & Qe A )
oIEl Bt 2 4 9 e ik RAR B, i

F9I LCA Bl W7 AL el gl $3% A

2=
SRR B 488 5 9l DPP] 4 9k
@A Fel=gfele Rzl

3.2. 917 AA|

3.2.1. "o AR A

HZ ARATE & o] AHE
g 7] AR Aol S AHEla,

gud

AR vlste 3
£ MYel 98
Ah= dl @3] A W oltk(Yin, 2018). ¥ - AA<]
4L 3D HFE AES V& EYoldhs Y WMF@lE
HEA

@70l v A Q17 §4~ w8k o ok we

o Hr et

o,

AAAQ] AFE AFH R RIS fls A WA= v
T HEAo] golgt 7] tjaRle] EJMEE ofold oz A5}
Ak ATt AFL S-S 71 vk (L Alel=
1Fo2 gt} Hlae] RS Q8] 2Als 100% B A
A (207, 180g/m2)i T ela= 2 R RS R P B RS = A
LCA®] H9l= TAR] oA e AlAIFo] BHEoxe ©

A= 4 ohit‘r A2z WeE TRl AE, Ak Ak A
BA 7R 9 cradle-to-gate® A ITHISO, 2018). BE AL}

g FYF tirjel AlK(Tech Packys 7HAIH, Wz A4k
AL 23 HF 158 GRS FRE=E AR 7 AEY
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Table 2. Features of sampling scenario

Scenario 1 Scenario 2 Scenario 3
Category . . . . . .
Physical sampling Hybrid sampling Virtual sampling
Key Method 100% physical sample production and  Final one physical sample after digital 100% digital sample production and

review

sample review review

Pattern production — Overseas factory

shipment — Physical sample production

(2 times) = Air transport — Fittings and
modifications

Major Process

Pattern production — 3D virtual sample

production and modification (2 times) >  Create Pattern — 3D Virtual Sampling,

Domestic factory shipment — Physical

sample production (1 time)— Fitting and
final approval

Fitting, Modification, Final Approval
(all digital)

High cost, long lead time, maximum

Estimated results .
environmental load

Medium cost/lead time, Significantly
reduce environmental load Load

Minimum cost, lead time, Environmental

w2lo] TAY A% el weh S PERS vl A g Al
U] 2= #S(physical), &% (hybrid), TIAE (digital) Al 714
2, A% AZFY(Scenario 1> AA MEZ 33, &3 A=
(Scenario 2)2 W#FYE AZH 23]} AA] AE 18], tRE A
£ (Scenario 3y 33] BT HFE MEHoR A L &
S g5t 7 Ao A5 I 38 i
A5 geste] Table 22 A 3I3ich

o o

2
o

*’Sf’ﬂ o] A
H] 2 Adesigit.
a2 ol vt Atk A, s ’8?‘%%% dxe] we &
& Hlolth ATIARI, Y ZREEe]Y, A&Tksd &
E A7E914 CLO 3D= 7FE RIWshHl AsE L 28
e B, 99 23] vlal gl A5l golsith(Khomariah

BOM), ¥|&l, 2D-3D °|v]#] & AFE /ML 4 bolHE
XML, CSV, PNG Pro=z & FE2T 4 9o DPPIF &
Tole AF dHoly =9k A ujgsilel] HAstHCLO

Support, n.d.). AR, A M| FA, T4, A58 &4
=43 AFE U222 A F= Fabric Kit 2.0 2AIe}
Algk B4 AFo] 7hsab, o|2M Eeld AE A s
Fo BHATFS AR F Aol AF AFA FRl=EA
(Habib et al, 2025; Svilokos, 2022). A=t &2 CLO APl
SDKAMEAF Feaglelehs 2k Zaasls A3 7hEd]
Hirel 719 ¥& F W sk Y E-F ol&sh FE3%
tlolEIE A& #ﬂé%ﬂ HE(PLM) AlER 4% 718178
77 BE AEE A AEehs Y 0= A%
Z43l, DPP7} —S«:ILE}t‘ TEEH JIF HEE I A
4 JEHCLO Virtual Fashion, 2024; Stark, 2015). ©]&]3g}
/42 CLO 3D7} DPP HloJE] T-x2} 7|4 F5-84S A

et al, 2025; Prasetya et al, 2025). 4], CLO 3D+ Tech AxYA ddsl= o) TURZToE /5T omeiy, £l
Pack WEW7] 7152 53 A HAHAM@BIill of Materials, ATE B3 =& DPP Fof 15 =9} CLO 3D X211
Table 3. Mapping CLO 3D extractable data to DPP core fields
Core 15 field CLO 3D extractable data Extraction method/procedure Mapping possibilities
Unique product ID Style number, Garment Name Extract after manual input within BOM/Tech pack Partial
Basic product information Color_name, size, Image files BOM/Tech Pack extraction, saving rendering images High
Material composition Fabric name, Fabric compositon =~ BOM extraction (Fabric Library Information Base) High
Country of origin - External data interworking required Low
Supply chain & traceability - External data interworking required Low
Environmental impact indicators Pattern_efficiency, Fabric weight Check pattern window, calculate after extracting BOM Partial
Recyclability information - External data interworking required Low
End-of-life instructions - External data interworking required Low
Brand/manufacturer information Brand name Extract after manual input within BOM/Tech pack High
Durability information - External data interworking required Low
Repairability information Button_spec, Zipper spec BOM extraction Partial
Care & maintenance instructions Care_label text Extract after manual input within Tech Pack High
Certifications & labels - External data interworking required Low
Corporate social responsibility - External data interworking required Low

Date of market placement -

External data interworking required Low
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e 4 Qi dloElE valel CLO 3D =Eas)
DPP 4 7+] i 7FsAS Table 322 YERNSIT} Table
39] wj® 71542 CLO 3D ZE o)A BOM/Tech Pack
o 2] FZo I & 9= A$E High, CLO 3D
ZE0| 2A% FF AL B R A2 JAE FEIA

>,

R ]
1 = A$E Partial, CLO 3DVHe 2= A A%
o B7lst] oF I ¥ HE volErt dad s

Low= Hctai3itt.
3.4. "ot gl oM M Pd "I} ojE=A (Abridged LCA

E AFE LCAY ¥ SAEE-HY 24, LCIL, LCIA, 3

ANE BT Faldle A7 " HARIAAIR SAR
sPgEo] Qo] dlolE Fmel B9 §848 4T Havt
O Z | Graedel et al.(2012)°] A|teH B33 LCA A3

r\l

Piﬁ}f& oF2 2 4 7K Abridged LCA) WHES At
o} WA B AN 2 3 F 210 A&y
g4 HiE, 2R H71E, olUA 4] Hl 7R Z APt
(UNEP, 2023). €4 HlZ % (kg COyeq)S AZ 253E), A
2b 8 Tzl FgelAe] A7) dUA] AR R Q3] WAEh=
SATAS o|XElEkA Stk g Aatel, A #1715 (ke)
2 AZ A A AL F A7) = AT %ﬂlé 71E
o= 2Pgah, oA AH|FHKWhyS B4 7171,

|
=
29 Sl AlgHE Aol F A avBe =

i xR

ong, o t%@&i Jﬂ7}o}7] f]zsﬂ J1EE Hojsi).
£ ATNE JIF ek el AR EL) A &8
g %Pﬂﬂ Q22 W9 UNEP

= AAE AR oR A=t

ALCAM A =3 (3+tshd AL i< 74 )
ALCAM score =X (normalized indicator value i x weight 1)

o714 atshe A3 e 2 AvEee] A
2] 991 A5 4|(Scenario 1)°] %AQE Wi
02 1 Afole] s 7RI ©lE F

ARESS FIT A=A vwd o Qv W7 ZH g =
A& A&7 (Scenario 1), £ 4157 (Scenario 2), HFE 4

& (Scenario 3) Al 74 AlU=]LE TCategory; =l wjX|3

N
-

we e 2

=

I

R

]

AV eE =z gk wiEH (kg CO,eq), A T71&(kg), oY
| 2B FHkWhYS AlgRic) o]gA A& XFEGE 7)FE AM

212 thH] 0-12 AF3le H, €205, #7103, olvA] 0
9] 7I5XE Agd] Bd 37 H40 ALCAM I5E E%f‘s}
== AARG

4. A7 Azt

4.1. AML2|2E TiM LCA && ¥ H|m &4

A A AEY Ak od tsl TAANAE TA B
A W8 43Y A7k Table 49 Pt} WE ANS B A
T A FPgel T, B 2 thest 2 &

& A2e 93 P79 F2 oF A F st
Holgte He a3, AEQIAFTEHT AR 7+ GE
o= 7Pt ga wEHe L5 e-aAN
3= 1kgd 11.5kg COy-eqt A7] AR A A
o] 20239 WiEAISF 7IE 1kWhd 0424kg COeqr &
§E‘:]'. oA g 2k T4l gk N EIdE AeE
S kWh/h, ZAFY PC 0.3 kWhvh)2] 7Fs A17+-8 7]Hte g b

It obx

oo,
Lo oH oﬁ nf

1.

oo

o T b

ol= YAkl %7419] A4o] DPP7F 87ehe 8 9 8 %§E£El A e 2R ARAF ARE F oUA] &8
7 dlolge uXE A4S F#H3 Fo|ti(Carvalho et al, #H A7E I
2025). HE 87 9F M9 ALCAM(Abridged Life Cycle 2 A3E B, tRE e =Y ol molEgE
Assessment Matrix) <= Graedel et al(1995)2] 7oA A S Ggo] FHoE Pashe S FAT F ULt 53] A
o3 Environmentally Responsible Product Assessment Matrix % AET W(Scenario 1y F WO IA| 5 507 <
o 7lWksly, zk BAX RS 0-12 AF313 5 F22 8732 3] BhA wiZeo] 255kg COreqE SIEA O =7 Yepdtt
TREE WS 7|9 Fal Akl 9 HAbE mEshe ubA | &9 A1ZE W (Scenario 2)2 EE]% A1Z-S 3 Wyl
Table 4. Results of environmental load calculation by sampling scenario
Environmental Impact Indicators ~ Scenario 1 Scenario 2 Scenario 3 .
(Units) Physical Hybrid Viral Grounds for calculation
Fabric consumption (m) 3.0 1.5 1.5 m per sample, twice (traditional) / once (mixed)
Resource waste (kg) 0.81 0.41 Apply fabric weight (180g/m?) and pattern efficiency (85%)
Transport distance (km) 14,400 0 2 round trips between Seoul and Ho Chi Minh City
carbon emissions (kg CO,-eq) 255 1.2 Transportation, electricity usage-based calculation
energy consumption (kWh) 10.2 6.5 Sewing instruments, calculations based on computer usage time
ALCAM Score 1.00 0.21 Weight application (carbon 0.5/waste 0.3/energy 0.2)
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AZslal A 58 AT EN A MEFS 95% o1 8738 93l FEshE F2lo] Aot Table 5+ CLO 3D
Ay, mrd *‘E%‘%‘ 1+ (Scenario 3y HFE AL oy oA F&3t vlolElE DPP o] 15 Yo wigsle] QRI=
A2 A3 vlu]g B4 vlE(0.5 kg CO,-eq) YolE T 34 Z 74" ARl Y4B 19} A WS AN Table 5).
B3t ALl wAER ] oo} Scenario 1 THH] 98% W& FX& A7 =& ‘Fo] 15 o tis] CLO 3D7} A
B3t ALCAM FTHFEFIME EF B2l dF 2 o] 8 F 9= dlolHe] 5 #4% 43, CLO 3D 954
79%, TIRE WL 95%9] ARG A aAE HATH 2= AA DPP &7 K] oF 46.7%5 AFE, FEHo=w
ALCAM T3 g+= A8 S W2 =1.008, £ AEH FEANE F e AeE Uehdth WA 533%e 25 A
WA =021, MFE AEY W] =0.0580= AEENoH, 2HlFe] AFoit FEoRE deoly ¢l Jasditt o=
HFE MEY W22 [T w2 o) -4 oF 95% He CLO 3D7} DPP Hlo|E] #+%9] fagh FHo|A%l, g5
SV FEs BTk oldd Aol Fa A0S AE AE A 2 s dide] d ¢ gles AR wEx] A4 dlol
zZh gl 4 o whE A, A4 27 o5 A7l e H 3= M9E gista, vloly EFstE ga Hre 4
5 ouA] Az, A B B Y] 2 £Y AR < A& gHEsh, o A="lFe] A5 A davt drh
g #H71E aolth ol HFY AEHe] TR @A ol AN B é% Llakid 1 A3 2A =E3F Fof
A&7s73E MAdske o mie EFAR FUdS HFHoR 15 oA dx=of &5 Rekyl CLO 3D 7|54 7ol

=y 7=}

AAREE FEste] o] 19 =2 HASIY 872 <l
4.2, H{Fxd MEZo| ‘T0{ 15 EE’ 0= (mapping) &4 215 98 2Eslste] deldt W82 Table 69F T, o= H
AT AAE vEe =z MFE MEH W2 (Scenario 3)olA] FA AZY o) 3 AAE AP d=st, A T

AAE dle|ElE DPP o] H= 15710l wisgste] CLO 3D ARE TAZA] P A5 87E 5417 DPPY Al

¢

dlolBjet drit A 7FsdA] ERletarat itk o] 47| =297 dads f’}”@_ Aoltt. olgt 22 WA AkS Hlg
o] bRl SAARE AAHSZ DPP HolHE F=3k= o= 72k Scenari % A= A=k DPP 2hd TRl
Az 2ol & 4= 9tk DPP HoJH= AlAE] 7 A5 Fig. 29} 2T} QR I=% QRFY ARCJECA 82 QR &
Table 5. Core 15 field mapping in scenario 3
Core 15 field Scenario 3
Unique product ID Scenario3_basic_TS
Basic product information A Men’s basic round neck t-shirt white, L size
Material composition Organic cotton 100%
Country of origin South Korea (material: china/ sewing: south korea)
Supply chain & traceability 75%
Carbon footprints 0.5 kg CO 2 -eq
Environmental impact Energy consumption 4.8kWh
indicators Water consumption OL
Waste generation Okg
Recyclability information Recycling potential: 95%
End-of-life instructions Deliver clothing collection box discharge or textile recycling company
Brand/manufacturer information Scenario 3
Tensile strength 650 N warp / 480 N weft
Shrinkage after 5 washes —2.5 % warp / -3 % weft
Durability information Pilling Grade 4-5
Color fastness to washing (ISO 105 C06) Grade 4-5
Abrasion 25 000 cycles
Repairability information Repair ease score: 4.0/5(no detail)

Care & maintenance instructions Machine wash cold (40°C) gentle cycle, Do not bleach, Tumble dry low or line dry in shade, Warm iron (150°C) if needed
Certifications & labels GOTS, OEKO-TEX Standard 100
Corporate social responsibility Obey FLA(fair labor association)
Date of market placement 2025 S/S
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Table 6. Core 19 field (required fields: bold)
Core 19 field

Unique product ID
Basic product information
Material composition
Product identification Country of origin
Brand/manufacturer information
Date of market placement
Sampling method

Dyeing process

Supply chain & traceability
Social responsibility Corporate social responsibility

Producer tracking information by process

Environmental impact Environmental impact indicators

. . Recyclability information
Circularity management T )
End-of-life instructions

Durability information
) Care & maintenance instructions
Use & maintenance o .
Repairability information

Microplastic emission possibility class

Certifications Certifications & labels

SCENARIO 3.

Fig 2. A DPP label produced as an example of Scenario 3 (July 26th
2025).
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