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YCTOUYUBOCT U JUTUTAJIHU TEXHOJOI'NU
IIPU ITPOEKTUPAHETO HA OBJEKJIO

He3a0paBka IlonoBa-HensisikoBa
HoB Obarapcku yHUBEpCUTET, AeNapTaMeHT ,,I3KkycTBa U nu3aiH*,
“Osua kymen” 21, 6yn. ,,MonereBuneo, Codpus 1618, boarapus

Pezrome:

Moonama unoycmpus ce Hamupa 6 KpumuweH eman Ha Mpamchopmayus, unpaseHa npeo cepuostu
eKONO2UYHU U COYUATHU NPeOU3BUKAMENCmed, NpouSmuYawyuy om mpaouyuoHHUs jJuHeeH Mooel Hd
npou3eoocmeo u nompebnenue. Kamo edun om Hatl-3amvpcsagawjume cexmopu 6 c8emoseH maulao,
UHOYCMPUAMA € 0Me0BOPHA 3A 3HAYUMETHU Bb2IEPOOHU eMUCUU, 3AMbPCABAHe HA BOOHUME pPecypcu U
HAmMpyneame Ha O2POMHU KOIUHECMBad MEeKCMUIHU OMNAObyU, 3a0bl004eHU Om 5A81eHUsi Kamo Ovp3ama
Moda. B omeosop na me3u npeduzguxamencmea ycmouyueama mooa ce Haiaeda Kamo uhmespupan nooxoo,
HACOYEH KbM HAMANABAHE HA eKONO2UYHOMO 8b30elicmeaue, 0CUsypsasane Ha emudnu mpyoosu Npakmuku u
HACbpuasane Ha NPUHYUNUMe Ha KPbeo8ama UKOHOMUKA.

Hacmoswama cmamus uzcnedsa kax oueumairume mexHol02ul ce npespbuiam 6 K408 UHCIPYMEeHm
3a cnpassine ¢ mezu npoonemu. Texwonoeuu kamo 3D ouzatin u upmyaiHo NPOMOMUNUPAHE 3HAYUMETHO
HAMANA8AM HeoOX00UMOCmma om @u3uUYecKu MOCmpuU, CNecmsasauku pecypcu u epeme. Jlueumannusam
meKkcmuien neyam u npou3e00CmMeomo No NOPbLYKA eNUMUHUPAM C8PBXNPOU3BOOCNEOMO U HAMATABAM
pasxooa Ha 600a u eHepeust. VI3xycmeenusm unmenexm onmumusupa npocHo3ume 3a MOOHUmMe meHoeHyuu
U ynpasieHuemo Ha epueama 3a 00CMAasKu, peoyyupaiuky omnaovyume 1 NOSUWLABAUKY epeKmusHocmma.
broxuelin mexunonoeuume ocucypsasam npo3apavHocm U HPOCiedseMocm 6b8 @epucama 3d O00CMABKU,
VMEbPIUCOABAUKU emUuyHume cmanoapmu. Bupmyannume npooHU U pazuupeHama peaiHocm noooopseam
nompeOUmeICKomo U3dNCUBABAHEe U HAMANA8AM Oela HA 8bpHamume CMOKU, 0okamo 3D npunmupanemo
npeonaza UHOBAMUBHU 8b3MONCHOCIU 3A NEPCOHATUIUPAHO U HUCKOOMNAOBYHO NPOU3BOOCMBO C YCOUYUBU
mamepuan.

Cmamusama pazenexcoa cCvujo U NPUHYUNUMeE HA KPb208AMA UKOHOMUKA 8 MOOAmMda — NpoeKmupane 3a
0bI20MPAtiHOCm, NOBMOPHA Ynompeda, peMOoHm U PeYUuKIupaHe, NOOKpeneHu om OUuUmaiHu UHCMpymMeHmu
U pasuupena Omeo8OPHOCM HA npoussooumens. Bwvnpexu cvwecmsysawume npeoussuxamencmaa,
uUHmMe2payusma Ha yCmoudusocmma u OUSUMAaiHume mexHol02UU ce 04epmasa Kamo OCHOB8HA NOCOKA 3d
Ovoewemo Ha MOOHAMA UHOYCMPUs, NPONPABIUKU NbM KbM NO-0M208OPHA, NPO3PAYHA U UHOBAMUBHA
exocucmema.

Kniwouosu oymu: moona undoycmpus, mekcmui, 001eK10, YCmoudusocm, OUSUMaiHu mexHoni02uu

TEXTILE AND GARMENT MAGAZINE 183



SUSTAINABILITY AND DIGITAL TECHNOLOGIES
IN APPAREL DESIGN

Nezabravka Popova-Nedyalkova
New Bulgarian University, Department Arts and Design,
“Ovcha kupel”, 21 Montevideo Str., 1618 Sofia, Bulgaria
nezi ned@abv.bg

Abstract:

The fashion industry is undergoing a critical transformation as it confronts significant environmental
and social challenges associated with its traditional linear model of production and consumption. As one of
the most polluting sectors globally, it is responsible for substantial carbon emissions, water contamination,
and the accumulation of vast amounts of textile waste — issues further intensified by the rise of fast fashion. In
response, sustainable fashion has emerged as a comprehensive framework aimed at reducing environmental
impact, promoting ethical labor practices, and advancing the principles of a circular economy.

This article examines the role of digital technologies as key enablers of this transition. Innovations
such as 3D design and virtual prototyping minimize the need for physical samples, conserving materials and
shortening design cycles. Digital textile printing and on-demand manufacturing combat overproduction and
significantly reduce water and energy consumption. Artificial intelligence enhances trend forecasting and
supply chain optimization, improving operational efficiency while minimizing waste. Blockchain technologies
improve transparency and traceability across the supply chain, reinforcing ethical practices and counteract-
ing product counterfeiting. Virtual try-ons and augmented reality enrich the consumer experience and reduce
product returns, while 3D printing enables customized, low-waste production using sustainable materials.

Furthermore, the article discusses how circular economy principles — designing for durability, reuse, re-
pair, and recyclability — are increasingly supported by digital innovations and Extended Producer Responsi-
bility (EPR) frameworks. Although challenges remain, including high implementation costs, data integration
complexities, and the need for specialized expertise, the integration of sustainability and digital technologies
is emerging as a critical pathway toward a more responsible, transparent, and innovative fashion ecosystem.

Keywords: fashion industry, textiles, clothing, sustainability, digital technologies
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1. BbBeaeHue: mpeceyHaTa ToO4YKa Ha
YCTOWYHMBOCTTA W HMHOBAIMHTE B MOJHATA
HHIYCTPUS

Mopnara UHAYCTpHUS, IBITO BpeMe JOMUHUpPaHA
OT JIMHEWHUS Mojen ,B3eMH — HalNpaBu —
U3XBBPJIM, € Hu3MpaBeHa Ipesn Oe3npeleaeHTHU
MpEeIU3BUKATEICTBA,  CBBP3aHU C  HEHHOTO
BB3/ICMCTBHE BHPXY OKOJHATA Cpelia U OOIIECTBOTO.
To3n TpaguLIMOHEH MOAXOA BOAU A0 3HAUYUTEIHO
M3YepIBaHe Ha PECYpPCH, MamadHO 3aMbpCsBaHE
U TeHepupaHe Ha OTPOMHHU KOJIMYECTBa OTIAbIIH,
KOETO OKa3Ba CEpHO3HO HETAaTUBHO BIMSIHHE BHPXY
miaderara [1]. CekropbT € mpu3HAT 3a €UH OT Haii-
3aMbpCSBAIINTE B CBETOBEH MaIlad, JONPUHACIIKI
3a mpubmusutenHo 10% ot mobanHuTe BIVIEPOIHU
emucuu U okojo 20% OT MHIYCTPUAIHOTO BOAHO
3aMbpcsiBaHe, 0COOCHO B MpollecuTe Ha OarpeHe u
o0OpaboTka Ha TekcTui [2].

[IpoGrneMuTe che CBPBXIPOU3BOICTBOTO U Obp3aTa
Moma ca ocobeHo wu3pazeHu. CTaTHCTUYECKUTE
JTAHHU TI0Ka3BaT, Y€ CHBPEMEHHUAT MOTpPeOUTEN
kynyBa ¢ 60% mnoBeue Apexu, HO T'M HOCH JiBa
IbTH TIO-KPAaTKO B CpaBHEHHWE C mpeau 15 roauHu.
Ta3u TenmeHmus Boau A0 OBP30 HATpyIBaHE Ha
TEKCTUJIHM OTIAJbIH, KaTO TOAUILIHO CE€ TeHEPUpaT
okosio 92 mMuimoHa TOHa. AKO Ta3W JMHaMHUKa ce
3arasu, ce€ MPOrHo3Mpa YBEIUMYEHHE Ha €MHCHUUTE
ot MoziHata unayctpus ¢ 50% no 2030 r. [3]. Oceen
EKOJIOTUYHUTE IIETH, Obp3aTa Mojia € CBbp3aHa U
C HECUTYPHH YCIIOBUSI Ha TpYJ, €KCILIoaTalus Ha
paboTHA cujia U PEKOMEPHH OTIABIIH.

B otroBop Ha Te3um mpeau3BUKATEICTBA
KOHIIENIMATA 32 YCTOMYMBA MOJa C€ YTBBP)K/aBa
KaTo BCe0OXBAaT€H TEPMHUH, OMMCBAI YCHIIMATA HA
UHAYCTpHSTa 3a HaMmalisiBaHEe Ha Bb3IEHCTBUETO
BBPXY OKOJHATa cpeja, 3alluTa Ha pabOOTHUIIHTE,
y4acTBALIMBIPOU3BOACTBOTOHA00JIEKIIA, N CTIa3BaAHE
Ha XyMaHHO OTHOIICHHE KbM IKUBOTHHUTE [4].
YceroitunBocTTa B MOziaTa 00XBalla MIMPOK CHEKTHP
OT aKTOpH, BKIFOUUTETHO HAMAJISIBaHE Ha EMUCUUTE
Ha CO., oBiajgsgBaHE Ha CBPBXIPOU3BOACTBOTO,
MUHUMU3HUPAHE Ha 3aMbPCSIBAHETO M OTMATBIUTE,
MoJIKperna Ha OMOpa3zHOOOpa3HeTO W OCUTYPSIBaHE
Ha CTIpaBeJIMBU 3aIUIaTH U OE€30MaCHU YCIIOBHS Ha
TpyA. KirouoBuTe NpUHIIMIN HA yCTOMYMBAaTa MOJa
ce (oKycHpar BbPXY H3IOI3BAHETO Ha OPraHUYHU
U peLUKINpaHu MaTepuajy, eCTECTBEHH BJIaKHA U
WHOBATHUBHU ThKaHH. [IpakTHKu KaTo Mpou3BOJACTBO
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1. Introduction: The Intersection of Sustain-
ability and Innovation in the Fashion Industry

The fashion industry, long dominated by the linear
“take—make—dispose” model, faces unprecedented
challenges related to its environmental and social
impact. This traditional approach has led to signif-
icant resource depletion, large-scale pollution, and
the generation of vast amounts of waste, all of which
have had a severe negative effect on the planet [1].
The sector is recognized as one of the most polluting
globally, contributing approximately 10% of global
carbon emissions and about 20% of industrial wa-
ter pollution, particularly through textile dyeing and
finishing processes [2].

Issues such as overproduction and fast fashion
are particularly pronounced. Statistical data indicate
that today’s consumer buys 60% more clothing but
wears each item for only half as long as 15 years
ago. This trend results in the rapid accumulation of
textile waste, with around 92 million tons generated
annually. If this dynamic continues, the fashion in-
dustry’s emissions are projected to increase by 50%
by 2030 [3]. Beyond environmental damage, fast
fashion is also associated with precarious labor con-
ditions, workforce exploitation, and excessive waste
generation.

In response to these challenges, the concept of
sustainable fashion has emerged as a comprehen-
sive term describing the industry’s efforts to reduce
environmental impact, protect garment workers,
and uphold humane treatment of animals [4]. Sus-
tainability in fashion encompasses a wide range of
factors, including reducing CO: emissions, curbing
overproduction, minimizing pollution and waste,
supporting biodiversity, and ensuring fair wages and
safe working conditions. Core principles of sustain-
able fashion emphasize the use of organic and re-
cycled materials, natural fibers, and innovative tex-
tiles. Practices such as zero-waste manufacturing,
carbon-neutral transportation, and circular fashion
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C HYIEBH OTHAABLHU, BBIIEPOJHO HEYTPATHO
TPaHCTIOPTHPAHE U MHUIIMATUBY 32 KPBroBa MOJIa ca
B OCHOBATa Ha TO3H IMOJXO/.

Ha ¢ona Ha Te3n KPUTHYHM TPEIU3BUKATEICTBA
JUTUTATHUTE TEXHOJOTHH C€ YTBBPXKIABAT KaTo
MOIIIEH Karamu3atop 3a Tpancpopmanms. Te
npejylaraT HOBH BB3MOXKHOCTH 3a CIPaBsHE C
poOJIeMHUTE, KaTO PEBOJIOIMOHU3UPAT MPOIECUTE
HAa TMPOEKTUpaHE, TMPOU3BOJACTBO, TUCTPHUOYIIHS
u morpelnenre B mMojHata uHayctpus [S]. Upes
BBHBEKIAHETO HA WHOBATHBHU JUTHTATHH PEUICHUS
CEKTOPBT MOXE Jla TIOCTUTHE TO-e(EeKTUBHH,
MPO3pauHy U OTTOBOPHH TMPAKTUKH, MPOIPABSIHKU
BT KbM €IHO TOo-ycToHumBO Objaemie [6]. Tasm
Tpancopmaluss He € MPOCTO BBIPOC Ha H300D,
a HEeoOXOMMMOCT, OOYCIIOBEHa OT HapacTBaIlIOTO
MOTPEOUTENICKO ThPCEHE Ha YCTOWYUBU MPOIYKTH,
KouTO 67% OT TIOOATHUTE MOTPEOUTEIIN CUUTAT 32
permasan GpakTop Mpu MOKYIKa Ha 0OJIEKIIO.

2. YCTOMYHBOCT B NMPOCKTHPAHETO M NPOM3-
BO/ACTBOTO Ha 00J1ek10. OCHOBHY NPUHIUIHU HA
ycToiiuyuBaTra Mojaa

YcrolunBara MoJa MpPeACTaBIIsABa MHOIOCTPAaHEH
MOJXOJ, KOHTO oOXBallla €KOJIOTMYHH, COLHaJIHU
U MKOHOMHYECKH AaCIEKTH C IieJ TpaHchopMmanus
Ha MHIOYCTpUATA KbM IO-OTTOBOPHM IPAaKTHUKH. 32
MOCTUTAHE Ha TE3H LIEJIM € HeOOX0UMO Je(pUHUPaHE
U TpWwiaraHe Ha sICHU pabOTHH HpOLEAypHU Hpu
Ch3/1aBaHETO HA YCTOMYMBU MOJHM KOJIEKIH [7].

2.1. EKoJIOrH4HM acneKkTH

B ocHoBara cu ycroiumBara mMoja LENd 3HAYH-
TETHO HaMallIBaHE Ha BBIJICPOIHHUS OTIECYATHK
Ha TPOU3BOJCTBOTO Ha OOJEKIO, Oma3BaHe Ha
BOJIHUTE PECYpPCH, OrpaHHYaBaHE HA XUMHUYECKOTO
3aMbBpCSIBaHE U PEAyIIUpaHEe HAa TEHEPUPAHETO Ha
OTHAIbLIN Tpe3 LEeIHs KU3HEH IHUKbBI Ha MPOAYKTa
[8]. Tosa BKIIOYBA KOHKPETHH MEPKU Karo
ora3BaHe Ha OMOPa3HOOOPA3HUETO W YIbDKAaBaHE Ha
YKU3HECHHS IIMKBJ Ha MaTepuanure. [IpakTuku kato
MIPOM3BOACTBO C HYJEBU OTMAIBIM U BBHIIIEPOIHO
HEYTPAJIHO TPAHCIOPTHUPAHE Cca KIIOUOBU 34
IMOCTUTAHETO Ha TE3H LIC/IH.

2.2. ConpajiHi H eTHYHH aCeKTH

186

initiatives are foundational to this approach.

Amidst these critical challenges, digital technolo-
gies are emerging as powerful catalysts for transfor-
mation. They offer new possibilities for addressing
issues by revolutionizing design, production, distri-
bution, and consumption processes in the fashion
industry [5]. Through the integration of innovative
digital solutions, the sector can achieve more effi-
cient, transparent, and responsible practices, paving
the way toward a more sustainable future [6]. This
transformation is not merely a matter of choice but a
necessity, driven by the growing consumer demand
for sustainable products — 67% of global consumers
now consider sustainability a decisive factor when
purchasing clothing.

2 .Sustainability in Apparel Design and Pro-
duction: Core Principles of Sustainable Fashion

Sustainable fashion represents a multifaceted ap-
proach that encompasses environmental, social, and
economic aspects, aiming to transform the indus-
try towards more responsible practices. To achieve
these goals, it is necessary to define and implement
clear working procedures in the creation of sustain-
able fashion collections [7].

2.1. Environmental Aspects

At its core, sustainable fashion seeks to signifi-
cantly reduce the carbon footprint of garment pro-
duction, protect water resources, limit chemical
pollution, and decrease waste generation throughout
the product’s life cycle [8]. This involves specific
measures such as preserving biodiversity and ex-
tending the lifespan of materials. Practices such as
zero-waste manufacturing and carbon-neutral trans-
portation are key to achieving these goals.

2.2. Social and Ethical Aspects

Beyond environmental dimensions, sustainable
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OTBBJl €KOJIOTMUHUTE U3MEPEHUs, yCTONYMBATa
MOJIa aKLEHTUPA BbPXY COLMAIHATA OTTOBOPHOCT.
Ta BriIroyBa oOcCHrypsiBaHE Ha CIIPaBENJIUBU
Bb3HArpaKACHUS W 0O€30IaCHM YCIIOBUS Ha TPYX
3a paOOTHUIMTE B TEKCTUJIHOTO IPOU3BOJICTBO,
KOETO JOINpHHACA 3a IOBUIIABAHE HA KadyeCTBOTO
Ha JKUBOT M PAa3BUTHETO HAa MECTHHUTE OOIIHOCTH.
Buumarennuar noabop Ha  IPOU3BOJACTBEHU
NAapTHBOPU W M3IPaXJaHETO  HA  JIOSUIHU
B3aMMOOTHOUICHHUS Ca CBHIIECTBEHU 3a IOCTUTAHE
Ha BUCOKHU €THUYHU CTAHJAPTH.

2.3. UkoHOMHYeCcKa YCTOMYHBOCT

JIBm>KeHHETO 3a yCTOMYMBA MOJa C€ OCHOBaBa
Ha yOeXIeHHeTo, dYe OH3HeChT MOXke Ja
(GyHKIMOHUpAa TO-yCTOHYMBO, O€3 Ja JkeprTBa
nedanba u pactex. ToBa H3MCKBA KOMIIAHUUTE
Jla UHTETPUPAT E€KOJIOTUYHH, COLMATHU U E€THUYHHU
nogoOpeHusi B CBOsITa YMpaBICHCKA CTpaTerws.
IIpunaranero Ha YCTOMYMBHU NPAKTUKUA BOAHU [0
MO-YUCTHU IPOU3BOACTBEHH IPOLECH, MO-IAO0BOJIHU
nmoTpeOUTeTIM W TO-CTaOUIIHO  JTBIATOCPOYHO
pa3BuTHe Ha Ou3Heca.

2.4. YcroiiuuBM MaTepuaIu

N300pbT HAa MaTepuanu € KpUTHYEH acleKT Ha
yCTOMYMBOTO TMPOCKTHpPaHE Ha OOJEKI0, Karo
WHOBAIlMMTEe B Ta3u cdepa mpemiarar Bce II0-
IMPOKa raMa €KOJIOTUYHU AJITEpHATUBH [9].

2.4.1. EcTecTBEeHH BJIaKHA

* OpranuyeH mnamyk: 3a pasjibka OT
KOHBEHIIMOHATHUS TaMyK, KOHTO € cpen Haii-
XUMHYECKH HWHTCH3UBHUTE KYJITYypH, H3IOJI3BAIIl
0KO0JIO 25% ot cBeToBHUTE MHCeKTUIIAM 1 Haxt 10%
OT MECTULUIUTE, OPTaHUYHUST MaMyK Ce OTIVIeXKIa
0e3 reHeTUYHU MOJU(UKALIUY, CHHTETUYHU TOPOBE
nmu necruuuau [10]. Tolt u3mon3Ba 3HAUUTETHO
no-manko Boaa (88% mo-manko) u eHeprust (62%
M0-MajJK0) B CpaBHEHHE C KOHBEHLMOHAIHUS
namyk. Hampumep, 3a enHa TeHHCKa OT OpraHUYeH
nmaMmyk ca HeoOxomumu camo 243 nurpa Boja,
JIOKaTo 32 KOHBEHLIMOHa/IHA TeHucka — 2700 autpa
[11]. Bomemmu mapku kato Patagonia u Everlane
aKTUBHO TO BKIIOYBAT B KOJICKIIMHTE CH, 3a [1a
HaMaJIST €KOJIOTUYHOTO CH Bb3IAEHUCTBHUE. Zara ChILO
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fashion emphasizes social responsibility. This in-
cludes ensuring fair wages and safe working con-
ditions for textile workers, contributing to the im-
provement of quality of life and the development of
local communities. Careful selection of production
partners and the cultivation of loyal relationships are
essential for upholding high ethical standards.

2.3. Economic Sustainability

The sustainable fashion movement is grounded
in the belief that businesses can operate more sus-
tainably without sacrificing profit or growth. This re-
quires companies to integrate environmental, social,
and ethical improvements into their management
strategies. The implementation of sustainable prac-
tices leads to cleaner production processes, more
satisfied consumers, and more stable long-term busi-
ness development.

2.4. Sustainable Materials

Material selection is a critical aspect of sustain-
able apparel design, and innovations in this field are
offering an increasingly wide range of eco-friendly
alternatives [9].

2.4.1. Natural Fibers

* Organic Cotton: In contrast to conven-
tional cotton — one of the most chemically intensive
crops, using around 25% of the world’s insecticides
and over 10% of its pesticides — organic cotton is
grown without genetic modification, synthetic fer-
tilizers, or pesticides [10]. It consumes significant-
ly less water (88% less) and energy (62% less) than
conventional cotton. For instance, a T-shirt made
of organic cotton requires only 243 liters of water,
compared to 2,700 liters for a conventional one [11].
Leading brands such as Patagonia and Everlane ac-
tively incorporate it into their collections to reduce
environmental impact. Zara has also launched the
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cTapTupa MHUIMaruBara ,Join Life*, doxycupana
BBPXY M3IOJI3BAHETO HA OPraHUYCH MaMYK.

e Komom: ExHo oT Hail-eKOJIOTMYHUTE
BJIAKHA, KOHOII'BT U3MCKBA MUHUMAJIHO KOJMYECTBO
BOJIa U HE C€ HYK/1a€ OT MECTHUIIHMIH ITPH OTTIICIKAHE.
Tol moxrmomara pereHepanusaTa Ha XPaHUTEIHHUTE
BElleCTBa B II0YBaTa M HE M3UCKBA XUMHUYECKA
3amuTa cpeiy Bpeaurenan. KoHombT e u3BecTeH che
CBOSITA 3[paBUHA W IBITOTPAHHOCT, KOETO TpaBU
oOnexiara OT HEro M3KIIOYUTEIHO YCTOWYHBH.
Levi’s, HampumMep, ro U3M0ji3Ba B KOMOMHAIUS C
amyK 3a IPOU3BOJICTBO HA €KOJIOTUYEH JCHUM.

o Jlen: IlogoOHO Ha KOHOIA, JEHBT €
€CTECTBEHO BIIAKHO, JOOMBAaHO OT pACTEHUETO
neH. To moxe na ce ormiexna 0e3 TOpoBe U MMa
MUHMMAaJHM HYXJIM OT BoJa. Bcuuku dvacTu Ha
pacTEeHUETO ce U3IMOoJI3BaT (CeMeHa, Maclio, BIaKHa),
KOETO MHHHMHU3UpA oTnambiure. JICHBT € 3apas,
YCTOMUYMB Ha MOJILM, OuMOpasrpajuM U 4YECTO ce
npousBexa 0e3 6arpuia.

* bBam0Oyk: bamOykbsT € OBp30 pacTsio,
BH300HOBSEMO pacTeHHE, KOETO M3UCKBA MAJIKO BOJIA
U MECTULMIM, KOETO TO IPaBU MPEANOYUTaH U300p
3a MPOMU3BOJCTBO Ha 001eks0. ThkaHTa oT 6aMOyK
Harono0sBa yCEeIaHeTo 3a MaMyK UM KOTIPHHA.

2.4.2. Penuk/JaMpaHu MaTepUaIH

* Peuukimpan mnoamectrep (rPET):
W3Bnuya ce OT U3MOI3BaHU IIACTMACOBHU OyTUIIKU
WIM TEKCTWJIHM OTNAagbLM, Karo croMara 3a
HaMaJlsIBAaHE Ha IIJJaCTMACOBOTO 3aMbpCABAHE U
HEOOXOIMMOCTTa OT HOBA IUIACTMAaca, IPOU3BEICHA
oT uskonaemu ropusa. IIpousBoncrBoro Ha rPET
M3HMCKBA 3HAYMTEIHO II0-MaJIKO PECYPCU U TEeHEpUpa
[I0-HUCKHM BBIVIEPOJHU EMHUCUU B CPaBHEHHE CBbC
Ch3/1aBAaHETO HAa HOBU BJIakHa. ToBa € MOAXOASIL
n300p 3a CIOPTHO U (HYHKIIMOHATHO OOJIEKIIO, TIPH
KOETO €CTECTBEHUTE BJaKHAa 4YECTO HE Morar na
OCHUTypAT HEOOXOAUMHTE CBOICcTBa [12].

* Econyl: MnoBaruBHa anrepHaruBa Ha
HaioHa, Econyl ce mpousBexnaa ot perenepupanu
IUIaCTMACH, OTNAbYHH ThKaHU M pUOAPCKU MPEXKH,
cbOpaHu OT OKeaHa. MarepuanbT NpPUTEKABA
CBIIUTE XapaKTEPUCTUKU KaTo TPaJUIIMOHHUS
HAMJIOH, HO MMa 3HAYUTEIHO MO-MaJbK €KOJIOTHYEH
orneyarsk [13].

e Penukiupan namyk: IIpoussexna ce or
OTIAJbYHU THKAHU, OCTAHAIM CJIE UHIYCTPHAIHU
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“Join Life” initiative, focusing on the use of organic
cotton.

* Hemp: One of the most environmentally
friendly fibers, hemp requires minimal water and
no pesticides. It supports soil nutrient regeneration
and does not need chemical pest control. Hemp is
known for its durability and strength, making gar-
ments made from it particularly long-lasting. Levi’s,
for example, uses it in combination with cotton to
produce eco-friendly denim.

 Linen: Like hemp, linen is a natural fiber
derived from the flax plant. It can be cultivated with-
out fertilizers and requires minimal water. All parts
of the plant are used (seeds, oil, fibers), minimizing
waste. Linen is strong, moth-resistant, biodegrad-
able, and often produced without dyes.

* Bamboo: Bamboo is a fast-growing, re-
newable plant that requires little water and few pes-
ticides, making it a popular choice for apparel pro-
duction. Bamboo fabric offers a texture similar to
cotton or silk.

2.4.2. Recycled Materials

* Recycled Polyester (rPET): Derived from
used plastic bottles or textile waste, rPET helps re-
duce plastic pollution and the need for new fossil-fu-
el-based polyester. Its production requires signifi-
cantly fewer resources and generates lower carbon
emissions than the creation of virgin polyester. It is
particularly suitable for activewear and performance
garments, where natural fibers often cannot meet re-
quired functionality [12].

* Econyl: An innovative alternative to nylon,
Econyl is made from regenerated plastics, discarded
textiles, and fishing nets recovered from the ocean.
The material retains the same qualities as tradition-
al nylon but has a significantly lower environmental
footprint [13].

* Recycled Cotton: Produced from textile
scraps left over from industrial processes or from
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MPOLIECH WJIA OT BEYE MH3MOJ3BAHU TEKCTHIIHU
m3nenusi. ToBa cmomara 3a OrpaHUYaBaHEe Ha
TeKCTHJIHUTE OTHAJbIM, HamalsiBa ymnorpedara
Ha HOBM CYPOBUHM U CBEXJIa J0 MHHHUMYM
M3IOJI3BAHETO Ha BpeaHU XxuMukanu [ 14]. [TomoOuu
n00pU TIPAKTUKH 32 MPWIOKECHUE HA PEIUKINPAHU
CYpOBHHHU C€ pasmIekKIaT M MPHU BBIHATA, KBICTO
M3MO0JI3BAHETO M B3aHAATUTE IONIPUHACS 3a KPbroBaTa
WKOHOMMKA M CbXpaHsiBaHE Ha Tpaauiuute [15].

2.4.3. UnoBaTUBHU ¥ OM0-0a3UPaAHN MaTePUAJIH

* Tencel (Lyocell): Jleku BnakHa, noixy4yeHu
OT 1enyno3a OT JbpBecHMHa (€BKaJduNT, OyK,
CMbp4), O00MBaHA OT YCTOMYMBO YIpPAaBIsSBaHU
ropu. [IpousBoncTBeHusT mporec Ha Tencel e
M3KJIFOYUTEITHO €(EKTUBEH, ThH KaTo MO3BOJISBA
peuukiapase Ha  99%  OT  U3MNON3BaHUTE
pa3TBOPUTENH U BOJA B 3aTBOPEHA CHCTEMA, KOETO
3HAYUTETHO HaMalsiBa pPEeCypCcoOmOTpeOICHUETO.
Tencel e mouru 50 mbTH MO-abcopOHpant OT Mamyka
[16].

* Pifiatex: Marepuan, HamomoOsBaI Koxa,
MPOM3BENIEH OT BJIaKHA HA AaHAHACOBHM JIHCTA —
CTpPaHHUYEH MPOIYKT OT OTIIEKIAHETO HA aHAHACH.
To#t e exoJIOrnYeH, UKOHOMHYCSCKH SKU3HECITOCOOEeH
1 OuopasrpaguM U W3HMCKBAa MO-MAJKO €HEprusi u
BOJIa B CPAaBHEHUE C TpaJULMOHHATa Koxka [17].

« I'b0ena koxka (Mycelium leather):
Cp3naBa ce OT IbOMYHM MHIICIA U TIPEICTABISBA
ycTOWYMBa W  €JacTU4YHa  ajTepHaTuBa  Ha
KUBOTHHCKaTa KoXka, 0€3 J1a BKIII0UBA EKCILTOATaIUs
Ha KUBOTHHM [18,19].

* Qmonos: buopasrpaaum  Mmarepuan
OT HOBO TIOKOJICHHE, Ch3JaBaH 4Ype3 T€HETUYHO
MomupUIUpaHu OaKTEepHH, KOUTO MPOU3BEKIAT
MPOTEUHH, HAMOJOOSBAIIM €CTECTBEHATa MasDKUHA
[20,21].

e Ipyru unHoBaTuBHU Matepuajmu: Kopk
[22], opranuuen 6amOyk [23], Modal [24], SCO-
BY [25], AppleSkin [26], Woocoa [27], QMilk
[28], S.Cafe [29], EcoVero [30] u perenepupanu
TEKCTUJIHU oTnaabiu [31] chIIO ce yTBbpKIaBar
KaTO MEPCIIEKTUBHH YCTONYHMBH Al TEPHATUBH.
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post-consumer textile waste, recycled cotton helps
reduce textile waste, minimizes the use of virgin raw
materials, and lowers the demand for harmful chem-
icals [14]. Similar good practices for the application
of recycled raw materials are also discussed in the
case of wool, where their use in crafts contributes to
the circular economy and the preservation of tradi-
tions [15].

2.4.3. Innovative and Bio-Based Materials

* Tencel (Lyocell): Lightweight fibers de-
rived from wood pulp (eucalyptus, beech, spruce)
harvested from sustainably managed forests. The
Tencel production process is highly efficient, allow-
ing for the recovery and reuse of 99% of the solvents
and water used in a closed-loop system, significantly
reducing resource consumption. Tencel is nearly 50
times more absorbent than cotton [16].

* Pifatex: A leather-like material produced
from pineapple leaf fibers, a byproduct of pineapple
cultivation. It is eco-friendly, economically viable,
biodegradable, and requires less energy and water
than traditional leather [17].

* Mycelium Leather: Made from fungal
mycelium, this material offers a sustainable and flex-
ible alternative to animal leather, without involving
animal exploitation [18,19].

* Qmonos: A next-generation biodegradable
material created using genetically engineered bac-
teria that produce proteins similar to natural spider
silk [20,21].

* Other Innovative Materials: Cork [22],
organic bamboo [23], Modal [24], SCOBY [25], Ap-
pleSkin [26], Woocoa [27], QMilk [28], S.Cafe [29],
EcoVero [30], and regenerated textile waste [31] are
also gaining recognition as promising sustainable al-
ternatives.
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Taﬁﬂnua 1. CpaBHeHI/IC Ha KJIIFOYOBH yCTOﬁ‘II/IBI/I Marepuaiid U TCXHUTC CKOJIOTUYHU ITPCAUMCTBA

OCHOBHUW €KOMOrM4YHU MNpumMepu 3a
MaTepwuan Mpouaxon/Cecras
P P o npeavmcTea ynoTtpeba/Mapku
M3nckea 88% no-manko Boaa,
EcTecTBeHU BNAKHA, 62% no-Marnko eHeprisa ot Patagonia
OpraHuyeH otrnexgaHu 6ez 'MO, ||KOHBEeHUMOHANHWA Namyk; A ,Zara
namyk CUHTETUYHU TOPOBE, eMMUHUPA XMMWUYECKOTO L'Envers, i
necTUUMan 3aMbpcABaHe Ha noysata U
BoAarta
MancKkea MUHUMaNHO Boda W
necTUUUaW, pereHepupa Levi's (B
KoHon SCEECIBCRN BRGKIRIEE oy Beﬂ mﬂe ,xp aH MTeﬂ'alm I{OMGM(HE na ¢
pacTeHue KoHonm P 4
BellecTsa, sapaBlHa n namyk)
ObnroTpanHocT
Manckea Manko Boaa u
EcTecTBEHU BNaKHa OT |[TOpoOBe, UANOTO c;iTeHme ce T o
INeH P » U P 6enbo, HO U 3a
pacTeHune neH nanonsea, buopasrpagum, SR
YCTOAYMB Ha MOMnun
EcTecTBeHU BakHa oT Brp3o pacTaLy, TeHUCKX, MOTHULM,
Bambyk Bb30OHOBAEM, HE U3UCKBa ©enbo, JoMallHO 1
y ©amOykoBO pacTeHue : A
XUMUWKanu, manko soga CNOPTHO 0BneKkno
Hamansaea nnactMmacoBuTe
PeuvknupaH |MocT-noTpebuTtencki Benbo, crnopTHO
n01'|U||a1eCTeF:J nnacmacposm OyTUNKN DIRIERLM, IENICRED TI0 M o6ne|<J:|o prHm
(rPET) P TEKCTUITHU omay,;LTb n " |[pecypeu u COZ emucun ot apexu ¥
. HOB NonMecTep P
PereHnepupaHu r
ARy CTSMQJ‘IHM AnTepHaTvBa Ha HailnoHa ¢ ||CUHTETMYHMK
WOEHTUYHO KA4YECTBO, HO C BnakHa, 6aHcKu
Ecou gl o e MﬂOI’O no-mManbk eKoﬁormqu KOCTith;M CMOPTHO
AR S oTneYvyarbK 06ne|<no, P
MpEeXu
99% peuMKnMpaHe Ha
P LlenynosHu BnakHa oT ||pa3TBOpUTENU KU Boda B AKTMBHO obrekno,
(Lyocell) QbpBecHa maca 3aTBOpEHa cuUcTema, Mno- 6enbo, exxeqHEBHO
y (eBkanunT, BYK, CMbpY) |(Manko eHepris U Boga oT obnekno
namyka
Buopasrpagum, eKonornyeH
Slsaiie ox MRc B mamcF:JKBa F|)'|0'Elmau,'||<o eHeprna m AKcecoapn, obyBKK
Pifiatex aHaHac (CTpaHW4eH " p 7
o KT() P BOAa OT TpaavLUWOHHaTa noHAKora obnekrno
pony Koxa
YcTonvnea, enactuyHa
bbeHa Koxa P anTepHaTuBa Ha XMBOTHHCKa ([OByBKM,
(Mycelium) Koxa, 6es3 ekcrnnoataumMa Ha ||akcecoapu
YKMBOTHU
Buopasrpagum, crneaeallo
OT KONPWUHEHU FrEHK U PERDETINN, CHEPOOM MHOBaTUBHU MOOHU
Qmonos MOKOMEHNe YyCTONUYMB

MUKPOBK

Martepuan

NMPUNOXEH A
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Table 1. Comparison of Key Sustainable Materials and Their Environmental Advantages

Material Origin/Composition Main Environmental Examples of Use /
Advantages Brands
Organic Natural fibers grown Requires 88% less water and | Patagonia,
Cotton without GMOs, 62% less energy than Everlane, Zara,
synthetic fertilizers, or conventional cotton; L'Envers
pesticides eliminates chemical
contamination of soil and
water
Hemp Natural fiber from the Requires minimal water and Levi's (in blends
hemp plant pesticides; regenerates soil with cotton)
nutrients; highly durable
Linen Natural fiber from the Requires little water and Common in
flax plant fertilizers; entire plant is bedding and
used; biodegradable and apparel
moth-resistant
Bamboo Natural fiber from Fast-growing, renewable, T-shirts, tank tops,
bamboo requires few chemicals and underwear,
little water loungewear,
activewear
Recycled | Post-consumer plastic Reduces plastic waste; Underwear,
Polyester | bottles, textile waste requires fewer resources and | activewear,
(rPET) emits less CO: than virgin outerwear
polyester
Econyl Regenerated industrial | Alternative to nylon with Synthetic fibers,
plastics, textile waste, identical properties but a swimwear,
fishing nets much smaller ecological sportswear
footprint
Tencel Cellulose fibers from 99% of solvents and water Activewear,
(Lyocell) | wood pulp (eucalyptus, | are recycled in a closed-loop | underwear,
beech, spruce) system; uses less energy and | everyday clothing
water than cotton
Pinatex Fibers from pineapple B_iodegr.adabl_e and eco- Accessories,
leaves (a byproduct of friendly; requires Ies_s_, energy footwe_ar,
agriculture) and water than traditional sometimes
leather garments
Mycelium | Derived from fungal Sustainable, flexible Footwear,
Leather mycelium alternative to animal leather; | accessories
free from animal exploitation
Qmonos From spider silk genes | Biodegradable next- Innovative fashion
and microbes generation sustainable applications
material
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2.5. YcToiiuuBHM NPOM3BOACTBEHH NpoLecH

OnTuMHU3UPaAHETO HA TPOU3BOJICTBEHUTE MTPOLIECH
€ CBhIIO TOJKOBA BAaXXHO, KOJKOTO M H300pBT Ha
MaTepuay, 3a MOCTUTaHe Ha LISTTIOCTHA YCTOMYUBOCT
B MonHara unayctpus [32, 33]. Kprorep u Paxuen
[34] noguyepraBaT 3HAYEHUETO HA TEXHOJOTMYHATA
JOKYMEHTAIUsl Karo KIIOYOB MHCTPYMEHT 3a
MOIIbPKAaHE HA YCTOMYMBO Pa3BUTHE M BHCOKO
Ka4yeCTBO B IPEJAaYHOTO U THKaYHOTO MPOU3BOJICTBO.

2.5.1. BonocnecTsiBald TEXHUKH

* be3BoaHo Oarpene: MHOBaTUBHM TEXHO-
noruu kato DyeCoo wu3Mon3BarT CBPBXKPUTHYCH
CO: karo cpema 3a OarpeHe Ha TOJIHUECTEp,
HaITBJIHO CIMMUHUPAUKN HEOOXOAMMOCTTa OT BOJA,
CrioMarareJH1 XUMHUKAIi U TeHEepUpaHe Ha OTHaHU
Boau [35,36,37]. Cucremara peunkinupa Hag 95% ot
n3nons3Banus CO:2 B 3aTBOpeH LUKbI. Bopenwm mapku
karo IKEA, Nike, Adidas, Gap u Decathlon Beue ca
BB3IPHUEIN WK TNIAHUPAT J]a BHEAPAT TEXHOJIOTUATA
DyeCoo. Gap Inc. cwimo e paspaboruna Dry Indi-
go® — TexXHOJIOTHS 3a OarpeHe Ha JICHUM C IIsIHA,
KOSITO HamajsiBa TMOTPEOJEHWETO Ha BoOJAa C J0
99%, xumukanute ¢ 89% u eneprusdara ¢ 65%, karo
€IHOBPEMEHHO €TUMMUHHUPA U3XBHPIIIHETO Ha BOJA,
B CPaBHEHHE C TPAJIULIMOHHMS IPOIIEC HA OarpeHe ¢
unauro [38].

* 3arBopenu BogHHM cucTtemu: Dabpuku
KaTo Saitex ca mpuMep 3a HAIPEIbK B YIIPABICHUETO
Ha BOJIHUTE PECYPCH, KaTo YCIABAT Ja PEUUKIUpAT
98% ot wu3moi3BaHaTa BoOJA. BHeapsiBaHETO Ha
3aTBOPEHU BOJAHM CHUCTEMH B OarpuiIHHUTE IIE€XOBE
MOXKE Ja JIOBele 1O 3HAYUTEITHU UKOHOMHH Ha
pazxomu — 1o 60% B HsKOM MpoM3BOACTBA. ToBa
MOKa3Ba, 4Ye¢ YCTOMYMBHTE TPAKTUKH MoOrar Ja
HaMaJsIT OMNEepPaTUBHUTE pa3xold B ABITOCPOYEH
TUTaH.

* BonoedexTuBuu npouecu: Texnosoruu
Karo cTpyiHO Oarpene (jet dyeing) u cyxo Oarpene
(dry dyeing) mnpunarar WHOBaTMBHU METOJH,
M3MOJI3BANKY CI'bCTEH BB3AYX HIU CBPBXKPUTHYCH
BBIVICPOJICH JUOKCHJ, HAIbBIIHO EIMMHHHPANKU
HEOOXOAMMOCTTa OT BOJIa B IMpoIleca Ha OarpeHe.

* IIporpama Washwell na Gap: Taszu
WHOBAaTMBHA TporpamMa 3a MpaHe Ha JCHUM €
criecTwiia Haj 229 MUIMOHA JIUTpa BOJa B CPAaBHEHNE
C KOHBCHIIMOHAIHWUTE MeToaW. KbM MoMeHTa Ha
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2.5. Sustainable Manufacturing Processes

Optimizing production processes plays an equally
crucial role as the choice of materials in achieving
comprehensive sustainability in the fashion industry
[32, 33]. Kriiger and Rahnev [34] highlight the sig-
nificance of technological documentation as a key
instrument for sustaining development and ensuring
high quality in spinning and weaving production.

2.5.1. Water-Saving Techniques

* Waterless dyeing: Innovative technologies
such as DyeCoo use supercritical CO: as a dyeing
medium for polyester, completely eliminating the
need for water, auxiliary chemicals, and the genera-
tion of wastewater [35, 36, 37]. The system recycles
more than 95% of the CO: used in a closed-loop pro-
cess. Leading brands such as IKEA, Nike, Adidas,
Gap, and Decathlon have already adopted or plan
to adopt the DyeCoo technology. Gap Inc. has also
developed Dry Indigo®, a foam-dyeing process for
denim that reduces water use by up to 99%, chemi-
cals by 89%, and energy by 65%, while eliminating
water discharge entirely compared to traditional in-
digo dyeing processes [38].

* Closed-loop water systems: Factories
such as Saitex exemplify advancements in water
management, recycling 98% of the water they use.
Implementing closed-loop water systems in dyeing
facilities can result in significant cost savings — up to
60% in some operations. This demonstrates that sus-
tainable practices can also reduce operational costs
in the long term.

* Water-efficient processes: Technologies
such as jet dyeing and dry dyeing utilize compressed
air or supercritical carbon dioxide to eliminate the
need for water entirely in the dyeing process.

* Gap’s Washwell Program: This innova-
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nokinaaBaHuTe nanuu Gap Inc. e cnecrumna o6mo 5,7
MUJIHapAa TUTPa BOJa Upe3 KOMOMHUPAHU yCHITHUS.

2.5.2. Enepruiino epeKTHBHH NpoLecH

HamansBaneto Ha eHepruiiHara KOHCyMalus €
CBILIECTBEHO HE CaMO 3a €KOJIOTUYHATa yCTONUNBOCT,
HO U 3a HaMaJsiBaHE HAa €MHCUUTE Ha MapHUKOBU
ra3oBe U IPOU3BOJICTBEHUTE pa3xou. TexHomoruu
kato DyeCoo ce ornuuaBaT ¢ BHCOKAa €HEpruiiHa
e(eKTUBHOCT OyarofapeHue Ha CyXHsl IpoLec
Ha OarpeHe W KpaTKUTe MPOU3BOJCTBEHH IHKIIH,
KOETO HamalsiBa HEOOXOAMMOCTTAa OT EHEeprusi 3a
u3napsBaHe Ha Boja. L{uppoBusT TeKCTUIEH mevar
CBILIO0 NOTPEOsABA MO-MAJIKO €HEPIUsl B CPaBHEHHUE C
TPaJAMLIMOHHUTE METONHU, JONPHUHACIIKU 3a 00IIH
€HEPruiiHM CIIECTSBAHUS B UHIyCTPHSITA.

2.5.3. HamajasiBane Ha XUMHKAJIHUTE

« ZDHC Roadmap to Zero Programme:
Ta3u MHOroCTpaHHa MHUIIMATUBA HACOYBA MOJIHATA
UHIYCTpUsT KbM EJIUMUHUpAHE Ha BPEIHUTE
XUMUKAIM OT I7I00aTHaTa BepuraHa qoctaBku. Llenra
e 1a ObIaT 3aIUTeHN PAOOTHUIINTE, TTOTPEOUTEIIUTE
U EKOCHUCTEMHUTE upe3 M3rpakJlaHe Ha yCTOMuYMBa
npousBoacTBeHa cpena [39].  Onrumwuzanusara
Ha TMpoIeCUTe Ha OarpeHe € Apyr TMOAXOJ 3a
HaMmaJIsiBaHEe Ha XMMUYECKOTO HaToBapBaHe. Ts1 Boau
710 TO-100p0 yCBOsIBaHE Ha Oarpuiara OT BIAKHOTO
U 10 MUHUMHU3MpAaHE HAa OCTaThIIUTE BbB BaHaTa,
KOETO YJIECHSBA IPEYNCTBAHETO HA OTMAIHUHHUTE
Bomu [40]. Ilporpamara ce ¢dokycupa BBPXY
KOHTpOJIa Ha XMMHUKAJIUTE Ha BXOJa, 10 BPEME Ha
MPOU3BOJICTBEHUS] TPOIEC U TPU OTHATHUHHUTE
nororr. C Hax 9000 oTueTeHH TeCTa HA OTIAABLYHU
Bomn, ZDHC mpencraBmsBa Haii-romsmara 0asa
JTAaHHU 32 MO-YUCTH XUMHUYECKHU MPOyKTU B MOAHATA
uHaycrpus [41].

e EcrecTBeHM U HHCKOBL3JAeHCTBAIIH
oarpmaa: M3non3BaHeTro Ha OWOpasrpaauMu
Oarpuiia, W3BIEUYEHW OT pACTEHUS WU ApPYyTH
NPUPOAHU M3TOYHUIIM, KOWTO HE BpEeAsIT Ha
OKOJTHAaTa Cpena, € KIIF0UOBa YCTOMYMBA MPAKTHKA.
HuckoBb3nelicTBamure  Oarpwia,  Makap W
CUHTETUYHH, Ca M0-0e30MacHU OT TPAIUIIMOHHHUTE,
ThUA KAaTO M3UCKBAT IO-MAJKO €HEpPrus W BoJa M
CBHABPXKAT MO-MAJTKO TOKCUIHH XUMUKAITH.

. Exo-cbp3HaTeTHn AOBbPIINTETHH
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tive denim washing program has saved over 229 mil-
lion liters of water compared to conventional meth-
ods. At the time of reporting, Gap Inc. had saved a
total of 5.7 billion liters of water through combined
efforts.

2.5.2. Energy-Efficient Processes

Reducing energy consumption is essential not
only for environmental sustainability but also for
lowering greenhouse gas emissions and manufac-
turing costs. Technologies like DyeCoo are high-
ly energy-efficient due to their dry processing and
shortened production cycles, reducing the need for
energy-intensive water evaporation. Digital textile
printing also consumes less energy compared to tra-
ditional methods, contributing to overall energy sav-
ings in the industry.

2.5.3. Chemical Reduction

e ZDHC Roadmap to Zero Programme:
This multi-stakeholder initiative is guiding the fash-
ion industry toward the elimination of hazardous
chemicals from global supply chains. Its goal is
to protect workers, consumers, and ecosystems by
building a more sustainable production environment
[39]. Optimization of dyeing processes is another
key approach to reducing the chemical load in tex-
tile production. It enhances dye uptake by the fibers
and minimizes residuals in the dye bath, thereby fa-
cilitating more efficient wastewater treatment [40].
The program focuses on chemical control at the in-
put stage, during production, and in waste streams.
With over 9,000 reported wastewater tests, ZDHC
hosts the largest database of cleaner chemical prod-
ucts in the fashion sector [41].

* Natural and low-impact dyes: The use
of biodegradable dyes derived from plants or other
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BximouBar eH3MMHH  00pabOTKH U
MEXaHUYHHU  JOBBPIIMTEIHU  IMPOLECH, KOUTO
HamaasBaT HEoOXOAMMOCTTa OT XHMMHUKaIM U
BO/A, Karo CBIICBPEMEHHO IIOCTUIaT KEJIIAHUTE
(GYHKIMOHATHA W BH3YaJIHM XapaKTEPUCTHKH Ha
TBKAHUTE.

TEXHUKMU:

2.6. IIpyHOMIM HA KPbIOBaTa HKOHOMHMKA B
Moaara

Kpbrosara MKOHOMHKA NpeCTaBsBa
dbyHaaMeHTalHA TMPOMSHA CHOPAMO  JIMHEWHUS
MOJIeNl, Karo Ipejjara WHTErpupaH IOAXOA 3a
IIOCTUT'AaHE HAa YCTOMYMBOCT B MOJIHaTa MHIYCTpPHUS.
Kpbrosara Moza BKIJIIOYBA MOIXOAU KbM AM3aiiHa U
MIPOM3BOJICTBOTO, KOMTO TapaHTHpaT, 4e 00JIEKIOTO
ocTtaBa B yrnorpeba BB3MOXHO Hal-abaro. Ta
Ce OCHOBaBa Ha MPUHLMIIUTE HA [OBTOPHA
ynorpeba, PEeMOHT, mpenpoaax0a, peruKIupaHe
U pereHepanys. 3a pas3jiiKa OT JIMHEHHUS MOJEN,
KpbroBara Moja € INpOEKTHpaHa Taka, dYe Ja
eJIMMUHMpA OTHAIBIMTE U 3aMbPCABAHETO OLIE B
HayaJIHUS eTarl, KaTo ChLIEBPEMEHHO JOMpPUHACS 3a
BBb3CTAaHOBSIBaHE Ha IpUpoaHUTE pecypcu [42]. Taszu
CUCTEMa 1IeJIM Ch3/laBaHEe Ha MO-A00pU MPOLYKTH U
YCIIyTH 3a IOTPEOUTENINTE, PA3BUTHE HA yCTOMUUBA U
npoibdTsBalia UHAYCTPHUS U ONla3BaHe Ha OKOJIHATA
cpena, Karo €JHOBPEMEHHO C TOBAa IPUOPUTU3MpPA
IpaBaTa ¥ paBEHCTBOTO HAa BCUYKU YYaCTHHUIIM BbB
BepUrara.

2.7. In3aiid 32 ABJITOTPAHHOCT, H3APbAKIUBOCT
U PEMOHT

Jlo 80% oT eKkoJoruyHMs OTICUYAThK Ha ¢AHa
Jpexa ce OIpeess Ollle Ha eTara Ha IPOCKTUPaHE.
3aroBa yCTOMYMBUST JU3alH IOCTaBs aKLEHT BbPXY
Ka4eCTBOTO U ABIATOTPAHHOCTTA, TaKa Y€ U3/CIINATA
Jla yCTOSIT HA UHTEH3UBHO U3II0JI3BaHE U a HAMAJIAT
Hy’KJaTa oT 4yecTa noamsHa. To3u noaxox BKIIOUBa
€KOJIM3alH, U3I0JI3BaHE HA MOHOMAaTEpHAJIH 3a I10-
JIECHO PEUKIIMPAaHE U MHTETPUPAHE HA Bb3MOKHOCTH
3a peMOHT. DOKYChT BBPXY H3IPBKIMBOCTTA U
HEINPEXOJHUs JU3aliH rapaHThpa, 4€ yCTOWYUBUTE
JPeXH 0CTaBaT B ynoTpeda no-abiaro, HaMajasiBaliku
HEOOXO0IMMOCTTA OT YeCTa MOAMSIHA.

2.8. Mogeau 3a moBTOpHa ymorpeba (BTOopa
ynorpeoda, Haem)
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natural sources that do not harm the environment is
a key sustainable practice. While synthetic, low-im-
pact dyes are safer than conventional alternatives,
requiring less water and energy and containing few-
er toxic chemicals.

* Eco-conscious finishing techniques:
These include enzyme treatments and mechani-
cal finishing processes, which reduce the need for
chemicals and water while still achieving the desired

functional and aesthetic qualities of textiles.

2.6. Principles of Circular Economy in Fash-
ion

The circular economy represents a fundamental
shift from the linear model, offering an integrated
approach to achieving sustainability in the fashion
industry. Circular fashion includes design and pro-
duction strategies that ensure garments remain in use
for as long as possible. It is based on principles such
as reuse, repair, resale, recycling, and regeneration.
Unlike the linear model, circular fashion is designed
to eliminate waste and pollution from the outset,
while contributing to the restoration of natural sys-
tems [42]. This model aims to create better products
and services for consumers, support a thriving and
sustainable industry, and protect the environment,
while also prioritizing rights and equity across the
entire supply chain.

2.7. Design for Longevity, Durability, and Re-
pair

Up to 80% of a garment’s environmental footprint
is determined at the design stage. For this reason,
sustainable design emphasizes quality and longev-
ity, ensuring that products can withstand frequent
use and reduce the need for premature replacement.
This approach incorporates eco-design, the use of
mono-materials for easier recycling, and the integra-

CNMUCAHUE “TEKCTWUI U OBJNEKIO”



BEPOW 6/2025

* Bropa ynorpeda: CekTopbT Ha
npenpoaaxkoara Ha 00JIekI0 Oenexu ObpP3 pacTex,
KaTo ce oyakBa Mma3apbT B EBpoma ga JOCTUTHE
€26 mwmapaa mo 2030 r. JIBwkemm QaxTopu
ca EKOJIOTUYHH, WMKOHOMHYECKHM W CTUIUCTHYHU
cboOpaxkenusi. JlanHure mokas3Bar, de 58% oT
aMEpUKAHCKUTE TMOTPEOWTENN ca 3aKymyBalld
npexu Bropa ymorpeba mpe3 2024 1., a 68% or
MiagauTe nokoneHus (18—44 rogwHu) ChIIO ca ce
BB3MOI3BANIN OT TO3U Mozen [31]. 3a MogHUTE MapKu
Ch3laBaHETO Ha MIaropMHu 3a BTOpa ymorpeda
yIBIDKaBa KU3HEHHS LHUKBJI Ha TMPOAYKTUTE U
Ch3/1aBa HOBU Bb3MOKHOCTH 32 BPb3Ka C KJIMEHTHUTE,
3a1bI00YaBaiiki €MOIMOHATHATa OOBBP3aHOCT C
Opanga. Mapku karo lululemon (Like New), Eileen
Fisher (Renew) n The North Face (Renewed) Beue
npeaarar CoOCTBEHU MPOTpaMH 3a Mpenpoaaxoa, ¢
KOETO 3HAYUTENHO yAbJKAaBaT KU3HEHHsSI IUKBI Ha
CBOUTE MPOAYKTH.

e Haem: Makap Bce ome Jga 3aeMma
HUIIOBA MO3UIKSA, MOJETBT HAa HaeM CBIIO CJe/Ba
¢bunocodusTa ,,M3M0I3BaHE BMECTO MPUTEKAHHE .
Toii mo3BoNsiBa Ha MOTPEOUTENUTE [a HaeMar
oONexia 3a CIEUWalTHd TIOBOJM WM CE30HH,
orpaHM4yaBaiiku HEOOXOAMMOCTTA OT 3aKyIlyBaHE Ha
HOBM aptukynu. [Ipumep 3a ToBa e Houdini Sports-
wear, KOSITO aKTUBHO HachpyaBa KJIMEHTHUTE CH Ja
n30upaT HaeM Mpe]] OKYTIKa.

* Kopexknusi: YnbkaBaHETO Ha )KMBOTA Ha
Jpexara Iopu camo ¢ 2,2 TOMUHU MOXE J1a Hamallu
BBIVIEPOAHMS M OTnedarvk ¢ A0 73%. 3a MomHUTE
Mapku TMpeaJlaraHeTO WM HachpyaBaHETO Ha
nogo0eH BUJ yCIyTU NPECTaBIsIBa OCE3aeM H3pa3
Ha AQHT@KUPAHOCT KbM yCTOMYMBOCT M TMOBHILABA
BB3IIPUEMAHATa CTOMHOCT Ha MPOAyKTUTE. Mapku
kato Patagonia, Deuter m Arc’teryx mnpemarar
TaKHBa yCIyTH, JEMOHCTPUPANKN aHTaXUPaHOCT U
YTBBPXKIAABaKU CTOMHOCTTA Ha ABJITOTPANHOCTTA.

2.9. Penukjnpane ¥ bICANKIMHT HA TEKCTHJI

3aTBapsHETO HA ,,KPBrOBHUS LUKBI B MOJHATA
WHIYCTpUsI CE€ OCBHINECTBSIBA Ype3 HMHOBATUBHU
TEXHOJIOTUM M  TPOIECH, KOUTO IIO3BOJISBAT
e(DEeKTUBHO PEIMKINPaHe Ha TEKCTUITHU MaTepHAIIN
U TIXHOTO TpaHc(opMHpaHE B HOBH MPOAYKTH.
XpuctoBa-IlonnoBcka [43] axkueHTHpa  BBPXY
3HAYEHUETO HA HOBUTE TEXHOJIOTMYHHU Pa3pabOTKU
U CKOJIOTUYHH  METOAH, KOWUTO  MOIKPEIIST
HaMaJISIBAHETO HAa BB3AEHCTBHETO HA TEKCTHUIHOTO
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tion of repairability. A focus on durability and time-
less design ensures that sustainable garments stay in
use longer, thus reducing overall consumption and

waste.

2.8. Reuse Models (Second-Hand, Rental)

* Second-hand: The resale apparel sector is
growing rapidly, with the European market expected
to reach €26 billion by 2030. Key drivers include en-
vironmental, economic, and stylistic considerations.
Data show that 58% of U.S. consumers purchased
second-hand clothing in 2024, and 68% of young-
er generations (ages 18-44) have also embraced
this model [31]. For fashion brands, developing
second-hand platforms extends product lifecycles
and opens new opportunities for customer engage-
ment, deepening emotional attachment to the brand.
Brands such as lululemon (Like New), Eileen Fisher
(Renew), and The North Face (Renewed) already of-
fer resale programs that significantly prolong the life
of their products.

» Rental: Although still occupying a niche
position, the rental model aligns with the philosophy
of “use over ownership.” It allows consumers to rent
garments for specific occasions or seasons, reducing
the need to purchase new items. A notable example
is Houdini Sportswear, which actively encourages
customers to choose renting instead of buying.

* Repair: Extending the life of a garment by
even just 2.2 years can reduce its carbon footprint by
up to 73%. For fashion brands, offering or promoting
such services is a tangible expression of commitment
to sustainability and enhances the perceived value of
their products. Brands like Patagonia, Deuter, and
Arc’teryx offer these services, reinforcing their ded-
ication to durability and long-lasting design.

2.9. Textile Recycling and Upcycling
Closing the circular loop in the fashion industry is
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IIPOU3BOACTBO BbPXY OKOJIHATa CpeAia U HachbpyaBar
IIPUJIaraHeTo Ha YCTOWYMBY pelieHns. Toa BKIItouBa
Y BIICAKJIMHT, IIPY KOMTO CHIECTBYBAIU TEKCTUIIHU
U3JeNUS WM OTNagbIM C€ NIPEBPHIIAT B HOBU
IPOIYKTH Ype3 TEXHUKHU KaTo MadybpK, Opoaepus u
npyru. Anrenosa u Kanansk [44] nogueprasar, ue
e(EKTUBHOTO U3MOI3BAaHE HA TEKCTUIIHUTE PECYPCH
U MPaKTUYECKUTE MPUMEPH 3a BICAUKIMHI — KaTo
n3pa00TBaHE Ha HOBM M3ZAEIHsS OT yHNOTpeOsBaHU
JbHKU — IMaT 3HAYUTEJICH IOTEHIIMAJ 32 HAMAJIIBaHE
Ha OTMAIBIUTE U YIbI)KaBaHE Ha KU3HEHUS LIMKbJI
Ha MaTepHauTe.

2.10. Pa3smmpeHa OTTOBOPHOCT HA MPOM3-
Boauresisi (EPR)
Pasmmpenara oTroBOPHOCT HA MPOU3BOIUTEIIS

(Extended Producer Responsibility — EPR)
MpeJCTaBIsiBA  IOJUTHYECKAa  paMKa,  KOSITO
npoMeHs: (YHIAMEHTIHO Ha4MHA, [0 KOUTO
MOJHATa  HMHIYCTPUS  BB3MPHEMA  IKU3HCHUS

LMKBJI Ha MPOAYKTUTE CHU — OT IPOEKTUPAHETO
10 u3XBbpisiHETO [45]. Upe3 Ta3um KOHUENUHUs
Ce MPEeXBBPJI OTTOBOPHOCTTA 3a YIPABICHUETO
Ha OTMAabLUATE OT MyOJUYHUS CEKTOp W
JAHBKOIUIATIUTE KbM KOMIIAHUHUTE, KOUTO U3BJINYAT
nedanba OT TPOM3BOJICTBOTO U Tponaxbara Ha
nponykrure. EPR 3ambpmkaBa Mapkute na moemar
OTTOBOPHOCT 3a IENHS XKU3HEH IUKBI Ha CBOWTE
U3IENNs, BKIIOUUTETHO ChOUPaHETO, COPTUPAHETO,
MOBTOpHaTa  ymorpeda,  peUUKIUpPAHETO U
OKOHYATEJIHOTO U3XBbpisiHe. (OOMKHOBEHO TOBa
BKJIIOUYBa (PMHAHCOBM BHOCKM 3a (pMHAHCUpaHE HA
CUCTeMH 3a ChOMpaHE U PELUKINpaHe, MOCTUTaHe
Ha 33IBJDKUTEITHU [EJIH 32 TIOBTOPHA YIoTpeda min
pEeLUKINpaHe, 0TYETHOCT OTHOCHO ChIbP>KAaHUETO Ha
MaTepHaId U XUMHUKAJIH, TPOCKTUPAHE HA TIPOAYKTH
3a MO-J€CHA PELUKINPYEMOCT UM PEMOHT, KaKTO U
Ch3/1aBaHe Ha Mporpamu 3a 00parHo npuemane. Exo-
MOJYJIMPAHUTE TAKCH, TPU KOUTO MPOU3BOJUTEIIUTE
MJamar Mo-MajKo 3a MPOAYKTH, TMPOCKTHPAHHU 3a
KPBIOBOCT, U IOBEYE 3a TPYAHO PEUUKINPYEMHU
U3MeNnus, Ch3aaBarT (PUHAHCOBU CTUMYJIH 3a IIO-
n00Bp IW3aiiH ¥ Bb3HATpaXKaaBaT U3APHAKIUBOCTTA,
BB3MOKHOCTTA 32 PEMOHT, PEUUKIHPYEMOCTTa H
M3M0JI3BAHETO HA PELMKIUPAHO ChAbPIKAHNUE.

3. IMruTaIHM TeXHOJIOTHH, TPaHCchOpMHUpaLIHT

Ju3aiiHa u IMPOU3BOACTBOTO HA 00J1eKJ10
ZII/IFI/ITaJ'IHI/ITe TCXHOJIOTMU HUI'padAT KJIKOYOBa PpOJIA
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achieved through innovative technologies and pro-
cesses that enable the effective recycling of textile
materials and their transformation into new products.
Hristova-Popovska [43] emphasizes the importance
of new technological developments and ecological
methods that mitigate the environmental impact of
textile production and promote the adoption of sus-
tainable solutions. This also includes upcycling,
whereby existing garments or textile waste are re-
purposed into new products through techniques such
as patchwork, embroidery, and others. Angelova and
Kapanak [44] highlight that the efficient use of tex-
tile resources and practical examples of upcycling
— such as creating new items from discarded jeans
— hold significant potential for reducing waste and
extending the lifecycle of materials.

2.10. Extended Producer Responsibility (EPR)

Extended Producer Responsibility (EPR) is a pol-
icy framework that fundamentally reshapes how the
fashion industry perceives the lifecycle of its prod-
ucts — from design to disposal [45]. Through this
concept, responsibility for waste management is
shifted from the public sector and taxpayers to the
companies that profit from the production and sale
of products.

EPR requires brands to take responsibility for the
entire lifecycle of their products, including collec-
tion, sorting, reuse, recycling, and final disposal.
Typically, this involves financial contributions to
support systems for collection and recycling, meet-
ing mandatory reuse or recycling targets, disclosing
material and chemical content, designing products
for easier recyclability or repair, and creating take-
back programs.

Eco-modulated fees, where producers pay lower fees
for products designed for circularity and higher fees
for hard-to-recycle items, create financial incentives

CNMUCAHUE “TEKCTWUI1 U OBNEKIO”
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B IMPEXO0Aa Ha MOJHATAa UHAYCTPHUSA KbM YCTOI\/'I‘{I/IBI/I
IMPAaKTHUKHU, HpeﬂOCTaBﬂﬁKH HWHOBATHUBHU PCUICHUA
Ha BCCKH CTaIl OT )KU3HCHHA LIUKDBJI HA IIPOAYKTA.

3.1. 3D codryep 3a au3aiiH M BHUPTYAJTHO
NPOTOTUNIHNPAHE

3.1.1. IlpuiioxkeHue u MOJI3U

3D codryepure 3a [u3aliH TPEIOCTABST
Bb3MOX-HOCT Ha Ju3allHEpUTEe Ja Chb3aaBar
XUTNIEPPEATTMCTUYHN, HACUTCHH C TaHHU JUTUTATHUA
3D cumynmanmm Ha oOnekno. Te3wm cumynanuu
Morar Jna (yHKIMOHHMpAT KaKTO Karo U3ISJI0
JUTUTAIHU TPOAYKTHU, TakKa M Karo JUTHTAIHU
MpPOTOTUNM Ha ObJem (QU3NYECKU HU3JEINHUS.
OCHOBHO MPEIUMCTBO € 3HAYUTEITHOTO HaMaJIsiBaHe
HAa HEOOXOIMMOCTTa OT (U3MYECKH MOCTPH U
IIPOTOTHUIIN, KOETO BOJH /10 ChILIECTBEHO PEAYLIUPaHE
Ha OTHAABIMTE ¥ MUHUMU3UPAHE HA €KOJOTHYHUS
OTMEYaThK Ha TMPOMU3BOJCTBEHUs TMpouec [46].
Cw3naBaHeTo Ha (U3WYECKH MOCTPHU H3HCKBA
3HAYUTEIHU PEeCypcu KaTo MaTepuaiu, €Heprus u
TpaHcnopT. EnuMuHupaHeTo wWiM 3HAYUTETHOTO
UM HaMaJIiBaHE 4Ype3 BHUPTYaJHO MPOTOTUIIUPAHE
JUPEKTHO BOAM JI0 MOHUKEH BbIVIEPOJEH OTIIEYATHK
U TMO-€EKTUBHO TIOTpPeOJICHHE HA PECYpPCH.
ToBa mpencraBisiBa KIIOYOBA CTBIKA KbM IIO-
yCTOWYMBA Bepura Ha JOCTAaBKH, KOSTO MPEeMHHABA
OT JIMHEEH KbM JUTMTAJIHO OPUEHTUpPAH U IIO-
e(eKTHBEH MPOU3BOACTBEH MOJIEI, B CHhOTBETCTBUE
C IPUHIUIUTE Ha KPhroBaTa MKOHOMHKA.
Ta3su  TexHomorus  yckopsiBa Ipoleca  Ha
MIPOEKTUPAHE, CIECTSBA BPEME M Pa3XOld, Karo
CBIICBPEMEHHO YJIECHSBA OBpP3UTE NPOMEHU U
peBu3uM Ha au3aiHuTe. 3D OU3alHBT CHUIO Taka
MO3BOJISIBA JMCTAHLIMOHHA pPadoTa U e(EeKTHUBHO
CHTPYAHUYECTBO MEXAY AU3AWHEPU OT PA3THYHU
4acTHU Ha CBETA, KOETO pa3LIMpsiBa Bb3MOXKHOCTUTE
3a NHOBAIIUH.

3.1.2. Ilpumepnu 3a codryep

Cpen Bomemute 3D codryepHu pemenus ca Mar-
velous Designer, CLO 3D, Browzwear u OptiTex,
KaKTO U TO-YHHUBEPCATHH MHCTPyMEHTH kato Ado-
be Photoshop, Illustrator u Procreate, usnon3panu
3a Ch3JlaBaHE U MaHUIYJIMpPaHEe Ha N300pakeHUs Ha
obnexa.
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for improved design and reward durability, repair-
ability, recyclability, and the use of recycled content.

3. Digital Technologies Transforming Apparel
Design and Manufacturing

Digital technologies play a key role in the fashion
industry’s transition toward sustainable practices by
offering innovative solutions at every stage of the
product lifecycle.

3.1. 3D Design Software and Virtual Prototyp-
ing

3.1.1. Application and Benefits

3D design software enables designers to create
hyper-realistic, data-rich digital 3D simulations of
garments. These simulations may function as fully
digital products or as digital prototypes of future
physical garments. One major advantage is the sig-
nificant reduction in the need for physical samples
and prototypes, leading to substantial waste reduc-
tion and minimization of the environmental foot-
print of the production process [46]. Physical pro-
totyping demands considerable resources, including
materials, energy, and transportation. By eliminat-
ing or drastically reducing physical samples through
virtual prototyping, the carbon footprint is directly
reduced and resource use is optimized. This is a cru-
cial step toward a more sustainable supply chain —
shifting from a linear to a digitally driven and more
efficient production model, aligned with circular
economy principles.
This technology accelerates the design process, saves
time and cost, and facilitates rapid design changes
and iterations. Moreover, 3D design enables remote
collaboration between designers across the globe,
fostering innovation.
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3.1.3. Bb3amo:xxHOCTH

3D codryepure mnpemsarar BB3MOXKHOCTH 3a
Ch3/1aBaHE HA CIIOKHU TU3allHU C BHCOKA CTEMEH
Ha TMPEUHU3HOCT, CHUMYJIHMpPAHE Ha PEATUCTUYHO
MOBEJACHUE HAa THKAHUTE ©  BU3yaJIH3alUsd
HAa  BHUCOKOKAYE€CTBEHM  H300paKEHHs, KOUTO
JIOCTOBEPHO MPEACTABAT KpalHUs Npoaykr [47, 48].

3.2. lururajieH TeKCTUJIEH Ne4yaT u NMpou3Bo-
AcTBO 10 nopbruka (On-Demand Manufacturing)

3.2.1. JlururajieH TeKCTHJIEH me4ar

Ta3u TexHONOTUs TO3BOJISIBA JUPEKTHO HAHACSHE
Ha IIaMIH BBPXYy TEKCTWJ 4Ype3 CIeHHUATN3UPAHU
MPUHTEPH, KOCTO BOJM JI0 3HAUUTEITHO HaMaJIsiBaHE
Ha yrotpebata Ha Boa — ¢ 710 95%, 1 Ha eHeprusTa
—cbC 75%, KaTo €THOBPEMEHHO C TOBA MUHUMU3Upa
TEKCTUIHUTE oTnaabluu [49]. EAHOo OoT ocHOBHHTE
MPEAMMCTBA Ha JIUTUTATTHUS MTeYaT € Bb3MOKHOCTTA
3a MPOU3BOACTBO HA MHOTO MAJIKM CEpUU OT AaJICH
JU3aiiH, TOpU O/ €IUH SIPJ TIJIaT.

3.2.2. IIpousBoacTteo no nopbuka (Print-on-
Demand)
[Tpu TO31 MOZIET TPOAYKITUATA CE OCHIIECTBIIBA CAMO
CJIeJ] [TOJTy4yaBaHe Ha KOHKPETHA MOPBhYUKa OT KIIMEHTA,
KOETO HAIbJIHO €IMMHHUPA CBPBXIIPOU3BOACTBOTO
)41 HpO6JI€Ma C M3JIUIIHUTE HAIUYHOCTH. To3u
MOAXOA TMpeoOpbhIla TPAAUIMOHHUS MOJET Ha
MOJHaTa MHIYCTpUs, KaTo IPOU3BOACTBOTO Ce€
CcbhOOpa3siBa TUPEKTHO C peaHUTE MOTPEOUTENCKU
3as1BKM, BMECTO Jla C€ OCHOBaBa Ha MPOTHO3UPAHE
Ha TPOaXOUTE, KOETO YECTO BOIM JIO HATPYIIBAaHE
Ha U3JIMILIHYU 3aIacH.

3.2.3. EXOJIOrHYHH 11031
KomOunanusita oT AMTUTANCH NIeYaT U MPOU3BOACTBO
M0 TOpbhYKA HOCHU 3HAYUTEIIHU CKOJOTHYHH
MpPEINMCTBA:  CIMMHHHpPAHE Ha  OTHAJbBIHTE
OT HENpOJAJIEHU CTOKH, PA3KO HamalsiBaHE Ha
BOAHOTO ToTpebiienne (10 95% mo-Manako CrpsiMo
TPAIUIIMOHHOTO OarpeHe, NpHU KOETO 3a eJHa
TEHHCKAa OOMKHOBEHO C€ H3I0a3BaT okoio 2700
nutpa BoAa). OCBEH TOBA, JIOKAJIHOTO MPOU3BOJCTBO
U CBKpaIllaBaHETO Ha TPAHCIOPTHUTE Pa3CTOSHUS
MOTraT J1a HaMaJsT BbITIEPOJHUTE eMucuu ¢ 10 47%.
JIUTUTATHHUAT TIeUaT JONPUHACS U 32 MUHUMHU3UPAHE
Ha OTHAJBLHUTE OT TUIAT, KOUTO IPU TPAIUIIUOHHHUTE
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3.1.2. Examples of Software
Leading 3D software tools include Marvelous De-
signer, CLO 3D, Browzwear, and OptiTex, along-
side general creative tools like Adobe Photoshop,
[Nlustrator, and Procreate, used to create and manip-
ulate garment imagery.

3.1.3 Capabilities
3D software tools offer the ability to create complex
designs with high precision, simulate realistic fabric
behavior, and visualize high-quality renderings that
closely represent the final product [47, 48].

3.2. Digital Textile Printing and On-Demand
Manufacturing

3.2.1. Digital Textile Printing

This technology allows for direct application of
prints onto fabric using specialized printers, reduc-
ing water usage by up to 95% and energy consump-
tion by up to 75%, while simultaneously minimizing
textile waste [49]. A key advantage is the ability to
produce extremely small runs, even less than one
yard of fabric per design.

3.2.2. Print-on-Demand Production

In this model, garments are produced only after a
specific order is received, completely eliminating
overproduction and surplus inventory. It reverses the
traditional fashion production model by responding
directly to real-time consumer demand rather than
relying on sales forecasts, which often lead to unsold
stock.

3.2.3. Environmental Benefits
The combination of digital printing and on-demand
manufacturing delivers significant environmental
benefits: elimination of waste from unsold prod-

CMUCAHUE “TEKCTWUIT U OBNEKIO”
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MeToIM Morar ja goctursar 1o 15% mno Bpeme Ha
ps3aHeTo. Te3W NUTUTATHU TEXHOJIOTHUU Ca MPSK
OTTOBOp Ha MpodJIeMa ChC CBPBXIIPOU3BOJICTBOTO
M TEKCTHJIHUTE OTHMAIbIIH, KOWTO € €qUH OT Hau-
3HAYMMHUTE EKOJIOTMYHU MpolieMu B MOJHATa
uHaycTpus. TpaguuuoHHaTa MOJHA UHAYCTpUS
reHepupa npuoau3uTesHo 92 MuiMoHa TOHa
TEKCTWIHM ~ OTHAAbLUU TOAMIIHO HMMEHHO B
pe3yaTar Ha CBPBXIPOU3BOACTBO. JlururamHuTe
TEXHOJIOTHH JUPEKTHO aJpecupar TO3u MHpodieMm,
Karo  MPOM3BEXKIAT  €IWHCTBEHO  TBHPCEHOTO
konnuectBo mpoxayktu [50]. Toa mnpencrasisiBa
ChILIECTBEHA MPOMsIHA B OM3HEC MOJiesia Ha MO/IHATa
WHIYCTpUsI, KOATO MPEMHUHABA OT CHEKYJIaTHBHO
MacoBO TPOU3BOACTBO KbM MOJET, OPHEHTHPAH
KbM THPCEHETO, BOJICII /10 3HAYUTEIIHU €KOJIOTHYHU
MIOJI3U U TI0-yCTOIYMBA BepHra 3a JOCTABKHU.

3.3. U3kycTBeH unrejiekt (Al) U MamuHHO
o0yueHue

W3KyCTBEHUSAT UHTENIEKT U MAIIMHHOTO 00y4YeHue
npeasiarar MOITHU HHCTPYMEHTH 32 ONITUMHU3ALIMS HA
MpOLIECUTE B MOJHATa WHAYCTPHS, TONPUHACIIKA
3a TOCTUTAaHE Ha MO-rojisiMa ycrouuuBocT [51].
ABTOPBT Beue € pasmiexian B ASTaliu possita Ha
Al karo Tparchopmupan pakTop 3a yCTOWIHBOCT U
WHOBAIlMW B MOJIHAaTa UHAYCTpuUs [52].

3.3.1. IIporHo3upane Ha MOJIHH TE€HJCHUUH U
NMOTPeOUTEICKO ThpPCceHe

Al cuctemute aHanu3upaTr OrpOMHUA 00eMHU TaHHU
OT CONMATHU MEIWUW, MOJHH pEBIOTA, YIHYEH
CTWJI, TIOSIBU HA 3HAMEHHUTOCTH U TOTPEOUTEIICKO
MOBeJIeHNe, 3a Ja HJIESHTU(GUIUPAT Bb3HUKBAILU
TEHCHIIMH 3HAYUTEIHO MO-PaHO, OTKOJIKOTO TOBA €
BB3MOXKHO 4pe3 TpaaullMOHHU MeTtoau. Hampumep
Zara nsnoinssa Al 3a nporHo3upane Ha TEHACHIVY B
MapTHBOPCTBO C TEXHOJIOTMYHU KOMITAHUHU, KOETO M
MO3BOJISIBA JIa MPOEKTHPA U MyCKa HOBU apTUKYIIU B
paMKuTe Ha 2-3 ceMHUIIU, BMECTO 32 CTaHJIaPTHUTE
mect Mmecema. Tommy Hilfiger npunmara Al upes
cosita mmnardopma ,Reimagine Retail”, kosTO
aHaJIM3Mpa JaHHU OT COIUATHUA MPEXKH U KITUEHTCKU
MPEANOYUTaHUS, 32 J]a TOJINOMOTHE AU3aiHEPCKUTE
pelieHusl.

3.3.2. OnTuMuU3anus HA BEPUraTa 3a 10CTaBKH
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ucts, drastic reduction of water consumption (up to
95% less than traditional dyeing, which typically
uses around 2,700 liters of water per T-shirt). Fur-
thermore, local production and shorter transporta-
tion distances can reduce carbon emissions by up to
47%. Digital printing also minimizes fabric waste
during cutting, which can reach up to 15% in con-
ventional methods.

These digital technologies offer a direct solution
to the problem of overproduction and textile waste
— among the most pressing environmental challeng-
es in fashion. The industry currently generates ap-
proximately 92 million tons of textile waste per year,
much of which stems from overproduction. Digital
technologies directly address this by enabling pro-
duction to align precisely with demand, marking a
major shift from speculative mass production to-
ward a demand-driven model with profound envi-
ronmental and supply chain benefits [50].

3.3. Artificial Intelligence (AI) and Machine
Learning

Artificial Intelligence and machine learning pro-
vide powerful tools for optimizing fashion industry
processes and supporting the achievement of greater
sustainability [51]. The author has previously ex-
plored the role of Al as a transformative factor for
sustainability and innovation in the fashion industry
[52].

3.3.1. Trend Forecasting and Demand Predic-
tion
Al systems analyze vast datasets from social me-
dia, fashion shows, street style, celebrity appear-
ances, and consumer behavior to identify emerging
trends much earlier than traditional methods. For in-
stance, Zara uses Al in partnership with tech firms to
forecast trends, allowing it to design and release new
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U ylpaBjieHHe HA MHBEHTAapa

Al moamomara ynpaBI€HHETO Ha CIIOKHOCTTA
BbB BEpuUrara 3a JOCTaBKH, BKIIOUUTEIHO CE30HHU
koje0aHusl B TBPCEHETO, MOJAbpXKaHEe Ha OBbpP30
IPOMEHALIM C€ MOJHHM TEHJIEHIMH M II00ATHO
cHa0/isBaHE C Marepuaiu. AJTOPUTMUTE 3a
MalIMHHO OOYy4Y€HHE ONTUMHU3UpAT TE3U CHCTEMU
ype3 NpeIUKTUBHA aHaJIUTHKa. MIHTerpupaneTo Ha
Al B mporso3ute 3a TEHAECHIUH U yIIPaBIE€HUETO Ha
BEpHUrara 3a JOCTAaBKU Cb3JjaBa CUHEPrus, KOSTO €
OT CBUIECTBEHO 3HA4YEHHUE 3a ycToiumBoctra. llo-
MPEU3HOTO MPOrHO3UpPAHE Ha ThPCEHETO HamallsiBa
CBPBXIIPOU3BOJICTBOTO, KOETO TUPEKTHO peAyLHpa
OTHAIBIUTE M HEOOXOIUMOCTTAa OT CKJaJupaHe
Ha M3JIMIIHU cTOokW. ToBa BOAM 110 MO-HUCHK
€KOJIOTMUYEH OTIeUaThK U NoA00psBa e(heKTUBHOCTTA
Ha pecypcuTe, ThH KaTro ce MPOM3BEXIa Camo
HEOOXOIMMOTO U C€ ONTHUMH3HMpA ABHKECHHETO Ha
CTOKHM B LijIaTa BEpUTa 3a JOCTABKHU.

3.3.3. OnTuMu3anusi Ha TNPOU3BOACTBOTO H
KOHTPOJI HA Ka4eCTBOTO

Al cucremuTe Morar Ja OTKpUBaT Je(PEKTH OIIe
B paHHUTE €Talld Ha MPOM3BOACTBEHUS IPOIIEC,
MpEeI0TBpaTSIBAaKU MPOU3BOICTBOTO HA 3HAYUTEIIHH
KOoJIM4ecTBa Je(eKTHAa NpOayKUus (Harpumep
Hag 4,5 ToHa romumHOo). OcBeH TOBa, Al Moxe
na HaOmromaBa paboTtata Ha OOOpyIBaHETO M Ja
MPOTHO3UPA €BEHTYAJIHU TOBPEIU MPEAN TIXHOTO
BB3HUKBAHE.

3.3.4. llepcoHa/M3upaHu NPEKUBSIBAHUA NPHU

nazapyBaHe
Al mpenocraBs nepcoHaTM3MpaHW  MOJHU
npenopbku. Hampumep Stitch Fix ananusupa

Hajg 85 pa3nuuHM IapaMeTbpa 3a BCEKM KIIMCHT,
BKJIIOUUTENIHO CTWJIOBU MpPEANOYUTaHHs, oOpaTHa
BpBb3Ka OTHOCHO pPAa3MEpPUTE M HAYUH HA KUBOT.
ToBa He camo yBenm4aBa yOOBIETBOPEHOCTTA WU
JIOSUTHOCTTa Ha MOTPEOUTENINTe, HO U HaMalsBa
7iesia Ha BbPHATUTE CTOKH — (DAKTOP OT ChILIECTBEHO
3HAYEHUE 3a YCTOMYUBOCTTA, ThH Karo IO-MaJKoO
BbPHATH NPOAYKTH O3HAYaBaT MO-HUCKU OTHAJbIH
U TI0-MaJIKO TPAHCIIOPTHU EMUCHHU.

3.3.5. Bn3Mo:kHOCT 32 Mala0HoO Ch3aBaHe Ha
00J1eK/12 0 MOPBYKA
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items within 2-3 weeks, compared to the industry
standard of six months. Tommy Hilfiger utilizes Al
through its Reimagine Retail platform to analyze so-
cial media data and consumer preferences in support
of design decisions.

3.3.2. Supply Chain Optimization and Inven-
tory Management

Al helps manage the complexity of fashion sup-
ply chains, including seasonal demand fluctuations,
rapid trend shifts, and global sourcing. Machine
learning algorithms optimize these systems through
predictive analytics. Integrating Al into forecast-
ing and supply chain management creates synergy
essential for sustainability. Improved demand pre-
diction reduces overproduction, which directly cuts
waste and excess inventory. This lowers the envi-
ronmental footprint and enhances resource efficien-
cy by producing only what is needed and optimizing
goods movement across the supply chain.

3.3.3. Production Optimization and Quality
Control

Al systems can detect defects early in the pro-
duction process, preventing the manufacture of large
volumes of faulty products (e.g., over 4.5 tons per
year). Additionally, Al can monitor equipment per-
formance and forecast maintenance needs before

breakdowns occur.

3.3.4. Personalized Shopping Experiences

Al delivers personalized fashion recommenda-
tions. For example, Stitch Fix analyzes over 85 data
points per customer, including style preferences, fit
feedback, and lifestyle data. This not only increases
customer satisfaction and loyalty but also reduces
return rates — a critical factor for sustainability, as
fewer returns mean less waste and lower transport
emissions.
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Al mo3BoJIIBa TPOCKTUPAaHE M IPOU3BOJACTBO Ha
o0leksia TO WHAMBHAyaJHa TOPHYKA B TOJIEMHU
Marniabu, yIOBIETBOPSBAUKH CIICITU(PUIHATE HYKIN
Y TIPETIOYUTAHNS HA TIOTPEOUTEHTE.

3.3.6. buiok4eiiH 1 mpocjeasieMOCT HA Bepurara
3a JI0CTaBKHU

biiokueliH TeXHOJOTHATa NMPEIOCTaBS JICIIEHTpa-
JU3WpaHa v MPOo3pavyHa JUTHTAITHA MHPpACTPYKTYpa,
KOSATO MOXe Ja TpaHchopMupa MoTHATa UHAYCTPHUS,
KaTo OCUTypsiBa Oe3npere/IeHTHA MPOCIEIeMOCT U
JOBEpHE.

* [Ipunoxenune u mos3u. biiokuelin B Mojara
C€ HM3I0J3Ba 3a CHpaBSHE C IPEAU3BUKATEIICTBA
kato (ammuduuupaHe Ha MOPOAYKTH, JIUIICA
Ha TPO3payHOCT BBB BepUrara Ha JOCTaBKH H
HEeTUYHO cHabOasgBaHe. TexHomorusra momooOpsiBa
MPO3PAaYHOCTTA, MPOCIEAIEMOCTTa U JIOBEPUETO B
MOJIHAaTa €KOCUCTEMA, TIPEIOCTABIMKN HEM3MEHHA U
3amuTeHa nH(opMalus 3a TpaH3aKIUUTE.

* [IpociensieMmocT OT CYpOBMHH /10 KpaeH
npoaykt. UYpe3 wusnomsBane Ha NFC  Tarose,
QR xomoBe u IoT TEeXHOJOrMM KOMIAHUMTE
MOrar JeTaljlHO Ja NpOCIesBaT JIBUKEHUETO
Ha TPOJYKTUTE HA BCEKH eTam — OT JoO0uBa Ha
CYpPOBHMHHU IO CbH3/aBAaHETO HA KpPaWHHS MPOMYKT.
ToBa cwh3maBa yHHMKaNHA AUTUTAIHA WICHTHYHOCT
3a BCAKa Jpexa, IO03BOJSBAKM MOHUTOPUHT B
peanHo BpeMe BbpXY MPOILIECUTE B 1sJ1aTa BepuUra 3a
JIOCTABKH.

* bopba c¢ dammmdukatuTe U ETUIHO
cHabasBaHe. biokyeiH ocurypsiBa aBTeHTUYHOCTTA
Ha NPOAYKTUTE Ype3 Ch3/1aBaHE Ha 3alUTEHU C
penry noanpaBsHe UGPOBU 3aMMCH, HAMAJISIBAWKH
pasmpocTpaHeHWeTo  Ha  (admmMBH  CTOKW.
[Torpeburenute moratr aa ckanupar NFC Tarose
nnu QR kooBe BbPXY MPOAYKTHUTE, 3a Ja MOIydyar
JOCTBI 10 OJIOKYEHH 3amucuTe, yI0CTOBEpSBAIIU
ABTEHTUYHOCTTAa HAa apTUKyJa W ETUYHOTO MY
MPOU3BOACTBO. TOBA € CHIIECTBEHO 3a rapaHTHUPAHE
Ha CIpPaBEAJIMBU YCIIOBUS HA TPy U OCUTYpPSIBAHE
Ha CYpPOBMHU OT HEKOH(IUKTHH M YCTOWYUBU
W3TOYHHIIH.

* IloBumaBane Ha mNOTPeOUTEICKOTO
aoBepue u mpo3padyHoctTTa. [loTpedurenure nHec
BCE T0-Y€CTO M3WCKBAT MHPOPMAIIHS 32 TIPOU3XO0/Ia
Ha TIPOIYKTUTE CH, TIXHOTO €TUYHO MPOU3BOICTBO
1 YCTOMYMBOCT. blIOKUEHH TEXHOIOTUATA, C HEMHAaTa
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3.3.5. Scalable Custom Garment Production
Al enables the scalable design and production of
custom garments, catering to individual consumer
needs and preferences while minimizing waste and
unsold inventory.

3.3.6. Blockchain and Supply Chain Traceabil-
ity

Blockchain technology provides a decentralized
and transparent digital infrastructure that can trans-
form the fashion industry by offering unprecedented
traceability and trust.

 Application and Benefits: Blockchain ad-
dresses challenges such as counterfeiting, lack of
transparency, and unethical sourcing. It improves
trust across the fashion ecosystem by providing im-
mutable, secure records of transactions.

* Traceability from Raw Material to Final
Product: Through NFC tags, QR codes, and IoT
technologies, companies can trace product move-
ment at every stage — from raw material extraction to
final garment creation. This creates a unique digital
identity for each item and enables real-time monitor-
ing throughout the supply chain.

* Combatting Counterfeits and Ensur-
ing Ethical Sourcing: Blockchain ensures product
authenticity through tamper-proof digital records,
reducing the spread of counterfeit goods. Con-
sumers can scan NFC tags or QR codes to access
blockchain-verified data on product authenticity and
ethical production — key for assuring fair labor con-
ditions and sourcing from non-conflict, sustainable
origins.

* Boosting Consumer Trust and Trans-
parency: Today’s consumers increasingly demand
transparency around product origin, ethical produc-
tion, and sustainability. Blockchain technology ad-
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HEU3MEHHOCT M TMPO3PAaYHOCT, AUPEKTHO OTTroBaps
Ha TOBa ThPCEHE, MPEI0CTABSIIHKY TPOBEPUMH TaHHU
3a MpoMU3Xojla Ha MaTepuagnuTe, MPOU3BOJICTBECHUTE
MPOIIECH U ETUYHHUTE MpakTUKH. ToBa wm3rpaxaa
JIOBEpUE M TO3BOJIsSIBA HA MOTpeOUTENuTe Ja
B3eMaT MH()OPMHUpAHU peIlleHus. 3a MapKUTEe TOBa
€ CTPAaTeruvyecko MPEAUMCTBO, Ype3 KOETO Morar
na ce nudepeHnrpar Ha maszapa M Ja OTTOBOPST Ha
HApacTBALIUTE OYAKBAHMS 32 YCTOWYHBOCT.

IIpumepu. VeChain e wu3BecTHa ChC CBOSITA
MPO3PaYHOCT B TPOCIEASIBAHETO HA BepUrara
3a JOCTaBKHA. Arianee mpeaocTaBs MHUQPPOBH
ceprudukatd 3a aBTEHTHYHOCT. Ecoalf wm3momnssa
OJOKYelH 3a TpocieAsBaHE HA MPOLECUTE IO
perukipane, gokaro Fashion for Good mpuara
TEXHOJIOTHSITA 32 MHOBAIlMM B Kpbhroara Moja. Ev-
erledger cerpynanuu ¢ MCQ (Moanus Opany Ha Al-
exander McQueen) 3a u3rpaxaaHe Ha Iuiatrgopma,
KoATO MU3noi3Ba OnokueitH u loT 3a nemMoHcTpanus
Ha YCTOWYHMBHM aHTQ)XUMEHTH M TPOCIEAsSBaHE Ha
KU3HCHUSI [HMKBJI Ha OOJieKiIaTa, BKJIIOUUTEITHO
TAXHaTa COOCTBEHOCT M  BB3MOXKHOCTH 32
npenpogaxoa.

3.4. BupryaqHu npoOHH W pa3mIHpeHa
peasHoct (AR/VR)

Buptyanaute npoOHU 1 pa3mIpeHara peaTHOCT
TpaHchopMUpaT MOTPEOUTEIICKOTO HMIKUBSBAHE,
KaTo CHIEBPEMEHHO MpeJiarar 3HauuTETHA TION31
3a YCTOMYHUBOCTTA.

BupryanHure npoOHHM TpEACTaBISABAT IWTH-
TaJCH CKBUBAJICHT Ha (U3NYECKHTE TMPOOHH,
MO3BOJISIBAWKM Ha MOTpeOUTENnuTe jaa ,,u3mpodBar
Ipexyd BHUPTyaJlHO, 3a Ja TPEIHeHAT paszMep,
NpUWIsITaHe WM CTHI. Ta3u TEXHOJIOTHS, MOJ00HO
Ha BHUPTyaJHHTE KO3MCTUYHM IIAH/IOBE, JiaBa
BB3MOKHOCT Ha KIMEHTHUTE Ja BU3yalU3UpaT Kak
Ovxa W3IJICKIATH ¢ KOHKPSTHH JPEXU WIA TPUM,
M3TOI3BAKN KOMITFOTPH, Ta0IETH WM CMapTHOHHU.
EnHO OT OCHOBHHTE MPEIUMCTBA HAa BUPTYaTHUTE
MpOOHM € MOTEHIIMATHOTO HaMalsiBaHEe Ha Oposi Ha
BBPHATUTE MPOIYKTH IOPaad HECHOTBETCTBUE B
pasMepuTe WM NpwisraHeTo. ToBa MMa TUPEKTHO
OTPaKCHHE BBPXY YCTOWYMBOCTTA, TBHH KaTo
HaMaJsiBa JIOTUCTUYHHUTE Pa3XOld, CBBP3aHH C
BPBIAHUATA, W MUHUMHU3UPA OTMAIBIUTE OT
MPOIYKTH, KOUTO YECTO HE MOTar Ja ObJIaT MOBTOPHO
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dresses this demand directly by offering verifiable
data on materials, processes, and ethical practices.
This builds trust and enables informed purchasing
decisions. For brands, it provides a strategic advan-
tage in meeting rising expectations for sustainabili-

ty.

Examples:

* VeChain offers transparency in supply
chain tracking.

* Arianee provides digital certificates of au-
thenticity.

* Ecoalf uses blockchain to trace recycling
processes.

* Fashion for Good applies blockchain to cir-
cular fashion innovation.

» Everledger, in collaboration with MCQ
(Alexander McQueen), uses blockchain and IoT to
trace the full lifecycle of garments, including own-
ership history and resale potential.

3.4. Virtual Try-Ons and Augmented Reality
(AR/VR)

Virtual try-ons and augmented reality are trans-
forming the customer experience while offering sub-
stantial sustainability benefits.

Virtual try-ons serve as a digital equivalent to
physical fitting rooms, allowing consumers to “try
on” garments virtually to assess fit, size, and style.
Similar to virtual makeup counters, these technol-
ogies let users visualize how clothes or cosmetics
would look using computers, tablets, or smart-
phones.

One major advantage is the potential reduction
in product returns due to sizing or fit issues. This
directly supports sustainability by reducing the lo-
gistics associated with returns and minimizing waste
from unsellable returned items. Such technologies
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npogafaeHu. [logoOHM TEXHOIOTMH HE camo
noao0psBaT MOTPEOUTEICKOTO MPEKUBIBAHE, HO U
OCHUTYpSIBaT MO-MOTAMSIIO U yI0OHO Ma3apyBaHe.
Bobnpeku oGenaBarius v MOTEHITHA, TEXHOJIOTUHUTE
3a paslIMpeHa peajHOCT BCE OIE€ CE€ pa3BUBAT U
Cpellar mpeIn3BUKaTeNICTBA, CBbP3aHU C TOUHOCTTA
Y TIPEIIU3HOCTTA HA BU3yaJIM3aIlUsTa.

3.5. 3D npunTHpaHe B MojaTa

3D npuHTHpaHETO NpEACTaBiIsIBa aBaHTap/HA
TEXHOJIOT U, KOSATO PEBOIIOLIMOHU3UPA
IIPOEKTHPAHETO U TPOU3BOJCTBOTO Ha 00JIEKII0, KATO
Ipejyiara 3Ha4UTEIHU M0JI3H 32 YCTONYMBOCTTA.

3.5.1. llpuiiokeHue U MOJI3HU

Upes 3D mpuHTHpaHe Morar Ja ce Ch3aaBaT
VHUKQTHH JIU3aiiHA, HOBU BHJOBE THKAHU W
MEPCOHAM3UPAHNA O0JICKIa, KOETO MHHHMH3HUPA
TCHEPUPAHETO HAa  OTMAabIM.  TeXHOJOTHATa
MO3BOJIsSIBa U3paboTKa Ha ,,0€3MIEBHH O0OJIEKIa,
KOHWTO CE pa3Tarar Mmojg00HO Ha CIIOPTHHU WM HOTa
MAHTAJOHW, BBIPEKHM Y€ ca Ch3aageHu upe3 3D
mevar. MaTepuajHHTe OTHAJBIU CE€ CBEXKIAT 0
MUHUMYM, Thi KaTO HEM3MOI3BaHUAT MPax MOXKE J1a
opae peruxsmpad. OcBeH ToBa 3D mpUHTHpPAHETO
OCHUTypsiBA BB3MOXXHOCTH 33 TIEPCOHAIM3AIMS U
MPOM3BOACTBO IO IOPBYKA, KOETO OrpaHUYaBa
CBPBXIIPOU3BOICTBOTO M W3IUIIHUTE HAIUYHOCTH.
JlokamHoTO MIPOU3BOICTBO HaMaJIsBa u
TPAHCTIIOPTHUTE EMHCHH, CBBP3aHH C TIIOOAHATa
JIOTHCTHKA.

3.5.2. Marepuaymn

3a 3D mnpuHTHpaHe B MojaTa c€ H3IOJI3BAT
pa3HOOOpa3HH MaTepuali, BKIIOYMTEIHO HaiIoH
(PA12) nmn TPU mpax upe3 CelneKTHUBHO Ja3epHO
cuHtepoBane (SLS), komnoctupyema Ouoruiactmaca
karo WillowFlex, kakto u Vero — MynTuMaTepralicH
MOJIMMEp, KOWTO MO3BOJISABA Ch3/IaBaHE Ha CIIOXKHHU,
I'bBKABH M U3APHKIMBH CTPYKTYPH JUPEKTHO BHPXY
TEKCTHII.

3.5.3. lIpumepn

* Iris van Herpen: I[Iuonep B npuiiaraneto
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not only enhance user experience but also enable a
more immersive and convenient shopping process.
Despite their promising potential, AR technologies
are still evolving and face challenges related to ac-
curacy and realistic visualization.

3.5. 3D Printing in Fashion

3D printing is a cutting-edge technology that is
revolutionizing garment design and production
while offering significant sustainability benefits.

3.5.1. Application and Benefits

3D printing enables the creation of unique de-
signs, novel textile structures, and customized gar-
ments, all while minimizing material waste. The
technology allows for seamless garments that stretch
like athletic or yoga pants, even though they are pro-
duced via additive manufacturing. Unused powder
can be recycled, further reducing waste. Moreover,
3D printing supports customization and on-demand
manufacturing, helping eliminate overproduction
and excess inventory. Localized production also re-
duces transportation emissions tied to global logis-
tics.

3.5.2. Materials

Materials used in fashion 3D printing include:
* Nylon (PA12) and TPU powder through
Selective Laser Sintering (SLS),
» Compostable bioplastics like WillowFlex,
* Vero — a multi-material polymer that en-
ables the creation of intricate, flexible, and durable
structures directly on textiles.

3.5.3. Examples
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HAa TPUU3MEPHUAT TMe4yar B Mojara. EauH ot
YHUKQJIHUTE MOJENHU, KOUTO ch3aaBa, ¢ 3D
MIpUHTUpAHaTa cBaTOeHa POKJIs, peaiu3upana Ciej
3D ckanupane Ha Qurypara Ha MJaJ0KEHKaTa
n Hag 600 gaca pabota B coTyep 3a ITUTHUTATHO
Mozenupane [53].

» Zac Posen: IIpunobGuBa M3BECTHOCT C
3D npunTtupanute cu toanetu 3a Met Gala 2019.
Poxnsita ,,Rose Petal* e usrpanena Bppxy pamka ot
TUTaH, BbPXY KOSITO Ca HACIIOEHU 37 BEHUYEIUCTIETa
OT TIacTMacoB mnonumep. Jlpyra BreuatsisBaiia
poxJsi, HoceHa oT Huna JloOpeB, € cb3maneHa ot
Mpo3payHa, YCTOWYMBa IUIacTMaca C IIOMOINTa
Ha SLA TtexHonorus u u3uckBa Haj 200 yaca 3a
NpUHTHpaHe U moctoOpadoTka [54].

* Prada: B xonekmmsra ,,Re-Nylon*
usnomsBa 3D mpuHTUpaHU KaTapaMu, U3pabOTeHU
OT peluKINpaHa okeaHcka miuactmaca. Obnexnara
ca u3paborenu ot npexaa ECONYL®, momydeHa
CBIIO Ype3 peHuKIUpaHe Ha IJIACTMACOBHU
OTHAIbLIM OT CMETHINA U OKEaHH, KOATO MOXKE Ja
ObIe peuuKiIvpaHa MHOTOKpaTHO Oe3 3aryba Ha
KauecTBOTO [55].

 Adidas: PazpaborBa  Futurecraft.
Loop — o0yBka, usnsuio u3paboTeHa OT eIuH
MaTepua, MpeJHa3HadeHa 3a BPbIllaHe U MTOBTOPHA
npepabotka. Adidas u3nonssa 3D npuHTHpaHEe U 32
Ch3/1aBaHE HA CTOTHUIIM MPOTOTHUIN Ha MEXKIUHHU
MOJMETKH, TECTBAaHU 32 ONTHMAIIHO OMEKOTSBaHE
IIpEeIU CEPUIMHO NMPOU3BOACTBO [56].

,BeIHara cieq Karto TOMydyuxme OOyBKUTE
or Ilokonenme 1, ycmaxme na 3amouynem Pasa
2. CnbOpaxme o0OyBKHTE, pEIUKIHNpaXMe TH,
ChXpaHsBaxXMe T'M B HalllaTa BepHUra 3a JOCTaBKU
U B KpaiiHa cMeTKa IpepaboTHXMe PEIUKIUpaAHUs
MaTepyua’l B HOBH KOMITOHCHTH 3a MAapaTOHKH.
MarepuanbT ce pa3TomnsiBa U ce MpeBpblla B HOBU
MeJIeT, KOUTO CE HarpsBar, 3a Ja o0pa3yBaT HOBU
KOMITOHEHTH, BKJIFOUUTEITHO KAIICUTE 332 BPH3KHUTE U
BBHIITHATA [TOIMETKA. 32 Ch3/ITaBAHETO HA OCTAHAJIUTE
KOMITOHEHTH Ha MEeXJMHHATa MOAMETKa W ropHara
qacT ce u3nonssa marepuan Virgin TPU* [56].

* Heisel: CuwiBus Xaiicen cb3aaBa
poxisita ,,The Name Dress“ or xommoctupyema
owormactmaca  WillowFlex, mnpunTHpana ¢
HYyJIeB OTMaJIbK, KATO CUMBOJ Ha YCTOMYMBOCT U
npusHaHue kM xeHute B STEM obnacture (Hayka,
TEXHOJIOTUH, NH)KEHEPCTBO M MareMaruka) [S7].

* MIT’s Self-Assembly Lab: Pa3paGorsa
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* Iris van Herpen: A pioneer in applying 3D
printing in fashion. Her 3D-printed wedding dress
was created following a full-body scan of the bride
and over 600 hours of digital modeling work [53].

e Zac Posen: Gained recognition for his
3D-printed gowns at the 2019 Met Gala. The Rose
Petal dress featured a titanium frame with 37 layered
polymer petals. Another standout, worn by Nina
Dobrev, was printed from transparent, sustainable
plastic using SLA technology and required over 200
hours of printing and post-processing [54].

* Prada: In its Re-Nylon collection, Prada
used 3D-printed buckles made from recycled ocean
plastic. The garments themselves are made from
ECONYL® yarn, also sourced from ocean waste
and landfill plastics, which can be recycled repeat-
edly without quality loss [55].

* Adidas: Developed Futurecraft.Loop, a
shoe made entirely from a single material, designed
for return and remanufacture. The brand used 3D
printing to create hundreds of midsole prototypes
before finalizing the cushioning performance for
production [56].

* Heisel: Designer Sylvia Heisel created The
Name Dress using compostable WillowFlex bio-
plastic, 3D-printed with zero waste. The project cel-
ebrates sustainability and honors women in STEM
(Science, Technology, Engineering, Mathematics)
[57].

* MIT’s Self-Assembly Lab: Developed a
4D-knitted dress with thermo-activated seams that
tighten or loosen without the need for zippers or but-
tons. It uses shape-memory 3D-printed fibers [58].
3D printing’s ability to produce intricate and cus-
tomized designs with minimal waste and the use of
recycled or biodegradable materials is fundamental-
ly reshaping fashion manufacturing toward a circu-
lar economy model. It reduces dependence on virgin
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4D nuereHa pOKJIs ¢ TEPMOAKTUBUPAHU IIEBOBE,
KOUTO C€ CTAraT WM OTIyCKaT OKOJIO TsUI0TO Oe3
Hy’KJa OT LIMIIOBE WM KoIldeTa, m3nossBaiiku 3D
NPUHTUPAHU HUIIKK ¢ TaMeT 3a ¢opmarta [58].

Cnoco6noctra Ha 3D mnpuHTHpanero na
Ch3/1aBa CIOKHM U TEPCOHAIN3UPAHU JIHU3ANHU C
MUHUMAaJIHU OTHAAbLHU U a U3M0JI3BA PELUKINPAaHU
Wi OuopasrpaiuMu Marepuany (GpyHIaMEeHTaTHO
MIPOMEHSI MOJHOTO TPOU3BOJICTBO, OPHUEHTHUpAKU
ro KbM KpPBI'OB HKOHOMUYECKHU MOziel. ToBa € BakHa
CTBIIKA KbM IIOCTUIaHE Ha LIEJUTE Ha Kpbrosara
MKOHOMMKA, Karo Ce€ HaMajsiBa 3aBHCHUMOCTTA OT
I'BPBUYHU PECYPCH M CE€ CBEXJAa 10 MUHUMYM
TEHEPUPAHETO HA OTHAIBLH.

Bonpexkn orpomHus cu  noreHuman, 3D
IIPUHTHUPAHETO B MOJIaTa BCE OIIE€ € B HAaYaJIeH eTall
Ha pa3BUTHE U c€ COTbCKBA C MPEAU3BUKATEICTBA
KaTo OorpaHuyeH wn300p Ha Marepuany, BUCOKU
pa3xoau W HecTaOWJIHA THProBCKAa CTOMHOCT Ha
NUTHTAIHATE OOJIEKIIA.

4. llpeausBuKaTeJCTBA U ObJEIIM TEHASHUINH

B’preKI/I SHAQYUTCIIHUA HAIIPCABK, IIBTAT KbM
HaITbJIHO yCTOfI‘IHBa U Jururtajin3vpadHa MOIHA
HHAYCTPHUA OCTaBa IIPCAU3BUKATCIICH, MaKap H
U3II'BJIHCH C O6CH_IaBaIJ_II/I MEPCICKTUBU.

4.1. KayecTBO ¥ TOYHOCT HA JAHHUTE

EnHOo OT OCHOBHHUTE IpeIU3BHKATEICTBA IPEL
MOJIHUTE MapKH € ChbOMPAHETO M yNpPaBICHUETO Ha
TOYHU U ChIVIACYBaHU JIaHHU MO IsU1aTa riolaiHa
BepUra 3a JocTaBkH. Jluncara Ha HafeXKIHU JaHHU
yBEJIMYaBa PUCKA OT HECHOTBETCTBUS, PETYIaTOPHU
CaHKLIMU U HAKBbPHSBAHE HA pEIyTalMsTa.

4.2. UnaTerpanusi Ha CUCTEMH

WNuTterpupanero Ha HOBU AUTUTAIHU PEIICHHUS,
KaTo HallpUMep AUTUTATHUTE TPOAYKTOBH MACTIOPTU
(DPP), BcpmectByBanu UT nndpactpykrypu (Hamp.
ERP cucremun, PLM mnardopmu u npociensBaiiu
CUCTEMM) IIPEJCTaBIsIBA 3HAUUTEJIHA CJIOXKHOCT.
HeoOxonquMu ca MHBECTHIIMM B aBTOMATH3alAI U
yIpaBlieHUE Ha JaHHH, 32 Jja C€ HaMaJIH CII0KHOCTTa
U J1a ce rapaHTHUpa akKTyaJHOCT M TOYHOCT Ha
uHpOpMaLUATA.
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resources and minimizes waste generation.
However, despite its potential, 3D printing in fash-
ion remains in its early stages and faces challenges
such as limited material choices, high costs, and the
uncertain commercial viability of digital garments.

4. Challenges and Future Trends

Despite significant progress, the path toward a
fully sustainable and digitalized fashion industry
remains challenging — though filled with promising
prospects.

4.1. Data Quality and Accuracy

One of the key challenges for fashion brands is
collecting and managing accurate and consistent
data across the entire global supply chain. A lack of
reliable data increases the risk of inconsistencies,
regulatory violations, and reputational damage.

4.2. Systems Integration

Integrating new digital solutions, such as Digi-
tal Product Passports (DPPs), into existing IT infra-
structures (e.g., ERP systems, PLM platforms, and
tracking systems) presents significant complexity.
Investments in automation and data management
are required to reduce operational complexity and
ensure that information remains up-to-date and ac-
curate.

4.3. Costs and Accessibility

The high implementation costs of cutting-edge
technologies such as 3D printing and blockchain
present a serious barrier, especially for small and
medium-sized enterprises (SMEs). Blockchain, for
example, is a resource-intensive technology that
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4.3. Pa3zxony ¥ 1O0CTHIHOCT

Bucokure pa3zxonu 3a BHeIpsiIBaHE Ha aBaHTap/IHU
TexHonorun kato 3D mnpuHTHpaHe u OnOKYeiH
IpeACTaBIsIBaT cepuo3Ha Oapuepa, OCOOEHO 3a
Manku u cpennu npeanpustus (MCII). biokuelin
HalpUMep € peCypCHO-MHTEH3MBHA TEXHOJIOTHS,
KOATO TIOBJUIa BBIIPOCH OTHOCHO €HEpruiiHara M
edpexTuBHOCT. 3a MCII ce mpenopbuBa H3M0I3BaHETO
Ha yCIIyTM Ha BBHIIHHU JOCTAaBYMIM WJIH Yy4acTHE
B CHBMECTHHU IUIATGOPMHU 3a CIIOJIENISTHE HA JTAaHHH,
C LIeJ pasnpezelsiHe Ha Pa3XoAuTe U 3ama3BaHe Ha
KOHKYPEHTOCIOCOOHOCTTA.

4.4. Jlunca Ha CTAaHIAPTH3alUsl M CHTPYA-
HUY€CTBO

3a ;1a ce ochIecTBU MamabHa Tpanchopmanus,
€ HeoOXOIMMO HWHAYCTPUATHO CHTPYAHHUYECTBO U
Ch3/1aBaHE Ha OOIIM CTAaHJAPTH 32 IaHHU U IIpoLecH
[59]. CunHuTe mnapTHHOPCTBA € JOCTAaBUMIIM Ca
KJIFOYOBU 3a LEHTpalM3aluATa Ha JaHHUTE U 3a
rapaHTHUpaHe Ha CHOTBETCTBHE C YCTOWYMBHUTE
crannaptu. Kakro momuepraBar bepoB M ChaBT.
[60], cMCTEMHOTO HW3NUTBAHE W aKpeAUTAlUs Ha
TEKCTWJIHUTE MaTepHalik € KJIIOUOB MHCTPYMEHT 3a
rapaHTHpaHe Ha KaueCTBOTO M HAJIEKIHOCTTa Ha
MHOBATHUBHUTE OOJIEKJIA.

4.5. IloBepUTEJHOCT M CUTYPHOCT HA IaHHUTE

Towit karo Al pa3unrta Ha 3HAYUTENIHU OOEMU
NOTPEOUTENICKM  JaHHU, BB3HUKBAT CEPUO3HU
BBIIPOCH OTHOCHO ITOBEPUTEIIHOCTTA U CUTYPHOCTTA
Ha JUYHaTta uHpopmanus. MogHuTe Mapku TpsiOBa
Jla IOCTUTHAT OallaHC MEXy NEepCOHAIU3HPAHUTE
YCIIyTH U 3alUTaTa Ha NOTPEOUTEICKUTE JaHHU.

4.6. 3pslJIOCT HA TEXHOJIOTUHUTE
Hsikou TexHonorum, karo AR 3a BUpTyastHu poOHH
win 3D npuHTHpaHEeTo, BCE OIle HE ca TOCTaThYHO
Pa3BUTH 3a MacoBO MpuiIokeHHe. Te ce cOIbCKBar
C IPECANU3BUKATCIICTBA 10 OTHOIICHHUE HA TOYHOCTTA,
MPEIU3HOCTTA U OTPAHUYCHUS N300p HA MaTEPUAIIH.

5. bnaemu TeHaeHINA 1 UHOBAIlMH

B"bl'[p CKHU CbIICCTBYBAIIUTC IMPCANU3BUKATCIICTBA,
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raises questions about energy efficiency. SMEs are
encouraged to engage external service providers
or participate in shared data platforms to distribute
costs and maintain competitiveness.

4.4. Lack of Standardization and Collabora-
tion

Achieving large-scale transformation requires
industry-wide collaboration and the development
of common standards for data and processes [59].
Strong partnerships with suppliers are essential for
data centralization and ensuring compliance with
sustainability standards. As emphasized by Berov et
al. [60], systematic testing and accreditation of tex-
tile materials are essential for ensuring the quality
and reliability of innovative garments.

4.5. Data Privacy and Security

As Al relies heavily on large volumes of user
data, serious concerns arise around privacy and data
protection. Fashion brands must strike a balance be-
tween offering personalized services and safeguard-
ing consumer information.

4.6. Technology Maturity

Some technologies, such as AR for virtual try-
ons or 3D printing, are not yet sufficiently mature
for mass adoption. They face ongoing challenges re-
lated to precision, accuracy, and a limited range of
materials.

5. Future Trends and Innovations
Despite current challenges, the fashion industry

continues to evolve, driven by innovation and an in-
creasing focus on sustainability.
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MOJHaTa MHAYCTPHs IMPOABIDKABA 1A CE pa3BHBA,
BOJICHA OT MHOBALlMM U 3acuiieH (OKYC BBPXY
YCTOMYHBOCTTA.

5.1. MeTraBceJjieHA M JTUTHTAJIHHU 00J1eKJIa

BB3xogbT Ha MeTaBceleHara Cbh3laBa HOBA
WKOHOMHMKA Ha BHPTYaJIHO ceOew3pas3siBaHe, TNpHU
kosiTo guruTanHuTe obnekna (NFTs) morar ma
JOTIpUHECAaT 3a HaMaliiBaHe Ha TEKCTUJIHHUTE
OTIAIbIIH, TOTPEOICHUETO HA BOJA U BBIVICPOTHUTE
€MHUCHH B CpaBHEHHUE ¢ pu3ndeckuTe obiekina. Bee
MoBeYe MOJHM MAapKHU OpTaHU3MpaT BUPTYaHU
MOJIHU PEBIOTA M TpeJiarar JUTHUTAIHU ,,KOXKH™
3a aparapu. Ta3u TEHIEHIMS WMa TOTEHIMAJIA
na TpaHchopMupa Bpb3KaTa Ha TOTPEOUTEIIHTE
C Mojara, NpeBpbIIAKU OONEeKIOTO HEe caMo B
€CTETHYECKH HW3pa3, HO MU B CHMBOJ Ha CTaTyc,
VHUKQTHOCT W TIEPCOHAM3AIMS B JUTHTAHATA
cpena [61].

OOyBKHUTE OT TMMHUTHUpaHaTa cepus ,,adidas X
Crazyfast Bugatti“ na Adidas u Bugatti ce mpeuiarar
Ha THPT U ca chuetanu ¢ NFT Bepcus Ha ,,1iudpoB
OJNM3HaK", KOSITO MOXKE Jla C€ HOCU B METaBCceJleHaTa
[62].

5.2. 4D npuHTHpPaHe U HHTEJMIeHTEeH TeKCTHJI

PazButuero Ha TexHomoruuTe B 3D MpUHTUPAHETO
BOAM N0 mosiBaTa Ha 4D TpUHTUpaHE, KOETO
MO3BOJISIBA Ch3aBAHE HA MAaTepUaIH, CIOCOOHU J1a
pearupar Ha BBHIIHM CTUMYJIHM KaToO TeMIlepaTypa
WJTH BJIQYKHOCT.

Pa3zpaborBaneTo Ha 4D TeXHONIOTHUSATA 32 MJIETCHE
€ BIIbXHOBEHO OT mujesTa 3a 4D meuat, mpu KONTO
,4ETBBPTOTO HW3MEpPEHHEe“ € BPEMETO, HYXKHO
Ha Tpou3BeAcHUS O0eKT aa ce camoodopmu. B
MpaKTUKaTa TOBA O3HA4YaBa, 4e€ JApexara MbpPBO Ce
M3IUIMTa 1sJ1a BbPXY HWHAYCTPUAJIHA IUIETaYHA
MallliHa, YIpaBisgBaHA OT KOMIIIOTHDP, KaTro B
Hesl ce Brpaxiaa axkTuBHa npexna. Crexg ToBa
,Heo0paboTeHaTa“ npexa ce 00nu4ya BbpXy MaHEKEH,
a poboTH3WpaHa pbKa sl HarpsBa Ha ONPEICIICHU
MecTa C TOTIHMHEH nucToJieT. I1o Bp31eCcTBHETO Ha
TOIIIMHATA IJIaThT C€ CBMBA TOYHO TaM U B CTCIIEHTA,
B KOsITO € HeoOxonumo. dopmara u crerupuIHuTe
CBOICTBA Ha JpeXara 3aBUCAT OT TOBA KbJI€ U KaK €
pasnpezeseHa akTUBHATa MPEkK/Ia.

4D TeKCcTHIBT OOHMKHOBEHO BKJIIOUBA IIOHE
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5.1. The Metaverse and Digital Fashion

The rise of the metaverse is creating a new econ-
omy of virtual self-expression, where digital gar-
ments (NFTs) can help reduce textile waste, water
consumption, and carbon emissions when compared
to physical clothing. More fashion brands are now
organizing virtual fashion shows and offering digi-
tal “skins” for avatars. This trend has the potential
to transform how consumers engage with fashion,
turning clothing into not only an aesthetic expres-
sion but also a symbol of status, uniqueness, and
personalization in the digital space [61].

An example is the limited-edition “adidas X Cra-
zyfast Bugatti” sneaker, offered at auction alongside
an NFT “digital twin” version designed for use in
the metaverse [62].

5.2. 4D Printing and Smart Textiles

Advancements in 3D printing have led to the
emergence of 4D printing, which enables the cre-
ation of materials that respond to external stimuli,
such as temperature or humidity.

The development of 4D knitting technologies is
inspired by the concept of 4D printing, where the
“fourth dimension” is time, allowing an object to
self-transform over time. In practice, this means that
a garment is first knitted in one piece using a com-
puter-controlled industrial knitting machine with
embedded active yarn. The unprocessed garment is
then placed on a mannequin, and a robotic arm ap-
plies localized heat using a heat gun. The fabric con-
tracts only where and to the extent necessary. The
shape and functionality of the garment depend on
the placement and configuration of the active yarn.

4D textiles typically consist of at least one tex-
tile layer into which smart materials are integrated
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€IUH IUIaCT TEKCTWUJ, B KOWTO ca HMHTErpUpaHU
MHTEJINTEHTHH MaTepuald WIM BBpPXy KOHTO ca
U3TpaZicHd HHTEIUICHTHU CTPYKTypu. Tol e
pesyaTar OT KOMOMHAIMITa MEXAY €JIacCTUYHH
TEKCTUJIHM MaTepHaly U TeXHoJoruu 3a 3D meuar.
IIpu TO3M mpouec ce u3NoI3Ba NPEIBAPUTEITHO
pa3TerHar TeKCTUJI, YUSTO BbTPEIIHA HAlPErHaToCT,
3a€THO C HAHECEHMs IeyaT, BOAU J0 MU3BHUBaHE WIN
nepopMupaHe Ha MPOTOTUIIUTE B *kKejaHata Gopma
[63].

[IpoexTsT ,,Hocuma cipHueBa eneprus‘ (Wear-
able Solar) Bb3HMKBa C wHIeATa Ja MPOy4YH Kak
CI'bHUEBH MAaHEIM MOraT Ja ce€ BIUIETaT B TEKCTHIL
Cp3naneHu ca ABa IpOTOTHIA — OT BbJIHA U KOXKa
— KOUTO BKJIFOYBAT CETMEHTU ChC COJAPHU KIIETKH.
Te3n vactm Morar ga ce pasrbBaT M Ja YHAaBAT
CI'bHUEBaTa CBETIMHA, KOraTo € HaJu4yHa, WIK Ja ce
npuOHMpaT U 0CTaBaT CKPUTH, KOTATO HAMA HYKa OT
TsixHaTa QyHKIMS [64].

5.3. buonpousBOACTBO H PpereHepaTHBHHU
MaTepHuaIu

MosHaTta UHTyCTPHS OTYUTA CEPUO3EH HAIIPETBK
B pa3pa0oTBaHeTO Ha JabOPAaTOPHO CH3AANCHU
MaTepuain, Karo rbOeHa KoXa, MaskoBa KOMpPHUHA
U pa3IMYHUA PACTUTENTHU aJITepHATHBU. Te3u
WHOBAIIMM  TIPEIOCTABAT YCTOWYUBH  PEIICHHS,
KOMTO HaMaJsiBaT 3aBUCUMOCTTA OT TPAAUIIMOHHUTE
CYpPOBHHH.

5.4.Pa3mimpeHa oTrOBOPHOCT HA TPOU3BOAUTEJIS
(EPR) M JururajHM NPOAYKTOBH MNACIOPTH
(DPP)

Pasmpenara OTrOBOPHOCT Ha MNPOU3BOAUTENS
(EPR) mie mpoabiDKM Ja OKa3Ba CHIIHO BIIMSIHHE
BbpPXY MOJHATa MHAYCTPHUS, HAIATAWKUA IO-TOJIsIMA
MPOCIEAIEMOCT M OTYETHOCT IO OTHOIIEHUE Ha
LIEJINS] )KU3HEH IIUKBJI HA MPOAYKTUTE. JlururanHure
npoaykToBu nacroptu (DPP) mie urpast kimrodoBa
ponsi, OCUTypsiBaiku JeTaiiHa  HHQOpMAIUS
3a TPOM3XOJa HA CYPOBUHHUTE, H3IIOI3BAHUTE
Marepualid U MPOU3BOACTBEHUTE Mpoliecu. ToBa e
YJIECHH MNPOLECUTE Ha PEUUKIHNpPAHE W MOBTOpHA
ynotpeba.

5.5. YcTOMYMBOCT KATO OCHOBEH /IBUraTeJ HA
MHOBALIUUTE
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or over which smart structures are built. The process
often uses pre-stretched textiles, where internal ten-
sion combined with printed structures leads to inten-
tional deformation or shaping of the prototypes [63].
One example is the Wearable Solar project, which
explores how solar panels can be woven into tex-
tiles. Two prototypes — one made of wool and one
of leather — include foldable solar panel segments.
These panels can be unfolded to capture sunlight
when needed or hidden when inactive [64].

5.3. Biofabrication and Regenerative Materi-
als

The fashion industry is making significant prog-
ress in developing lab-grown materials, such as my-
celium leather, spider silk, and various plant-based
alternatives. These innovations offer sustainable
solutions that reduce dependence on traditional raw
materials.

5.4. Extended Producer Responsibility (EPR)
and Digital Product Passports (DPPs)

Extended Producer Responsibility (EPR) will
continue to shape the fashion sector by requiring
greater traceability and accountability across the
entire product lifecycle. Digital Product Passports
(DPPs) will play a crucial role by providing detailed
information on material origins, components, and
production processes. This will facilitate recycling,
reuse, and circularity efforts.

5.5. Sustainability as a Core Driver of Inno-
vation

Consumer demand for sustainable products con-

tinues to grow, compelling brands to integrate sus-
tainability into their strategic identity. The future of
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[ToTpeOuTencKkoTo ThpCeHe Ha YCTOWYUBH MTPOAYKTH
MpOABJKaBa Ja HapacTBa, KOETO MPHUHYXKIaBa
MapKHUTE Jla UHTETPUpPAT YCTOWYUBOCTTA B CBOATA
CTpaTernyecka HWIEHTHUYHOCT. bbaemero Ha
MOJIHATa MHAYCTpHUS 111e Obie OeNsi3aHO OT 3aCUIIEHO
BHHUMaHUE KbM €THYHOTO CHAO ISIBAHE U YCTOHYHBOTO
IIPOM3BOACTBO, OTYMUTAIIO BB3AECUCTBUETO BBPXY
OKOJIHaTa cpesia u 00LIeCTBOTO.

6. 3akiaouenue

Monnara HHIyCTpHs C€ HAMHUPA B KPUTHUYEH eTall
Ha TpaHcopmanus, oOyCIOBEH OT HEOTJIOXKHATa
HEOOXOMMOCT OT YCTOMYMBOCT M YCKOPEH OT
6’I>p3I/ISI Hallp€AbK Ha IUTUTATHUTC TCXHOJIOTUU.
TpaJII/IL[I/IOHHI/ISIT JIMHECH MOJCI Ha MPOU3BOACTBO U
norpeliieHHe € JOKa3aHO EKOJIOTMYHO HEYyCTONUUB,
BOJIEL] 1O 3HAYUTEIHO 3aMbpCsBaHE, M3YEpIIBaHE
Ha pecypcH M HaTpyllBaHE Ha OTHaabLu. B otroBop
Ha TC3W MNPCAN3BUKATCIICTBA, yCTOI>'I‘~IHBaTa MoOga
ce YTBBbpXkJaBa KaTo BCEOOXBAaTE€H IMOJXOM, KOMTO
MHTETPUPA EKOJIOTUYHH, COLIMAITHU 1 MKOHOMUYECKU
MNPpUHIMIIA, HACOYCHHU KbM MHUHUMHU3HUPAHC Ha
HETaTUBHUTEC BBB}IGIZCTBHSI BBpPXY OKOJIHaTra
cpeia W TOBHUIABaHE HAa €TMYHHUTE CTaHIApTH B
UHAYCTpUSITA.

JlAruTaIHUTE TEXHOJIOTMU CE€ OYepTaBaT Karo
KJIFOUOB HHCTPYMEHT B TO3U npexoJ1. 3D codryepure
3a IU3aiiH ¥ BUPTYaJHO NPOTOTUIIMPAHE HAMAJISIBAT
HEOOXOMMOCTTAa OT (PU3MUYECKH MOCTPH, KOETO
BOJIM JI0 3HAYMTEIHO pEeAyLUpaHe Ha OTHAIbLIUTE
U  BBIJICPOJHHA OTIICHATBK ONI€ Ha CcTalla Ha
npoekThpaHe. JIUruTalHUAT TEKCTWIEH medyar U
IIPOU3BOACTBOTO 10 TOPBYKA TPEIOCTABAT JUPEKTHU
pelIeHnsl 3a CIpPaBsSHE CbhC CBPBXIIPOU3BOACTBOTO
U TCKCTUIHUTE OTHNAaAbLOM, KaTO CBHIIEBPECMCEHHO
JIPacTUYHO HaMalsiBaT KOHCyMalusATa Ha BOjAa U
eHeprus. VM3KyCTBEHMAT MHTENEKT W MAIIMHHOTO
06yquI/Ie OINTUMU3UPAT IMPOTrHO3UTC 3a MOIHUTEC
TCHACHIWHW W YIPABJICHUCTO Ha BEpuUrara 3a
JOCTaBKM, KOETO HaMmajsiBa W3JIMIIHHUTE 3alacu U
MOBHIIIaBa e(PeKTUBHOCTTA Ha pecypcure. biokueiin
TEXHOJIOTMUTE OCHUTypsBaT Oe3nperneneHTHa
IPO3pPAaYHOCT M MPOCIEASEMOCT, H3rpaxaaiku
J0BEpUE y TMOTpeOUTENUTEe OTHOCHO ETHUYHOTO
IIPOU3BOACTBO M YCTOMYMBUTE  IPAKTUKH.
Bupryanaure npoOHM mOmoOpsBaT KIMEHTCKOTO
HU3)KHUBSIBAHC 1 HAMaJIsIBaT 6p0$[ Ha BbPHATUTC CTOKH,
nokato 3D nmpuHTHpaHeTo mpenangara Bb3MOKHOCTH
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fashion will be increasingly defined by ethical sourc-
ing and sustainable manufacturing, with a focus on
minimizing environmental and social impacts.

6. Conclusion

The fashion industry is undergoing a critical
transformation, driven by the urgent need for sus-
tainability and accelerated by the rapid advancement
of digital technologies. The traditional linear model
of production and consumption has proven environ-
mentally unsustainable, leading to widespread pol-
lution, resource depletion, and growing volumes of
waste.

In response to these challenges, sustainable fash-
ion is emerging as a comprehensive approach that
integrates environmental, social, and economic prin-
ciples aimed at minimizing negative environmental
impacts and enhancing ethical standards across the
industry.

Digital technologies are proving to be key en-
ablers in this transition. 3D design software and
virtual prototyping reduce the need for physical
samples, significantly cutting waste and carbon
emissions early in the design process. Digital textile
printing and on-demand manufacturing directly ad-
dress overproduction and textile waste, while drasti-
cally reducing water and energy consumption. Artifi-
cial intelligence (AI) and machine learning enhance
trend forecasting and supply chain management,
which helps reduce excess inventory and optimize
resource use. Blockchain technologies offer unprec-
edented transparency and traceability, strengthening
consumer trust in ethical and sustainable practices.
Virtual try-ons improve customer experience while
reducing product returns, and 3D printing enables
personalized, low-waste manufacturing with inno-
vative materials.

The shift toward a circular economy, supported by
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32 MEpPCOHAIM3UPAaHO U HUCKOOTHAJBYHO
MIPOM3BOACTBO C MHOBAaTUBHHU MaTEpUAIIH.
[IpexoabT KbM KpbroBa WKOHOMHKA, MOAKPETCH
OT Te3W IUTUTATHU WHOBAIMH, € OT CHIIECTBEHO
3HaueHue 3a ObjeneTo Ha MoaaTa. Toil HackpuaBa
MPOEKTUPAHETO 3a JBITOTPalHOCT, IOBTOPHA
ynotpeda, peMOHT U PEUUKIUpaHe, YIbJKaBalku
KU3HEHUS] UKBI Ha OONeKJaTa U CBEXIAWKH 0
MUHUMYM TEHEPHUPAHETO Ha OTHAIbIH. Bbrnpexn
4ye [MpeIu3BHKAaTeJICTBA KaTO KauyecTBOTO Ha
JAHHWUTE, UHTETPALUATa HA CUCTEMUTE M BHCOKHUTE
pa3Xou BCE OILE ChIIECTBYBAT, HEMPEKbCHATUTE
WHOBAllMM B MeTaBcesneHara, 4D mnpuHTHpaHETO
u OMONPOM3BOICTBOTO Tpearar oOelaBalu
BB3MOXKHOCTH.

B 3akmtouenue, CHHEprusaTa MeK1y yCTOWYUBOCTTA
Y IUTUTAJTHUTE TEXHOJOTHUU HE € IPOCTO BPEMEHHA
TeHIeHIUs, a (QyHAaMeHTaaHa TpaHchopmalms,
KOATO € OT KJIIOYOBO 3HAuYeHHe 3a OBJCIIeTO Ha
MoJHaTa UHAYCTpUs. TS mpeaocTaBs Bb3MOKHOCT Ha
KOMIIaHUUTE J1a ChUETABAT EKOJIOTUYHA OTTOBOPHOCT,
collMajgHa  CHpPaBEUIMBOCT U  HMKOHOMHUYECKa
xu3HecrnocoOHocCT. [IpoabmkaBanuTe HHBECTULIUN
B TE€3U TEXHOJIOTHH, CHYCTAHH CHC CTPEMEX KbM
CHTPYAHUYECTBO U MPO3PAYHOCT, Ca OT PEIlaBalio
3HaYeHHE 3a H3TPaKJAHETO Ha €JHa HaUCTHHA
yCcTOluMBa ¥ OTrOBOpHA MOJHA HWHAYCTpPHUS B
Obaenie.
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these digital innovations, is essential for the future
of fashion. It promotes the design of long-lasting
garments, reuse, repair, and recycling, thereby ex-
tending product lifecycles and minimizing waste
generation.

Although challenges such as data quality, systems
integration, and high implementation costs persist,
continued innovation in the metaverse, 4D printing,
and biofabrication offers promising new directions.
In conclusion, the synergy between sustainability
and digital technologies is not a passing trend but a
fundamental transformation critical to the future of
the fashion industry. It offers a pathway for compa-
nies to combine environmental responsibility, social
equity, and economic viability. Ongoing investments
in these technologies, coupled with a commitment
to collaboration and transparency, are essential for
building a truly sustainable and accountable fashion
industry.
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