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Figure 1 (Circular, 2021)
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THE PROBLEM




THE RISE OF THE FASHION INDUSTRY
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(Palacios-Mateo et al., 2021; Shishoo, 2012)




TOPIC SUMMARY

Location: Biella, Italy

Industry: Italian Luxury Fashion Industry
(Webb, 2022)

Industrial Process: Textile Wet
Processing

Textiles: Wool

Types of Impact: Environmental, Health
and Economic

Related SDGs: SDG6, SDGY, SDG12, SDG13

Figure 2 (Cultural Heritage Online, n.d.)




R Q: How does the wet processing of wool in Biella
impact its environment, and to what extent can

this process become more sustainable?




DECONSTRUCTING THE RESEARCH
QUESTION

STEPS OF WET PROCESSING I:> “Processing stage at which textile
substrate is treated with colourants
Scouring and/or chemicals”(Global Organic Textile
Standard, n.d.)
Bleaching
Dyeing
Finishing

(Lietal., 2011; UNEP, 2020) Figure 3(Textile School, 2018)




DECONSTRUCTING THE RESEARCH
QUESTION

WOOL

Biella, Iltaly — Historical fashion
symbol @

Staples of the ltalian luxury
textile industry

Large amounts of research

Used mainly in luxury brands

THE HERITAGE OF LUXURY

Figure 4(Textile Value Chain, 2020) (Consorzio Biella, n.d.: I.T.B., n.d.)
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RELEVANCE

Historical and Current




THE HISTORY OF BIELLA

Textile Industry going back to before
Roman times

High geographical relevance for the region

Association of “Made in ltaly” with timeless | 0
quality, luxury, and natural products only VAN A
(Colasante & D'’Adamo, 2021) - Ty

(Biella, n.d.; Consorzio Biella, n.d.; I.T.B., n.d.)

Figure 5 (Wikipedia, n.d.)




THE REALITY OF ‘MADE IN ITALY’

CLEAN WATER (Li et al., 2011; Palacios-Mateo 1 RESPONSIBLE INDUSTRY, INNOVATION
AND SANITATION etal., 2021) CONSUMPTION AND INFRASTRUCTURE
AND PRODUGTION ;
GLIMATE . . :
Chemical residues in
1 UL the water . .
Micro-fibre air Energy intensive

pollution Health impact on
Inadequate waste workers from dye
toxicity

disposal
High fabric waste

Figures 6,7, 8, & 9(United Nations, n.d.)
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REVIEW OF
CASE STUDIES




RELEVANT CASE STUDIES

(Angelis-Dimakis et al., . (Guercini & Ranfagni, (EMCC, 2013)

- Two [talian Luxury . Goal to make Italy the
Eco-efficiency Brands Sustainable supply leading sustainable
chain management ng
: fashion industry
Environmental Importance of for wool
impact (LCIA) for protecting the
dyeing in Biella industrial district & Importance and Regycled yarn for
: . . their cotton
territory (in Italy) Implementation of a
Different sustainable supply
assessment type Sustainability is chain St?sotgiiéabrﬁigleir?fBiella
beneficial for brands y
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ENVIRONMENTAL
ASSESSMENT




WHAT IS AN ENVIRONMENTAL ASSESSMENT?

Ol 02
BACKGROUN PURPOSE &
D NEED

Why the projectis
are currently needed & the
occurringin (general) goal of the

Biella project and future
goal

What processes

*structure altered for format of presentation

03

ALTERNATIVES
CONSIDERED

Different
projects &

different
approaches

04

IMPACTS

Description of
environment &
impacts of
each
alternative

(FEMA, 2020)




WHY AN ENVIRONMENTAL ASSESSMEN'T?

RESOURCE
LIMITATIONS
Appropriate given time

constraints and
research available

\'I
5 .
B <
o1

APPLICABILITY

Compiling relevant
information and
alternatives available
about the topic

Q

FURTHER
RESEARCH

Key to Finding of No
Significant Impact or
an EIS and/or potential
improvements




BACKGROUND: DESCRIPTION OF BIELLA

e 650 Textile Factories (angelis-
Dimakis et al., 2016)

e JSignificant economic
aspect

e Waterways — Cervo River
Basin

e (Conventional Practices for

wet-processing (Angelis-Dimakis et
al., 2016)

Figure 10: The Po River Basin(Pham et al., 2018)

X



PURPOSE & NEED

PURPOSE:
Reduce negative health
and environmental

Impacts caused by
traditional wet
processing of wool

NEED:
Tolessen future
risks to the

environment and
human health
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ALTERNATIVES
FOR BIELLA




ALTERNATIVES CONSIDERED

1. No-Action
2. Natural Dyes

5. Recycled Wastewater

*Will not be discussing dismissed alternatives




ALTERNATIVE 1: NO-ACTION

Industrials b)
- Conventional methods continue P +
- Geography (The Compass, 2016) S [ |
- Industrial water pollution . ‘b“’@%
(Meffe & De Bustamante, 2014) e .
- Hard water & product quality SIRE =

Cogron
L

(The Compass, 2016)

Figure 11: Industrial pollutants Italy (Meffe & De Bustamante, 2014)




ALTERNATIVE 1: NO-ACTION

- Environmental and health impacts (Angelis-Dimakis et al., 2016)
- What will the future look like?
-  Economic focus

- Deindustrialization & crisis (La Citta di Biella presenta il progetto Green Deal City

Fashion, 2021)

Table 1

Contribution of the foreground and the background systems in the overall environmental impact for the baseline scenario.

Midpoint impact category Environmental performance indicator Foreground contribution Background contribution
Climate change 0.01 kglC(Il_a_g..c,;’m3 51% 49%
Freshwater resource depletion 0.15 m*/m? 100% 0%
Eutrophication 0.02 kgPO3 ™~ oq/m’ 90% 10%
Human toxicity 2.68 kg].4DCB_..q.|'m3 73% 275
Acidification 0.05 kgS03 oq/m? 28% 2%
Aquatic ecotoxicity 2245 kgl.dDCB_,.q,fm:‘ 99% 1%
Terrestrial ecotoxicity 1.94 kg].4DCB_..q.|'m3 99% 1%
Photochemical ozone formation 0.003 kg C;]-L.,.c,,,’m3 25% 75%

Figure 12

: Environmental impacts Biella (Angelis-Dimakis et al., 2016)




ALTERNATIVE 2: NATURAL DYES

Natural Dyes: non-toxic, biodegradable (Shahmoradi Ghaheh et al., 2014,
Imani et al., 2022)

Properties: Anti-bacterial (Rather et al., 2019), Anti-Moth (Tian, et al.,
2022), UV-Protection(Dulo et al., 2020)

Can achieve desired results without adding (metal salt) mordants
(Hosseinnezhad et al., 2021)

f 4 ® %




ALTERNATIVE 2: NATURAL DYES

Many sources for natural pigments (for wool) :
e Neem Tree Bark(Tian et al., 2022)

e Shells of: peanuts, coconuts, macadamia nut, walnut, cashew (Dulo
et al., 2020)

e \Variety of Plants(Rather et al., 2019)
e Madder & Reseda(Hosseinnezhad et al., 2021)

f & ® ®




ALTERNATIVE 2: NATURAL DYES

¥ + ®

Madder & Reseda Plant Walnut Shell




ALTERNATIVE 2: NATURAL DYES

Tonal Variation of dyed yarns with Madder (a) in the presence of Walnut husk (WH) Tonal Variation of dyed yarns with Reseda (b) in the presence of Walnut husk (WH)
M 5%+ WH 10% M 5%+ WH20% M 5%+ WH 40% R 5%+ WH 10% R 5%+ WH 40%
M 10% + WH 10% M 10% + WH 20% M 10% + WH 40% _ -
- R 10% + WH 10% R 10% + WH 20% R 10% + WH 40%
M 20% + WH 10% M 20% + WH 20% M 20% + WH 40% T e -
- R 20 R 20% + WH 20% R 20% + WH 40%
M 40 + W 10% M 40% + WH 20% M 40% + WH 40% R40% + WH 10% [RaowewHaow  Taowewraow

b)

Figure 13: Samples of Natural Dye Combinations on Wool(Hosseinnezhad et al., 2021)




ALTERNATIVE 2: NATURAL DYES

2 hours 2 hours

4 hours

overnight

overnight

Walnuts are grown throughout Italy
(Di Pierro et al., 2022) — use
agricultural by-product for dyeing

Figure 14: Walnut-Shell Dye Samples(Ellis, 2016)




IMPACT ON BIELLA: NATURAL DYES

5
§r 7.0 a100_
. . 8 z'g’ % 80-
- Reductionin human & 2 4]
. L * < 30 2 0]
eco toxicity — reduced £
2 10] g
i 1 e g ool : 2 ,
river p 0] | | ution (Angelis-Dimakis et § 00" Naturally dyed Synthetically dyed 9" Naturally dyed Synthetically dyed
al. 20]6) fiber fiber fiber fiber
' @ s H_Is_yntheti(r;tally dyed fiber
. . g o] ranspo
- Reduction in carbon & 200] e
. c 2 15.04 ectricity
emissions — less energy ...\ e
£ [ |Ethanol
g 0 I \Water
n eed ed % 0.0- : [ ] Shredding
5 Naturally dyed Synthetically dyed I Fiber production

fiber fiber

- Reduction in water use

Fig. 7. Effect of dyeing 1 kg of fabric using agro-nut waste extract and the
breakdown of the different processes included in the analysed value chain.

Figure 15: (Dulo et al., 2020)




ALTERNATIVE 3: ELECTROCHEMICAL
TREATMENT

- Electrochemical treatment plants (Electrochemical

Oxidation)

- Treating the wastewater
- Reusing the wastewater

- Savesresources

Wool dyeing
process

Effluent

production

1t Reuse Cycle

4 )
1%t Effluent
treatment

by
electrochemical
oxidation

\ w

15t Treated
effluent

applied in

new wool
dyeing process

»

2" Reuse Cycle

4 D
2"d Effluent
treatment

by
electrochemical
oxidation

. v

2"d Treated
effluent

applied in

new wool
dyeing process

Pinto et al., 2022




ALTERNATIVE 3: ELECTROCHEMICAL
TREATMENT

Implementation - Environmental Advantages
Adva ntages (Brilla Martinez-Huitle, 2015) (il 221

- Energy efficiency - Treat multiple types of

contaminants
- (Can be automated

- On-site production

- Easy handling - Flexibility

- Safe )
- Possible energy recovery




IMPACT ON BIELLA: ELECTROCHEMICAL TREATMENT

Less freshwater use for dyeing
and finishing processes

Less chemical use

- Less chemicals potentially
ending up in the environment

Less use of additives (such as
salt)

- Reduces consumptionin
dyeing baths

Wool Dyeing
Process

Treated
wastewater
I reuse
Electrochemica

I Treatment

Wastew ter

Figure 16: (Pinto et al., 2022)




06

FINAL
RECOMMENDATIONS




RECOMMENDATIONS: ALTERNATIVE 2

NATURAL DYES
Steps for implementation: Feasibility:
- Experiment with sources for - Using Italian agro-waste

dyes :
- Resource-saving

- Swap out synthetic dyes within

processes - Sourcing natural dyes

- Lack of colourrange

- Cost of process & product
(Angelis-Dimakis et al., 2016)




RECOMMENDATIONS: ALTERNATIVE 3

RECYCLING WASTEWATER

Steps for implementation: Feasibility:

- Assess the need =

- Plan out the costs -

Higher costs
Development
Energy demands

Potential consequences

(Chaplin, 2019)




CONCLUSION

- "Made in [taly”
- Benefitof an EA
- (Case Studies
- Change in current wet-processes of wool
- Recommend: Natural dyes and electrochemical treatment
- Further research:
-  Cashmere
- Range of colours
- other steps of wet-processing
- Luxury as the role-model for sustainability (xunzetal. 2020)
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