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Abstract: Sustainability has been recognized as a major concern globally since the Brudtland Re-
port, in 1987, and further reinforced in 2015 by the United Nations Sustainable Development Goals
(UNSDG) 2030. This paper reviews the methodologies and criteria of sustainability applied to fashion
products, regarding products’ environmental footprint (environmental life cycle assessment/analysis;
e-LCA), the social issues (including the social life cycle assessment/analysis; s-LCA) and the trans-
parency in reporting sustainability. In our review we seek KPIs (key performance indicators) that
allow classification of a pair of shoes or a piece of cloth on a scale from A to E, i.e., products can be
compared with a benchmark and classified accordingly with a simple labelling scheme, which is
easily understandable by the consumers. This approach is similar to those used to classify electrical
appliances, housing energy consumption for thermal comfort, food Nutri-Scores, CO2 levels of road
vehicles, and tire performance. In this review we aim to identify the initiatives and measures being
put into practice by the top global fashion brands. We found that, despite the existence of GRI (global
sustainability reporting initiative) standard reporting, most companies follow their own methods or
others created within the industry rather than those created in the scientific community. Examples
include the Higg index, the Transparency Index, and the Social Codes of Conduct (CoC). In this study,
we conducted an extensive review of certification schemes and labels already applied to fashion prod-
ucts, and identified a multitude of labels and lack of harmonization in communicating sustainability.
As result, we compiled a summary table of all criteria, methodologies, and possible KPIs that can be
considered the basis for a benchmark and score of a fashion product. This topic is crucial to avoid
“green washing” and a lack of transparency for the buyer’s community, i.e., business to consumer
(B2C), and for the business community, i.e., business to business (B2B) relationships, which comprise
a complex multi-layer supply chain of suppliers and sub-suppliers. The UNSDG 2030 “Responsible
Consumption and Production” frames these efforts to facilitate standardization of KPIs in terms of
structure, criteria, and their measurement. The most common KPI is environmental global warming
impact (expressed as CO2eq) based on life cycle assessment/analysis (LCA) principles (established
in 2000), which provide an appropriate base to monitor and benchmark products. However, in our
innovative review of t-shirt e-LCA, we identified a wide range of e-LCA assumptions, relating to
different boundaries, allocations, functional units, and impact categories, which represent a major
challenge in benchmarking.

Keywords: Sustainable Development Goals (SDG); life cycle analysis/life cycle assessment (LCA);
eco-cost; ecolabels; key performance indicators (KPI)

1. Introduction

The Brudtland Report [1] defines sustainable development as “development that meets
the needs of the present without compromising the ability of future generations to meet
their own needs”. The United Nations Sustainable Development Goals (UNSDG/SDG)
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set 17 objectives for 2030 [2]: in the fashion industry, Objective 6 (SDG 6), Clean Water and
Sanitation, aims to reduce the negative impact of product manufacturing on water streams,
which implies the use of fewer chemicals; Objective 8 (SDG 8), Decent Work and Economic
Growth, relates to the collateral effects of mass production at lower cost, which is usually
displaced to developing countries with poor working conditions; Objective 13 (SDG13),
Climate Action, aims to reduce all activities’ CO2eq emissions and global warming potential,
which relates to all phases of the fashion product supply chain, including buildings’ energy
efficiency; Objective 12 (SDG 12), Responsible Consumption and Production, refers to
eco-friendly production methods and reducing the amount of waste in the context of
the circular economy while avoiding depletion of the Earth’s materials. The latter SDG
is noted as having the greatest number of trade-offs with the other SDGs, e.g., with
SDGs 1, 2, and 3 [3,4]. The sustainability concept in “products” is often associated with
the terms “green products”, “pro-environment behaviours”, “environmentally friendly”,
which relate more to environmental aspects (water and air pollution) than to social aspects
(e.g., gender equality, workers’ rights, exploitation) of sustainability. The European Green
Deal states “Companies making ‘green claims’ should substantiate these against a standard
methodology to assess their impact on the environment, but also does not address the
social aspects of sustainability.

The fashion industry relates to all activities associated with fashion, for example,
fashion shows, tailoring, the use of marketing strategies by influencers, and the fashion
product itself, e.g., a bag, a garment, or a pair of shoes. Typically, fashion products can be
divided into footwear (comprising all articles designed to protect or cover the foot, with an
applied sole which comes into contact with the ground) and textiles (comprising all clothes
(both interior and exterior), fibers, yarn, fabric, and accessories, such as bags, scarves,
and belts). The term “fast fashion” relates to inexpensive clothing produced rapidly by
mass-market retailers in response to the latest trends, with a high rate of new products in
stores and more frequent purchasing and disposal by consumers [5].

According to the Ellen MacArthur Foundation, in 2015, the fashion industry was
responsible for the consumption of 79 billion cubic meters of water and 1.72 million tons of
CO2 emissions; in 2019, these figures were 93 billion cubic meters of water and 3.30 million
tons of CO2 emissions (10% of annual global carbon emissions). Moreover, around 20% of
wastewater is produced by fabric dyeing and treatment; of the total fiber input used for
clothing, 87% is incinerated or disposed of in a landfill. Only 20% of clothing is collected
for reuse or recycling [6].

Businesses are facing increased pressure to incorporate environmental and social
responsibilities into their corporate strategies, and these can be a differentiation factor that
increases business competitiveness. However, little knowledge exists on how companies
can integrate environmental and social sustainability into new product development [7].
The main drivers for companies to manage environmental and social risks are pressures
and incentives from stakeholders, particularly non-governmental organizations (NGOs) [8].
Companies [9] are faced with different guidelines, tools, and methods which currently
address the issue from various perspectives, and different sustainability labels are already
in place. Moreover, the textile and apparel (T&A) sector faces several critical barriers to
the sustainable development of their supply chains; for example, based on a multi-criteria
analysis, the lack of effective governmental policies [10].

Consumers, by comparison, are more aware that protecting the environment and
people is fundamental for the future of humanity. In particular, the “millennial” generation,
born subsequent to the beginning of 2000, show greater concern for the environment
and social issues; as a result, most possess positive attitudes toward sustainable products
and are willing to pay more for sustainable services, products, or brands. Nonetheless,
it is a challenge for retailers to successfully communicate “sustainable” messages [11].
Successful communication strategies currently exist for electric appliances, housing energy
consumption for thermal comfort, food Nutri-Scores, CO2 levels of road vehicles, and tire
performance. Mandatory energy labelling requirements for individual product groups
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were established in the EU’s Energy Labelling Framework Regulation (2017/1369) for air
conditioners, domestic/household appliances, electronic displays including televisions,
and tires. For buildings, Directive 2002/91/EC obliges European Member States to ensure
that an Energy Performance Certificate is made available when buildings are constructed,
sold, or rented. Car labelling [12] and the Nutri-Score food label [13] are not mandatory.

Kareiva et al., 2015 suggests a score from A to E based on environmental aspects [14]
and the European Product Environmental Footprint (PEF) related to non-leather shoes
PEF [15] (see Figure 1).
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Figure 1. Suggestion of simple communication with consumers adapted from [14–16].

It is also highly important to ensure that the garment is properly distributed and
used by the final consumer to ensure that sustainable criteria are met throughout the
cradle-to-cradle life cycle. Longer delivery times, on-time last-mile delivery to the home
(with messages stating delivery time to ensure reception at the customer’s home, thus
preventing fuel wastage during redelivery of an item) are some of the logistic issues to be
addressed. Consumer care is also very important. The garment must be washed fewer
times and have a longer life, rather than being used once or twice before disposal; if so,
the achievement of sustainability in the cradle-to-retailer supply chain (see Figure 2) is
“wasted”. Therefore, consumer awareness campaigns are key to ensuring sustainability in
the cradle-to-cradle life cycle.

Energies 2021, 14, x FOR PEER REVIEW 4 of 34 
 

 

certified by independent entities. The UNSDG 2030 “Responsible Consumption and 
Production” frames these efforts to facilitate standardization of key performance 
indicators (KPIs) in terms of structure, criteria, and measurement. The vast majority of 
related studies apply the life cycle assessment (LCA) tool to quantify and compare the 
environmental impacts of materials and processes, and to identify critical areas of 
improvement. It is therefore important to understand its application in the apparel context 
and the different approaches taken in studies for the same environmental impact 
categories.  

 
Figure 2. Supply chain of fashion products and life cycle steps. Logistics and reverse logistics create air emissions due to 
tire abrasion on roads or hydrocarbon fuel combustion in maritime, air, and road transportation. 

 
Figure 3. Query results from the Scopus database. 

This paper provides a review of the scientific literature and real initiatives, with the 
aim of structure the existing knowledge regarding the following: 
• RQ1: Has research been conducted regarding the application of environmental life 

cycle analysis (e-LCA) and social life cycle analysis (s-LCA) to the apparel multi-layer 
supply chain?  

Energy (heat/electricity)
Labor
Chemicals
Water

Logistics (transport)

Reverse logistics 
(transport)

Air emissions
Wastewater emissions
Materials waste

Raw materials
Step #1

Processing
Step #2

Production
Step #3

Retail
Step #4

Consumer 
(e.g. Use and

Laundry)
Step #5

Waste 
management

Step #6 

Landfill
Step #7

Second life

Recycling

0

10

20

30

40

50

60

70

80

1985 1990 1995 2000 2005 2010 2015 2020 2025

TITLE-ABS-KEY(apparel AND "social" AND "score") TITLE-ABS-KEY(apparel AND sustainability AND kpi)

TITLE-ABS-KEY(LCA AND apparel) TITLE-ABS-KEY(LCA AND footwear)

TITLE-ABS-KEY ( sustainability  AND  apparel )

Brudtland Report UNSDG2030

Figure 2. Supply chain of fashion products and life cycle steps. Logistics and reverse logistics create air emissions due to
tire abrasion on roads or hydrocarbon fuel combustion in maritime, air, and road transportation.



Energies 2021, 14, 3032 4 of 33

A query search of the Scopus database (see Figure 3) reveals that research on apparel
sustainability has been active during the past 20 years, particularly after 2005 and following
the definition of the UNSDG 2030.
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It is noteworthy that the query TITLE-ABS-KEY (apparel AND “transparency” AND
“score”) or TITLE-ABS-KEY (apparel AND “transparency” AND “index”) retrieved no
results. In fact, use of the phrase “apparel transparency index” provided results at the
industry level (not at the research level) from a project entitled “A Background Analysis on
Transparency and Traceability in the Garment Value Chain” funded by the European Union,
and from the Fashion Transparency Index developed in 2016 by the activist organization
Fashion Revolution, which has been applied to more than 200 apparel companies in
relation to how much they disclose about their social and environmental policies, practices,
and impacts.

These results provide the framework for growing concern with sustainability in the
apparel industry and the need for legal recognition of a sustainability label linked to each
fashion product covering environmental, social, and transparency aspects, and able to
be certified by independent entities. The UNSDG 2030 “Responsible Consumption and
Production” frames these efforts to facilitate standardization of key performance indicators
(KPIs) in terms of structure, criteria, and measurement. The vast majority of related studies
apply the life cycle assessment (LCA) tool to quantify and compare the environmental
impacts of materials and processes, and to identify critical areas of improvement. It is
therefore important to understand its application in the apparel context and the different
approaches taken in studies for the same environmental impact categories.

This paper provides a review of the scientific literature and real initiatives, with the
aim of structure the existing knowledge regarding the following:

• RQ1: Has research been conducted regarding the application of environmental life
cycle analysis (e-LCA) and social life cycle analysis (s-LCA) to the apparel multi-layer
supply chain?

• RQ2: How is the industry tackling environmental, social, and transparency sustain-
ability issues?

• RQ3: What are the existing KPI, labelling, and third-party certification schemes?
• RQ4: How do end-users (consumers) perceive sustainability in fashion, and how can

KPIs be used to compare the same fashion product “type” (e.g., t-shirt A and t-shirt B
with the same shape and color) in a credible, quantitative, and transparent manner to
help consumers make an informed decision and avoid “green washing”.
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This review is, therefore, distinct from previous research studies [17], and aims to
structure the main criteria for a fashion product to be considered sustainable, in addition
to highlighting the more relevant methodologies to score fashion products’ sustainability
(including the environmental and social impacts at product and company level). The study
covers the supply chain, consumer perceptions, and the more relevant certification schemes
already in existence, not only from the research perspective but also regarding the best
practices being implemented by the retailers (as main players in the fashion industry). The
contribution of this paper is that it not only summarizes the existing scientific knowledge,
but also validates its relevance and practical application by the industry, taking account
of the best practices implemented by the world’s biggest fashion retailers. In addition to
identifying the tools available to score and communicate a fashion product as sustainable,
our intention is to identify practical and feasible solutions. The study results are also aimed
to assist in the development of certification schemes and to support private label programs
for companies who are seeking to offer sustainable fashion products and communicate
their sustainability in a transparent way to their customers.

The paper is organized as follows:
Section 2.1 reviews scientific literature regarding e-LCA, s-LCA, and the integration of

the two approaches to address RQ1: Has research been conducted regarding the application
of e-LCA and s-LCA to the apparel multi-layer supply chain? Section 2.2 reviews method-
ologies for companies’ sustainability evaluation (such as company sustainability reporting,
audits and certifications, the Transparency Index, the Higg Brand and Retailer Module,
and sustainability from the consumer’s perspective) to tackle RQ2: How is the industry
tackling environmental, social, and transparency sustainability issues? Section 2.3 reviews
several product certification schemes (e.g., Ecolabel, ICEC, Better Cotton Initiative, Global
Organic Textile Standard) and Top 10 Global Retailer Best Practices, as reported in their
sustainability reports, to answer RQ3: What are the existing KPI, labelling, and third-party
certification schemes? In Section 2.4, sustainability benchmarking for apparel is reviewed
to address RQ4: How do end-users (consumers) perceive sustainability in fashion, and how
can KPIs be used to compare the same fashion product “type” (e.g., t-shirt A and t-shirt B
with the same shape and color) in a credible, quantitative, and transparent manner to help
consumers make an informed decision and avoid “green washing”. Section 3 summarizes
the criteria to be considered when scoring the level of sustainability of a product. The Table
S3 also provides guidance about the methodologies to be used to obtain some evaluations
(e.g., environmental life cycle assessment, audits for social assessment).

2. Materials and Methods

Our method consisted of an extensive review of proposed research methodologies
and tools (retrieved from publicly available documents applied by the industry) in the area
of sustainability of apparel, namely, by addressing the following research questions:

• RQ1: Has research been conducted regarding the application of e-LCA and s-LCA to
the apparel multi-layer supply chain?

• RQ2: How is industry tackling environmental, social, and transparency sustainability
issues?

• RQ3: What are the existing KPI, labelling, and third-party certification schemes?
• RQ4: How do end-users (consumers) perceive sustainability in fashion, and how can

KPIs be used to compare the same fashion product “type” (e.g., t-shirt A and t-shirt B
with the same shape and color) in a credible, quantitative, and transparent manner to
help consumers make an informed decision and avoid “green washing”.
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2.1. RQ1: Has Research Been Conducted Regarding the Application of e-LCA and s-LCA to the
Apparel Multi-Layer Supply-Chain?

e-LCA is a general methodology (ISO standard 14040) [18] that quantifies potential
environmental impacts with the aim of highlighting bottlenecks or providing a basis for com-
parative purposes in a decision-making context. It can be used to improve the supply chain
of a product and/or to compare different supply chains for the same functional product.

The life cycle steps can be highly complex and can cover all of the life cycle of products,
including purchase, use, and disposal, or only raw material extraction and manufactur-
ing, i.e., covering a product’s cradle-to-cradle or cradle-to-gate. The complexity escalates
if considering the cascade of multi-layer supply chain and manufacturing processes, and
transportation between two adjacent steps, and, in particular, when use patterns, reverse
logistics, and/or secondhand retail chains are considered.

Different raw materials (cotton, wool, leather, lyocell, rayon, polyester, spandex, nylon,
elastic, fur, linen, silk, recycled PET, PLA, bamboo) blend composition and recycling grades
(0% to 100%), and end-of-life (EoL) processes add additional complexity to the evaluation
of the LCA of a garment. For example, t-shirts made from virgin polyester, chemical
recycled polyester, or mechanical recycled polyester would have different impacts [19].

The basis for developing an e-LCA is a proper definition of the scope and boundary,
and a detailed inventory of energy and material mass flows entering and exiting the
boundary of the system under analysis. The most common inputs are energy (electricity
and heat), water, and chemicals. The most common impact category is climate change or
global warming potential (measured as CO2eq and usually named greenhouse gases, GHG).

The European Commission developed the Product Environmental Footprint (PEF)
with the objective to harmonize methods for measuring and communicating the potential
life cycle environmental impact of a product [20]. PEF takes into account the product’s
entire life cycle, raw material acquisition, processing, distribution, use, and final disposal.
Throughout these stages, it includes all environmental impacts, such as resource-related
threats and adverse health effects, resulting in 16 environmental impact categories (e.g., cli-
mate change, acidification, eutrophication, and use of mineral and metal resources), known
as the PEF profile. The Product Environmental Footprint Category Rules (PEFCRs) aim to
provide detailed technical guidance on how to conduct a PEF study for each category [20].
Regarding fashion, PEFCRs are available for leather, t-shirts and footwear. Table 1 shows
different studies that apply e-LCA to apparel; all include the CO2eq metric, including the
European PEF for t-shirt and footwear. Moreover, real apparel industry e-LCAs for specific
products are also presented: Levi Strauss & Co jeans [21], GORE-TEX® jackets [22], and
boots. An extended version of the table is available in the Supplementary data.

Global warming potential, or an indicator of GHG, given as CO2eq, is a simple metric
that is easy to understand. The disadvantage, however, is that toxicity, material depletion,
and land use are not taken into account.

Regarding access to information about the social impacts of products, the s-LCA of
the products can be considered, based on certain indicators and metrics [33]. Accord-
ing to the United Nations Environmental Programme (UNEP) Guidelines “A social and
socio-economic Life Cycle Assessment (s-LCA) is a social impact (and potential impact)
assessment technique that aims to assess the social and socio-economic aspects of products
and their potential positive and negative impacts along their life cycle encompassing extrac-
tion and processing of raw materials; manufacturing; distribution; use; re-use; maintenance;
recycling; and final disposal” [34].
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Table 1. Review sample of e-LCA studies applied to apparel (research and industry-wide). Extended table provided in the
Supplementary data.

Reference Context Boundary
(see Figure 6)

Total Impact
Category w/

Climate Change

CO2eq
w/o Use and EoL

Difference
w/ Use and EoL

[23] Research

#1;
#2;

#4 (1, 9, 10);
#5;

#6 (1).

1

23 kg CO2eq/wool knit
sweater;

7 kg CO2eq/polyester
knit shirt;

8 kg CO2eq/cotton
knit shirt

+18 kg CO2eq/wool knit
sweater;

+21kg CO2eq/polyester knit
shirt; +21 kg CO2eq/cotton

knit shirt;

[24] Research
#1; #2 (1–6);
#4 (1–6, 11);
#5 (1); #6 (1)

4
Conventional t-shirt

18 kg CO2eq/kg
apparel

+21 kg CO2eq/kg apparel

[25] Research

#1;
#2 (1–6);

#4 (1);
#5 (1–2);

#6 (1)

20

Cotton
23 kg CO2eq/kg

knitted fabric; Acryl
16 kg CO2eq/kg

knitted fabric; Nylon
22 kg CO2eq/kg

knitted fabric; PET
16 kg CO2eq/kg

knitted fabric; elastan
18 kg CO2eq/kg

knitted fabric

−0.60 kg CO2
equivalent/kg for cotton

[26] Research

#1; #2;
#3 (2)

#4 w/o (7–9, 11)
#5; #6 (1)

10 5 kg CO2eq/t-shirt +1 kg CO2eq/t-shirt

[27] Research #1; #2; #3 (2);
#4 (w/o 7–11); #5 9

22 kg CO2eq/sweater
(cotton)

12 kg CO2eq/sweater
(wool)

24 kg CO2eq/sweater
(blend)

55 kg CO2eq/sweater
(acrylic)

+28 kg CO2eq/sweater
(100% cotton);

+10 kg CO2eq/sweater
(100% wool); +38 (blend);

+31 kg CO2eq/sweater

[28] Research
#1; #2;

#4 w/o (7–9, 11);
#5 (1, 2); #6 (1, 4)

7

2.55 kg CO2eq/t-shirt
(triclosan);

2.7 kg CO2eq/t-shirt
(nanosilver–FSP)

7.67 kg CO2eq/t-shirt
(nanosilver–PlaSpu)

Research
#1, #2, #4 w/o

(7–9, 11), #6 (1, 2,
4)

7 2 kg CO2eq/pair +0.5 kg CO2eq/pair

PEF t-shirt
[15,29]

Research
and

industry

#1;
#2;
#3;
#4;
#5;
#6

16

5.43–3.18 kg
CO2eq/t-shirt

(33.9 kg CO2eq/kg
Men Tshirt-42.4 kg

CO2eq/kg baby t-shirt)

+0.85 kg CO2eq/man t-shirt,
+0.44 kg CO2eq/baby t-shirt

(+5.3 kg CO2eq/kg man
t-shirt, +5.87 kg CO2eq/kg

baby t-shirt)

PEF footwear
[11,15]

Research
and

industry

#1; #2;
#3; #4 (w/o 11);

#6 (1, 4)
16 5.23–14.9 kg

CO2eq/pair NA
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Table 1. Cont.

Reference Context Boundary
(see Figure 6)

Total Impact
Category w/

Climate Change

CO2eq
w/o Use and EoL

Difference
w/ Use and EoL

[30]
Research

and
industry

#1; #2 (2);
#3 (2);

#4 (1–6) (9–11);
#5; #6 (1)

12 17–2 kg
CO2eq/garment

Credits for incineration w/
energy recovery compensate

the usage burden

Nudie Jeans
[31]

Research/
Industry

#1;
#2;
#3;

#4 (1–6, 10);
#5 (1, 2);

#6 (1)

18

4.0 kg CO2eq/jeans
(0 reuse) to

2 kg CO2eq/jeans
(3 reuses)

+0.5 kg CO2eq/jeans

GORE [32] Industry

#1;
#2;

#4 (9, 10);
#5 (1);
#6 (1)

18 47 kg CO2eq/1 jacket +25.3 kg CO2eq

Levi Strauss &
Co [21] Industry

#1; #2;
#3; #4;
#5; #6

6 20 kg CO2eq/pair jeans +13.4 kg CO2eq/pair jeans

The s-LCA includes the definition of social impacts, the classification of social and
socioeconomic indicators, and the development of subcategories for social and socio-
economic assessments of products. The causes of social impacts can be divided into three
dimensions: behaviors, social-economic processes, and capitals. The social/socio-economic
subcategories can be classified by stakeholder category (e.g., workers, local community,
society, consumers, and value chain intervention) and according to the impact categories of
human rights, working conditions, health and safety, cultural heritage, governance, and
social-economic repercussions. The s-LCA starts with the definition of goal and scope,
proceeds with the life cycle inventory analysis and life cycle impact assessment, and finishes
with the life cycle interpretation [35].

The Social Hotspots Database [36] was the first database constructed for social life
cycle analysis, providing the data and the tools necessary for visibility of social hotspots
in the product supply chain. The 54 social indicators provided by the PSILCA database
version 2.1 [37] are also relevant for s-LCA.

Few studies have dealt with the s-LCA of the supply chain of apparel. A recent case
study in which s-LCA was applied using PSILCA to understand the social performance of
a textile product and its potential contribution to the SDGs [38] examined a men’s t-shirt
with a weight of 243 g, and made of 97% cotton and 3% elastane, using a cradle-to-gate
approach (Figure 4); this related to boundaries #1 and #2 of Figure 6 (#3, #4, #5 and #6 are
not included).

The combination of e-LCA and s-LCA was attempted using the eco-cost methodology.
The eco-cost methodology (see Figure 5) was conceptualized in the 1990s [39] at the Delft
University of Technology and established in 2012 as a reference methodology. It is updated
every 5 years and the most recent edition is version 1.6, from 2017. This approach combines
environmental burdens related to the scarcity of the Earth’s resources, airborne emissions,
and water-related emissions with social aspects. The model is based on the marginal
prevention costs of emissions and material depletion, and the marginal compensation costs
for land use (loss of biodiversity due to transformation of land). Eco-costs express the
amount of environmental burden of a product on the basis of prevention of that burden.
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Figure 5. The eco-cost method (environmental and social aspects combined, e-LCA and s-LCA),
established in 2012 and last updated in 2017 (version 1.6, updated each 5 year period) [40].
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The eco-cost methodology was applied to fashion products [25,40], for a t-shirt and a
pair of jeans. In the case study of the jeans, three supply-chain pathways are analyzed: case
1—cotton produced in USA, fabric production and assembly in Belgium; case 2—cotton
produced in China, fabric production in India and final assembly/sewing in Bangladesh;
case 3—cotton produced in India, fabric and assembly in Bangladesh. The results are
summarized in Table 2. The minimum wage (int. USD PPP/h) for 2014 was 7.25 for USA,
10.31 for Belgium, 1.99 for China, 1.02 for India, and 0.9 for Bangladesh. The specific
inventory data for child labor and extreme working hours were not traceable in the supply
chain because the International Labor Organization (ILO) data on these factors are not yet
available for the garment industry; thus, these categories were outside the scope of the
research. According to Figure 2, the boundaries for these t-shirt and jeans studies were #1;
#2 (1–6); #4 (1); #5 (1–2); #6 (1). The identified hotspots were the Indian cotton fields and
the Bangladesh garment factories.

Table 2. Example of eco-cost analysis (e-LCA combined w/ s-LCA) of a pair of jeans [25,40], in the context of research not
applied in the industry. MAW—minimal acceptable wage, EP—extreme poverty, OSH—occupational safety and health.

Supply-Chain Jeans Category Indicator Eco-Costs (€/Jeans)

Env Human toxicity 0.04
China-India-Bangladesh Ecotoxicity 0.14

Resource depletion 0.21
Carbon footprint 0.28

Social MAW 1.918
EP 0

OSH 0.755
Env + social Total 0.67 + 2.674

India-Bangladesh-Bangladesh Env Human toxicity 0.04
Ecotoxicity 0.18

Resource depletion 0.21
Carbon footprint 0.31

Social MAW 0.135
EP 11.668

OSH 0.759
Env + social Total 0.74 + 12.561

USA-Belgium-Belgium Env Human toxicity 0.08
Ecotoxicity 0.34

Resource depletion 0.54
Carbon footprint 0.82

Social MAW 0
EP 0

OSH 0.384
Env + social Total 1.78 + 0.384

Although e-LCA and s-LCA attempt to establish scores and metrics (KPIs) related to
apparel sustainability, these approaches do not account for transparency issues and have
yet to be extensively adopted by the apparel industry.

The main issue regarding LCA studies is the difficulty associated with checking the
underlying datasets, because researchers have constructed their own datasets by combining
information from different and sometimes old or confidential sources; researchers have
also disregarded the apparel pre-consumer waste footprint [41]. In the case of the latter, in
boarder #6.3 of Figure 6, only 5% mass efficiency is expected for apparel (clothes and shoes),
i.e., a t-shirt weighting 200 g generates 3800 g of waste (including wastewater, sulfidic
tailing, and scrap). Third-party certification of KPIs resulting from the combination of
e-LCA and s-LCA is therefore challenging if “transparency” is not fully achieved.
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2.2. RQ2: How Is Industry Tackling Environmental, Social, and Transparency Sustainability Issues?
2.2.1. International Standards with Generic Application in Industry

The Global Reporting Initiative (GRI) states that a sustainability report “helps orga-
nizations to set goals, measure performance and manage change in order to make their
operations more sustainable” [42,43]. GRI sets voluntary recommendations for writing a
sustainability report (three documents known as the 100 series) encompassing the envi-
ronment (eight documents known as the 300 series), financial (seven documents known
as the 200 series), and social aspects (19 documents known as the 400 series) of the com-
pany. Third-party verification is not mandatory because the report is a self-assessment that
should be publicly available.

ISO 26000 “Guidance on Social Responsibility” is a voluntary standard to help com-
panies achieve the benefits of operating in a socially responsible manner. The standard
does not provide certification because no requirements are provided; rather, it provides
guidance on seven core subjects of social responsibility, namely: organizational governance,
human rights, labor practices, environment and fair operating practices, consumer issues,
and community involvement and development.

A number of countries have mandatory regulations. For example, all companies in-
volved in the fashion product supply chain should have their own sustainability reporting,
in addition to those of the upstream supply chain. Article 225 of Grenelle II requires that
many listed companies on the French stock exchange incorporate information on the social
and environmental consequences of their activities into their annual reports, in addition
to their societal commitments for sustainable development. The decree that implements
Article 225 of Grenelle II was passed on April 2012 [44,45]. Climate change (measured
as CO2eq), water consumption, and waste production are the environmental impacts that
are covered.
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Parallel to GRI reporting, certification initiatives, such as international private stan-
dard ISO 14001and European public regulation EMAS, have auditing schemes to certify
companies who voluntarily request it.

ISO 14001 [46] sets out the criteria for an environmental management system that
can be certified, mapping out the framework that a company/organization can follow
to establish an effective environmental management system. This can be used by any
organization regardless of its activity or sector. Using ISO 14001:2004 can provide assurance
that environmental impact is being measured and improved.

The public regulation EMAS (Eco-Management and Audit Scheme, adopted by the
European Commission in 1993), is based on the private standard ISO 14001, but was
restricted to Europe until 2010 [47]. EMAS and the EU Ecolabel (see Section 2.3) are
voluntary regulations that provide support to producers and organizations that go beyond
legislative requirements.

Leadership in Energy and Environmental Design (LEED) is a widely used green
building rating system, addressing topics such as energy efficiency, water conservation,
site selection, material selection, day lighting, and waste reduction. The Building Research
Establishment Environmental Assessment Method (BREEAM) is a third-party certification
of an asset’s environmental, social, and economic sustainability performance applicable to
master planning projects, infrastructure, and buildings.

A number of initiatives exist to promote workers’ rights across all sectors; nevertheless,
these are based on the standards of the International Labour Organization (ILO), United
Nations Human Rights [48], and national laws. The Ethical Trading Initiative (ETI), amfori
BSCI (previously the Business Social Compliance Initiative), Sedex, the Initiative for Com-
pliance and Sustainability (ICS), and Social Accountability International (SAI) are some of
the most representative organizations that offer methodologies to assess companies’ social
performance [49].

The ETI is an alliance of companies, trade unions, and non-governmental organi-
zations (NGOs) (with a combined turnover of over £166 bn) that promotes respect for
workers’ rights globally and collectively tackles a number of challenging issues that cannot
be addressed by individual companies working alone. ETI defines best practices in ethical
trade and supports companies’ implementation via working groups, provision of training
and support to trade unions, strategic alliances, influencing key players, and driving im-
provements in the member companies’ performance. (Table 3 has a summary of the main
topics on the ETI Base Code of labor practice) [50].

Amfori is a business association for open and sustainable trade, which brings together
over 2400 retailers, importers, brands, and associations, with the objective to enable each of
its members to “enhance human prosperity, use natural resources responsibly and drive
open trade globally”. amfori BSCI’s Code of Conduct has 11 principles (see Table 3), and
offers a framework and platform to manage the social performance of the member’s supply
chain [51].

Sedex is an ethical trade membership organization that works with businesses to im-
prove working conditions in global supply chains (with more than 60,000 members). Sedex
provides an online platform, tools, and services to help businesses operate responsibly
and sustainably, protect workers, and source ethically. The Sedex Members Ethical Trade
Audits (SMETA) is the audit methodology, which covers the four pillars of labor, health
and safety, environment, and business ethics, although companies may also adopt only two
pillars: labor and health and safety. Table 3 provides a summary of the main topics of these
two pillars of SMETA. Suppliers can share one audit with several customers, reducing
duplication in ethical auditing [52].
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Table 3. Social responsibility aspects.

Ethical Trading Initiative [50] Amfori BSCI [51] SMETA 2 Pillars (Sedex) [52]

Employment is freely chosen The rights of Freedom of Association
and Collective Bargaining Universal Rights covering UNGP

Freedom of association No Discrimination Management Systems and Code
Implementation

Working conditions are safe and hygienic Fair Remuneration Freely chosen employment

Children Labor shall not be used Decent Working Hours Freedom of Association

Living wages are paid Occupational Health and Safety Health and Safety

Working hours are not excessive No Child Labor Child Labor and Young Workers

No discrimination is practiced Special Protection for Young Workers Wages and Benefits

Regular employment is provided No Precarious Employment Working Hours

No harsh or unhuman treatment is allowed No Bonded Labor Discrimination

Protection of the Environment Regular Employment

Ethical Business Behavior Sub-Contracting and Homeworking

Harsh or Inhumane Treatment

Entitlement to Work

Environment

The Initiative for Compliance and Sustainability (ICS) is an international sectoral ini-
tiative, which includes 48 multinational retailers and brands (nonfood consumer products)
and aims to enhance working conditions along the global supply chains of its members.
The ICS Social and Environmental Code of Conduct defines the core requirements, which
are subsequently audited and lead to corrective actions (if applicable). Audit information
is shared on the ICS database for the members who work with the related supplier [53].

SAI is an NGO dedicated to protecting the rights of workers. SAI created the social
standard SA8000 for decent work, which is presently used in over 3800 factories globally.
The SA8000 Standard is one of the first auditable social certifications for decent workplaces
in any industry, and covers the following topics: child labor; forced or compulsory labor;
health and safety; freedom of association and the right to collective bargaining; discrimina-
tion; disciplinary practices; working hours; remuneration; and management systems. SAI
have also worked on codes of conduct, industry standards, and other social certification
programs. Table 3 summarizes the social responsibility aspects.

2.2.2. Higg Index (Created by the Apparel Industry for the Apparel Industry)

For the apparel, footwear, and textile industry, the Global Value project selected the
Higg index as the most suitable tool to measure the impact on sustainable development
for this sector, because it considered it to provide a highly comprehensive and detailed
assessment that covers most of the applicable key environmental and social issues across
all of the value chain [54].

The Global Value project is one of the largest European Union (EU)-funded research
projects in the area of measurement and management of business impacts on global sus-
tainable development. It has tested more than 220 impact measurements and management
tools, and selected 15 of these, in different categories, which are considered to be the
most suitable for the assessment and evaluation of impacts and risks, and for improving
sustainability management systems [54].

The Higg index was developed by the Sustainable Apparel Coalition (SAC) in 2011 to
create a common tool with comparable results to measure (and communicate) a company
or a product’s sustainability performance, thus empowering the fashion industry to imple-
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ment improvements that protect the well-being of factory workers, local communities, and
the environment.

SAC is the apparel, footwear, and textile industry’s alliance for sustainable production,
with more than 250 global members including apparel brands, retailers, manufacturers,
academic institutions, affiliates, governments, and non-government organizations. SAC
represents a significant portion of the global apparel chain and its main objective is to
represent an apparel, footwear, and textile industry that does not inflict unnecessary
environmental harm and has a positive impact on society. SAC aims to achieve this objective
with coordinated efforts among all of the supply chain partners, ensuring transparency,
fair employment practices, and a safe working environment, and implementing actions to
reduce the generation of waste and the consumption of water, energy, and chemicals [55].

The Higg index is a package of self-assessment tools applicable to products, factories,
and retailers. Practice questions are used to evaluate sustainability performance and drive
improvement. This approach includes the Higg Product Tools, Higg Facility Tools, and
Higg Brand and Retail Tool.

The Higg Product Tools can be applied to apparel, footwear, or textile products, during
the design phase or after a product’s completion, to understand its predicted environmental
impact. This includes the Higg Materials Sustainability Index (Higg MSI) and the Higg
Product Module (Higg PM). The Higg MSI Contributor can be used by the industry to
submit data about innovative materials or production processes.

Higg MSI is a cradle-to-gate material scoring tool, which addresses environmental
impacts from extraction or production, and manufacturing and finishing, to when the
material is ready to be assembled into a final product. This is based on the life cycle impact
assessment methodology, using data from around 80 base materials, and can be used to
compare more than 400 different production processes. It includes the MSI Contributor
tool, which is freely available to those who wish to submit data about their own sustainable
products to be scored and included in the Higg MSI database [56].

Higg MSI measures five environmental impacts of material production: global warn-
ing, nutrient pollution in water (eutrophication), water scarcity, fossil fuel depletion, and
chemistry [55].

Launched in September 2020, Higg PM allows users to calculate, score, and compare
the environmental impacts for numerous apparel, footwear, and textile products through-
out their life-cycle (from cradle to factory gate). According to SAC, this is a critical step
toward future product labeling and potential environmental legislation [57].

The Higg PM calculations consider inputs (such as energy, water, materials and chem-
icals, agricultural land) and outputs (such as product and amount, solid waste, emissions,
and wastewater) for all relevant life cycle stages. The production stages depend on the ma-
terial category, whereas the finished goods consider processes such as assembling, finishing,
and final product packaging. Information about the processes were taken directly from the
Gabi database [58] and the World Apparel & Footwear LCA Database (WALDB) [59,60].
Higg PM also allows the calculation of the impacts of second-hand products, which are
re-sold rather than entering the waste stream.

Higg Facility Tools were developed to measure the social and environmental perfor-
mance of manufacturer facilities. The environmental impact can be assessed with the Higg
Facility Environmental model (Higg FEM). The Higg Facility Social and Labor Module
(Higg FSLM) is a tool dedicated to promoting safe and fair social and labor conditions for
value chain workers globally, and is directly informed by the findings of the Social and
Labor Convergence Program (SLCP).

The Higg Brand and Retail Model (Higg BRM) can be used by apparel and footwear
retailers to measure the environmental and social impacts of their value chain, allowing
the identification of sustainability risks and impacts throughout the life cycle stages of a
product: management system, product, supply chain, packaging, use and end of use, retail
stores, offices, transportation, and distribution centers.
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SAC has created a verification program for Higg FEM to ensure consistency, credibility,
and comparability of the scores, and is working on verification programs for the Higg BRM.

Because transparency is the best means to ensure accountability and enable the apparel
industry to thrive in a responsible manner, SAC provides guidelines for clear, trustworthy,
and meaningful communication about sustainability, thus empowering consumers to make
more informed purchasing decisions. Table 4 summarizes the topics addressed by each
Higg tool.

Table 4. Higg Index—summary table (* not included on the MSI score, at the moment) [61].

Higg Product Tools Higg Facility Tools Higg Brand and Retail Module

Higg Materials Sustainability Index (MSI)
Inputs
Energy
Water

Materials and Chemicals
Agricultural Land

Outputs
Product (intermediate output)

Solid waste
Emissions

Wastewater
Or

Climate Change
Eutrophication

Abiotic Resource depletion-Fossil Fuels
Water Scarcity

Land use *
Human Toxicity *

Ecotoxicity *

Higg Facility Social and Labor Module
Recruitment and Hiring,

Working Hours,
Wages and Benefits,
Employee Treatment

Employee Involvement
Health and Safety

Termination
Management Systems

Facility workforce standards and those of
value chain partners

External engagement on social and labor
issues with other facilities or organization

Community engagement.

Forced Labor or Human Trafficking
Child Labor

Wages and Benefits
Working Hours

Freedom of Association and Collective
Bargaining

Health and Safety
Access to Water and Sanitation

Decent Work
Discrimination, Harassment, and

AbuseSexual Harassment and
Gender-Based Violence
Bribery and Corruption

Right to Health
Right to Privacy

Right to Security of the Person Minorities’
and Communities’
Rights Land Rights

Higg Product Module
Product type

Product category
Bill of Materials

Material production processes
Materials in trims/components

Packaging (retail store or to ship to
consumer)

Tier 1 production process

Higg Facility Environmental model
Environmental Management systems.

Energy use and Greenhouse Emissions
Water Use

Wastewater
Emissions to Air (if applicable)

Waste Management
Chemical Use and Management

Animal Welfare
Biodiversity/Land Use/ Habitat loss

Deforestation,
Energy/Fuel Use

Greenhouse Gas (GHG) Emissions Air
Emissions/Air Pollution (non GHG)

Solid Waste
Hazardous waste

Chemical Hazard/Management
Water use/water scarcity

Wastewater/Water pollution
Eutrophication

The Higg index has been used for 9 years to measure the social and environmental
impacts on the global apparel industry. Only recently has the index included the need
for third-party verification to ensure comparable results, and issued guidelines for more
transparent communication on supply chain and material sustainability.

2.2.3. Fashion Transparency Index (Created by Activist Organization to Apparel Industry)

This index measures the extent of disclosure by retail companies about their social and
environmental policies, practices, supply chain, and impacts. It is based on a questionnaire
to provide information related to 220 indicators. The response rate for the questionnaire is
50% of the company universe selected by the researchers.

In 2020, the average score was 23% out of 100% (see Figure 7) and the worse indicators
among the five considered (policy and commitments; governance; traceability; know, show
and fix; spotlight issues) were traceability and spotlight issues. The former refers to the
supply-chain levels of manufacturing, processing facilities and mills, and raw materi-
als; the latter refers to working conditions, consumption, product/material composition,
and climate.
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Regarding traceability, the questionnaire relates to the disclosure of information by the
brand relating to: all supplier addresses; types of products and services provided by each
supplier; approximate number of workers; sex disaggregation of workers; if the facility
has a trade union; if the facility has an independent worker committee; the percentage of
migrant or contract workers; the name of the parent company; the business relationship
of the different facilities at the different levels of their supply chain; if the list is available
and updated; facilities with which brands have a direct relationship and typically do the
cutting, sewing and final trims of the products; subcontracted facilities which conduct wet
processing, printing, embroidering, laundries; raw material suppliers of leather, cotton,
down, or wool.

Spotlight issues are those related to: social issues (modern slavery and supply-chain
recruitment practices, living wages and wage data in the supply chain, purchasing practices,
and actions taken by the brand to be a good business partner to their suppliers); the
circular economy (how many items were produced in the reporting period, how much
textile waste is generated and how much of this was destroyed or recycled, strategies and
progress on reducing pre-consumer waste and recycling post-consumer waste); use of
materials (strategies and progress on the switch to more sustainable materials, strategies
and progress on the reduction of the use of virgin plastics; actions taken by the brand
to minimize the impact of microfibers; investments in textile-to-textile circular recycling;
strategies and progress on the use of hazardous chemicals); and climate change (publication
of science-based targets; publication of a commitment to deforestation; publication of a
carbon footprint in owned facilities and in the supply chain; disclosure of the amount of
renewable energy used in owned facilities and in the supply chain; publication of the water
footprint in owned facilities and in the supply chain; linking of environmental impacts to
the business bottom line).

2.2.4. Environmental Profit and Loss (EP&L) Open Methodology (Created by the Apparel
Industry for the Apparel Industry)

This open source methodology was developed and used by the Kering Group (Balen-
ciaga, Bottega Veneta, Gucci, Saint Laurent) in the luxury fashion space. It is based on the
PEF methodology developed by the European Commission in 2013. EP&L encompasses
six criteria:

• Climate change related: Leather product environmental footprint.
• Air quality related: To improve the understanding of human exposure to air pollutants,

meteorological data used in pollution dispersion models are updated and collected
for more locations.
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• Land use related: The soil organic carbon content of soil under different farming
practices is included as a proxy for ecosystem services values. Metrics used are
above-ground biomass, species richness, and soil organic carbon (SOC).

• Waste production related: Data on quality and type of waste treatment facility is
updated to better reflect the likely impacts of non-recycled waste.

• Water consumption related: To improve the correlation between corporate or agricul-
tural water consumption and the prevalence of waterborne diseases in water stressed
areas, the applied statistical approach is updated.

• Water pollution related: The latest version of the USEtox database is used as the basis for
estimating the quantity of water pollutants that are likely to affect the human population.

The Kering Standards for Raw Materials and Manufacturing Processes act as a guide
for suppliers to ensure compliance with the environmental and social requirements of
Kering and the brand’s houses, which are freely available on their website [62]. This guide,
which comprises 180 pages, explains all of the sustainability criteria. The EP&L methodol-
ogy converts environmental impacts into euros using the PricewaterhouseCoopers (PwC)
methodology document, “Valuing Corporate Environmental Impacts” [63]. This document
has six chapters, each related to an environmental category.

2.2.5. Apparel Industry Reality (Top 10 Retailers)

To identify the main disclosures considered within the scope of sustainability, a
document review was undertaken of the sustainability reports of the ten largest global
apparel and footwear retailers, as ranked by the Deloitte report “Global Power of Retailing
2020” [64–74]. Using these criteria, we covered retailers from the main selling markets—
United States, Europe, and Japan—in addition to different business models, such as off-
price, sports fashion, fast fashion, and luxury. These retailers have concerns related to
sustainability, and provide communication about the actions they have undertaken, to
promote social and environmental best practices. It is clear that the main challenges arise
from their global multi-tier supply chains. These reports highlighted that there is no
common and widespread methodology for calculating fashion product sustainability.

We determined the number of companies that published environmental and social
issues. For example, in Figure 8, a value of 100% indicates that all of the companies cover a
specific environmental item in their sustainability report or related communication. These
results represent qualitative analysis based on the information reported by each company
and available online. Eighty percent of the selected companies have objectives to use more
sustainable cotton (e.g., Better Cotton (BCI), organic cotton, recycled cotton) because cotton
is frequently the most commonly used raw material. Conventional cotton farming can have
a significant environmental impact due to the use of water and pesticides, and can also
present the risks of forced and child labor. The use of sustainable and/or recycled linen,
wool, or cashmere was reported by only 30% of the companies, and in a very small volume.
Just 50% of the companies were already communicating about their work with stakeholders
across their value chains and other industries, to minimize the shedding of microfibers
and identify long-term scalable solutions to the release of microfibers during the process
of laundering synthetic fibers. Other recycled materials are also being used, although
in smaller scales, such as recycled rubber, synthetic leather, and ethylene-vinyl acetate
(EVA). The Canopy Initiative and FSC certification were selected by 60% of the selected
leading clothing brands to shape their purchasing practices and create solutions to protect
threatened forests, by eliminating the use of wood-derived fibers (e.g., viscose) and prod-
ucts from ancient and endangered forests. Increasing the use of metal-free tanned leather,
and sourcing from more responsible suppliers, were chosen by 40% of the companies to
reduce the environmental, social, and animal welfare impacts of their leather products.
Animal welfare policies have been implemented to address the companies’ commitments
to ensure that all animal-based components in their products are sourced from ethically
and responsibly treated animals (e.g., leather from animals raised for their food not solely
for their hide; Responsible Down Standard certified; Fur Free commitment; no animal
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testing; crocodile farms complying with minimum welfare requirements; Responsible Wool
Standard (RWS) certified). The industry is also conducting trial projects to use innovative
raw materials, such as mushroom leather, fiber made from citrus peel waste creating during
juice production, or new leather material made using at least 50% recycled leather. The
textile industry is considered a major user of hazardous chemicals and an industrial pol-
luter of freshwater globally [75]. Regarding footwear, the manufacturing and raw material
extraction stages are the biggest contributors in all impact categories. All of the retailers in
the study have included environmental concerns in their Code of Conduct for Suppliers
and Manufacturers; in addition, the majority also communicate about CoC assessments
(including Higg FEM [61]), remediation mechanisms, and training along the supply chain.
The Zero Discharge of Hazardous Chemicals (ZDHC) Roadmap to Zero Programme, which
was created to provide a coordinated response to the Detox Campaign, is an industry col-
laboration of major fashion brands and retailers, and value chain affiliates and associates,
who work together to eliminate and substitute hazardous chemicals in the global textile,
apparel, leather, and footwear supply chain. The study shows that 80% of the companies
communicate about their chemical management systems, including ZDHC initiatives or
objectives, water and wastewater reduction projects, the Restricted Substances List, and
chemical tests on final products, to determine conformity with legislation and company
requirements. For example, several companies are undertaking specific actions related to
denim products or laundries because the normal process generates significant quantities of
wastewater. The level of chemical restrictions is extremely high, as seen in legal require-
ments such as the “Registration, Evaluation, Authorization and Restriction of Chemicals”
(REACH) in Europe; the Consumer Product Safety Improvement Act (CPSIA), Consumer
Product Safety Act (CPSA), and California Proposition 65 in the United States [76]; and
the Guobiao (GB) standards in China [77]. Eighty percent of the companies indicate that
they ensure compliance with the applicable requirements in selling markets, which are not
only related to legislated chemical requirements, but also often also to additional chemical
restrictions, flammability, safety, and physical requirements.

Sixty percent of the studied companies currently use sustainability labels to differenti-
ate products and inform consumers about their sustainability initiatives for these products.
Additional product certifications are also used, such as Organic, Fair Trade, Vegan, and
Animal Welfare (see Table S1 of Supplementary Material), with claims related to the use
of most sustainable raw materials, the use of environmentally friendly production pro-
cesses during manufacturing, or empowering customers to care for and use the product
sustainably. The majority of the companies also have take-back programs for collection of
used clothes for donations, re-purposing, recycling, or re-selling. In addition, a number of
companies have developed new business models, such as made on-demand, repair, rental,
and re-commerce [67]. The study highlighted the need to provide a simple indication of the
product’s sustainability, to enable customers to make quick and well-informed choices [67].
Only one of the selected companies has developed and implemented its own tool to mea-
sure the environmental impact of all of its activities, which encompasses every tier of its
own operations, and all of the upstream processes, to the production of raw materials.
This company is presently working to incorporate the impacts from the consumer use
and the end of product life into the tool. Across the full life-cycle of the products, the
tool measures all of the indicators that cover GHG emissions, water consumption, waste
production, water pollution, air pollution, and land use. The objective is to influence daily
company choices and make responsible sourcing decisions, with thorough and transparent
information that makes impacts visible, quantifiable, comparable, and converted to a mon-
etary value. A small number of companies report about the use of e-LCA tools to provide
information about the impact of materials and to support decisions, particularly during the
design stage. Only one company communicates about scoring its own products in terms
of sustainability and reports about the evolution of the average product carbon footprint
(kg CO2eq/unit).
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Regarding social issues, fashion companies are making efforts to train workers and
suppliers, and achieve commitment with Codes of Conduct (CoCs). Social concerns are ad-
dressed by all of the selected retailers (see Table 5). As a basic requirement of sustainability,
the majority of the studied companies have started to address the social topics under study,
in regard to their own infrastructure and/or their suppliers’ facilities. Data protection is
a new area of concern, although just 30% of the retailers have considered this concern in
their sustainability reports. Philanthropy, volunteer initiatives, and charity work in local
communities are also priorities of the brands under their social corporate responsibilities
and alignment with the UNSDGs 1 and 2 (i.e., reduce poverty and hunger). [62]. Fifty
percent of the retailers rate their suppliers’ performance to provide an effective means to
benchmark, track, and identify the core challenges, and thus define the actions required
to overcome these challenges and analyze progress. As previously indicated, 70% of the
companies also have internal policies to avoid risks associated with origins of materials,
such as hides and leather from Brazil, merino wool from Australia, and cotton from Uzbek-
istan and Turkmenistan. Child and forced labor are considered to be critical issues that
require immediate remediation. Several retailers have specific initiatives or simply reject
products that were made with raw materials from countries that have relied on unaccept-
able working conditions, forced child labor, and/or forced labor (e.g., the Responsible Mica
Initiative [67], Conflict Minerals, and the Cotton Campaign). The study suggests that these
measures are the only means of addressing these social concerns in the context of Tier 4:
production and extraction of raw materials.

Table 5. Percentage of the top 10 retailers that communicate about a certain social item in their
sustainability reports or related documentation available online.

Social % of the Selected Top 10 Retailers

Social Responsibility Policy 100%
Training and Education 100%

Health and Safety Initiative 100%
Non-Discrimination Initiative 100%

Women initiative 60%
Modern Slavery Initiative 30%
Data Protection initiative 30%

Living wage/ wellbeing initiatives 40%
Volunteer initiatives 70%

Philanthropy/charity/donations 90%
Suppliers Facilities rated 50%

Regarding transparency issues, transparency and public disclosure are considered to
be the first step in holding big brands to account for the human rights and environmental
impact of their business practices, given the companies’ particular reliance on complex,
multinational supply chains. The majority of retailers score less than 50% (based on
the Transparency index [73]); H&M is the leading company with a score of 73%, and
implements traceability programs and communicates supplier lists as the main initiatives
to manage transparency along its supply chain. However, the extension of these initiatives
for Tier 2 and beyond remains limited. Traceability throughout the multi-tier supply
chain is considered to be one of the main factors to achieve sustainability, not only for
the Transparency Index [73] and the Greenpeace Detox Campaign [71], but also by the
CEO Agenda [74], which classifies traceability as a prerequisite to identifying challenges
along the supply chain, assessing risks, understanding and managing opportunities to
implement more sustainable practices, more productively cooperating with peers and
stakeholders, and supporting more credible communication with customers, investors, and
manufacturers. In addition, the literature identifies lack of transparency as one of the main
challenges in the assessment of supply-chain performance, particularly beyond the Tier 1
level of the buyer–supplier relationship [75].
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It is a significant challenge to ensure good working conditions, fair wages, and equal
opportunities because the fashion manufacturing industry is often located in countries
where labor laws and institutions are developing and not yet in compliance with interna-
tional standards. Nevertheless, all of the brands have their own Code of Conduct guided
by international standards, such as those of the International Labour Organization (ILO),
United Nations Guiding Principles on Business and Human Rights (UNGPs) [48], ETI code,
Higg Index, Sedex, and amfori BSCI. All of the retailers are attempting to prevent human
rights abuses in the supply chain via risk management, internal audits, business partner
assessments, grievance handling, remediation, and training.

The topic of modern slavery and human trafficking is particularly relevant to migrants
and refugees, who are potentially more vulnerable to such abuse 65,71]. Internal migration
is common in China and India, and Turkey has become a major host to migrants and
refugees due to the conflict in Syria; thus, these countries are considered to be high-risk
countries that are often subject to close monitoring. A fair living wage is a subjective
concept because it depends on several factors, such as time, place, economic development,
family, taxes, and working hours. In addition, it can be questioned whether a living wage
should provide for more than the necessities of life (food, shelter and clothing) or also
consider proper health care, education, transportation, recreation, or savings [78]. Compa-
nies believe that improving wages also provides a sustainable income for parents, so that
children with working parents can benefit. Initiatives in this area include understanding
and improving wage management systems, appropriate purchasing practices, mechanisms
for the involvement of workers in decision making, industry level collective agreements,
monitoring working hours, and overtime control. Achieving gender equality and empow-
ering all women and girls is Goal 5 of the United Nations Sustainable Development Goals.
It is likely that, because of this, 70% of the retailers are undertaking specific initiatives to
ensure women are well represented in the group at all levels (see Table 5), empowering
women in the regions of its supply chains via micro-loans, skills training and education, or
promoting global parental policies.

Because of the importance of traceability, to ensure transparency in supply chains that
involve a large number of sub-suppliers, and in which indirect sourcing is often a routine
practice, some companies have adopted traceability audits, radio frequency identification
(RFID), and block chain systems, in addition to forensic methods, to be able to determine
the true origin of the raw materials.

2.3. RQ3 What Are the Existing KPI, Labelling, and Third-Party Certification Schemes?

From our review, the most addressed KPI in research and the industry is e-LCA. This
is mainly addressed in relation to climate change (measured as CO2eq) and is selected by
the industry as a means to communicate with the consumer. To date, s-LCA remains within
the research context and has not yet been adopted by the industry.

It was possible to identify that many existing certification labels can be associated
with products, the origin of a product’s raw materials, and/or a product’s production
processes. Some labels are brand specific and created by companies without any impartial
auditing/certification schemes. All are voluntary schemes. To add more complexity,
specific labels exist for each country.

Companies in the fashion industry producing raw materials, intermediate products, or
final products face the challenge of choosing some form of label to ensure their sustainability
to third parties, either business (B2B) or consumers (B2C). Table S2 of the Supplementary
Material provides an overview of some of the existing certification labels. A set of generic
standards is applied to all industries and is not textile specific. ISO 9001 certifies the
quality of the company and ISO 14001 provides guidelines for a phased approach to
establish, implement, maintain, and improve an environmental management system (EMS)
that organizations, including small and medium-sized enterprises (SMEs), can adopt to
enhance their environmental performance. Both are generic but can be useful in allowing
for more efficient and effective management of a sustainable supply chain [79].
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The ISO 14020 series of standards can assist companies with the rules and guidelines
to establish a trusted environmental label or declarations, considering three scopes: Type
I applies to eco labelling schemes, and awards a mark or logo to products or services
upon fulfilling a set of criteria (covered by ISO 14024); Type II is applicable to self-declared
environmental claims, and provides credibility for the claims made by manufacturers,
marketers, and resellers regarding their products (covered by ISO 14021); Type III relates to
a quantified life cycle data declaration that enables comparison between similar products;
these declarations are commonly known as Environmental Product data (EPD) sheets
(covered by ISO 14025).

ADEME, the French Agency for Ecological Transition, reviewed more than 100 envi-
ronmental labels (Type I) to help consumers make more conscientious choices. In the case of
footwear, the EU Ecolabel indicates an Excellent Choice; for garments, an Excellent Choice
is indicated by the EU Ecolabel, the Global Organic Textile Standard, and the DEMETER,
and a Very Good Choice is indicated by the BIORE, ECOCERT Textile, Made in Green by
OEKO-Tex, Bluesign, and Fairtrade Max Havelaar labels [80].

Brands such as Maximo Dutti (Inditex), Nike, and GAP use their own private labels
(Type II) to communicate to the consumer that the products are more sustainable. A Join
Life item (Inditex group) must include at least one raw material that uses fibers with less
environmental impact than that of conventional fibers, and that are sustainable based
on the results of life cycle analyses. In 2011 Levi launched its innovative Water<Less®

collection with a label for consumer communication, indicating the adoption of schemes
for reusing water during production and creating new finishes that require less water than
traditional processes.

Type III labels currently have limited application to the fashion industry because,
according to the Environmental Product Declaration Library, there are only 39 EDPs
globally for textile, footwear, and apparel products, registered by 14 companies [81].

ISO technical specification ISO/TS 17033 “Ethical claims and supporting information—
Principles and requirements”, sets out internationally agreed means to make a credible
ethical claim, relating to animal welfare, local sourcing from fair trade, child labor, etc. In
October 2020, ISO launched the new standard ISO 22095—Chain of Custody—General
terminology and models, which is applicable to any step of the supply chain, and is
a common framework describing chain of custody models in a generic manner using
terminology that can be easily understood and used across different sectors or applications.
The application of the standard can enhance the transparency of specific claims regarding
materials or products, and thereby support the reliability of these claims [82].

The relevance of the classification of certifications (see Table S2 of Supplementary
data) identified in the current study indicates these can also be applied to other product
types or services; however, this was outside the scope of this article. In addition, in some
cases a single organization may have several certification schemes; however, we selected
the scheme that was most complete or had the most differentiated scope.

2.4. RQ4: How Do End-Users (Consumers) Perceive Sustainability in Fashion, and How Can KPIs
Be Used to Compare the Same Fashion Product “Type” (e.g., t-Shirt A and t-Shirt B with the Same
Shape and Color) in a Credible, Quantitative, and Transparent Manner to Help Consumers Make
an Informed Decision and Avoid “Green Washing”

At the higher educational level, sustainability-related degree programs have prolif-
erated [83]. Among 54 analyzed courses, sustainability and social sciences were found in
more than 85% of both bachelor’s and master’s programs. At lower educational levels,
primary schools have also increased sustainability education [84]. This will have repercus-
sions for so-called pro-environment behavior and options for “green” or “environmentally
friendly” products.

Between 21 and 25 April 2009, the European Commission conducted an interview
survey [85] of over 26,500 randomly selected citizens, aged 15 and over, in the 27 EU
Member States and Croatia. It highlighted that almost half (47%) of EU citizens felt that
ecolabelling played an important role in their purchasing decisions. Moreover, slightly
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more than 8 in 10 EU citizens felt that a product’s impact on the environment is an important
element when deciding which products to buy (34% “very important” and 49% “rather
important”); only 4% said this was not important at all. In 2013, Eurobarometer conducted
a field study in 2012 of 25,568 respondents, of which 54% said that they occasionally bought
environmentally friendly products. Confidence that products carrying an environmentally
friendly label are less harmful to the environment was highest in Portugal (84%), Malta
(82%), France (81%), and Belgium (81%). However, confidence was significantly lower
in Germany (44%), Romania (46%), and the Netherlands (47%). Confidence was close to
the EU average in Croatia (68%). More than three-quarters of respondents were willing to
pay more for environmentally friendly products if they were confident that the products
were truly environmentally friendly (77%). Moreover, 84% believed the environmentally
friendly label was important; 95% of respondents agreed that using environmentally
friendly products was “the right thing to do”; 91% agreed that buying environmentally
friendly products set a good example; and 80% agreed that their family and friends would
think it was a good thing if they used environmentally friendly products.

Specific surveys on sustainable fashion are scarce. One survey was conducted by
Ipsos MORI during 5–9 October 2018 [86], covering 1088 adults aged 16–70 in Germany;
1100 adults aged 16–75 in France; 1094 adults aged 16–70 in Italy; 1098 adults aged 16–65 in
Spain; and 1129 adults aged 16–75 in the UK. The aims were to determine the information
consumers would like fashion brands to share regarding social and environmental impacts,
and to better understand the roles consumers think governments and laws should play in
ensuring clothing is sustainably produced. They concluded that, amongst other findings,
consumers think it is important for companies to: protect the environment at every stage of
making their products (75%); provide information about the social impacts of their business
(68%); and provide information about the environmental impacts of their business (72%).

In the Italian context [87], a survey of 8000 Italian consumers revealed that labels
are important as drivers of consumer’s positive attitudes, and increase the frequency of
purchasing green products. These labels can be effective in engaging unconcerned or
mildly concerned consumers, whereas they lose their effect when environmental concern
is already high.

The EU Ecolabel indicates that the issue of trust is genuine, with four out of five
European consumers wishing to buy more environmentally friendly products, provided
that they are properly certified by an independent organization. Ultimately, certification
requires well-defined and transparent criteria.

The global impact of lockdowns due to the coronavirus pandemic (occurring in
last trimester of 2019 and first trimester of 2020, and consequent second waves during
November across Europe) may have provided a perspective for fast fashion; demand for
clothing plummeted, and individuals prioritized their budgets for more lasting and quality
items, rather than on disposable, non-durable items [88].

The Sustainable Brand Index™ is a European brand study on sustainability, which
measures the stakeholders’ perception of the sustainability of more than 1400 brands, across
more than 35 industries and eight countries (mainly in North Europe). The index helps to
identify the gaps between how brands think they are perceived in regard to sustainability
and the reality.

Brands are selected for the study based on their market share and general brand
awareness, in industries which are more often present in consumers’ lives and considered to
be important for the transition to a sustainable product. The study is based on desk research,
quantitative web surveys, and in-depth interviews with more than 1000 respondents
per brand.

In the B2C brands’ study, the target group comprises consumers, whereas the B2B
study focuses on decision makers with purchasing responsibilities. Respondents are re-
cruited or invited to participate in 10 min surveys. The studies are complemented with
desk research and in-depth interviews. Brands are evaluated and ranked in terms of envi-
ronmental and social responsibility according to the UNSDG. Using this methodology, it is
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possible to obtain concrete views about how people in each country perceive a brand’s sus-
tainability efforts at that time. The objective of the Sustainable Brand Index is to encourage
brands to improve their communication about sustainability, and promotion of consumer
awareness and informed choices. An increasing number of companies are investing and
communicating about their sustainability initiatives, and consumers are more aware of
sustainability, which they consider in their purchasing decisions [89]. For this reason, it is
important to measure fashion companies’ sustainable performance based on consumers’
evaluations, and to understand the value of sustainability perceived by consumers and
how much this influences customer equity, which also indicates future profitability.

The Sustainability Fashion Index within the American Customer Satisfaction Index
(ACSI) [90] measures factors related to the Economy (including price, quality, promotion,
management quality, and service systems); Environmental (if companies use recycled
products/packaging, reduce waste/energy use, and use new technology/products design
in environmentally friendly ways); Social (when companies divert resources for purposes
such as charity, corporation reputation, employees training on compartmental skills); and
Culture, which is considered to be the “collective programming of mind” (considering
cultural diversity of products, support for arts and cultural expression, and environmental
and culture protection ideas in product design).

The study considers that perceived sustainable quality, perceived sustainable value,
and sustainable expectations are influencing factors and antecedents for customer satisfac-
tion. Reliable, standardized, non-defective, and customized products and services, which
are able to meet varying customer needs, are essential for consumers to perceive quality in
fashion. Perceived value is derived from the combination of perceived sustainability of
products and their prices, whereas customer expectations are associated with advertising
and word-of mouth. The index captures attitudes towards the fashion industry in terms
of overall satisfaction, confirmation of expectations, and distance from the customer’s
hypothetical ideal product. According to this study, satisfaction with sustainability creates
greater customer equity in companies and brands through stronger customer relationships,
because consumers evaluate product quality and develop intentions to repurchase if they
perceive that the product is sustainable.

Several tools have been developed to compare the environmental impact of textiles.
The most widely used are the Higg Materials Sustainability Index (MSI) and the MADE-BY
Fiber Benchmark [19]. These do not apply to products created using these textiles because
these indexes only include cradle-to-yarn life cycle boundaries. In relation to final products,
the European Commission has tested alternatives to communicate the environmental
footprint profile of products based on PEF [20]. Retailers are also undertaking trials to
apply their own benchmarks and labels, specific to their own products (e.g., the Timberland
green index, which was launched in 2007 but is not currently active) (see Figure 9).

The labels differ in various aspects: they can be mandatory or voluntary, they can
address single or multiple issues, and the level of information provided can vary. Thus,
it can be challenging for consumers to make comparisons between different labels. The
European PEF is taking the first steps towards an A to E certification scheme. Nevertheless,
it is environmentally driven, and its combination with social aspects and transparency
remains to be conceptualized.
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Figure 9. Examples of communication of sustainability benchmarks/labels [15,16]. (a) Class A to E—available data to
score; Class F—data not yet available to score. Considers only cradle-to-yarn LCA regarding greenhouse gas emissions;
human toxicity; eco-toxicity; energy; water; and land (recycled wool has the highest possible “A” scorecard rating whereas,
controversially, virgin wool has the lowest rated “E” score.) [19]. (b) Overall PEF performance on a three-level scale,
percentage relative to the average, and percentage contribution of life cycle stages to the total [20]. (c) Score 0 (lowest
impact) to 10 (highest impact) in climate impact (kg CO2eq for shoes/10); chemicals (0 uses = 0, 1 = 2.5, 2 = 5, 3 = 7.5, 4 = 10);
resources (weight of non-recycled, organic, or renwable material/weight of shoe)*10. (d) Weights used for normalized
impact categories are 22.19% for climate change; 9.54 for particle matter; 9.03 for water use; 8.92 for resource use, fossils;
8.42 for land use; 8.08 for resource use, minerals and metals; 6.75 for ozone depletion; 6.64 for acidification; 5.37 for ionizing
radiation; 5.10 for photochemical ozone formation; 3.91 for eutrophication, terrestrial; 3.12 for eutrophication, marine; 2.95
for eutrophication, freshwater.

3. Answers to Research Questions and Sustainability Criteria Checklist

Table S3 in the Supplementary Material outlines all of the sustainability-related aspects
in an initial checklist of criteria and evaluation methodologies that were identified during
this review for sustainable fashion products. In summary, based on this extensive literature
review, numerous initiatives have been implemented by the scientific community, compa-
nies, and associations to promote the sustainability of fashion products at environmental
and social levels. Harmonization efforts have been made for the different criteria used for
each methodology; however, a common set of criteria has yet to be implemented globally.
Moreover, effective communication with the end user, which is simple and understandable,
and allows the user to make a conscientious choice, remains a major challenge.
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RQ1: Has research been conducted regarding the application of e-LCA and s-LCA to
the apparel multi-layer supply-chain?

This research exists in the cases of, for example, raw materials and t-shirts, but e-LCA
results are not harmonized in terms of boundaries, allocation principles, and number of
impact categories. As a result, it is extremely difficult to compare similar products (e.g.,
t-shirts) produced by different companies. The most used metric is global warming poten-
tial expressed as CO2eq. Scientific LCA principles (established in 2000) provide a suitable
base for monitoring and benchmarking products. However, it is generally recognized that
setting a common boundary, allocation, and functional unit is a major challenge to the
implementation of a benchmark. LCA is more often applied to environmental assessments,
and social metrics are starting to follow the same principles. The combination of two
dimensions (environmental and social) into one unique metric/indicator that could be
used both to monitor the sustainability of products of a single company, and to allow
benchmarking with products of other companies, is gaining relevance.

RQ2: How is the industry tackling environmental, social, and transparency sustain-
ability issues?

Several international standards exist for the evaluation of company performance,
including methodologies for self-assessment (such as GRI), auditing of the supply chain
(SMETA audits), and third-party certification (such as ISO 14001). These methodologies are
not specific to the fashion industry and are usually focused on specific impacts (such as
social, environmental, or economic), or have a limited scope (such as a specific company,
rather than encompassing all of the supply chain).

Transparency is key to tracking and tracing where and how products are made, and
is the first step to assess risks to the supply chain (e.g., human rights, climate, or biodi-
versity). Our review of top retailers showed that transparency is still in its early stage:
from the 2020 results, it is possible to conclude that significant work is still required by the
world’s biggest brands to achieve transparency, as reflected in the average score of 23% for
250 brands and retailers [91]. All of the brands address social issues such as social respon-
sibility policy, training and education, health and safety initiatives, non-discrimination
initiatives, and philanthropy/charity/donations. A small number of companies report
on the use of e-LCA tools to gather information about the impact of materials and to
support decisions, particularly during the design stage. Only one company communicates
about scoring its own products in terms of sustainability, and reports on the evolution of
its average product carbon footprint (kg CO2eq/unit). The Higg index, created by SAC,
is becoming widely adopted to monitor sustainability, but does not provide third party
certification or an appropriate harmonized communication strategy with consumers. The
monetization of environmental impacts, known as ecological economics and used in the
environmental profit and loss (EP&L) methodology, was applied in 2007 by the PUMA
company (Section 2.1. The was further developed in 2015 by the consultant Pricewater-
houseCoopers and the luxury fashion company Kering Group. Traceability of a product’s
supply chain is becoming more important [92], and is fundamental for the evaluation of
the product’s environmental and social impacts across the supply chain, and to the point
of disposal.

RQ3: What are the existing KPI, labelling, and third-party certification schemes?
Existing KPIs are generally consistent with e-LCA impact categories (1 to 20 impact

categories related to air degradation, water degradation, and the Earth’s materials or land
depletion; see Table S1 of the Supplementary Material). S-LCA is still limited to research
and the PSILCA database prevails in the provision of quantitative KPIs. Labels subject
to third-party certification are listed in Table S2 of the Supplementary Material. Most of
the certification schemes address different supply chain steps and only partial address
sustainability issues, creating confusion for consumers and the industry [93].

EU Ecolabel is one of the best schemes because it is independent and uses a life cycle
approach in terms of environmental impacts; however, it does not ensure labor protection
for all stages of the supply chain [93].
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RQ4: How do end-users (consumers) perceive sustainability in fashion, and how can
KPIs be used to compare the same fashion product “type” (e.g., t-shirt A and t-shirt B
with the same shape and color) in a credible, quantitative, and transparent manner to help
consumers make an informed decision and avoid “green washing”.

The level of trust in product sustainability remains a key issue. Third-party certi-
fication is fundamental. The European PEF is taking the first steps towards an A to F
certification scheme; however, this only addresses the environment impact. It is not yet
clear what harmonized methodology and sustainability label should be used to certify
products and communicate their sustainable credentials. Benchmarking is useful for com-
parison and to identify the potential for improving performance. It is also useful for
comparing the sustainability of similar products, from the perspectives of both consumers
(business to consumer, B2C) and other business (business to business, B2B), particularly
when the supply chain of a product sold by one company involves many other compa-
nies. Voluntary certification and product labeling have taken on a new responsibility as
fashion consumers’ concerns about sustainability have increased. Nonetheless, confusion
is a significant problem due to the large number of ethical labels used in the industry,
which complicate users’ understanding of who and what to trust. In practice, no single
scheme or label exists which ensures transparency, traceability, and sustainability at every
stage of the supply chain. It is important that companies invest in and communicate their
sustainability initiatives, to allow companies’ sustainable performance to be measured
based on consumers’ evaluations, and to identify the gaps between how brands think they
are perceived regarding sustainability and the reality. These evaluations can be undertaken
using methodologies such as the Sustainable Brand IndexTM or the Sustainability Fashion
Index with the ACSI (Section 2.4). In terms of communication with the consumer, some
generic labels do not aim to allow comparison of products for the same purpose, whereas
others provide comparisons and, hopefully, lead the consumer to a more sustainable choice.

4. Conclusions

Our review indicates that no harmonized consensus exists regarding KPIs (in the
environmental, social and transparency dimensions) related to identifying a “sustainable
fashion product” or the most sustainable products in a certain category (e.g., a t-shirt or a
pair of jeans), for simple and trusted communication to consumers.

The use of KPIs related to the environment is becoming common practice in the
apparel industry by means of e-LCA. Up to 20 impact categories related to air, ecosystems,
and human health exist for measurement and monitoring. The most common KPI is global
warming potential measured in CO2eq. Environmental KPIs are typically adopted using
physical or monetary units. For example, the Kering Group and the PUMA company use
the latter (in the Environmental Profit and Loss (EP&L) methodology); these are based on
e-LCA and monetization of environmental impacts, which relies on evaluating changes
in the environment and the repercussions of these changes for people. The main issue
regarding LCA studies and the related KPIs is that checking the underlying datasets is
difficult because each analysis is based on specific datasets constructed by combining
information from different and, sometimes, old or confidential sources. In addition, these
analyses disregard the apparel pre-consumer waste footprint and/or have more than
10 different possible boundaries. s-LCA indicators (up to 54 in the PSILCA database) and
their combination with e-LCA is rare in existing research (University of Delft Eco-cost is an
example of one study) and even more rare in the industry. One of the reviewed research
studies used 52 social indicators that measure the risks associated with working hours,
which are related to the UNSDG.

The Higg index (created in 2012 by the industry for use within the industry, and still
in development) is gaining momentum in companies in the USA such as Nike, The Gap,
Levi Strauss, REI, Ann, and Patagonia. It is also being adopted by European retailers,
e.g., the Portuguese Têxtil Amaral, LDA and Turkish Egedeniz textile, and others, e.g.,
the Chinese S.E.C. (Dongguan) Accessories Limited and FAKIR Fashion Bangladesh. This
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index encompasses environmental, social, and transparency aspects, but the environmental
module (Higgs FEM) is the most widespread. However, it is not yet subject to a third-party
certification scheme (other than that of the creator, SAC) and, because it is aimed at the
company’s sustainable monitoring and self-assessment, is not yet suitable for clear and
complete communication with the consumer.

Well-established KPIs that encompass the combination of environmental, social, and
transparency issues, thus providing a sustainability benchmark and simple A to E classifi-
cation related to the cradle-to-gate boundary, have yet to be developed. The PEF measure
of the European Commission for t-shirts and footwear is a first step in this direction but
only encompasses the environmental dimension.

Research should be conducted to develop a reliable scientific methodology to score
the sustainability (environmental, social, and transparency) of fashion products. This
methodology should result in measurable KPIs that can be easily converted to an A
to E benchmark label that is understandable by consumers globally. This simple label
would boost consumers’ confidence. However, our review indicates there is still a gap
in communicating sustainability information to consumers in a simple, understandable
manner, and that can guide consumers to the most sustainable products. “Green washing”
and a lack of transparency in the buyer’s community, and in business to consumer (B2C)
and business to business (B2B) relationships, will continue to exist in the absence of an
appropriate scientific methodology that encompasses all aspects of sustainability, and that
is applied throughout the supply chain (including embedded stages) and subject to a third-
party certification scheme. The most common KPI related to the environment is global
warming potential. In the current study, we identified why this KPI cannot be used without
a proper definition of the boundaries, allocation criteria, and process considerations, using
the example of a common fashion product, namely, a t-shirt (from a range using 100%
cotton material with cradle-to-gate potential of 3–8 kg CO2eq/t-shirt).

Supplementary Materials: 1 file with 3 tables. The following are available online at https://www.
mdpi.com/article/10.3390/en14113032/s1, Table S1: Review sample of e-LCA studies applied to
apparel (research and industry wide), Table S2: Diversity of existing 3rd party certification labels
applicable to Fashion products, Table S3: Checklist of criteria and evaluation methodologies for a
Sustainable Fashion Product.

Author Contributions: A.G. investigation, writing—original draft preparation. C.S. Conceptualiza-
tion, writing review and editing, supervision. Both authors have read and agreed to the published
version of the manuscript.

Funding: The author would like to acknowledge the financial support FCT through project UIDB/
50019/2021–IDL.

Acknowledgments: The authors would like to acknowledge the financial support FCT through
project UIDB/50019/2021–IDL.

Conflicts of Interest: The authors declare no conflict of interest.

Nomenclature

ACSI American Customer Satisfaction Index
ADP Abiotic resource depletion potential
AP Acidification potential
B2B Business to Business
B2C Business to Consumer
BCI Better Cotton Initiative
BSCI Business Social Compliance Initiative
BRM Brand & Retail Model
BREEAM Building Research Establishment Environmental Assessment Method

https://www.mdpi.com/article/10.3390/en14113032/s1
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CEO Chief Executive Officer
CoC Code of Conduct
CO2eq Carbon dioxide equivalents
CPSA Consumer Product Safety Act
CPSIA Consumer Product Safety Improvement Act
EC Energy consumption or European Commission
KPI Key Performance Indicator
e-LCA Environmental Life Cycle Assessment/Analysis
EMAS Eco-Management and Audit Scheme
EoL End of Life
EP&L Environmental Profit and Loss
ESP Spain
EU European Union
EVA Ethylene-vinyl acetate
FAETP Fresh Aquatic Eco-Toxicity Potential
FEM Facility Environmental model (Higg index)
FRA France
FSC Forest Stewardship Council
FSLM Facility Social & Labor Module (Higg index)
FU Functional Unit
GBR Great Britain
GHG Greenhouse Gas
GOTS Global Organic Textile standard
GRI Global Sustainability Reporting Initiative
GWP Global Warming Potential
HTP Human Toxicity Potential
ICS Initiative for Compliance and Sustainability
ILO International Labor Organization
ISO International Standard Organization
JPN Japan
LCA Life cycle analysis/ life cycle assessment
LED Light-Emitting Diodes
LEED Leadership in Energy and Environmental Design
MAW Minimal Acceptable Wage
NGO Non-Governmental Organization
OECD Organization for Economic Cooperation and Development
OSH Occupational Safety and Health
PEF Product Environmental Footprint
PEFC Program for the Endorsement of Forest Certification
PETA People for the Ethical Treatment of Animals
PM Product Module (Higg index)
POCP Photochemical oxidant creation potential
PSILCA Product Social Impact Life Cycle Assessment database
REACH Registration, Evaluation, Authorization and Restriction of Chemicals
RFID Radio Frequency Identification System
RWS Responsible Wool Standard
SAC Sustainable Apparel Coalition
SDG United Nations Sustainable Development Goals
s-LCA Social Life Cycle Assessment/Analysis
SMETA Sedex Members Ethical Trade Audits
SWE Sweden
T&A Textile and Apparel
UNGP United Nations Guiding Principles
UK United Kingdom
USA United States of America
UNSDG United Nations Sustainable Development Goals
WALDB World Apparel and footwear LCA Database
ZDHC Zero Discharge of Hazardous Chemicals
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