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Abstract 
Considering environmental sustainability in the apparel supply chain, the aim 
of this manuscript is to describe the current trends, such as efficient energy 
consumption, reuse and recycling, green design and life cycle design, life 
cycle assessment, reverse logistics, green supplier, green branding, and green 
marketing considering clean manufacturing and green supply chain man-
agement (GSCM) practices for the green apparel supply chain. The primary 
focus is on the description of clean manufacturing and GSCM practices. Fi-
nally, challenges and future research directions are revealed. So, the contribu-
tion of this paper may provide equal benefits for both researchers and practi-
tioners.  
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1. Introduction 

The textile and apparel industries are the second largest polluting industry in the 
world [1]. This unexpected ranking is mainly due to growth of “Fast fashion”, 
which implies that the current textile and apparel industries are not sustainable 
[2]. For example, cheap, trendy clothing which has a shorter life cycle accelerates 
the need for using more textile materials and chemicals. As a result, water and 
air pollution are increasing, causing severe environmental pollution. However, 
for the business sustainability, a huge number of apparel brands such as Patago-
nia, H & M’s, Levi’s, and Loomstate are accepting environmental sustainability 
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(green practices) as their core brand strategy [3]. Apparel industries are focusing 
more on environmental performance to improve their efficiency, profitability 
and corporate image in the global market [4]. Moreover, a study by Chris K.Y. 
Lo et al., reveals that the adoption of ISO 14,000 in the EMS, improves manu-
facturers’ profitability [5]. The concept of integrating environmental thinking 
into supply chain management is called GSCM [6] [7]. Clean manufacturing and 
technology have become a common trend in environmental protection in the 
textile and apparel industries. The main targets of clean manufacturing and 
GSCM practice are to reduce emissions of environmental deteriorating gas, 
chemical and solid waste throughout the supply chain during raw material col-
lection, product design, manufacturing processes, and delivery of final products 
in order to improve environmental performance. In addition, efficient energy 
use has become a major concern for cleaner production in the textile and appa-
rel industries. According to Saberi et al., investing in energy efficient technology 
not only reduces environmental negative impacts of production and delivery of 
products, but also minimizes production and transportation costs [8]. Conse-
quently, this paper focuses on environmental sustainability based on clean man-
ufacturing and GSCM practices in the apparel supply chain.  

2. Grounds for Green Practices in the Apparel Supply Chain 
In the 1960s people had started thinking about the industrialized society. From 
that time, they were worried about consumptions of industrialized products as 
the technologies had been helping to use more natural resources in unsustaina-
ble ways. To cope with these situations, eco-movement ideas were revealed. Ac-
tually, the eco-movement idea got maximum popularity at the end of the 1970s 
because of consumer interest in eco-friendly products. That movement has in-
fluenced the thoughts of today’s society [9] [10]. However, eco-friendly or green 
apparel is made from sustainable resources. This eco-friendly, environmentally 
friendly and sustainable terms consider product life cycle assessment from its 
raw materials collection to the final disposal after use and its impact on the pla-
net [11] [12]. Environmentally-friendly production means to integrate the con-
tinuous utilization of environmentally friendly approaches and services to 
processes cleaner products targeting to improve efficiency and to reduce the 
risks to the planet. In other words, production of ecologically friendly apparels 
needs to consider eco-friendly approaches and clean manufacturing technology 
such as green design, organic raw materials sourcing, eco-friendly product man-
ufacturing, sustainable distribution (transportation) to the channels and also 
considering their reverse logistics, and environmentally friendly waste manage-
ment [12]. 

3. Clean Manufacturing and Green Practices in the Apparel  
Supply Chain 

3.1. Efficient Energy Consumption 

Efficient energy consumption is the basic need for cleaner production. Energy 
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consumption in the apparel industry is high and increasing steadily. As a result, 
the topic of energy saving has become perhaps one of the most important issue 
in this area. In the realm of the green movement, efficient energy consumption 
and use of renewable energy have received significant attention [13]. In order to 
reduce carbon emission and to increase energy efficiency, many apparel indus-
tries are using solar water heating and heat energy recycling [14]. Research has 
acknowledged that cooling system upgrades, energy-efficient sewing machines, 
load shifting, and lighting systems etc. are the common points of energy savings 
in the apparel industry [13]. Noteworthy attention has given to the identification 
of the Energy Efficient Technology (EET) for the apparel manufacturing indus-
tries, where they have focused mainly on the introduction of new EET to the 
apparel industry [15] [16]. In addition to that, authors Pathirana S., Yarime M., 
have analyzed several factors influencing the diffusion of energy-efficiency 
technologies for the apparel industry in the small- and medium-sized enterprises 
(SMEs) of Sri Lanka [13]. 

Karen et al. have identified different energy saving factors (use of materials, 
designing of the products, and control of operational activities) considering dif-
ferent stages of product lifecycle (manufacturing stage, utilization stage, and 
disposal stage) for sustainable fashion products [17]. However, consumer pres-
sure, cost savings, and carbon emission reductions are the main drivers for ac-
cepting energy saving initiatives and clean technology in the apparel industry 
[13]. 

3.2. Reuse and Recycling 

According to Fortuna and Diyamandoglu the term “textile reuse” means en-
hancing the service life of the textile product by shifting it to the new owners 
which can be accomplished by borrowing, trading, swapping, and inheriting 
through flea markets, second hand shops, online marketplaces, clothing libraries, 
and garage sales [18]. On the other hand, textile recycling represents the repro-
cessing of pre-or post consumer products into new products or non-textile 
products. More and more reuse and recycling of textile/apparel products would 
minimize the consumption of virgin materials and could also help achieve envi-
ronmentally friendly manufacturing. Although, reuse and recycling are more 
beneficial than land filling, there are certain scenarios where reuse and recycling 
are not beneficial for the environment, for example, when replacement rates in 
the market are low, and recycling processes require harmful chemicals [19].  

3.3. Green Design and Life Cycle Design 

Design decisions have great influences on the entire business model especially 
from a sustainability point of view. To meet consumers green demands by sup-
plying fashion products emulate a new business direction to the fashion entre-
preneurs [17]. Implementation criteria of green design refer to low materials and 
energy consumption, biodegradable product design, reusable, recyclable, reco-
verable materials and component parts design, zero waste mechanisms, natural 
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dyeing techniques, slow fashion methods, and cooperation with customers for 
eco-design [20]. Similarly, life cycle design (LCD) might be the one way to con-
ceive environmentally conscious new products to reduce waste from the apparel 
and textile supply chain. The vision of life cycle design (LCD) methodology is to 
minimize all the possible negative effects from the pre-production to after con-
sumption stages.  

3.4. Life Cycle Assessment 

Life cycle assessment (LCA) is used to assess environmental performance of a 
product in each and every stage of its entire life span from raw material cultiva-
tion to after use disposal. LCA for environmental impact often depends on life 
cycle inventory data [21] and honest collaborative information sharing among 
the supply chain partners. The method of life cycle assessment has been used by 
Sohail et al. to examine the environmental impacts for flame retardant cotton 
textiles before and after eco-path disposal treatment [22]. LCA tool has been 
used in several research papers in order to get information about energy con-
sumption, and green house gas emissions. For example, Xing et al., has pre-
sented a cloud-based life-cycle assessment (LCA) platform to collect and inter-
change real time data. They have used a cotton T-shirt to assess the carbon foot-
print using a life-cycle assessment (LCA) platform [21]. 

3.5. Reverse Logistics 

Waste management and cleaner production are gaining huge popularity in the 
textile and apparel sectors due to reduction of landfill spaces, and diminishment 
of natural resources. In addition, low prices and frequent changes in the style of 
apparel products encourage greater levels of apparel consumption which in turn 
produces huge disposal of fashion apparel. As a result, practices of sustainable 
logistics are becoming more challenging [23] [24]. Reverse logistics is strongly 
related with the term circular economy which, in turn, is closely related to reuse, 
recycling, and reducing of raw materials during the production process [25] 
[26]. In other words, remanufacture, repair, refurbishment, recycling, sharing, 
and take-back are the activities in a circular business model compared with the 
traditional (linear business) model [27]. In addition, sustainable/green logistics, 
and reverse supply chain management are the most commonly explored re-
search topics in the field of logistics having tremendous amounts of qualitative 
and quantitative research [28].  

3.6. Green Supplier 

Supplier selection is one of the most important tasks for the manufacturing firm 
in the apparel supply chain because; it affects the firms’ operational perfor-
mance, market competiveness, and quality of procurement. Moreover, in most 
of the cases, environmental damage occurs in the upstream side of the supply 
chain during raw materials extraction. In addition, suppliers are not willing to 
disclose information about the environmental impact of materials caused by the 
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manufacturer because of the high cost related to offering environmental friendly 
products [29]. For example, Yeh Group (a textile and garment supplier) has 
spent $10 m for equipment and $3.5m for each DyeCoo machines to produce 
environmentally friendly apparel for Peak Performance, Adidas, Mizuno, and 
Kjus [30]. In addition, manufacturers want to buy quality products for lower 
prices which also discourage their suppliers from using environmentally friendly 
materials and processes. So, it is crucial for the manufacturer to collaborate with 
their suppliers about environmentally friendly practices to obtain equal benefits 
from each other. 

However, due to increasing environmental awareness, more and more atten-
tion has been drawn by apparel manufacturing industries for green supplier 
evaluation and selection [31] [32]. According to Chen et al., ISO 14000 certifi-
cates, green design, green purchasing, research and development (R & D), 
cleaner production, life cycle assessment, and environmental management sys-
tems could be the ideal criteria for green supplier selection [33].  

3.7. Green Branding 

Many companies are focusing on environmental sustainability though green 
branding initiatives, especially some major apparel and fashion brands such as 
Patagonia, Stella McCartney, and Loomstate. These brands are incorporating 
environmental sustainability into their core brand strategy for gaining advan-
tages in the competitive market and maximizing financial benefits [3]. Table 1 
represents several fashion brands and their green practices. 
 
Table 1. Green practices taken by the brands [34] [35]. 

Apparel brand Green practices 

H & M 

Offers products from organic cotton, recycled cotton, 
recycled polyester, and vegetable tanned organic leather. 
Incentive provided to customer for participation 
in collection of used products. 

Levi Strauss 
Less water uses in the production process. 
Saving up to 96% of water in the finishing process. 

Patagonia 
Use organic cotton and recycled polyester. 
Minimize packaging and transportation waste. 
Produce quality products for long term use. 

Eileen Fisher 
Eco-collection line includes classic and well-made garments 
that can be worn a long time and seamless knits that 
cut down on waste. 

Uniqlo 
Recycle-as fabrics, industrial textiles or fuel. 
Reuse-donated to the needy. 

Bonluxe 
(Renowned luxury brand of 

intimate apparel, Hong Kong) 

Issues a US$10 (about HK$80) cash voucher to customers for 
returning each used bra as an incentive to recycle. 

Wacoal 
(Intimate apparel brand, 

Hong Kong) 

Consumers can convert US$ 6 cash coupon for new purchase 
while returning the old bras of any brand. 
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3.8. Green Marketing 

Recently, green marketing is one of the key aspects for manufacturing compa-
nies to trigger sustainable consumer support from the environmental perspec-
tive. Green marketing concepts deal with products, production process, the 
manufacturing industry, and entire supply chain for mass market promotion. 
However, for green marketing, sustainable product information should be in-
cluded in the actual product features as a starting point [36]. Eco-design and eco 
sourcing are very crucial for the overall sustainable development of a company 
to facilitate green marketing. In the apparel and fashion industries, two features 
are associated with product: the first is internal (e.g. product style, product de-
sign, product color, product care, and product quality) while the second is ex-
ternal (e.g. pricing, packaging, country of origin and product brand) [37]. So, 
during the marketing of eco-friendly product “ethical consumption attitudes” 
need to be mentioned clearly through both internal and external features. 
Launching enormous quantities of green products in the market might be 
another possible way for green marketing to succeed. 

4. Challenges and Future Research Direction 

 Adoption of green technology increases a company’s green image, but is still 
a burden for the manufacturer who wants technology assistance and financial 
support from external organizations [17]. T.T. Muthukumarana et al. had 
researched sustainable energy use from the fabric manufacturing stage to 
gradual distribution to the end customer and also indicated future research 
direction to analyze efficient energy use for the whole apparel supply chain 
[38]. In addition, the literature [14] has presented two case studies on the 
Chinese apparel and textile industry to discuss energy consumption con-
straints and also propose an analytical model to determine optimal energy 
saving strategies in a low carbon supply chain. In the future, this study could 
be applied to other countries. 

 Several challenges exist to incorporate a recycling program in a manufactur-
ing firm such as low demand for recycled product among consumers, lack of 
technology and equipment, and high costs of production [39]. There are cer-
tain scenarios where reuse and recycling are not beneficial for the environ-
ment, for example, when replacement rates in the market are low, and recy-
cling processes require harmful chemicals [19]. On the other hand, used tex-
tile collection efficiency is very low. One of the procedures to improve collec-
tion efficiency is to solve this challenge, is to apply a game-theoretic analyti-
cal study has been proposed by TM Choi et al., [36]. 

 Future research could focus on finding strategies to optimize these barriers. 
Although, TM Choi et al., have researched how to increase the collection ef-
ficiency in “used intimate apparel collection” programs [36], it is also neces-
sary to conduct further research on how to increase collection efficiency and 
economic benefits of used apparel collections in the apparel supply chain.  
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 In most cases, eco-designed garments are considered not trendy or unfa-
shionable, and unattractive to fashion consumers. Designing fashionable 
trendy and sustainable garments is a big challenge for the sustainable apparel 
industry. In the future, trendy and fashionable green design should not be 
totally ignored while designing textile products [17]. Study [40] has proposed 
“reDesign canvas” which is a design tool to mitigate sustainable fashion de-
sign barriers. So, in the green design movement, more attention could be 
given on the concept of redesign to mitigate eco-design, reuse and recycling 
barriers. 

 Life Cycle Assessment (LCA) is an integral component in determining envi-
ronmental footprint measurements. Calculating relevant environmental risk 
and opportunities in the apparel supply chain is still new phenomena incur-
ring major technological as well as financial challenges for GSCM. In addi-
tion, most of the time life cycle assessment (LCA) involves life-cycle inven-
tory (LCI) data for environmental footprint calculations. This LCI data is of-
ten compiled from inadequate sources and becomes divergent while using it 
for life-cycle environmental performance evaluations [21]. Honest collabora-
tive information sharing among supply chain partners plays an important 
role in LCA. In the future, cloud computing, internet of things, and Web 2.0 
and their applications in manufacturing and the service industries could 
bring solutions to these kinds of information collaboration problems in the 
supply chain. 

 Primarily, green apparel product availability and accessibility in the mass 
market is a challenge compared to fashionable and trendy products. Second-
ly, most of the time green product information is not clearly mentioned in 
the product features or not easy understandable by the customer. Thirdly, 
green marketing strategy flows from a top-down approach where consumer 
concepts and feedback are hardly considered. It is evident that retailer has the 
power to influence the manufacturer for launching green products in the 
market [41]. To solve these problem retailers can play an important role in 
green marketing because they have close relations with consumers as well as 
with manufacturing companies in their supply chain. So, in the apparel 
supply chain, retail-oriented green marketing programs could require further 
research in the future.  
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