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Abstract: With the increasing awareness of sustainability, eco-design has been an important trend
in the fashion industry. Many fashion brands such as Nike, Adidas, and The North Face have
developed sustainable fashion by incorporating eco-design elements. Eco-design is an important part
of sustainable supply chains. In this paper, we conducted a product line analysis of eco-designed
products from a famous outdoor sportswear brand, Patagonia. We collected Patagonia’s 2017 Spring
Season product line data and analyzed the data through descriptive analysis, factor analysis and
correlation analysis. We found that Patagonia mainly uses organic, recycled, and traceable materials
in their eco-product line development. We identified that the usage of eco-materials may significantly
affect the number of color choices and product weight as well as gender difference, pattern design,
product fit and online reviewers’ opinions at Patagonia. We argued that Patagonia should focus on
functionality more than aesthetics in eco-design. We discussed how sustainable fashion firms should
manage eco-design in the supply chain.
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1. Introduction

Fashion and textile is one of the most polluting industries in the world. Every stage of the fashion
and textile supply chain threatens our planet and resources [1]. For example, more than 20,000 L of
water are consumed to produce one kg of cotton, many chemicals are used in manufacturing fabric
for dyeing and finishing processes, and large amounts of carbon dioxide are emitted to produce
one t-shirt [2]. Consumers are aware of the importance of sustainability and are willing to purchase
sustainable fashion products even though they are more expensive than conventional ones [3].

Sustainable fashion is developed through an eco-design approach. Eco-design is defined as
a variety of design aspects that relate to a product’s environmental impacts [4]. Eco-design is an
important part of sustainable supply chains and significantly influences the entire supply chain
processes, including eco-material selection, process design, production, distribution, and retail [1,5-7].
With the increasing awareness of sustainability, many fashion brands such as Nike, Adidas, and
The North Face have incorporated eco-design elements into new products [8]. The global outdoor
sportswear brand Patagonia develops its sustainable product line by using eco-friendly materials
such as recycled down, organic cotton and traceable down [9]. Earlier studies have indicated that
design processes influence decision-making in the fashion supply chain; as a result, eco-design is
critically important for sustainable supply chains [10,11]. However, literature that examines the impact
of eco-design on product line development is rare.
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In this paper, we conducted a product line analysis for eco-designed products. Our aim was
to explore the impact of eco-design on product line development. We collected product line data
from a famous outdoor sportswear brand, Patagonia. Patagonia is an American outdoor sports brand
founded in 1973 that mainly sells sustainable outdoor clothing. Patagonia enjoys a great reputation for
selling sustainable fashion products [9]. Learning the practices of Patagonia is beneficial for providing
managerial insights to other fashion firms and supplementing the theories of sustainability in terms of
eco-design. In this paper, we attempted to answer the following questions:

e How does eco-material usage influence design elements such as product weight, product fit,
pattern design and color choices?

e  How do sustainable fashion firms manage eco-design in the supply chain?

e  How will online consumers evaluate eco-design?

To address these questions, we collected the in-season product line data from Patagonia’s official
website. We analyzed data through descriptive analysis, factor analysis and correlation analysis
to identify patterns regarding product weight, product fit, pattern design, color choices and online
consumers’ opinions in relation to fashion eco-design. The organization of the rest of this paper is
given as follows. We first show the related literature in Section 2; Section 3 describes research methods;
Section 4 summarizes our results; Section 5 discusses managerial insights; and Section 6 concludes the
paper through providing limitation and future research.

2. Related Literature

Three streams of literature are reviewed in this section.

2.1. Eco-Design and Sustainable Fashion

Eco-design can refer to Design for Sustainability (DfS), Design for Environment (DfE), and Design
for Recycle (DfR) in fashion [12-15]. Specifically, DS relates to both social and economic elements of
production through its Triple Bottom Line (i.e., people, profit, and planet) [16]. DfE implies that the
product development process needs environmentally-conscious consideration [17]. DfR aims to extend
products’ lifetime by optimizing products for repair, refurbishment and the recovery of materials [4].
To realize the effectiveness of eco-design, designers implement proper eco-design strategies such as
DfS, DfE and DfR to influence consumer habits, lifestyles and practices in terms of sustainability [18].

Eco-design is more and more popular in the fashion industry due to consumers’ increasing
awareness of sustainability [7]. Fashion eco-design aims to develop products with a reduced impact on
the environment and society while meeting consumer needs in terms of fashion trends [19]. Fashion
eco-design focuses on eliminating harmful consequences in the supply chain and operations as well
as optimizing raw-material selection by considering both green and aesthetic principles [4]. In other
words, eco-design products should not only satisfy aesthetic demands and follow fashion trends, but
also integrate the Triple Bottom Line elements into the design process throughout the life cycle [8].

Eco-design requires close collaboration within the fashion supply chain [7]. The extant literature
shows that both producers and designers lack knowledge of what the consumer desires in the
eco-fashion sector [20]. To develop sustainable fashion products, designers and manufacturers are
encouraged to share resources for realizing eco-design. Gam [21] proposed a sustainable fashion
design process model, which was called “Cradle to Cradle Fashion Design (C2CAD)”. This model
encourages designers and manufacturers to work together at the stage of sample making, and
collaborate with manufacturers and other supply chain members in terms of fabric selection for
eco-product development. Subic et al. [22] argued that the sustainability criteria should be integrated
into product/process sustainability targets when designers develop new sportswear products.

The eco-labels with certified information are important to make consumers aware of the
importance of sustainable products [23-25]. Etsy and Winston [26] argued that eco-labels are the
best venue to show the elements of eco-design that are driving consumers to make purchase decisions
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on eco-products. Clancy et al. [18] investigated three Sweden fashion companies and analyzed the
relationship between eco-labels and fashion design. They found that eco-labels could guide the
consumers to take care of their products and extend their lifespan. Moreover, some consumers believe
that hand-made fashion products are more sustainable because of energy savings during the production
process [26]. This implies that sustainable production process is one of the icons in eco-labels that
show product sustainability. In this paper, we study eco-design in an outdoor sportswear company.
We classify eco-design into aesthetic and functional aspects, since both aesthetic and functional aspects
affect decisions in operations and supply chain management.

2.2. Eco-Design and Product Line Development

Eco-design is vital for sustainable fashion product line development, as many decisions in terms
of sustainability are decided at the design stage [10,27]. According to the theory of the Triple Bottom
Line, the impact of eco-design could be divided into three aspects: economic, social and environmental.
Design includes developing manufacturing processes, selecting materials, managing transportation
modes, and extending product life cycles [28]. Clark et al. [16] proposed four key approaches to
eco-design in the real world of fashion: (1) new product design, (2) redesign, (3) incremental design,
and (4) radical design. Lee [29] demonstrated that sustainable design and sustainable production
means designing and producing products with less resource consumption and less impact on the
environment. Kohler [4] argued that eco-design mainly addresses a variety of aspects in a product’s
environmental impacts such as material selection (e.g., non-toxic substances, organic materials,
recyclable materials), choices of production processes (e.g., low-carbon emission and waste production),
and end-of-life treatment (e.g., repair and recycle). Cimatti et al. [30] examined eco-design and
sustainable manufacturing in luxury fashion. They argued that life-cycle assessments (LCAs) could
enhance sustainability in fashion by describing the case of a prestigious Italian luxury fashion brand.
De Angelis et al. [31] evaluated the impact of design on luxury fashion green products. They conducted
three experiments and identified that the new green luxury product design is more similar to the
luxury company’s previous models instead of the similar models produced by green companies.

For eco-material selection, sustainable fabric choices are limited compared to the conventional
options. It causes much difficulty for sustainable fashion designers when integrating function, aesthetic,
and sustainability into product design [32]. Allwood et al. [33] compared the energy consumption
for a cotton t-shirt and a viscose blouse. They found that producing a viscose blouse can save energy
compared to producing a cotton t-shirt. This result implies that if the aim of a fashion designer is to
develop a green product with low-energy consumption in the production stage, using viscose as the
raw material is more desirable when compared with cotton.

Eco-design considers product life cycle and end-of-life treatment in product line development [34].
Armstrong and LeHew [35] argued that eco-design is different from traditional design because
designers must reconcile conflicts between functional priorities. They summarized several sustainable
product development approaches adopted in sustainable apparel product development, such as
life-cycle assessment (LCA). In the textile and apparel industry, LCA is important to consider in the
area of textile-related product design [36]. The well-known example of conducting LCA in product
development is Patagonia [37]. Zamani et al. [38] evaluated a carbon footprint of textile recycling.
They tested different textile recycling techniques with product life cycle assessment. As a result,
designers selected the proper raw material in the product design stage and the suitable production
process in the process design stage [32]. For example, the designers selected the degradable materials in
raw-material selection if the used products collected from secondhand shops and charity systems were
treated by landfill disposal [39]. Niinimé&ki and Hassi [7] argued that the sustainable fashion designers
should consider the frequency of apparel wash in terms of product lifespan in the eco-design stage.
If the product has a long lifespan, designers should pay attention to aesthetic longevity and consider
classic styles and colors [34]. Moon et al. [40] developed guidelines for the design and production of
sustainable energy-saving fashion products. They argued that fashion products can use eco-materials
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through the manufacturing, utilization, and disposal stages. Consistent with Moon et al. [40], we
considered various eco-materials in fashion product line development. The use of eco-materials is
one of the indicators for sustainable fashion, i.e., the more eco-materials that are used, the higher the
degree of sustainability for each product.

2.3. Sustainable Practices at Patagonia

Patagonia is an outdoor sportswear brand that has been greatly examined in the extant
literature [9,41-45]. Patagonia was founded by Yvon Choujnard in California in 1973. Patagonia
predominantly sells and showcases sustainable outdoor clothes for climbers, skiers, and other people
engaging in outdoor activities [9,41]. Patagonia’s mission statement is “build the best product,
cause no unnecessary harm, use business to inspire and implement solutions to the environmental
crisis”. Patagonia admitted that its apparel production process may incur pollution. To reduce the
negative impact, Patagonia launched “1% for the Planet”, “Footprint Chronicles”, and “Worn Wear”
initiatives [46]. The “1% for the Planet” initiative contributes 1% of total annual sales to environmental
organizations, “Footprint Chronicles” seeks to reduce adverse social and environmental impacts in the
supply chain, and “Worn Wear” sells high-quality products that will last for years and be repaired
easily [47]. The extant literature of has greatly examined Patagonia’s sustainable practices; however,
no previous study has investigated its eco-design practices. In this paper, we focused on examining its
eco-design practices and identifying the impact of eco-design on its product lines.

Product line development follows company mission statements at Patagonia [42,48]. With rigorous
attention to quality, Patagonia integrates the principles of industrial design into all aspects of clothing
production [9]. Alongside quality, environmental concerns play an important role in eco-material
selection and the manufacturing process [43]. Patagonia promotes sustainable manufacturing in
several aspects, such as symbolic eco-labels, non-chemical print technology, transparent supply chains
and detachable designs [49].

The literature has been shown that eco-labels enable consumers to receive product sustainability
information and educate consumers’ sustainability awareness [44]. Patagonia uses eco-labels such as
Blue-sign and Fair Trade-certified in its product line development [50]. Eco-labels convey sustainability
information to consumers and illustrate the company’s efforts on sustainable product development [45].
Patagonia designers obey the requirements of eco-labels in product line development. For example,
when the Blue-sign label is attached to new products, designers design the product with consideration of
consumer safety, water emissions, occupational health and safety; when Fair Trade-certified is attached,
designers may use recycled accessories, such as zips, buttons and waistbands, and attach the recycled
heritage label to convey the sustainable consciousness [50]. In this paper, we focused on examining the
case of Patagonia, whose eco-design is well-known and representative in the fashion company.

3. Research Method

The purpose of this study is not only to explain the eco-design practices of a particular company
as a case study, but also to sharpen our understanding of eco-design in fashion product lines, especially
how fashion firms should manage eco-design and further influence supply chain management.

3.1. Case Company Selection

In this paper, we examine the outdoor sportswear brand Patagonia. The case company is a leading
global outdoor sportswear retailer that aims to provide consumers with high-quality, fashionable and
sustainable outdoor sportswear [9]. There are several reasons that we have selected Patagonia as
the investigated company. First, Patagonia emphasizes sustainability and social responsibility as its
competitive advantage. The majority of Patagonia’s products are made by at least one eco-material.
For the other responsible retailers such as H&M, the North Face, etc., a part of their product line is
produced by eco-materials. We admit that only analyzing Patagonia’s product line has limitations.
However, Patagonia is representative of the impacts of eco-design in sustainable fashion companies.
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Second, to the best of our knowledge, it is rare for fashion retailers to share product line information
online with consumers, except in the case of Patagonia. We collected Patagonia’s product line data
from its official website (www.patagonia.com). This product line analysis is an instrument that enables
us to assess all impacts and identify insights on the Patagonia’s production processes [51].

3.2. Data Collection

In this study, we collected information on the 2017 Spring Season product line from Patagonia’s
website in February 2017. A total of 456 products were collected from the 2017 Spring Season
product line at Patagonia, in which 260 products are menswear and the other 196 are womenswear.
Each product has various sizes and colors. The clothing product types include jackets and vests,
fleeces, sweatshirts and hoodies, shirts, t-shirts, pants and jeans, etc. An example of a Patagonia
product (http:/ /www.patagonia.com/product/womens-pastel-p-6-label-midweight-full-zip-hoody /
39507.html): the Women's Pastel P-6 Label Midweight Full-Zip Hoody is regular fit, has three color
choices (red, blue, and black), weighs 566 grams, costs USD $99, and is comprised of 84% organic
cotton (i.e., one eco-material is used). In terms of the aesthetics of its products, Patagonia aims to
develop classic products with an emphasis on graceful functionality and authenticity [9]. In this paper,
we conducted a product line analysis on the number of color choices, product fit (regular or slim),
pattern design (with or without), product weight, and number of eco-materials used at Patagonia.
The multiple color choices and pattern decisions refer to product aesthetics, while the product fit and
weight refer to product functionality in eco-product development [35].

3.3. Data Analysis Method

In this paper, the data analysis can be classified into three steps. First, we conducted a descriptive
analysis on the usage of various eco-materials in product line development at Patagonia in terms of
different genders. The descriptive analysis includes the number of eco-materials used for different
gender, patterns and product fit. This step helps us to identify which eco-materials are the most
frequently used at Patagonia. Second, we conducted a factor analysis on gender difference, pattern
design and product fit in terms of eco-material usage at Patagonia. This method provides a deeper
analysis on eco-design in various sectors (i.e., different gender, pattern design and product fit); as
a result we can have a clearer picture of eco-design practices at Patagonia. Third, we conducted
a correlation analysis and explored the statistical relationship between the number of eco-materials
used and design elements (i.e., gender difference, pattern design and product fit), and the relationship
between the number of eco-materials and online reviewers’ opinions. This method provides strong
evidence on how eco-design influences design decisions and consumers’ opinions at Patagonia. More
managerial insights are derived. Figure 1 shows the three steps of data analysis in this paper.

D Ste? 1 Step 2: Factor Step 2
escriptive Analvsis Correlation
Analysis y Analysis

Figure 1. Three steps of data analysis in this paper.

4. Results

Based on the collected data, it is found that six types of eco-materials (i.e., organic cotton,
recycled cotton, recycled nylon, recycled polyester, recycled down, and traceable down) are used at
Patagonia. The outcome of selected eco-material is consistent with Patagonia’s mission, i.e., reducing
the environment impact in the material selection stage [9]. Eco-material selection is the beginning of
the sustainable supply chain management [16]. Designers select eco-materials to convey the design
philosophy and optimize the consumers’ sustainable, aesthetic and functional needs.
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Table 1 shows the descriptive analysis results in terms of the number of eco-materials used in
both menswear and womenswear at Patagonia. It indicates that the eco-materials include organic
materials, recycled materials and traceable materials. Recycled polyester is the most widely used for
both menswear and womenswear development (29.0% and 19.5%, respectively), followed by organic
cotton (19.5% and 15.1%, respectively), and recycled nylon (5.6% and 3.1%, respectively) at Patagonia.
Recycled polyester can be easily re-melted or reshaped in order to make new products [43], rendering
it a popular choice in new product development [52].

Table 1. The number of eco-materials used in product line development at Patagonia.

Eco-Materials

Menswear Womenswear Total Product Line Used
Category
Organic cotton 80 (19.5%) 62 (15.1%) 142 (34.6%) Sweatshirts & Hoodies/Shirts/T-shirts/Pants &
Recycled cotton 7 (1.7%) 2 (0.5%) 9 (2.2%) Jeans/Shorts/
Jackets & Vests/Fleece /Sweatshirts &
Recycled polyester 119 (29.0%) 80 (19.5%) 199 (48.5%) Hoodies/Sweaters/Shirts/T-shirts /Pants &
Jeans/Shorts

Recycled nylon 23 (5.6%) 13 (3.1%) 36 (8.7%)

Recycled down 2 (0.5%) 2 (0.5%) 4 (1.0%) Jackets & Vests

Traceable down 10 (2.5%) 10 (2.4%) 20 (5.0%)

Remarks: Total eco-materials used is 410 (241 for menswear and 169 for womenswear) in this season collection
at Patagonia.

From Table 1, it shows that Patagonia has frequently used organic cotton in its product line.
As a matter of fact, the quality of organic cotton is equal to or even better than conventional cotton [9].
Organic cotton is cultivated without harmful chemicals and the farming methods used to produce
it support biodiversity and healthy ecosystems, which can enhance soil quality and reduce water
usage [1]. Sustainable fashion designers use organic cotton based on the style and characteristic of
the apparel. As organic cotton is soft and healthy, sustainable fashion designers apply this material to
products that directly adhere to the skin (e.g., hoodies and shirts) [20].

Recycled materials in Patagonia’s product line include recycled polyester, nylon, cotton, and
down. The collection line of jackets, vests, and pants is not 100% made from recycled materials, but it
is close [53]. Recycled polyester is the most used material at Patagonia (as shown in Table 1). Based on
the information on recycled polyester on the Patagonia website, soda bottles, unusable manufacturing
waste and worn-out garments are used in producing recycled polyester. Recycled polyester is used to
develop shell jackets, board shorts and fleeces. Using recycled polyester helps prolong landfill life and
reduce toxic emission from incinerators. It is beneficial to build up a more sustainable ecosystem.

Traceable material is an innovative practice at Patagonia [50]. Transparency is an important part
of the sustainable supply chain [54]. Traceable down helps assure animal welfare by tracing the source
of down from parent farm to apparel factory. Using traceable materials hence encourages fashion
designers to develop products in a more transparent way at Patagonia.

We separated the product line analysis into three categories: gender difference, pattern design,
and product fit, as shown in Table 2. We concluded that on average less than one eco-material is
used in Patagonia’s products except for the products with pattern design. Specifically, we find that
menswear uses more eco-materials than womenswear (0.85 vs. 0.78). It implies that Patagonia uses
more eco-materials in menswear products. The reason might be because of gender differences in
sustainable consumer behavior [55]. Menswear generally has a simple silhouette, which implies more
basic products and leads to a higher use of sustainable material. Moreover, we find that products
with pattern design are more likely to use eco-materials (1.04 vs. 0.74). The pattern printing process
potentially generates a significant amount of pollution in the textile supply chain [56]. Using more
eco-materials in patterned products can balance sustainability factors. Furthermore, we see that the
number of eco-material usage for product fit is similar between regular and slim fit (0.76 vs. 0.76).
This implies that both regular and slim fits products are made by a similar number of eco-materials.
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Table 2. Number of eco-materials used for different categories at Patagonia.

Category Numbers Mean Standard Deviation
GenderDiffeence om0l o oess
PaterDesign w o 0657
s @ 0%

Table 3 indicates the regression results of eco-materials used in product line and color
choices/product weight at Patagonia. First, we found that for womenswear at Patagonia, products
containing more eco-materials are heavier, even if the products do not include patterns or are slim fit;
for the regular fit products, products containing more eco-materials have more color choices.

Table 3. Statistical results of product line analysis at Patagonia.

Independent Variables
Dependent Variables
No. of Color Choices Weight (g)
Gender Menswear 0.073 (0.234) 0.030 (0.622)
Difference Womenswear 0.016 (0.822) 0.195 (0.006) **
No. of ecomaterials . . With pattern —0.152 (0.259) 0.017 (0.900)
usage in product line & Without pattern 0.091 (0.282) 0.287 (0.001) ***
Product Fi Regular fit 0.157 (0.082) * 0.122 (0.176)
roduct Fit Slim fit —0.144 (0.216) 0.299 (0.009) **

Remarks: Pearson correlation is reported outside parentheses and sig. (2-tailed) is reported in parentheses.
% < 0,005, p < 0.01,* p <0.1.

From Table 3, we see that designers do not use more eco-materials when developing products
with more color choices for both menswear and womenswear product lines at Patagonia. Moreover,
designing patterns in new products is an important strategy for fashion designers in new product line
development. However, based on the statistical results in Table 3, we see that it has no statistical effect
on the number of eco-materials used or the number of color choices except for the regular fit products.
This implies that when Patagonia designers develop a new product with more color choices, they
might not be likely to use more eco-materials except for regular fit products. At Patagonia, product fit
is critically important for eco-design. We observed that for the regular fit product development, the
more sustainable products have more color choices, but for the slim fit products, the more sustainable
products have less color choices. For the slim fit product development, products containing more
eco-materials are heavier, but for the regular fit products, products containing more eco-materials are
lighter. These results could provide many important insights on supply chain management because
multiple color choices imply maintaining more stock keeping units (SKUs) in inventory and heavy
product weights require extra attention during transportation and distribution.

Table 4 shows the relationship between eco-materials used and online reviewers’” opinions.
The reviewers’ opinions include the number of reviews and reviewer scores. The number of
reviews refers to how many discussions are online (the comments may be positive or negative).
The reviewer scores imply the reviewers’ acceptance, i.e., a higher score implies the consumers
have higher product acceptance. Thus, Table 4 implies whether more eco-materials can increase
online discussion and reviewers’ acceptance. We found that the menswear eco-designed products,
the eco-designed products with patterns, and the slim fit eco-designed products have less online
consumers’ acceptance, respectively.
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Table 4. Statistical results of eco-materials with online reviewers’ opinions at Patagonia.

Independent Variables
Dependent Variables
No. of Reviews Reviewer Scores
Gender Menswear 0.022 (0.719) —0.152 (0.014) *
Difference Womenswear 0.032 (0.655) 0.006 (0.932)
No. of ecomaterials . . With pattern 0.003 (0.978) ~0.157 (0.077) *
usage in product line & Without pattern 0.014 (0.804) —0.012 (0.824)
Product Fi Regular fit 0.079 (0.171) 0.008 (0.886)
roduct Fit Slim fit —0.046 (0.576) ~0.230 (0.004) **

Remarks: Pearson correlation is reported outside parentheses and sig. (2-tailed) is reported in parentheses.
**p < 0.005,* p <0.1.

5. Discussion and Managerial Insights

Through data analysis of Patagonia’s product line, the following four important insights
(i.e., eco-material selection, eco-design for functionality, eco-design for aesthetics in product line
development, and eco-design and online reviewers’ opinions) are valuable to discuss and summarize
for both practitioners and scholars.

® Eco-material selection in product line development

Eco-material selection is the first stage of the sustainable supply chain. Eco-materials mainly
include recyclable, recycled and low environmental impact materials [6]. At Patagonia, designers
select organic, recycled and traceable materials in sustainable product line development. Using such
eco-materials can lower environmental impact. Recycled materials (e.g., recycled polyester, recycled
nylon, recycled cotton, and recycled down) have been greatly used in Patagonia’s product line
development. In particular, recycled polyester is popular. This can be potentially explained by
polyester materials’ simple adoption in fashion design and that recycled polyester can be reshaped
according to new product designs. Eco-material selection is not only critically important for eco-design,
but also beneficial for establishing a more sustainable supply chain.

® Eco-design for functionality in product line development

Eco-design for functionality is critically important in product line development. Fashion
functionality can refer to product weight, as the more functional products such as outdoor clothing are
heavier than less functional products such as t-shirts. We found that for the basic products (without
pattern design) at Patagonia, the functional products are more likely to be made by eco-materials.
This result provides significant practical insights on eco-design for functional products, which should
be promoted by the concepts of sustainability in marketing and distributed in environmentally efficient
ways, even though the products are relatively heavy.

® Eco-design for aesthetics in product line development

Aesthetics is now the primary reason that consumers choose to purchase fashion products. In this
paper, aesthetics refer to the choices of color and product fit (regular or slim) at Patagonia. Product fits
are important for outlook and style. We found that for the regular fit product development, the products
containing more eco-materials have more choices of color, but this does not apply to slim fit products.
For the slim fit product development, the products containing more eco-materials are heavier, but for
the regular fit products, products containing more eco-materials are lighter. This finding provides
an important insight to sustainable fashion designers who should implement different eco-design
strategies in terms of product fits for color choices and weight. Moreover, regarding product weight,
this finding provides insights on logistics and distribution. If the product is aesthetics oriented (e.g.,
slim fit), logistics incur a higher cost because they are heavier, whereas if the product is not aesthetic
oriented (e.g., regular fit), logistics may incur a lower cost because they are lighter.
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® Eco-design and online reviewers’ opinions

When online consumers purchase eco-designed products, they might leave comments on
purchased websites and give a score to identify how they like the product. We found that the menswear
eco-designed products, the eco-designed products with patterns, and the slim fit eco-designed
products have less online consumers’ acceptance. Both pattern and slim fit refer to aesthetics in
fashion products. Thus, these results imply that when consumers purchase eco-designed products
for aesthetics, patterns and slim fit would reduce the consumers” acceptance. In other words, the
consumers may not be satisfied with the aesthetics of eco-design at Patagonia. This may further
imply that Patagonia should focus on developing products for functionality instead of aesthetics when
developing eco-designed products.

In the product development stage, designers determine how many colors will be available in
each product. We find that for the regular fit products, designers are more willing to use eco-materials
with more choices of color. This may be due to the following two reasons: (1) eco-materials may not
be uniform, which can present multiple color choices after recycling [42], allowing designers to have
more color choices in product design; (2) consumers may be more willing to select products among
multiple color choices when they purchase sustainable products [55]. These results provide important
insights on eco-product inventory management. When the eco-products have more choices of color,
it implies that the eco-products have more SKUs for each product. More SKUs lead to a higher chance
of overstocking for certain colors and sizes [57]. As a result, more choices of color in eco-products
may increase the overstocking risk in the supply chain. Based on these results, we argue that better
managing inventory for eco-products is critically important because the regular fit eco-products have
more color choices, and consequently more SKUs to manage, which drive the inventory management
to be more complex.

6. Conclusions, Limitation, and Future Research

In order to satisfy consumer needs and social development, eco-design is quite popular at present.
In this paper, we collected product line data from the famous outdoor sportswear brand Patagonia.
We analyzed Patagonia’s product line in terms of eco-design and found that Patagonia mainly uses
organic, recycled, and traceable materials in product line design. Moreover, we identified that the
number of eco-materials used significantly affects the number of color choices and product weight
as well as gender difference, pattern design and product fit. We find that menswear products use
more eco-materials than womenswear at Patagonia. This result can be potentially explained by
gender differences in sustainable consumer behavior. Furthermore, we identified the relationship
between product weight, fit and patterns for eco-design at Patagonia. These statistical results
provide many important managerial insights on eco-design in product line and eco-product supply
chain management.

Our study is subject to two main limitations. First, we cannot say whether our findings at
Patagonia can be completely generalized to other fashion firms. However, our findings can provide
some partial managerial insights to other firms and the entire supply chain. In future research, it would
be interesting to compare eco-design practices among different fashion brands [58]. Second, fashion
design and product development processes are dependent on other supply chain factors, such as
supplier selection process [59-61]. In future research, it would be significant to evaluate Patagonia’s
sustainable supply chain. Third, various eco-design approaches may influence consumer intentions
when purchasing products [62]. It would be valuable to examine efficient eco-design elements in
sustainable fashion for consumers.

Acknowledgments: This research was supported by the National Science Foundation of China (71401029), and
Chenguang Program (15CG34).

Author Contributions: Luo Wang and Bin Shen collected data, conducted the analysis and wrote the
paper together.



Sustainability 2017, 9, 1136 10 of 12

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

References

1.

10.

11.

12.

13.
14.

15.

16.

17.
18.

19.

20.
21.

22.

23.

24.

25.

26.

Shen, B. Sustainable Fashion Supply Chain: Lessons from H&M. Sustainability 2014, 6, 6239-6249.

WWE Global. Cotton Farming-Cotton: A Water Wasting Crop. Available online: http://wwf.panda.org/
about_our_earth/about_freshwater/freshwater_problems/thirsty_crops/cotton/ (accessed on 19 June 2017).
Shen, B.; Wang, Y.L.; Lo, K.Y.; Shum, M. The impact of ethical fashion on consumer purchase behavior. J. Fash.
Mark. Manag. 2012, 16, 234-245. [CrossRef]

Kohler, A.R. Challenges for eco-design of emerging technologies: The case of electronic textiles. Mater. Des.
2013, 51, 41-60. [CrossRef]

Wahl, D.C.; Baxter, S. The Designer’s role in facilitating sustainable solutions. Des. Issues 2008, 24, 72-83.
[CrossRef]

Santolaria, M.; Oliver-Sola, J.; Gasol, C.M.; Morales-Pinzon, T.; Rieradevall, ]J. Eco-design in innovation
driven companies: Perception, predictions and the main drivers of integration. The Spanish example.
J. Clean. Prod. 2011, 19, 1315-1323. [CrossRef]

Niinimaki, K.; Hassi, L. Emerging design strategies in sustainable production and consumption of textile
and clothing. J. Clean. Prod. 2001, 19, 1876-1883. [CrossRef]

Curwen, L.G,; Park, ].; Sarkar, A K. Challenges and solutions of sustainable apparel product development:
A case study of Elieen Fisher. Cloth. Text. Res. |. 2012, 31, 32-47. [CrossRef]

Casadesus-Masanell, R.; Crooke, M.; Reinhardt, E; Vasishth, V. Households” willingness to pay for “Green”
goods: Evidence from Patagonia’s introduction of organic cotton sportswear. J. Econ. Manag. Strategy 2009,
18, 203-233. [CrossRef]

Bhamra, T.; Lofthouse, V. Design for Sustainability: A Practical Approach; Gower Publishing Limited:
Hampshire, UK, 2007.

Ramani, K.; Ramanujan, D.; Bernstein, W.Z.; Zhao, F,; Sutherland, J.; Handwerker, C.; Choi, J.; Kim, H.;
Thurston, D. Integrated sustainable life cycle design: A review. J. Mech. Des. 2010, 132, 091004. [CrossRef]
Karlsson, R.; Luttropp, C. Eco design: What’s happening? An overview of the subject area of eco design and
of the papers in this special issue. . Clean. Prod. 2006, 14, 1291-1298.

Fiksel, J. Design for Environment; McGraw-Hill: New York, NY, USA, 2009.

Bovea, M.D.; Perez-Belis, V. A taxonomy of ecodesign tools for integrating environmental requirements into
the product design process. J. Clean. Prod. 2012, 20, 61-71. [CrossRef]

Deutz, P.; McGuire, M.; Neighbour, G. Eco-design practice in the context of a structured design process:
An interdisciplinary empirical study of UK manufacturers. J. Clean. Prod. 2013, 39, 117-128. [CrossRef]
Clark, G.; Kosoris, J.; Hong, L.N.; Crul, M. Design for Sustainability: Current Trends in the Sustainable
Product Design and Development. Sustainability 2009, 1, 409-424. [CrossRef]

Lovins, A. Factor Ten Engineering Design Principles; Rocky Mountain Institute: Basalt, CO, USA, 2010.
Clancy, G.C.; Froling, M.; Peters, G. Eco labels as drivers of clothing design. J. Clean. Prod. 2015, 99, 345-353.
[CrossRef]

Joy, A.; Sherry, ].E,; Venkatesh, J.A.; Wang, J.; Chan, R. Fast fashion, sustainability, and the ethical appeal of
luxury brands. Fash. Theory 2012, 16, 273-296. [CrossRef]

Niiniméki, K. Eco-clothing, consumer identity and ideology. Sustain. Dev. 2010, 18, 150-163. [CrossRef]
Gam, H.J.; Cao, H.; Farr, C.; Heine, L. C2CAD: A sustainable apparel design and production model. Int. J.
Cloth. Sci. Technol. 2009, 21, 166-179.

Subic, A.; Shabani, B.; Hedayati, M.; Crossin, E. Capability framework for sustainable manufacturing of
sports apparel and footwear. Sustainability 2012, 4, 2127-2145. [CrossRef]

Thomas, S. From “Green Blur” to ecofashion: Fashioning an eco-lexicon. Fash. Theory 2008, 12, 525-540.
[CrossRef]

Moore, S.B.; Wentz, M. Eco-labeling for textiles and apparel. In Sustainable Textiles: Life Cycle and Environmental
Impact; Blackburn, R.S., Ed.; Woodhead: Oxford, UK, 2009; pp. 214-230.

Sherburne, A. Achieving sustainable textiles: A designer’s perspective. In Sustainable Textiles: Life Cycle and
Environmental Impact; Blackburn, R.S., Ed.; Woodhead: Oxford, UK, 2009; pp. 3-32.

Etsy, D.; Winston, A. Green to Gold; Yale University Press: New Haven, CT, USA, 2009.


http://wwf.panda.org/about_our_earth/about_freshwater/freshwater_problems/thirsty_crops/cotton/
http://wwf.panda.org/about_our_earth/about_freshwater/freshwater_problems/thirsty_crops/cotton/
http://dx.doi.org/10.1108/13612021211222842
http://dx.doi.org/10.1016/j.matdes.2013.04.012
http://dx.doi.org/10.1162/desi.2008.24.2.72
http://dx.doi.org/10.1016/j.jclepro.2011.03.009
http://dx.doi.org/10.1016/j.jclepro.2011.04.020
http://dx.doi.org/10.1177/0887302X12472724
http://dx.doi.org/10.1111/j.1530-9134.2009.00212.x
http://dx.doi.org/10.1115/1.4002308
http://dx.doi.org/10.1016/j.jclepro.2011.07.012
http://dx.doi.org/10.1016/j.jclepro.2012.08.035
http://dx.doi.org/10.3390/su1030409
http://dx.doi.org/10.1016/j.jclepro.2015.02.086
http://dx.doi.org/10.2752/175174112X13340749707123
http://dx.doi.org/10.1002/sd.455
http://dx.doi.org/10.3390/su4092127
http://dx.doi.org/10.2752/175174108X346977

Sustainability 2017, 9, 1136 11 of 12

27.

28.

29.
30.

31.

32.

33.

34.
35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Vezzetti, E.; Alemanni, M.; Morelli, B. New product development (NPD) of family business’ dealing in the
luxury industry: Evaluating maturity stage for implementing a PLM solution. Int. J. Fash. Des. Technol. Educ.
2017, 10, 219-229. [CrossRef]

Fuller, D.A.; Ottman, J.A. Moderating unintended pollution: The role of sustainable product design.
J. Bus. Res. 2004, 57, 1231-1238. [CrossRef]

Lee, H. Don’t tweak your supply chain: Re-think it end-to-end. Harv. Bus. Rev. 2010, 88, 62-69.

Cimatti, B.; Campana, G.; Carluccio, L. Eco design and sustainable manufacturing in fashion: A case study
in the luxury personal accessories industry. Procedia Manuf. 2017, 8, 393—400. [CrossRef]

De Angelis, M.; Adigtizel, F.; Amatulli, C. The role of design similarity in consumers’ evaluation of new
green products: An investigation of luxury fashion brands. J. Clean. Prod. 2017, 141, 1515-1527. [CrossRef]
Aakko, M.; Koskennurmi-Sivonen, R. Designing sustainable fashion: Possibilities and challenges. Res. .
Text. Appar. 2013, 17, 13-22. [CrossRef]

Allwood, ].M.; Laursen, S.E.; de Rodriguez, C.M.; Bocken, N.M.P. Well Dressed? Institute for Manufacturing,
University of Cambridge: Cambridge, UK, 2006.

Fletcher, K. Sustainable Fashion and Textiles: Design Journeys; Earthscan: London, UK, 2008.

Armstrong, C.; LeHew, M.L.A. Sustainable apparel product development: In search of a new dominant
social paradigm for the field using sustainable approaches. Fash. Pract. 2011, 3, 29-62. [CrossRef]

Vezzetti, E.; Alemanni, M.; Javier, M. Supporting product development in the textile industry through the
use of a product lifecycle management approach: A preliminary set of guidelines. Int. ]. Adv. Manuf. Technol.
2015, 79, 1493-1504. [CrossRef]

Brown, M. S.; Wilmanns, E. Quick and dirty environmental analysis for garments: What do we need to know?
J. Sustain. Prod. Des. 1997, 1, 28-35.

Zamani, B.; Svanstrom, M.; Peters, G.; Rydberg, T. A carbon footprint of textile recycling: A case study
in Sweden. J. Ind. Ecol. 2015, 19, 676-687. [CrossRef]

Wang, Y. Fiber and textile waste utilization. Waste Biomass Valoriz. 2010, 1, 135-143. [CrossRef]

Moon, K.K;; Youn, C.; Chang, ] M.T.; Yeung, A.W. Product design scenarios for energy saving: A case study
of fashion apparel. Int. J. Prod. Econ. 2013, 146, 392-401. [CrossRef]

Chouinard, Y.; Brown, M.S. Going organic: Converting Patagonia’s cotton product line. J. Ind. Ecol. 1997, 1,
117-129. [CrossRef]

Martin, H. Outdoor Retailer Patagonia Puts Environment Ahead of Sales Growth. Available online: articles.
latimes.com /2012 /may /24 /business /la-fi-patagonia-20120525 (accessed on 19 June 2017).

Ljungberg, L.Y. Materials selection and design for development of sustainable products. Mater. Des. 2007, 28,
466-479. [CrossRef]

Henninger, C.E. Traceability the new eco-label in the slow-fashion Industry?—Consumer perceptions and
micro-organisations responses. Sustainability 2015, 7, 6011-6032. [CrossRef]

Nimon, W.; Beghin, J. Are eco-labels valuable? Evidence from the apparel industry. Am. J. Agric. Econ. 1999,
84,801-811. [CrossRef]

Campbell, K. Rick Ridgeway of Patagonia Highlights Environmental Initiatives in Lecture. Available online:
http:/ /www.iowastatedaily.com /news/article_e244366a-e9c0-11e6-8cb6-23a5999f620b.html (accessed on
19 June 2017).

Esposito, M.; Tse, T.; Soufani, K. Companies Are Working with Consumers to Reduce Waste. Available
online: https:/ /hbr.org/2016/06/companies-are-working-with-consumers-to-reduce-waste (accessed on
19 June 2017).

Kasperkevic, J. Patagonia’s New CEO: ‘You Should Build a Product that Lasts’.  Available
online: https://www.theguardian.com/business/2014/feb /09 /patagonias-new-ceo-you-should-build-a-
product-that-lasts (accessed on 19 June 2017).

Hoang, L. Patagonia’s Circular Economy Strategy. Available online: https://www.businessoffashion.com/
articles/news-analysis/how-patagonia-transformed-the-circular-economy (accessed on 19 June 2017).
Patagonia. Environmental & Social Responsibility. Available online: http://www.patagonia.com/
environmentalism.html (accessed on 19 June 2017).

Bayus, B.L.; Putsis, W.P, Jr. Product proliferation: An empirical analysis of product line determinants and
market outcomes. Mark. Sci. 1999, 18, 137-153. [CrossRef]


http://dx.doi.org/10.1080/17543266.2016.1250286
http://dx.doi.org/10.1016/S0148-2963(02)00446-0
http://dx.doi.org/10.1016/j.promfg.2017.02.050
http://dx.doi.org/10.1016/j.jclepro.2016.09.230
http://dx.doi.org/10.1108/RJTA-17-01-2013-B002
http://dx.doi.org/10.2752/175693811X12925927157018
http://dx.doi.org/10.1007/s00170-015-6926-4
http://dx.doi.org/10.1111/jiec.12208
http://dx.doi.org/10.1007/s12649-009-9005-y
http://dx.doi.org/10.1016/j.ijpe.2013.02.024
http://dx.doi.org/10.1162/jiec.1997.1.1.117
articles.latimes.com/2012/may/24/business/la-fi-patagonia-20120525
articles.latimes.com/2012/may/24/business/la-fi-patagonia-20120525
http://dx.doi.org/10.1016/j.matdes.2005.09.006
http://dx.doi.org/10.3390/su7056011
http://dx.doi.org/10.2307/1244325
http://www.iowastatedaily.com/news/article_e244366a-e9c0-11e6-8cb6-23a5999f620b.html
https://hbr.org/2016/06/companies-are-working-with-consumers-to-reduce-waste
https://www.theguardian.com/business/2014/feb/09/patagonias-new-ceo-you-should-build-a-product-that-lasts
https://www.theguardian.com/business/2014/feb/09/patagonias-new-ceo-you-should-build-a-product-that-lasts
https://www.businessoffashion.com/articles/news-analysis/how-patagonia-transformed-the-circular-economy
https://www.businessoffashion.com/articles/news-analysis/how-patagonia-transformed-the-circular-economy
http://www.patagonia.com/environmentalism.html
http://www.patagonia.com/environmentalism.html
http://dx.doi.org/10.1287/mksc.18.2.137

Sustainability 2017, 9, 1136 12 of 12

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Ghosh, D.; Shah, J. A comparative analysis of greening policies across supply chain structures. Int. J.
Prod. Econ. 2012, 135, 568-583. [CrossRef]

Rhooes, M. Patagonia’s New Super-Recycled Collection Is Super Impressive. Available online:
https:/ /www.wired.com/2016/11/patagonia-recycled/ (accessed on 19 June 2017).

Carter, C.R; Rogers, D.S. A framework of sustainable supply chain management: Moving toward new theory.
Int. J. Phys. Distrib. Logist. Manag. 2008, 38, 360-387. [CrossRef]

Luchs, M.G.; Mooradian, T.A. Sex, personality, and sustainable consumer behaviour: Elucidating the
gender effect. . Consum. Policy 2012, 35, 127-144. [CrossRef]

O ECOTEXTILES. Textile Printing and the Environment. Available online: https://oecotextiles.wordpress.
com/2012/01/27 /textile-printing-and-the-environment/ (accessed on 19 June 2017).

Choi, TM.; Hui, C.L.; Ng, S.F; Yu, Y. Color trend forecasting of fashionable products with very few historical data.
IEEE Trans. Syst. Man Cybern. Part C 2012, 42, 1003-1010. [CrossRef]

Li, Q.; Shen, B. Sustainable design operations in the supply chain: Non-profit manufacturer v.s. for-profit
manufacturer. Sustainability 2016, 8, 639. [CrossRef]

Dong, C.W,; Shen, B.; Chow, PS.; Yang, L.; Ng, C.T. Sustainability investment under cap-and-trade regulation.
Ann. Oper. Res. 2016, 240, 509-531. [CrossRef]

Shen, B.; Choi, T.M.; Lo, K.Y. Enhancing economic sustainability by markdown money supply contracts in
the fashion industry: China vs. U.S.A. Sustainability 2016, 8. [CrossRef]

Shen, B.; Li, Q.Y,; Dong, C.W.; Quan, V. Design outsourcing in fashion supply chain: OEM vs. ODM. J. Oper.
Res. Soc. 2016, 67, 259-268. [CrossRef]

Shen, B.; Zheng, J.H.; Chow, P.S.; Chow, K.Y. Perception of fashion sustainability in online community.
J. Text. Inst. 2014, 105, 971-979. [CrossRef]

® © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.ijpe.2011.05.027
https://www.wired.com/2016/11/patagonia-recycled/
http://dx.doi.org/10.1108/09600030810882816
http://dx.doi.org/10.1007/s10603-011-9179-0
https://oecotextiles.wordpress.com/2012/01/27/textile-printing-and-the-environment/
https://oecotextiles.wordpress.com/2012/01/27/textile-printing-and-the-environment/
http://dx.doi.org/10.1109/TSMCC.2011.2176725
http://dx.doi.org/10.3390/su8070639
http://dx.doi.org/10.1007/s10479-013-1514-1
http://dx.doi.org/10.3390/su8010031
http://dx.doi.org/10.1057/jors.2015.23
http://dx.doi.org/10.1080/00405000.2013.866334
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Related Literature 
	Eco-Design and Sustainable Fashion 
	Eco-Design and Product Line Development 
	Sustainable Practices at Patagonia 

	Research Method 
	Case Company Selection 
	Data Collection 
	Data Analysis Method 

	Results 
	Discussion and Managerial Insights 
	Conclusions, Limitation, and Future Research 

