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Abstract


With the growing global awareness of sustainable development, the impact of “fast fashion” on the environment has drawn much attention. This study investigated 365 fast fashion consumers with higher-than-average spending on fast fashion garments in Taiwan and analyzed the data with the analytic network process. From the perspective of social responsibility theory, the triple bottom line framework, and the concept of cradle-to-cradle, this study conducted in-depth interviews with 10 experts in the field of clothing. Based on the results, this study constructed a model with 4 core dimensions and 12 key criteria of sustainable clothing design, with the enterprise, design, and consumer sides as the decision-making options. Moreover, it was found that consumers believe that the first decision-making key that affects sustainable design is the enterprise side, and the most important green item that affects sustainable design is “cherishing”. The findings of this study can provide an important reference standard for sustainable design in the apparel industry.
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1. Introduction


Excessive consumption is one of the negative effects of “fast fashion” [1]. Over 80 billion pieces of clothing are produced globally each year, three-quarters of which end up in landfills or incinerators after their short, useful life; only one-quarter is recycled [2]. With fashion bloggers, celebrity endorsements, and online shopping, retailers of leading “fast fashion” brands have grown by 9.7 percent per year, surpassing the 6.8 percent annual growth of traditional apparel brands [3]. According to economist Juliet B. Schor’s Plenitude: The New Economics of True Wealth in 2010 [4], Americans have three times the spending power they did fifty years ago, and their total amount of purchased apparel is double what it was twenty years ago. In 2017, Nike generated more than USD 34 billion in revenue with a market capitalization of USD 34 to 100 billion [5]. By consensus, a company with high turnover sells more goods but also generates more waste at the same time [6].



With people’s growing demand for material goods and services, environmental degradation is no longer a mere population issue; rather, it is a direct and indirect expression of people’s excessive consumption of resources and the pollution of the rich [7]. This phenomenon indicates that people will need land and ocean resources equivalent to two Earth sizes in the future. In a severe state of “human versus nature”, the fashion industry is widely considered the second most disruptive industry after oil. The problem of dealing with textile waste worldwide is of increasing concern [8,9]. In 2019, an EU initiative called the European Apparel Action Plan was launched to improve the sustainability of textiles throughout their life cycle, from design to end-of-use [10]. A large amount of textile waste and piles of out-of-season clothes end up in landfills and various corners of the Earth. It has become a major global concern. Every year, up to 95% of textiles are buried; however, most of them can be recycled [11]. As consumers become more concerned about the environmental impact of the products they purchase, businesses are beginning to understand the benefits and economic potential of (re)using waste efficiently [12].



In the global fashion-driven textile and apparel market industry, innovative thinking and efforts are required at the supply and demand levels [13,14]. The sustainability challenge, in particular, requires an interaction between the supply and demand sides, bringing sustainability practices into focus more directly [15]. Sustainability impacts and measures are positive and should be distributed among them [16]. Over the years, people’s growing demands for material goods and services have ignored protecting the planet and maintaining biodiversity [17]. We need to realize and take effective actions for this, as we are pushing the limit of the planet [18,19]. We must recognize the need for sustainability and make changes immediately. In “Perspectives on Barriers and Enablers for Implementing Sustainable Supply Chains in the Textile Industry”, it is evident that business collaboration can lead to sustainable policy implementation and reduce barriers [20].



A report published by the Ellen MacArthur Foundation, “A New Textiles Economy: Redesigning fashion’s future”, revealed that from 2000 to 2015 the total amount of global clothing has tripled, and clothing utilization has fallen by 36% [21]. Although there are many second-hand and charity shops worldwide, they cannot keep up with the vast clothing waste [22]. Ecofibra, founded in 2018 by engineer Franklin Zepeda, recycles and transforms textiles in Chile; they found that many clothes now contain chemicals that prevent them from biodegrading, so they cannot be buried. Furthermore, the toxic fumes from burning clothes will cause severe pollution in the air and land [23]. Fast fashion brands are more well known, with new designs every week that are affordable and have a variety of styles [24]. How can we deal with the problems caused by “fast fashion”? If a fast supply chain is necessary, it will also become a normal and irreversible trend; then, how do we equate fast fashion with sustainability? It is worth thinking about [25,26]. People have long ignored protecting the Earth and maintaining biodiversity [27]. The main motivation of this study is recognizing the importance of realizing this and taking effective action to this end.



Sustainable fashion is a broad topic. However, the lack of an empirical rationale for developing sustainable approaches has resulted in a rarity of actionable indices. Recently, scholars have supported this view, pointing out that global sustainability assessments are primarily based on subjective or professional judgments rather than quantitative methods [28]. To date, there has been no agreed-upon methodology for assessing the development of sustainability or achieving sustainability at the spatial scale of planning [29]. Therefore, policymakers encourage researchers to innovatively integrate various technologies into new sustainable development plans [30,31]. This study adopted the social responsibility theory to examine the issues concerning fashion sustainability in the clothing industry [32,33,34].



Making progress in sustainability is like going to a destination we have never been to, with geographic awareness and navigational principles but no map or compass [35]. While sustainability issues are related to economic welfare, social equity, and environmental quality, they may never be evenly distributed in the norm [36]. The lack of progress in achieving sustainability primarily comes from the acceptance and application of development indicators and the unawareness that the damage we are doing to the planet has reached its limit; fashion sustainability is now a “must” and an “immediate” task to address this problem [37]. In response to the magnitude of global issues and the need to rapidly improve socioecological and public well-being, many development indicators have been proposed in the scientific field of sustainability [38]. Unfortunately, our proficiency with these measurement tools has been limited to theoretical and methodological design studies [39]. Through continual effort, sustainable development progress in applied research and practices has continued to draw attention to its importance [40]. While studies have investigated interrelationships with respect to interpreting sustainability indicators, few have directly attempted to reduce a set of development measures to a few normative variables to understand sustainability further [41]. This finding prompted us to investigate whether any decisions could enhance the pervasiveness of sustainable design and, if so, how we might address such issues. The findings of this study expand our understanding of consumer attitudes toward the conflicting values of “sustainability” and “fashion.” This awareness is urgently needed to drive the green movement in the fashion industry [42]. Therefore, this study aims to explore and define the key elements of sustainable clothing design through expert opinions in the clothing industry chain for the following research purposes: (1) to understand high-spending fast fashion consumers, (2) to examine their cognitive position on sustainable design, and (3) to determine the best decision-making plan to facilitate the practice of sustainable fashion as the primary development goal.




2. Literature Review


Fast fashion is the number one killer of sustainable fashion [43,44]. Enterprises strengthen the concept of the fast fashion economy, which makes the entire fashion industry face a difficult choice, that is, how to balance sustainability and fashion [45]. Sustainable design is a way to meet economic and social needs. Referring to a design approach based on sustainable management and ecological principles, this study explains this issue in the introduction and echoes the cradle-to-cradle argument in the literature review. Whether it is the enterprise side that attaches great importance to the economy or the design side responsible for product design and planning, consumers who love fast fashion can use the core value of social responsibility theory to jointly realize the goal of sustainable clothing design [46].



2.1. The Impact of Fast Fashion on the Apparel Industry


Fast fashion refers to trendy clothing that can be produced within a week, created according to big data based on styles launched in fashion weeks; it is a business model that sells quickly and makes a profit for the purpose of profit. Consumers can buy trendy clothing at low prices in a short period of time [47]. Fast fashion brands are known for their efficient supply chains [8]. By investigating consumer needs based on big data and using the fixed process of the traditional supply chain—planning, design, proofing, production, and logistics to shelf—a product development cycle that would normally take at least 3–6 months is shortened to 14 days [48]. This study hypothesizes that consumers who love fast fashion can affect the sustainable development of clothing by retaining the concept of social responsibility. Based on the introduction and literature review, this study proposes cradle-to-cradle, triple bottom line architecture theory, and social responsibility theory to discuss the concept of sustainable fashion with the goal of sustainable clothing practices and sustainable design [49,50,51,52,53].




2.2. Cradle-to-Cradle: The Future of Zero Waste


In 1970, Walter R. Stahel, who is considered the father of sustainable industry, suggested that commodities become more expensive as the demand for raw materials and the cost of mining increase [54]. This finding triggered research into possible solutions. Stahel later worked with the Product-Life Institute to develop a closed-loop commodity process based on the concept of cradle-to-cradle. In 2002, Professor Braungart and William McDonough, both architects, published a book titled Cradle to Cradle: Remaking the Way We Make Things, which is considered the manifesto of cradle-to-cradle design [55]. It provides specific details on how to implement the model. The premise is that people need to learn from nature, where everything is nourished and can be returned to nature. Therefore, the cradle-to-cradle manufacturing concept is to design products to produce zero waste, and all products made can be returned to the ecosystem. Simply put, the products can decompose naturally without causing a burden to the Earth. To initiate cradle-to-cradle manufacturing, a vision that we can and should do, it becomes evident that we can implement this process, from shoes to clothes and from factories to cities, in the production of any product [56].



In response to the problems mentioned in the introduction, cradle-to-cradle is the main development goal and the core concept of sustainable clothing design.




2.3. Triple Bottom Line Architecture Theory: Economic, Social, and Environmental


In 1998, John Elkington developed the triple bottom line (TBL) framework, which consists of three sustainability pillars: profit (economy), people (society), and planet (environment) [57]. This framework reflects corporate performance, using a TBL approach, to deliver a vision of corporate social responsibility (CSR), which positively impacts the world in economic, environmental, and social terms. Only when a business begins to measure its social and environmental impact can it be called a socially and environmentally responsible organization.



Caradonna, J. and Ebrary, Inc. (2014) found that human domination in the ecosystem must enhance the concept of sustainability and the TBL [5,35]. There have been studies utilizing the TBL to evaluate design criteria and compare the performance of the proposed architecture with other multi-criteria decision-making methods in order to develop a green supplier evaluation method and selection method architecture. The TBL principle and fuzzy multi-criteria decision-making (MCDM) model architecture have been applied to address global apparel green supplier evaluation and selection issues in manufacturing [58]. A study on organizational sustainability performance also used a TBL framework to examine managers’ or the top management’s perceptions of organizational sustainability performance [59].



Studies on the social dimension of the TBL in supply chain management (SCM) indicate that the internal orientation of a company is a major auxiliary factor for SCM practices [36]. More research has analyzed the key factors in achieving sustainable fashion based on the TBL framework. A sustainable product development process matrix has been developed to guide fashion supply chain members to operate sustainably [14].



In business fields, companies are eager to adjust their business strategies to enable them to develop sustainably [60]. Consumers are concerned about the environment and society and take a more pragmatic approach to the economic dimension of sustainable development [61].



The decision-making plan of this study was to distribute questionnaires to consumers who love fast fashion on the enterprise, design, and consumer sides and to determine the indicators that affect the key elements of sustainable clothing design. The triple bottom line framework is based on economic, environmental, and social factors that must be given equal attention, which is also the key goal of clothing sustainability pursued by this research.




2.4. Social Responsibility Theory


The theory of social responsibility is the most popular theory in the capitalist world. It originated from theories in liberal newspapers and is a moral or ideological theory.



Since 1992, Business for Social Responsibility (BSR) has provided socially responsible business solutions to many of the world’s leading companies. It leverages its environmental, human rights, economic development, governance, and social responsibility expertise to guide global companies in creating a just and sustainable world through advisory services, conferences, and research [62]. Business in the Community is the oldest and largest business-led membership organization dedicated to responsible business practices, founded 40 years ago by His Royal Highness, the Prince of Wales, to advocate for responsible business [63]. A media platform called 3BL CSRwire, respected and trusted by journalists, bloggers, business leaders, and academics worldwide, has been the dedicated, real-time source for major news and updates in corporate social responsibility (CSR) and sustainability since 1999. It provides breaking news from corporations and nonprofits, including press releases, videos, podcasts, blogs, and more, all detailing CSR reports [64].



In January 2022, the Fashion Sustainability and Social Accountability Act was introduced by the New York State Assembly [65]. The main promoter of this bill was the New Standard Institute, an American think tank that is dedicated to sustainable fashion.



The bill contains the following:




	(1)

	
The impact of the production chain on the environment and society (such as suppliers’ labor wages, the source of raw materials used by brands, and the total amount of materials) should be disclosed; this is consistent with the core values of the TBL.




	(2)

	
The sustainable development goals should be set by the brand itself in accordance with international standards; among them, the main appeal is the cradle-to-cradle concept.









Enterprises with unsustainable production practices need to bear their due social responsibility and corporate fines, but this method is negative [66]. For companies that regard economic profit as their primary goal, fines are only a formality. However, if consumer awareness of sustainable fashion increases, the attitude of enterprises must change. The question of whether retailers should sell green products first is critical in the era of big data [67]. Retailers can collect massive amounts of consumer demand data and instantly update demand forecasts for new products to improve their retail business performance and services [68]. If a company sells green products first, it will incur lower environmental costs. However, such big data must be supported by consumer practice. Green products have not entirely replaced traditional nongreen products. Many retailers sell green and nongreen products to consumers [67,69]. If such a method is implemented in the fashion industry, the damage caused by the fashion industry to the environment will gradually encourage the development of sustainable fashion [70].





3. Methodology


3.1. Research Design and Data


According to the Ministry of Finance statistics, Taiwan’s apparel retail industry reached NTD 108.3 billion in 2018. In 2019, Kantar Insights Taiwan conduct a survey questionnaire [71]. The results found that Taiwanese consumers buy an average of 11 pieces of clothing per year. The results also show that there is not much difference between the current spending habits in Taiwan compared with three years ago. Thus, in this study, we took consumers who consume 11 pieces of clothing per year as the research object. The survey questionnaire adopted the cluster random sampling method, which divided the entire matrix into several clusters with similar properties according to relationships among themselves and convenience sampling. Each group could be regarded as a reduction of the whole matrix. In the first step, 502 questionnaires were randomly distributed. Second, a comprehensive survey was conducted with random groups selected to meet the conditions. This research focused on “are you a fast fashion-loving consumer” as the main cluster and collected 365 consumer questionnaires with an average annual consumption rate of more than 11 pieces as the subject. The subjects’ information is as follows: (1) Biological sex: 65.2% female, 34.7% male. (2) Age: 12–18 years old accounted for 1%, 19–30 years old accounted for 23.2%, 31–44 years old accounted for 62.1%, 45–64 years old accounted for 13.6%. (3) The average number of pieces consumed per month: 1–2 pieces accounted for 51.2%, 3–4 pieces accounted for 30.6%, 5–6 pieces accounted for 11.7%. (4) Annual average number of purchases: 0–5 pieces accounted for 10.6%, 6–10 pieces accounted for 30.6%, 11–15 pieces accounted for 31.5%, 16–20 pieces accounted for 13.4%, 21 pieces or more accounted for 13.6%.



This study interviewed 10 experts from a government–industry–university–institute alliance in the apparel industry; as such, an expert group was established. Experts discussed and structured the key elements of sustainable design, referring to the expert interview steps of the Delphi method and adding a semi-structured questionnaire (see Appendix A This study explored the key factors of sustainable design and the practices of sustainable fashion. Therefore, we used the analytic network process to analyze the research method, which can better meet the relevant needs of this paper. To achieve the purpose of this research, the overall research plan is discussed below. The following description represents the planning “research process” of the research design (flowchart in Figure 1), the Delphi method, the establishment of an expert group, in-depth interviews with experts, survey questionnaire subjects and questionnaire types, ANP concepts, and analysis steps to be explained.




3.2. Delphi Method


The Delphi method is a group decision-making method that emphasizes how each participating decisionmaker can fully understand the opinions of others in the discussion. However, each participant is blind to who the other party is. This method relies on the following characteristics:




	(1)

	
Using the professional knowledge of scholars and experts to judge or predict the development trend of events.




	(2)

	
Effective information gathered by experts will be more accurate than information provided by other groups.




	(3)

	
A group’s judgment is superior to an individual’s judgment.









The purpose of forming the clothing industry expert group was to formulate the key elements of sustainable fashion, analyze the factors affecting sustainable fashion, and learn from the experience of experts. The list of experts enhanced the reliability and validity of this study with a government–industry–university–institute alliance. This study complied with the characteristics of the Delphi method. The experts do not know each other, and interviews were all conducted when participants were anonymous to each other.



Semi-structured interviews were used to investigate the research questions. First, an interview outline was developed, and online interviews were conducted in a one-to-one manner. The interviews included different forms of open-ended questions, which led the experts to put forward their opinions on the topics. This research regarded the interview processes as conversational events, emphasizing the process of sensemaking by both the interviewer and the interviewee.



The list of expert groups is shown in Table 1.




3.3. In-Depth Interviews with Experts


The procedures for this research arrangement are as follows:



Pre-interview preparation: draw up interview outlines for decision-making issues, invite interviewees, and schedule interviews.




	(1)

	
Conducting the interview: Introduce literature and inform the interviewee of the interview’s content, purpose, and motivation and explain that the interviewee’s privacy is respected. The interview content is for academic research only and will be treated confidentially.




	(2)

	
Exploratory processing in interviews: Jointly construct the topic concept of sustainable fashion and adopt a neutral exploratory approach, provide the relevant literature, and discuss with experts as the principle.




	(3)

	
End the interview: Adopt two principles—first, stop when it is enough, and second, it is normal to take one to two hours and sincerely thank the interviewee.




	(4)

	
Organize the interview content: Keep detailed interview materials and records for subsequent analyses.




	(5)

	
Write an interview report: Sort out the new key factors that affect sustainable fashion in the clothing industry.









After sorting out the report, the experts were asked whether there were any objections to the content of the sorted data. After many revisions and confirmations, the experts reached a consensus and made new core dimensions and 12 key criteria for sustainable clothing design. Table 2 lists the opinions given by the experts in the first pretest.




3.4. Survey Questionnaire Objects and Questionnaire Types


This study displayed the following four characteristics:




	(1)

	
A questionnaire for fast fashion consumers was randomly distributed and targeted at specific groups.




	(2)

	
It described the general characteristics of the group, not the individual characteristics.




	(3)

	
It paid attention to the presentation of the status quo and facts and did not analyze the reasons.




	(4)

	
Most of the research results were used as a reference for decision-making; this is decision-oriented research.









In a paired comparison scale, subjects were asked to compare a series of objects in pairs, choosing between the two being compared according to a specific criterion. The paired comparison scale is an attitude measurement. This particular rating scale asks one to sort only two objects. Survey questionnaires provide researchers with a reliable and valid measurement tool. The questionnaire type is a paired comparison, as shown in Table 3.




3.5. ANP Concept and Analysis Steps


ANP is an advanced decision-making model derived from AHP, closer to real people’s decision-making processes. Saaty proposed it in 1999. In ANP, a method of dependence and feedback among the elements is the main vehicle for solving decision-making problems. This network-level analysis method is a mathematical theory that can systematically address the issues of dependence and feedback. At the same time, it can more accurately express the complex influence of interactions in human society through feedback. ANP uses the following steps:




	(1)

	
Structure and systematize complex decision-making issues, and list relevant evaluation criteria to establish a network structure as a decision-making evaluation.




	(2)

	
Establish each evaluation criterion cluster according to the relevant evaluation factors and establish the element nodes in the cluster according to the criterion cluster.




	(3)

	
Establish links according to the relationships between criteria and the relationships between nodes.




	(4)

	
Establish its own dedicated network cluster in each criterion.




	(5)

	
Calculate the relative weight between the criteria and each evaluation scheme’s relative value. In this step, in addition to calculating the weight value, each evaluation factor must be sorted according to the size of the weight value.




	(6)

	
Inconsistency (C.R. < 0.1).




	(7)

	
Propose comprehensive evaluation results according to the criteria and the evaluation results under the criteria.











4. Results


4.1. Pretest Questionnaire Results and Analysis


An expert questionnaire standard pretest was distributed to 10 experts with an average of 26 years of experience (see Appendix A). After three rounds of questionnaire analysis for a total of six times, the questionnaire recovery rate was 100%. A new research dimension was established, as shown in Table 3. The four-dimensional and twelve-item criteria changed. The new criteria are shown in Figure 2, and the definitions are shown in Table 3. The 10 experts’ definitions of the 4 core dimensions and 12 key criteria of sustainable apparel are shown in Table 4.




4.2. Inconsistency Analysis


The ANP of this research has 4 core dimensions and 12 key criteria. Each pairwise comparison matrix is a synthesis of 365 fast-fashion-loving consumers, and their opinions were synthesized into each pairwise comparison matrix. Excel software was used to calculate the geometric mean, λmax, CI, number of variables, RI, and CR values, as shown in Table 5. All CRs ≦ 0.1 indicated that the pairwise comparison data were consistent. Table 6 is a summary of consumer questionnaires (unit: person).




4.3. ANP Questionnaire Results and Analysis: Super Decisions


Super Decisions is a powerful decision-making program mainly used in the related research of ANP. Thomas L. Saaty developed ANP in 1996, incorporating dependencies and feedback effects, including interactions within and between clusters and feedback effects. Super Decisions uses a supermatrix to calculate the degree of interdependence. This breakthrough brings ANP closer to the human way of thinking, which creates the best tool for Super Decisions to understand the complex relationship caused by this method. There is a good relationship between this software and Microsoft’s operating system.



Regarding compatibility, the results can be exported to Excel for subsequent analysis. The overall geometric mean can be calculated and directly filled into the software to obtain a weighted supermatrix. This effectively saves the time required for calculation and statistical analysis, meaning research personnel can balance the quality of the research results with the mastery of the time course of the study. “Super Decisions” is a decision-support program that implements AHP and ANP—making it possible to include intangible assets in decision-making—which combines judgment data to effectively rank options and predict outcomes, all of which make good contributions.



In this study, 365 fast-fashion-loving consumers and the pairwise comparison data between each criterion and each plan were used to calculate the geometric mean with Excel. The matrix and comprehensive results were obtained using the Super Decisions program for calculation and analysis. The results are presented in Table 7.




4.4. Creating a Supermatrix: Unweighted Matrix, Weighted Matrix, and Limit Matrix


The sum of the fields in the supermatrix may be greater than one, but it has no random effect. This matrix is an unweighted matrix, while the weighted matrix is a supermatrix that has a sum of one and a random effect. Saaty (1996) suggested that by providing the relative importance of each column element of the supermatrix, each column element of the matrix can be proportionally converted into data with standardized characteristics according to the significance of each element that is affected or controlled by it. The limiting matrix makes the weighting matrix show the relationship between the elements of convergence, stability, and consistency under long-term equilibrium. Since the limit matrix evolved from the weight matrix, its form is the same. However, the limit matrix has the same weight value in each column corresponding to a particular element. The sum of the element weight values in each column is equal to one; all the element weights and the evaluation values of the evaluation scheme can obtain a convergence effect.



Table 8 shows the unweighted supermatrix. As can be seen, the priority order of the evaluation factors after the pairwise comparison of the research data, when the research data are not weighted, indicates the relationship between the evaluation criteria. After calculating the weight of each factor, it is assigned to a weighted supermatrix, as shown in Table 9. Multiplying the unweighted supermatrix multiple times will obtain a stable and unchangeable convergence value, which is the limiting supermatrix. The limiting matrix will converge to a specific value, so this value can be used as an alternative basis for timing, as shown in Table 10.





5. Discussion


Based on the experts’ opinions, this study constructed a sustainable design model with 4 core dimensions and 12 key standards [72]. The proposed model can be used as the basis for follow-up research and further discussion and practice with respect to the 12 key criteria. According to the survey results on fast fashion consumers, this study ranked the importance of the 12 key criteria for sustainable clothing design. The ranking can allow clothing companies to know consumers’ views on sustainable issues and their degree of emphasis; help designers understand the changes in consumer demand; and show consumers that they have a clear and urgent connection with sustainability issues [73,74].



The issue of sustainable development has attracted the attention of the general public. This study coincides with the 2030 Sustainable Development Goals (SDGs) [75,76,77,78]. The findings of this study can also be considered the goal of the sustainable development of the apparel industry [79]. Using the conceptual behaviors of recognition and implementation, this study discusses “sustainable design” as the goal of the clothing industry; the research target is concentrated on subjects who love fast fashion so as to facilitate research and development conduct. However, the subjects of this study are only Taiwanese consumers; the average annual consumption rate of Taiwanese consumers is not based on academic research but rather based on private consulting companies, and this is a limitation of this study. Different from the discussion of general sustainable issues, this study adopted cradle-to-cradle, TBL theory, and social responsibility theory to strengthen the importance of the core concept of sustainable fashion. Clothing companies, designers, and consumers should find their best feasible solution for a better environment, economy, and society in the 4 core dimensions and 12 key criteria of the sustainable clothing model.



This study conducted expert interviews. The experts discussed the key elements of sustainable design with respect to the practice of sustainable fashion. As for the development of sustainable fashion, there is less discussion. In future research, answering the question of how to strengthen the involvement of consumers who love fast fashion in sustainable fashion is an important goal [80,81].




6. Conclusions


From the perspective of social responsibility theory and using the Delphi method, combined with in-depth interviews with 10 experts, the experts calibrated the customer value attributes into the three levels of goal–criteria–plan and confirmed that the four criterion levels are ideological awareness, use awareness, product awareness, and recycling awareness, and the sub-criteria are the key elements of sustainable clothing design: “reflection”, “creativity”, “awareness”, “durability”, “consumption reduction”, “environmental protection”, “cherishing”, and “transfer.” There are 12 key standards, including “modification”, “recycling”, “transformation”, and “disassembly”. With the help of the experts, the 4 core dimensions and 12 key standards of sustainable clothing design were discussed and constructed.



Survey questionnaire data from 365 consumers who consume more than 11 pieces per year and like fast fashion comprised the research subjects. ANP was employed to obtain the importance of each weight value after the convergence of the limiting matrix in order to improve and promote the development of a sustainable design while also providing the order of importance for reference. The corporate responsibility side, the design product side, and the consumer side were considered for the order of importance in sustainable design decision-making. Based on the results, this study concluded that consumers think that the first key element of sustainable design is corporate responsibility. The second is the consumers themselves, and the third is the design side. In this study, “cherishing” was considered the most important key factor for sustainable development. The results of this study reflect the evaluation and views of fast-fashion-loving consumers regarding green projects. The results of the study are detailed in Table 11.



6.1. Research Highlights


The clothing industry is a high-value industry worldwide. It is also the second largest source of pollution in the world. As such, many studies have proved that fast fashion is one of the factors affecting sustainable development. However, research on consumers who love fast fashion is limited. This research reflected the evaluation of such people regarding their views on green projects. In 2019, the average number of fast fashion garments purchased by Taiwanese people was 11. This study enrolled consumers who consume more than 11 pieces per year and consider themselves fast-fashion-loving consumers.



Through expert interviews, this research identified key factors for the sustainable development of the clothing industry and tried to understand the fast fashion consumers’ views on sustainable design through this research. Attributes that ultimately improve the service content, of course, can be more in line with the needs of consumers and form the most practical improvements for the problems and the root causes of things. Consumers can put forward their views on sustainable design more consciously so that we can make the ideal allocation under the Earth’s limited resources. This can facilitate the sustainable development of all aspects, not only in the clothing industry but in all fields.




6.2. Management Implications


Companies produce products for consumers to buy and use. However, it is not just a product but a belief, as indicated by this study. A love of fast fashion does not mean that consumers who love fast fashion do not love the Earth or do not care about the issue of sustainability. Future research should explore whether we have been representing “fast fashion” and “sustainability” as contradictory factors while ignoring the essence of the problem to propose a fundamental solution. Many studies point out how to take care of the environment and reduce consumption. These studies make a valuable contribution. However, from the results of this study, it is evident that research lacks a focus on educating users in terms of awareness. This study assumed that the choice of fast-fashion-loving consumers can promote the development of sustainable design and improve decision-making efficiency. Awareness of “cherishing the use” was the participants’ number one key element of sustainable design. This research result is consistent with the research hypothesis.




6.3. Research Contributions


According to the meanings mentioned in the theory of social responsibility, this study consisted of four dimensions of awareness: ideological, product, use, and circulation. It attempted to let more people realize that their own awareness has a high impact on sustainable design, even for fast-fashion-loving consumers. This study did not conduct a decision analysis regarding expert opinion; rather, it chose to issue questionnaires for consumers who like fast fashion and took the decision analysis results of the questionnaires as the final value. The reason behind this decision is that the issue of sustainable design covers a global scope. We used professional knowledge and theory to add transparency to this issue. However, customers are the key protagonists of sustainable design and ultimately drive consumer behaviors. In other words, the choice and decisions of consumers are the core of the problem of sustainability. Customers’ consumption feelings are challenging to identify. Through the research design of this study, we aimed to inspire deeper thinking: the issue of sustainable design starts with ourselves.




6.4. Subsequent Research


The issue of fast fashion is leading companies to realize that they can no longer be the scapegoat for destroying the environment and ecology. Everyone is avoiding this problem, but researchers are afraid that everyone will be blinded by such “outer packaging”, thinking that the company itself has done something wrong. A “kind” response is equivalent to solving this problem. It is similar to how politicians who evade taxes always show kindness and donate the most. Researchers can continue to track annual consumption rates and consumer status regarding the issue of sustainable design to lead to more in-depth research and discussion.
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Appendix A. Expert Interview Pretest


The main factors that affect the sustainable design of the clothing industry are as follows:




	1.

	
Product awareness: durability, energy-saving design, environmentally friendly materials.




	2.

	
Consumer awareness: second-hand products, pre-ordered products, custom- made products.




	3.

	
Use awareness: size modification, product transfer, cherish the products when using.




	4.

	
Recycling awareness: old clothes transformation, recycling pipeline, dismantling and recycling.



Introduction:                                                  



Interviewer’s Name:                                              



Years in the apparel industry:                                          



Job title:                                                     









The subject of the interview: the discussion and practice of sustainable design in the apparel industry.




	1.

	
Do you agree with the “Main Factors Affecting the Sustainable Design of the Apparel Industry” proposed by this research?



If yes, please briefly explain why?                                        




	2.

	
If not, please explain why?                                            










Appendix B. Consumer Questionnaire







	
(Instructions for filling in)








Thank you for your assistance in the investigation of this questionnaire. The clothing referred to in this questionnaire includes tops, coats, skirts, trousers, dresses, shirts, sweaters, innerwear, and other clothing products but does not include underwear, hats, accessories, Scarves, gloves, and other accessories. Please read the following questions in detail to understand the meaning of the questions before answering; thank you!




	1.

	
Are you a fast fashion-loving consumer? Please tick the box.



Yes [image: Sustainability 15 00995 i001] No [image: Sustainability 15 00995 i001]




	2.

	
How many pieces of your own clothes do you buy on average in a year? Please tick the box.



[image: Sustainability 15 00995 i001] 0–5 pieces



[image: Sustainability 15 00995 i001] 6–10 pieces



[image: Sustainability 15 00995 i001] 11–15 pieces



[image: Sustainability 15 00995 i001] 16–20 pieces



[image: Sustainability 15 00995 i001] 21 or more














	
(Instructions for filling in)








This questionnaire explores the four major categories of ideological awareness, product status, use status, and recycling awareness when consumers choose clothing products. Consumers feel the importance of the practice of sustainable design of clothing products as a decision-making plan. This study adopted the pairwise comparison method to evaluate the two options’ relative importance. Please pay attention to the following instructions and answer the questions after understanding the meaning of the questions.








	
(Comparison between Criteria and Alternatives)








Suppose you purchase a piece of clothing with the goal of good “clothing sustainable product design”, considering (A) creativity (changeable clothes), (B) awareness (purchasing wisely), (C) reflection (on the earth Responsibility) and other three ideological conditions, first, according to the degree of importance you attach to the sustainable design of clothing products, arrange them from large (important) to small (not paying attention). For example, for A creative > B awareness > C reflection, you only need to fill in A > B > C in the answer column.



Secondly, according to the sorting results, the importance of the consumer’s ideology to the “sustainable design of clothing products” is evaluated by pairwise comparison, and the symbol “v” is used to make a check in the table.



As follows: If you think “creativity” is more important than “awareness”, just put a “v” under the critical column next to “creativity”, as shown below.



Please tick “v” in the following pairwise comparisons.






	

	
Extreme

	
Very Strong

	
Strong

	
Moderate

	
Equal

	
Moderate

	
Strong

	
Very Strong

	
Extreme

	




	
[image: Sustainability 15 00995 i002] Important [image: Sustainability 15 00995 i003]




	
Proportion

	
9:1

	
7:1

	
5:1

	
3:1

	
1:1

	
1:3

	
1:5

	
1:7

	
1:9

	
Proportion




	
A

	

	
v

	

	

	

	

	

	

	

	
B














	
(Questionnaire begins)








1.1. First of all, according to the degree of importance you attach to the sustainable design of clothing products in your ideological consciousness: A. Reflection (responsibility to the earth) B. Creativity (changeable clothes), C. Awareness (reasonable purchase), from big (important) to small (not important).



For example, A > B > C, please fill in your personal opinion.



Your answer is:                           



1.2. Please tick “v” in the following pairwise comparisons.






	

	
Extreme

	
Very Strong

	
Strong

	
Moderate

	
Equal

	
Moderate

	
Strong

	
Very Strong

	
Extreme

	




	
[image: Sustainability 15 00995 i002] Important [image: Sustainability 15 00995 i003]




	
Proportion

	
9:1

	
7:1

	
5:1

	
3:1

	
1:1

	
1:3

	
1:5

	
1:7

	
1:9

	
Proportion




	
A

	

	
v

	

	

	

	

	

	

	

	
B




	
A

	

	

	

	

	

	

	

	

	

	
C




	
B

	

	

	

	

	

	

	

	

	

	
C











References


	



Yang, L.; Dong, S. Sustainable Product Strategy in Apparel Industry with Consumer Behavior Consideration. Sustainability 2017, 9, 920. [Google Scholar] [CrossRef] [Scilit]

	



Dissanayake, G.; Sinha, P. An examination of the product development process for fashion remanufacturing. Resour. Conserv. Recycl. 2015, 104, 94–102. [Google Scholar] [CrossRef] [Scilit]

	



Shen, B. Sustainable fashion supply chain: Lessons from H&M. Sustainability 2014, 6, 6236–6249. [Google Scholar] [CrossRef] [Scilit]

	



Schor, J.B. Plenitude: The New Economics of True Wealth; Penguin Press: London, UK, 2011. [Google Scholar]

	



Fung, Y.-N.; Choi, T.-M.; Liu, R. Sustainable planning strategies in supply chain systems: Proposal and applications with a real case study in fashion. Prod. Plan. Control 2020, 31, 883–902. [Google Scholar] [CrossRef] [Scilit]

	



Ogunkunle, T.J.; Adewumi, A.; Adepoju, A.O. Biodiversity: Overexploited but underutilized natural resource for human existence and economic development. Environ. Ecosyst. Sci. 2019, 3, 26–34. [Google Scholar] [CrossRef] [Scilit]

	



Weinzettel, J.; Hertwich, E.G.; Peters, G.P.; Steen-Olsen, K.; Galli, A. Affluence drives the global displacement of land use. Glob. Environ. Chang. 2013, 23, 433–438. [Google Scholar] [CrossRef] [Scilit]

	



Pensupa, N.; Leu, S.-Y.; Hu, Y.; Du, C.; Liu, H.; Jing, H.; Wang, H.; Lin, C.S.K. Recent trends in sustainable textile waste recycling methods: Current situation and future prospects. In Chemistry and Chemical Technologies in Waste Valorization; Lin, C., Ed.; Springer: Cham, Switzerland, 2017; pp. 189–228. [Google Scholar] [CrossRef] [Scilit]

	



Pero, M.; Arrigo, E.; Fionda-Douglas, A. Sustainability in Fashion Brands. Sustainability 2020, 12, 5843. [Google Scholar] [CrossRef] [Scilit]

	



Moorhouse, D.; Moorhouse, D. Sustainable design: Circular economy in fashion and textiles. Des. J. 2017, 20 (Suppl. 1), 1948–1959. [Google Scholar] [CrossRef] [Scilit]

	



Wagner, M.M.; Heinzel, T. Human Perceptions of Recycled Textiles and Circular Fashion: A Systematic Literature Review. Sustainability 2020, 12, 10599. [Google Scholar] [CrossRef] [Scilit]

	



Karaosman, H.; Morales-Alonso, G.; Brun, A. From a Systematic Literature Review to a Classification Framework: Sustainability Integration in Fashion Operations. Sustainability 2016, 9, 30. [Google Scholar] [CrossRef] [Scilit]

	



Armstrong, C.M.; Niinimäki, K.; Kujala, S.; Karell, E.; Lang, C. Sustainable product-service systems for clothing: Exploring consumer perceptions of consumption alternatives in Finland. J. Clean. Prod. 2015, 97, 30–39. [Google Scholar] [CrossRef] [Scilit]

	



Fung, Y.-N.; Chan, H.-L.; Choi, T.-M.; Liu, R. Sustainable product development processes in fashion: Supply chains structures and classifications. Int. J. Prod. Econ. 2021, 231, 107911. [Google Scholar] [CrossRef] [Scilit]

	



Armstrong, C.M.; 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. [Google Scholar] [CrossRef] [Scilit]

	



Boström, M.; Micheletti, M. Introducing the Sustainability Challenge of Textiles and Clothing. J. Consum. Policy 2016, 39, 367–375. [Google Scholar] [CrossRef] [Scilit]

	



Yang, S.; Song, Y.; Tong, S. Sustainable Retailing in the Fashion Industry: A Systematic Literature Review. Sustainability 2017, 9, 1266. [Google Scholar] [CrossRef] [Scilit]

	



Black, S. Fashion in a Time of Crisis. Fash. Pract. 2020, 12, 327–330. [Google Scholar] [CrossRef] [Scilit]

	



Birtwistle, G.; Moore, C.M. Fashion clothing—Where does it all end up? Int. J. Retail. Distrib. Manag. 2007, 35, 210–216. [Google Scholar] [CrossRef] [Scilit]

	



Oelze, N. Sustainable Supply Chain Management Implementation–Enablers and Barriers in the Textile Industry. Sustainability 2017, 9, 1435. [Google Scholar] [CrossRef] [Scilit]

	



Morlet, A.; Opsomer, R.; Herrmann, S.; Balmond, L.; Gillet, C.; Fuchs, L. A New Textiles Economy: Redesigning Fashion’s Future; Ellen MacArthur Foundation: Cowes, UK, 2017. [Google Scholar]

	



Norum, P.S. Towards Sustainable Clothing Disposition: Exploring the Consumer Choice to Use Trash as a Disposal Option. Sustainability 2017, 9, 1187. [Google Scholar] [CrossRef] [Scilit]

	



Jarpa, S.G.; Halog, A.; Guerrero, L. Circular Economy Implementation in Chilean Retail Industry. In Circular Economy; Springer: Singapore, 2021; pp. 129–162. [Google Scholar]

	



Jacometti, V. Circular Economy and Waste in the Fashion Industry. Laws 2019, 8, 27. [Google Scholar] [CrossRef] [Scilit]

	



Breyer, M. 25 Shocking Fashion Industry Statistics; TreeHugger: New York, NY, USA, 2012. [Google Scholar]

	



Geissdoerfer, M.; Savaget, P.; Bocken, N.M.; Hultink, E.J. The Circular Economy—A new sustainability paradigm? J. Clean. Prod. 2017, 143, 757–768. [Google Scholar] [CrossRef] [Scilit]

	



Gwilt, A. A Practical Guide to Sustainable Fashion; Bloomsbury Publishing: London, UK, 2020. [Google Scholar]

	



Phillips, J. A quantitative approach to determine and evaluate the indicated level and nature of global ecological sustainability. Area 2015, 47, 197–210. [Google Scholar] [CrossRef] [Scilit]

	



Keiner, M. The Future of Sustainability; Springer: Dordrecht, The Netherlands, 2006. [Google Scholar]

	



Henninger, C.E.; Bürklin, N.; Niinimäki, K. The clothes swapping phenomenon—When consumers become suppliers. J. Fash. Mark. Manag. 2019, 23, 327–344. [Google Scholar] [CrossRef] [Scilit]

	



Holtström, J.; Bjellerup, C.; Eriksson, J. Business model development for sustainable apparel consumption: The case of Houdini Sportswear. J. Strategy Manag. 2019, 12, 481–504. [Google Scholar] [CrossRef] [Scilit]

	



Kantabutra, S.; Ketprapakorn, N. Toward a theory of corporate sustainability: A theoretical integration and exploration. J. Clean. Prod. 2020, 270, 122292. [Google Scholar] [CrossRef] [Scilit]

	



Ritch, E.L. Socially responsible fashion practice: Looking good and feeling good. In Transitioning to Responsible Consumption and Production; McNeill, L., Ed.; Multidisciplinary Digital Publishing Institute: Basel, Switzerland, 2020; p. 59. [Google Scholar]

	



LoMonaco-Benzing, R.; Ha-Brookshire, J. Sustainability as Social Contract: Textile and Apparel Professionals’ Value Conflicts within the Corporate Moral Responsibility Spectrum. Sustainability 2016, 8, 1278. [Google Scholar] [CrossRef] [Scilit]

	



Caradonna, J.L. Sustainability: A History; Oxford University Press: Oxford, UK, 2014. [Google Scholar]

	



Köksal, D.; Strähle, J.; Müller, M.; Freise, M. Social Sustainable Supply Chain Management in the Textile and Apparel Industry—A Literature Review. Sustainability 2017, 9, 100. [Google Scholar] [CrossRef] [Scilit]

	



Cox, J.; Griffith, S.; Giorgi, S.; King, G. Consumer understanding of product lifetimes. Resour. Conserv. Recycl. 2013, 79, 21–29. [Google Scholar] [CrossRef] [Scilit]

	



Li, W.-Y.; Choi, T.-M.; Chow, P.-S. Risk and benefits brought by formal sustainability programs on fashion enterprises under market disruption. Resour. Conserv. Recycl. 2015, 104, 348–353. [Google Scholar] [CrossRef] [Scilit]

	



Moon, K.K.-L.; Lai, C.S.-Y.; Lam, E.Y.-N.; Chang, J.M. Popularization of sustainable fashion: Barriers and solutions. J. Text. Inst. 2015, 106, 939–952. [Google Scholar] [CrossRef] [Scilit]

	



Shaker, R.R.; Zubalsky, S.L. Examining patterns of sustainability across Europe: A multivariate and spatial assessment of 25 composite indices. Int. J. Sustain. Dev. World Ecol. 2015, 22, 1–13. [Google Scholar] [CrossRef] [Scilit]

	



Shaker, R.R. The spatial distribution of development in Europe and its underlying sustainability correlations. Appl. Geogr. 2015, 63, 304–314. [Google Scholar] [CrossRef] [Scilit]

	



Miller, T.R.; Wiek, A.; Sarewitz, D.; Robinson, J.; Olsson, L.; Kriebel, D.; Loorbach, D. The future of sustainability science: A solutions-oriented research agenda. Sustain. Sci. 2014, 9, 239–246. [Google Scholar] [CrossRef] [Scilit]

	



Hanzer, V. Unethical Business Practices and Social Corporate Responsibility: A Case Study from the Fast Fashion Industry. Bachelor’s Thesis, Charles University, Staré Město, Czech Republic, 2022. [Google Scholar]

	



Wren, B. Sustainable supply chain management in the fast fashion Industry: A comparative study of current efforts and best practices to address the climate crisis. Clean. Logist. Supply Chain 2022, 4, 100032. [Google Scholar] [CrossRef] [Scilit]

	



Lee, E.-J.; Choi, H.; Han, J.; Kim, D.H.; Ko, E.; Kim, K.H. How to “Nudge” your consumers toward sustainable fashion consumption: An fMRI investigation. J. Bus. Res. 2020, 117, 642–651. [Google Scholar] [CrossRef] [Scilit]

	



Silva, E.S.; Hassani, H.; Madsen, D.Ø.; Gee, L. Googling Fashion: Forecasting Fashion Consumer Behaviour Using Google Trends. Soc. Sci. 2019, 8, 111. [Google Scholar] [CrossRef] [Scilit]

	



Rathinamoorthy, R. Sustainable Clothing Designs for Fashion: Design Strategies and Its Implementation Possibilities. In Sustainability in the Textile and Apparel Industries; Muthu, S., Gardetti, M., Eds.; Springer: Cham, Switzerland, 2020; pp. 127–161. [Google Scholar]

	



Salkovic, C. Performing Sustainability in Fast Fashion Retailing. Master’s Thesis, Lund University, Lund, Sweden, 2018. [Google Scholar]

	



Presley, A.; Meade, L.M. The Business Case for Sustainability: An Application to Slow Fashion Supply Chains. IEEE Eng. Manag. Rev. 2018, 46, 138–150. [Google Scholar] [CrossRef] [Scilit]

	



Reike, D.; Hekkert, M.P.; Negro, S.O. Understanding circular economy transitions: The case of circular textiles. Bus. Strat. Environ. 2022. [Google Scholar] [CrossRef] [Scilit]

	



Vătămănescu, E.-M.; Dabija, D.-C.; Gazzola, P.; Cegarro-Navarro, J.G.; Buzzi, T. Before and after the outbreak of COVID-19: Linking fashion companies’ corporate social responsibility approach to consumers’ demand for sustainable products. J. Clean. Prod. 2021, 321, 128945. [Google Scholar] [CrossRef] [Scilit]

	



Wastling, T.; Charnley, F.; Moreno, M. Design for Circular Behaviour: Considering Users in a Circular Economy. Sustainability 2018, 10, 1743. [Google Scholar] [CrossRef] [Scilit]

	



Yulianti, P.; Prameswari, R.S. Towards Sustainability of Companies Development via Attracting Millennial Job Applicants: Impact of Corporate Social Responsibility and Individual Values. J. Secur. Sustain. Issues 2020, 9, 69–76. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Macchion, L.; Moretto, A.; Caniato, F.; Caridi, M.; Danese, P.; Spina, G.; Vinelli, A. Improving innovation performance through environmental practices in the fashion industry: The moderating effect of internationalisation and the influence of collaboration. Prod. Plan. Control 2017, 28, 190–201. [Google Scholar] [CrossRef] [Scilit]

	



McDonough, W.; Braungart, M. Remaking the way we make things: Creating a new definition of quality with cradle-to-cradle design. In The International Handbook on Environmental Technology Management; Marinova, D., Annandale, D., Phillimore, J., Eds.; Edward Elgar Publishing: Cheltenham, UK, 2008; p. 33. [Google Scholar]

	



Clancy, G.; Fröling, M.; Peters, G. Ecolabels as drivers of clothing design. J. Clean. Prod. 2015, 99, 345–353. [Google Scholar] [CrossRef] [Scilit]

	



Wilson, J.P. The triple bottom line: Undertaking an economic, social, and environmental retail sustainability strategy. Int. J. Retail. Distrib. Manag. 2015, 43, 432–477. [Google Scholar] [CrossRef] [Scilit]

	



Guo, Z.; Liu, H.; Zhang, D.; Yang, J. Green Supplier Evaluation and Selection in Apparel Manufacturing Using a Fuzzy Multi-Criteria Decision-Making Approach. Sustainability 2017, 9, 650. [Google Scholar] [CrossRef] [Scilit]

	



Lee, S.H.; Ha-Brookshire, J. Ethical climate and job attitude in fashion retail employees’ turnover intention, and perceived organizational sustainability performance: A cross-sectional study. Sustainability 2017, 9, 465. [Google Scholar] [CrossRef] [Scilit]

	



Collins, D.; Junghans, A. Sustainable Facilities Management and Green Leasing: The Company Strategic Approach. Procedia Econ. Financ. 2015, 21, 128–136. [Google Scholar] [CrossRef] [Scilit]

	



Peirson-Smith, A.; Evans, S. Fashioning Green Words and Eco Language: An Examination of the User Perception Gap for Fashion Brands Promoting Sustainable Practices. Fash. Pract. 2017, 9, 373–397. [Google Scholar] [CrossRef] [Scilit]

	



Shi, X.; Qian, Y.; Dong, C. Economic and Environmental Performance of Fashion Supply Chain: The Joint Effect of Power Structure and Sustainable Investment. Sustainability 2017, 9, 961. [Google Scholar] [CrossRef] [Scilit]

	



Grayson, D.; Jane, N. Business in the Community (BITC). In Corporate Responsibility Coalitions: The Past, Present, and Future of Alliances for Sustainable Capitalism; Routledge: Oxfordshire, UK, 2017; pp. 211–223. [Google Scholar]

	



Cohen, E. CSR for HR: A Necessary Partnership for Advancing Responsible Business Practices; Routledge: Oxfordshire, UK, 2017. [Google Scholar]

	



Lawrence, K. The Future of Fast Fashion: How New York’s Proposed Fashion Sustainability Legislation Could Change the Industry. In SAGE Business Cases; SAGE Publications: Newbury Park, CA, USA, 2022. [Google Scholar]

	



Stål, H.I.; Corvellec, H. Organizing Means–Ends Decoupling: Core–Compartment Separations in Fast Fashion. Bus. Soc. 2022, 61, 857–885. [Google Scholar] [CrossRef] [Scilit]

	



Shen, B.; Choi, T.-M.; Chan, H.-L. Selling green first or not? A Bayesian analysis with service levels and environmental impact considerations in the Big Data Era. Technol. Forecast. Soc. Chang. 2019, 144, 412–420. [Google Scholar] [CrossRef] [Scilit]

	



Chan, H.K.; Choi, T.-M.; Yue, X. Guest Editorial Big Data Analytics: Risk and Operations Management for Industrial Applications. IEEE Trans. Ind. Inform. 2016, 12, 1214–1218. [Google Scholar] [CrossRef] [Scilit]

	



Pearce, D.W.; Turner, R.K. Economics of Natural Resources and the Environment; Johns Hopkins University Press: Baltimore, MD, USA, 1990. [Google Scholar]

	



Niinimäki, K.; Peters, G.; Dahlbo, H.; Perry, P.; Rissanen, T.; Gwilt, A. The environmental price of fast fashion. Nat. Rev. Earth Environ. 2020, 1, 189–200. [Google Scholar] [CrossRef] [Scilit]

	



Wang, T.; Taiwan, K.; Division, I. Taiwanese Consumers Buy an Average of 11 Pieces of Clothing a Year. Available online: https://www.kantar.com.tw/News_detail.php?nid=45 (accessed on 20 May 2019). (In Chinese)

	



Allen, C.; Metternicht, G.; Wiedmann, T. National pathways to the Sustainable Development Goals (SDGs): A comparative review of scenario modelling tools. Environ. Sci. Policy 2016, 66, 199–207. [Google Scholar] [CrossRef] [Scilit]

	



Hasbullah, N.N.; Sulaiman, Z.; Mas’od, A.; Ahmad Sugiran, H.S. Drivers of Sustainable Apparel Purchase Intention: An Empirical Study of Malaysian Millennial Consumers. Sustainability 2022, 14, 1945. [Google Scholar] [CrossRef] [Scilit]

	



Garcia-Torres, S.; Rey-Garcia, M.; Albareda-Vivo, L. Effective Disclosure in the Fast-Fashion Industry: From Sustainability Reporting to Action. Sustainability 2017, 9, 2256. [Google Scholar] [CrossRef] [Scilit]

	



Allen, C.; Metternicht, G.; Wiedmann, T. Initial progress in implementing the Sustainable Development Goals (SDGs): A review of evidence from countries. Sustain. Sci. 2018, 13, 1453–1467. [Google Scholar] [CrossRef] [Scilit]

	



Cai, Y.-J.; Choi, T.-M. A United Nations’ Sustainable Development Goals perspective for sustainable textile and apparel supply chain management. Transp. Res. Part E Logist. Transp. Rev. 2020, 141, 102010. [Google Scholar] [CrossRef] [Scilit]

	



Mori Junior, R.; Fien, J.; Horne, R. Implementing the UN SDGs in Universities: Challenges, Opportunities, and Lessons Learned. Sustain. J. Rec. 2019, 12, 129–133. [Google Scholar] [CrossRef] [Scilit]

	



Pizzi, S.; Caputo, A.; Corvino, A.; Venturelli, A. Management research and the UN sustainable development goals (SDGs): A bibliometric investigation and systematic review. J. Clean. Prod. 2020, 276, 124033. [Google Scholar] [CrossRef] [Scilit]

	



Rehman, F.U.; Al-Ghazali, B.M.; Farook, M.R.M. Interplay in Circular Economy Innovation, Business Model Innovation, SDGs, and Government Incentives: A Comparative Analysis of Pakistani, Malaysian, and Chinese SMEs. Sustainability 2022, 14, 15586. [Google Scholar] [CrossRef] [Scilit]

	



Rosati, F.; Faria, L.G.D. Addressing the SDGs in sustainability reports: The relationship with institutional factors. J. Clean. Prod. 2019, 215, 1312–1326. [Google Scholar] [CrossRef] [Scilit]

	



Salvia, A.L.; Leal Filho, W.; Brandli, L.L.; Griebeler, J.S. Assessing research trends related to Sustainable Development Goals: Local and global issues. J. Clean. Prod. 2019, 208, 841–849. [Google Scholar] [CrossRef] [Scilit]








[image: Sustainability 15 00995 g001] 





Figure 1. The research process. 
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Figure 2. The 4 core dimensions and 12 key criteria of sustainable clothing design. 
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Table 1. List of experts.






Table 1. List of experts.





	Expert
	Professional Field
	Position
	Experience





	1
	University, Government
	Director of Audit, Textile Research Institute, Master of Textiles and Clothing
	24 years



	2
	University, Government/Institute Alliance
	Researcher at Textile Research Institute, University Lecturer, Master of Textiles and Clothing
	23 years



	3
	University, Industry
	Costume Design Faculty, Costume Designer
	20 years



	4
	University, Government, Institute Alliance
	University lecturer of fashion design department, Pattern Maker, Master of fabrics and clothing
	30 years



	5
	Government
	Secretary General of Fiber Association
	30 years



	6
	Government, Industry
	ROC Textile Industry Development Association, Project Designer
	25 years



	7
	Industry
	Director of Global Sourcing& Product development in Canada
	33 years



	8
	University, Industry
	La société MARIE-HELENE COUTURE S.A.R.L dis, Pattern Maker
	30 years



	9
	Industry
	Marketing Manager
	20 years



	10
	Industry
	Costume designer, Company Manager
	22 years










 





Table 2. The first answer of the expert interview pre-test.
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	Expert
	Agree or Not
	Opinion





	1
	Yes
	Based on circular design



	2
	Yes
	Fashion pollution is too serious, illusory consumption is greater than demand consumption



	3
	Yes
	Sustainable development is not only in the apparel industry, but also in every industry



	4
	No
	The concepts of consumer awareness and user awareness are too close



	5
	Yes
	Comply with 3R of environmental protection: Recycle/Reuse/Reduce



	6
	No
	Energy saving needs to be changed. Whether pre-order products and customization are related to environmental protection needs to be discussed



	7
	Yes
	Thought determines behavior



	8
	Yes
	The study of sustainable design is extremely important in line with the ideal of sustainable human existence



	9
	No
	I personally think that ideology is very important, for example: one piece of clothing can be worn more and creativity can be added



	10
	Yes
	Strengthen resource reuse










 





Table 3. The of pairwise comparison in ANP.
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	Intensity of Judgment
	Numerical Rating





	Extreme Importance
	9



	Very Strong Importance
	7



	Strong Importance
	5



	Moderate Importance
	3



	Equal Importance
	1










 





Table 4. The of definitions of the 4 cores and 12 key criteria of sustainable apparel.
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	Four Cores
	Criteria
	Definition





	1.Ideology
	1.1Reflection
	Responsibility to the Earth



	
	1.2Creative
	Change the way of wearing the same style of clothes



	
	1.3Awareness
	Think more when shopping for clothes



	2.Product Awareness
	2.1Eco-Friendly
	Cloth material is biodegradable



	
	2.2Reduce
	Reduce consumables in product design



	
	2.3Durable
	Extend product durability



	3.User awareness
	3.1Modify
	Make clothes more suitable for you by modifying the way



	
	3.2Deliver
	Unsuitable or infrequently worn clothes are passed on to others



	
	3.3Cherish
	Pay attention to the washing method and regular maintenance



	4.Circular awareness
	4.1Remaking
	Transform old clothes into new products and continue to use them



	
	4.2Disassembled
	Remove accessories such as buttons or zippers from clothing and reuse them



	
	4.3Recycling
	Follow a good recycling pipeline for resource recycling










 





Table 5. The of consistency test results of relevance questionnaire.
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	Basis of Comparison
	λmax
	CI
	Number of Variables
	RI
	CR





	Ideology Attributes
	3.0047
	0.00235
	3
	0.58
	0.00405



	Product Awareness Attributes
	3.0015
	0.00077
	3
	0.58
	0.00132



	User awareness Attributes
	3.0016
	0.00078
	3
	0.58
	0.00133



	Circular Awareness Attributes
	3.0861
	0.04305
	3
	0.58
	0.07422



	Alternatives Attributes
	3.0037
	0.00185
	3
	0.58
	0.00319










 





Table 6. Summary of consumer questionnaires (Unit: person).
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	Extreme
	Very Strong
	Strong
	Moderate
	Equal
	Moderate
	Strong
	Very Strong
	Extreme
	





	Proportion
	9:1
	7:1
	5:1
	3:1
	1:1
	1:3
	1:5
	1:7
	1:9
	Proportion



	Sub-Criteria

1.1
	1
	9
	37
	57
	91
	75
	61
	22
	12
	Sub-Criteria 1.2



	1.1
	5
	16
	40
	55
	86
	67
	70
	18
	8
	1.3



	1.2
	6
	16
	39
	58
	99
	65
	54
	19
	9
	1.3



	2.1
	3
	10
	26
	40
	86
	88
	69
	26
	17
	2.2



	2.1
	4
	9
	19
	29
	88
	73
	73
	48
	22
	2.3



	2.2
	1
	9
	12
	23
	94
	83
	74
	47
	22
	2.3



	3.1
	12
	36
	51
	45
	66
	68
	45
	29
	13
	3.2



	3.1
	9
	27
	33
	60
	80
	55
	53
	35
	13
	3.3



	3.2
	2
	13
	20
	56
	71
	81
	66
	44
	12
	3.3



	4.1
	5
	14
	26
	39
	80
	63
	74
	46
	18
	4.2



	4.1
	1
	12
	28
	47
	97
	70
	61
	37
	12
	4.3



	4.2
	9
	18
	44
	53
	81
	56
	62
	28
	14
	4.3










 





Table 7. The of matrix and comprehensive results computational analysis.
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	Criteria
	Sub-Criteria
	Normalized

by Cluster
	Limiting
	Ranking





	1.Ideology
	1.1Reflection
	0.3709
	0.0464
	4



	
	1.2Creative
	0.3830
	0.0479
	3



	
	1.3Awareness
	0.2462
	0.0308
	11



	2.Product Awareness
	2.1Eco-Friendly
	0.3620
	0.0453
	5



	
	2.2Reduce
	0.3211
	0.0401
	7



	
	2.3Durable
	0.3169
	0.0396
	8



	3.User awareness
	3.1Modify
	0.2802
	0.0350
	10



	
	3.2Deliver
	0.2914
	0.0364
	9



	
	3.3Cherish
	0.4285
	0.0536
	1



	4.Circular awareness
	4.1Remaking
	0.2367
	0.0296
	12



	
	4.2Disassembled
	0.3498
	0.0437
	6



	
	4.3Recycling
	0.4135
	0.0517
	2



	Decisions
	A. Enterprise
	0.5480
	0.2740
	1



	
	B. Design
	0.1782
	0.0891
	3



	
	C. Consumer
	0.2739
	0.1369
	2










 





Table 8. The of unweighted matrix.
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	1.1
	1.2
	1.3
	2.1
	2.2
	2.3
	3.1
	3.2
	3.3
	4.1
	4.2
	4.3
	Goal





	1.1Reflection
	0.0000
	0.8750
	0.1453
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.0706



	1.2Creative
	0.4652
	0.0000
	0.8547
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.4301



	1.3Awareness
	0.5348
	0.1250
	0.0000
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.4993



	2.1Eco-Fridendly
	0
	0
	0
	0.0000
	0.7423
	0.3902
	0
	0
	0
	0
	0
	0
	0.1846



	2.2Reduce
	0
	0
	0
	0.3534
	0.0000
	0.6098
	0
	0
	0
	0
	0
	0
	0.2890



	2.3Durable
	0
	0
	0
	0.6466
	0.2577
	0.0000
	0
	0
	0
	0
	0
	0
	0.5264



	3.1Modify
	0
	0
	0
	0
	0
	0
	0.0000
	0.2451
	0.4872
	0
	0
	0
	0.1950



	3.2Deliver
	0
	0
	0
	0
	0
	0
	0.2558
	0.0000
	0.5128
	0
	0
	0
	0.2056



	3.3Cherish
	0
	0
	0
	0
	0
	0
	0.7443
	0.7549
	0.0000
	0
	0
	0
	0.5994



	4.1Remaking
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.0000
	0.2475
	0.3631
	0.1725



	4.2Disassembled
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.3650
	0.0000
	0.6369
	0.3023



	4.3Recycling
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.6350
	0.7525
	0.0000
	0.5252



	A.Enterprise
	0.5480
	0.5480
	0.5480
	0.5480
	0.5480
	0.5480
	0.5479
	0.5479
	0.5479
	0.5479
	0.5481
	0.5477
	0.0000



	B.Design
	0.1781
	0.1784
	0.1784
	0.1784
	0.1781
	0.1784
	0.1780
	0.1780
	0.1780
	0.1780
	0.1780
	0.1783
	0.0000



	C.Consumer
	0.2740
	0.2735
	0.2735
	0.2735
	0.2740
	0.2735
	0.2741
	0.2741
	0.2741
	0.2741
	0.2739
	0.2741
	0.0000










 





Table 9. The of weighted matrix.






Table 9. The of weighted matrix.





















	
	1.1
	1.2
	1.3
	2.1
	2.2
	2.3
	3.1
	3.2
	3.3
	4.1
	4.2
	4.3
	Goal





	1.1Reflection
	0.0000
	0.4375
	0.0727
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.0177



	1.2Creative
	0.2326
	0.0000
	0.4274
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.1075



	1.3Awareness
	0.2674
	0.0625
	0.0000
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.1248



	2.1Eco-Fridendly
	0
	0
	0
	0.0000
	0.3711
	0.1951
	0
	0
	0
	0
	0
	0
	0.0462



	2.2Reduce
	0
	0
	0
	0.1767
	0.0000
	0.3049
	0
	0
	0
	0
	0
	0
	0.0723



	2.3Durable
	0
	0
	0
	0.3233
	0.1289
	0.0000
	0
	0
	0
	0
	0
	0
	0.1316



	3.1Modify
	0
	0
	0
	0
	0
	0
	0.0000
	0.1226
	0.2436
	0
	0
	0
	0.0487



	3.2Deliver
	0
	0
	0
	0
	0
	0
	0.1279
	0.0000
	0.2564
	0
	0
	0
	0.0514



	3.3Cherish
	0
	0
	0
	0
	0
	0
	0.3721
	0.3775
	0.0000
	0
	0
	0
	0.1499



	4.1Remaking
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.0000
	0.1238
	0.1815
	0.0431



	4.2Disassembled
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.1825
	0.0000
	0.3185
	0.0756



	4.3Recycling
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.3175
	0.3762
	0.0000
	0.1313



	A.Enterprise
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2738
	0.0000



	B.Design
	0.0890
	0.0892
	0.0892
	0.0892
	0.0890
	0.0892
	0.0890
	0.0890
	0.0890
	0.0890
	0.0890
	0.0891
	0.0000



	C.Consumer
	0.1370
	0.1368
	0.1368
	0.1368
	0.1370
	0.1368
	0.1370
	0.1370
	0.1370
	0.1370
	0.1370
	0.1370
	0.0000










 





Table 10. The of limit matrix.






Table 10. The of limit matrix.





















	
	1.1
	1.2
	1.3
	2.1
	2.2
	2.3
	3.1
	3.2
	3.3
	4.1
	4.2
	4.3
	Goal





	1.1Reflection
	0.1854
	0.1854
	0.1854
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.0464



	1.2Creative
	0.1915
	0.1915
	0.1915
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.0479



	1.3Awareness
	0.1231
	0.1231
	0.1231
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.0308



	2.1Eco-Fridendly
	0
	0
	0
	0.1810
	0.1810
	0.1810
	0
	0
	0
	0
	0
	0
	0.0453



	2.2Reduce
	0
	0
	0
	0.1606
	0.1606
	0.1606
	0
	0
	0
	0
	0
	0
	0.0401



	2.3Durable
	0
	0
	0
	0.1584
	0.1584
	0.1584
	0
	0
	0
	0
	0
	0
	0.0396



	3.1Modify
	0
	0
	0
	0
	0
	0
	0.1401
	0.1401
	0.1401
	0
	0
	0
	0.0350



	3.2Deliver
	0
	0
	0
	0
	0
	0
	0.1457
	0.1457
	0.1457
	0
	0
	0
	0.0364



	3.3Cherish
	0
	0
	0
	0
	0
	0
	0.2142
	0.2142
	0.2142
	0
	0
	0
	0.0536



	4.1Remaking
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.1184
	0.1184
	0.1184
	0.0296



	4.2Disassembled
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.1749
	0.1749
	0.1749
	0.0437



	4.3Recycling
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.2068
	0.2068
	0.2068
	0.0517



	A.Enterprise
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2740
	0.2739
	0.2739
	0.2739
	0.2740



	B.Design
	0.0892
	0.0892
	0.0892
	0.0892
	0.0892
	0.0892
	0.0890
	0.0890
	0.0890
	0.0891
	0.0891
	0.0891
	0.0891



	C.Consumer
	0.1368
	0.1368
	0.1368
	0.1368
	0.1368
	0.1368
	0.1370
	0.1370
	0.1370
	0.1370
	0.1370
	0.1370
	0.1369










 





Table 11. The of priorities.
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	Name
	Limiting
	Rank





	Cherish
	0.0536
	1



	Recycling
	0.0517
	2



	Creative
	0.0479
	3



	Reflection
	0.0464
	4



	Eco-Friendly
	0.0453
	5



	Disassembled
	0.0437
	6



	Reduce
	0.0401
	7



	Durable
	0.0396
	8



	Deliver
	0.0364
	9



	Modify
	0.0350
	10



	Awareness
	0.0308
	11



	Remaking
	0.0296
	12



	A.Enterprise
	0.2740
	1



	C.Consumer
	0.1369
	2



	B.Design
	0.0891
	3
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