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Abstract

:

The aim of this review study is to understand the current state and practice of sustainability innovation in the textile industry. The textile industry is regarded as one of the industries that faces the biggest challenges in incorporating sustainability in its business practices. In this study, we conducted a systematic review to synthesize empirical knowledge relevant to sustainable innovation in the textile industry. From the systematic search process, 41 papers that were identified met the criteria of inclusion and were then analyzed qualitatively using thematic analysis. The findings showed that the attention of researchers toward sustainability innovation has increased in the recent years. Sustainability innovation practices in the textile industry were identified. Sustainability product innovation includes ecodesign, ecolabel, life cycle assessment, materials, and packaging. Sustainability process innovation includes cleaner production, ecoefficiency, waste handling, supply chain management, and enzymatic textile processing in process innovation. Sustainability organizational innovation includes the environmental management system (EMS) and corporate policy, collaboration, business model innovation, culture and knowledge management, and enzymatic textile processing. This study found that the dominant sustainability innovation practice discussed in the textile industry is more related to the ecological innovation aspect compared to social innovation. As consumer demand for ecofriendly products is growing, as are more stringent regulations, it is important for business players and policymakers to develop sustainability innovation in the textile industry together.
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1. Introduction


The textile industry employs tens of millions of people worldwide and is one of the global industries that provides basic daily human needs [1]. This is not surprising given its nature as the second most important basic need in human life after food and water [2]. The transformation process is also quite complex, beginning with fibers and yarn and ending with fabrics that involve various operations and produce various types of specific products. The textile industry produces a variety of products, including agrotextiles, automotive textiles, construction textiles, geotextiles, industrial textiles, medical textiles, protective textiles, and sport textiles [3,4]. In 2021, the global textile industry will be worth more than USD 1.04 trillion [5]. In spite of the disruption caused by the pandemic, the demand for textiles is likely to expand in the future, particularly with the rise of digitization and e-commerce as well as customer demand for a variety of items from this industry [6].



While the textile sector is well-known for its many positive contributions to the economy, it is also well-known for its considerable environmental and social issues when it comes to long-term sustainability [3]. There are a number of environmental concerns, including the fact that this industry consumes a great deal of energy and emits a great deal of pollutants. Water, fuel, and chemicals are all commonly used as essential resources in the textile business, and they are utilized in large quantities. A significant amount of water is consumed by the textile industry, which requires more than three trillion gallons of fresh water per year for fabric manufacturing around the world [1]. Chemicals emitted into the environment from textile treatment and dyeing activities account for approximately one-third of all chemicals released into the environment [7], not to mention the massive amount of toxic waste that has been dumped in the soil, the air, and the water throughout the years [3].



On a social level, the textile sector is characterized by challenges that typically occur in the supply chain, where issues such as child labor, low-wage labor, and other unethical activities are prevalent [8]. In the textile sector, finished items are transported from developing to developed countries in approximately 80% of the total flow [9]. Low labor costs, as well as labor relations and environmental legislation that is less stringent than that found in developed economies, make developing countries popular production locations for manufacturers. The use of child labor has been outlawed in a number of markets, including in North America and Europe. Poor working conditions and limited job mobility are also a source of concern because it is regarded as unethical when workers in this sector are paid poorly and have poor working conditions while large corporations make large profits and government earns large sums of money from exports, as is the case in the oil and gas industry [10]. Other unethical activities, such as the sourcing of raw materials that do not take into consideration social and environmental responsibilities, are also prevalent in the industry [8].



As a result of these numerous issues, prior academics have conducted a variety of studies in an attempt to make the textile business more environmentally friendly. Examples of these issues include product design [11], treatment of associated pollutants [12,13], barriers encountered [14], circular economy [15], production process [16,17], or corporate social responsibility [18]. There are, however, very few studies that examine the sustainability issue in industrial textiles via the lens of sustainability innovation, despite the fact that the textile sector is well-known for its constant need for innovation. Innovation has been occurring in the textile industry for a long period of time and is critical not only to the textile business, but to other industries as well [19]. Furthermore, sustainability is viewed as the primary driver of current and future innovation [20,21].



Therefore, the purpose of this study is to synthesize empirical knowledge relevant to sustainable innovation in the textile industry through the use of a systematic review approach according to the aggregation procedure of [22]. More specifically, the following are the research questions addressed in this study: “What is the current state of research on sustainability innovation in the textile industry?” and “How is sustainability innovation practiced in the textile industry?” The primary contribution of this study is to lay the groundwork for future research by launching a systematic review of the textiles industry through the lens of sustainability innovation.



The implication of this paper for other researchers is that our paper can document which innovation the textile industry has conducted and what innovation will occur in the coming years. The second implication is that the practices within the textile industry have been innovated to achieve sustainability. It is expected that the findings of this study will provide academics, practitioners, and policymakers with an overview and insight into how to continue to serve daily human needs through the development of a more innovative and sustainable textile industry.




2. Materials and Methods


To obtain accurate results for the literature review process, we followed the PRISMA protocols, expressed in reference [21], as a method that comprises a three-stage procedure. The first stage is selecting the main semantic word search on a search engine in a specific database that generally produces chosen articles [23,24]. The second stage is selecting articles into more specific semantic words to obtain more particular articles than the previous filtering process [23]. The third stage is analyzing and synthesizing from the journals in the second stage and connecting the paper’s results by summarizing, analyzing, and synthesizing according to the available historical and retrospective papers’ period until the present. This approach can assist us in a classified category based on sustainability-oriented innovations categorized as product, process, and organizational innovations [25]. We classified each category into the first as the current state of research that indicated how sustainable innovation in the textile industry was conducted, achieved, and expected in the coming years. The second category is the practice that demonstrates the various practices applied in the first category system. These stages are described in the following paragraphs.



In the first stage, the material of our paper focuses on gray literature to obtain quality papers. We classified the search material with the peer-review process to ensure the journal meets the highest level of scientific standing. We chose search terms that were related to sustainability and innovation. The keyword sustainability innovation is more detailed considering the coverage, including eco innovation or green innovation and social innovation [23]. The search terms formed are: ((sustain* OR eco* OR green OR social*) AND innovate* AND textile). The inclusion/exclusion criteria set limited the type of document to journal articles to obtain documents that have been through a strict peer-review process compared to other document types. The language was limited to English (Table 1). The results for each combination produced about 8000 articles in total, with about 6240 from the Scopus database and about 2251 from the Web of Sciences database.



In the second stage, a systematic review was carried out on the Scopus and Web of Science databases, which are known for their comprehensive coverage and the quality of the selected journals. Then, the process continued with the search and filtering process. A rough search in the Scopus and Web of Science databases yielded more than 8000 articles. After applying inclusion/exclusion criteria, 164 and 171 papers were obtained in both databases. So, in total, 335 journals were included. After the metadata search results from the two databases were merged and duplication was removed, a total of 307 articles were obtained. Subsequently, the records were filtered based on title/abstract, resulting in 64 pieces. Finally, full-text articles were assessed to ensure eligibility, and 41 publications were obtained that were very relevant to the investigated topic.



In the last stage, we aggregated analysis and synthesis by extracting information from the entire literature reviewed into certain specific components and describing their relationship according to product, process, and organizational innovations. At the same time, the synthesis was carried out by organizing various analysis results to develop knowledge that cannot be obtained by reviewing the works of the literature individually [26]. The emphasis on analysis and synthesis refers to two research questions addressed in this study: the current state of research and the sustainability of innovation practices in the textile industry. The current state of research includes the year it was published, the journal in which it was published, the context, and the methodology. To provide a transparent picture of the coding process, visualization is given in the form of a data structure [27] (Figure 1).




3. Results


In this section, the results are presented to address the research questions. The first question is about the current state of sustainability innovation in the textile industry. The second question is about the practices of sustainability innovation in the textile industry.



3.1. Current State of Research


The trend line of publications in the last ten years is increasing, as shown in Figure 2. The most publications occurred in the last four years, especially in 2021, with 11 publications. Concern for sustainability in the textile industry has indeed been around for a long time, but it appears that concern for sustainability innovation has become more visible in this decade, with the trend of increasing attention.



Journals that serve as outlets for publications in this area vary, with the journal containing the most articles being the Journal of Cleaner Production (17 articles). This international and multidisciplinary journal covers a wide range of research topics related to sustainability and cleaner production. Following that, there were three journals with multiple articles, all of which specialized in textile and fashion, namely, the Journal of Fashion Marketing and Management (3), Clothing and Textiles Research Journal (2), and Fibers and Textiles in Eastern Europe (1). Following that were 17 journals with one article each, which were primarily a mix of business and management-based journals and journals specializing in textile and fashion (Table 2).



The research context spans several continents (Table 3), with Europe being the most prevalent with 36 publications focusing on it. Italy had the most contexts studied in Europe (nine), followed by Finland and Germany (four each), Denmark and the United Kingdom (three each), then other European countries. Italy, unsurprisingly, is the most researched context, as it is known as the world’s fashion center, with cities such as Turin, Florence, Rome, and Milan representing as fashion industry centers [28]. This result is consistent with previous findings regarding ecoinnovation, where both researchers and the research context are dominated in Europe [29]. Other continents are studied in a limited number of publications. The Americas, both North and South, are represented in seven publications, with Brazil being the most studied context (4), followed by the United States (2), then Colombia, and then Peru (1 each). Botswana and South Africa are the only two studies set in Africa (1 each).



The surprising result is that Asia, which is currently the center of global textile production and faces numerous severe sustainability challenges, is actually a region that is still understudied. China, India, and Bangladesh, the world’s largest garment and textile producers, are only represented by a few publications, with one each. This is in stark contrast to Europe, which has over 35 publications. Indeed, it is common knowledge that serious environmental and social concerns exist in the garment and textile industry, such as water and chemical consumption, wastewater discharge, and employment issues [30]. There are also a number of studies that are not context-specific (nine) because they are usually a chemical composition test, particularly for the development of raw materials. As for the rest, one study is global, while no study has an Australian context.



Table 4 summarizes the research method most employed in those studies. Our review discovered that the majority of the methods used were interviews (12 studies, or around 30%), chemical examination (12 studies, or approximately 30%), case studies (8 studies, or about 20%), and surveys (7 studies, or around 17%). The rest comprises a focus group, with one study. If we categorized interviews, case studies, and focus group discussions into one category, it would be the dominant method used (in total, in 21 out of 41 studies) in the articles. These methods are qualitative approaches usually used to explore a newly developed field that necessitates an in-depth understanding of sustainability in the textile market. There is a growing concern for academicians and practitioners through various innovations toward the ideal stage of a sustainable process.



Experimentation and the qualitative approach play a significant role in the studies included in this review. Experiments take the most common form of chemical examinations, which are likely to be widely used in conjunction with material testing as part of product and/or process innovation in the coming years. The chemical examination can also be described as an exploratory endeavor. These efforts include, for example, investigations into new approaches to producing sustainable and regenerative cellulose fibers [31], or the use of magnets to improve the manufacturing process [32]. Another type of experimentation is the creation of machines capable of producing 3D stitch-bonded fabrics [33].



In particular, methods such as case studies and surveys across the different countries were used. The case studies indicated intensive research on assessing how sustainable innovation affects business and environmental performance—followed by the survey that collects information on sustainable innovation technologies or perspective choice based on respondent expertise in particular countries with similar purposes. The results indicate that the case studies that develop intensive efforts in a specific country have been improved [33] but need more improvement [34] to enhance organizational [35] and environmental performance [36]. Otherwise, the survey results imply two segments; the first is evaluating existing efforts of sustainable innovation that require more customer [37], social, and ecological value [38]. The second is promoting initiatives for the next sustainability stage that more collaboration between multistakeholders [39] toward a fully sustainable innovation transition agenda [38].



3.1.1. Themes and Subthemes


The identification of sustainability innovation themes in the textile industry is based on the type of innovation (Table 5). Product innovation, process innovation, and organizational innovation are the three types of innovation under consideration [34,35]. The following is a discussion of each of the sustainability innovation practices in the textile industry as identified in the reviewed studies.




3.1.2. Product Innovation


There are several practices related to product innovation that are discussed in the literature including ecodesign, life-cycle analysis, ecolabel, material, organic, ethics, and packaging.



	
Ecodesign






Ecodesign is a systematic effort to integrate environmental considerations and product and process development [11]. In contrast to traditional product design, ecodesign is a more comprehensive approach because it looks at the entire supply chain by considering not only the recycle aspect, but also how the design has a purpose, both for recycling and for longevity [39]. By using three large fashion and apparel cases that operate globally, it was found that design in the industry is one of the environmental competences that includes the Five Rs, namely, reimagining, redesigning, reusing, reducing, and recycling [35]. This competency is an effective way to reach internal efficiency because it can significantly reduce energy use as well as wastage. The tools used in ecodesign that are popular in the textile industry include ecolabel, carbon footprint, life cycle analysis, design for sustainability, and water footprint [11]. Some of these tools are discussed specifically in the next subthemes.



	2.

	
Ecolabel







An ecolabel is a certification seal given to an environmentally friendly product that meets the criteria established by the ecolabel awarding authority [73]. Ecolabels in the textile industry promote ecofriendly practices such as sustainable production and reduction of harmful chemicals in textiles. The standard requirements of ecolabels used in the textile industry usually required certified firms to use environmentally friendly raw materials and technologies, use less water, and discharge less effluent into water [74]. Currently, there are more than 450 ecolabels used in different industries [75]. For the textile industry, among the popular ecolabels are bluesign standards, which are concerned with all inputs used in the production process so as to reduce the ecological footprint; BMP certified cotton originating from Australia, which is concerned with growing cotton that is environmentally friendly; and Ecoproof, which is managed by TUV Rheinland, which focuses on environmental and social aspects throughout the life cycle of the textile industry [74,75]. There are several types of ecolabels, namely, Type I ecolabel, which is certified by an independent body and becomes the gold standard for consumers; Type II ecolabel, which is self-declared by the manufacturer; and Type III ecolabel, which is voluntarily declared related to product life cycle and often for B2B [11].



	3.

	
Life Cycle Assessment (LCA)







Life cycle analysis (LCA) is a methodology for identifying critical points in industrial processes as well as opportunities for improving various technological solutions in order to achieve and promote environmental innovation and efficiency [68]. LCA is important in the textile industry because each stage of the industrial process has the potential to have a significant environmental and social impact from the manufacturing stage, which may involve the use of toxic chemicals or a large amount of energy, to the end-of-life stage, where some products emit hazardous chemicals after being disposed of in a landfill [22,76]. The LCA is a widely used method in the textile industry, in which internal stimuli are more frequently used [11]. Prior authors used LCA for self-cleaning textiles with the findings that the new machine-washable fabric is very cost-effective and would meet market demand [64].



The dyeing process is an important stage in the textile industry because it adds a lot of value and has a lot of technical complexity, a lot of energy consumption, and a lot of pollution [63]. The proposed innovative dying is a combination of low-impact bio-dyes and a new tinctorial dry pretreatment using plasma technology. As a result, direct energy consumption is reduced by 55 percent, indirect energy consumption is reduced by 70 percent, raw material consumption is reduced by 60 percent, and emissions are reduced by about 55 percent [67]. When compared to conventional fabrics, spun-dyed fabrics have a half to one-third of the environmental impact [77]. The relative benefits in Austria are higher than in China or the United States, where coal-based electricity grids are the norm.



	4.

	
Material







The material theme refers to efforts to reduce, replace, or use more sustainable materials as part of sustainability innovation [78]. This form of sustainability innovation is critical because the majority of materials used in the textile industry are unsustainable, such as fibers derived from fossil fuel sources [31]. To provide more sustainable fibers, for example, an innovative effort is being made to develop regenerative cellulose filaments from a paper mill sludge-based material dissolved in an ionic liquid. When compared to less sustainable materials, the result is fibers that are both regenerative and competitive [31]. Material modification can also be aimed at the end-of-life phase, as was demonstrated by previous authors by targeting the recovery of end-of-life textiles with multistage cascading and advancement of textile fiber-reinforced composite (TFRC) materials for building applications [49]. There are innovations in outdoor and medical protective clothing that evaluate liquid repellency and end-user requirements to replace fluorochemicals with more sustainable materials [52].



Using environmentally friendly substances during the washing and finishing process on special purpose products and home textiles, researchers discovered that capillarity increased from 131 to 152 mm, and the skin’s microflora was restored, making it safer to use [55]. This also helps for the continuity of the water ecosystem [79]. Other researchers made similar advances in developing antimicrobial textile materials using nanoemulsion of medical textiles for wound care applications [56]. Researchers are also interested in recycled materials in addition to material replacement and substitution. Textile-to-textile recycle systems, in the context of Scandinavia, are an important component of a circular fashion supply chain that faces major challenges in terms of technology, R&D costs, and supply chain complexity [53]. Price is both a determinant and a barrier in forming more sustainable consumer behavior, according to the findings. Consumers who are more concerned about the environment are more willing to pay for this type of product [43].



	5.

	
Packaging







The form of sustainability innovation in addition to dealing with the main textile material can also be related to packaging. Although not too many are found from the articles reviewed, packaging, for example, one study discusses the importance of minimizing the use of packaging or, more specifically, minimizing the use of harmful packaging and reusing garment packaging during end-of-life and other equipment such as sewing needles [35]. A more specific study on packaging demonstrated that like food packaging, apparel packaging also plays a significant role for a more sustainable textile industry [40]. The research conducted through the development of ideas about bioplastics for fashion retailers was obtained from in-depth interviews with 64 experts from the industry. Packaging in the textile industry is strategic for several reasons, namely, it can be the first impulse for buyers to buy, and it also shows a significant portion that is disposed of in third countries [42].




3.1.3. Process Innovation


There are several practices related to process innovation, including cleaner production, ecoefficiency, waste handling, supply chain management, technology, and enzyme-based textile processing. Indeed, all forms of these sustainability innovation practices are related to each other; however, the discussion is given to the tendency of each study to discuss the particular concept in more depth.



	
Cleaner Production






Cleaner production reflects an integrative preventive environmental business strategy aimed at increasing overall efficiency and lowering risks to people and the environment while producing quality products [80]. Based on evidence from more than 100 large textile companies, it is evidenced that cleaner production practices improve operational, economic, and environmental performance, as well as are useful for communicating with stakeholders and gaining a long-term competitive advantage [38]. Cleaner production can be achieved through various innovative processes such as alternative dyeing technology using biomass pigment based on bioconversion or finishing process using nanotechnology [57,66,69]. When linked to the SDGs, cleaner production particularly contributes to the SDGs 9 (industry, innovation, and infrastructure), 12 (sustainable production and consumption), and 15 (protect the terrestrial life) [50]. In the context of SMEs, open innovation as well as economic incentives and government support encourage SMEs to progress toward cleaner production [44,54]. By researching 182 Indonesian batik SMEs, it was found a statistically significant relationship between open innovation and cleaner production, which implies that cleaner production can be achieved through open innovation [42].



	2.

	
Ecoefficiency







Ecoefficiency is an organization’s ability to provide competitively priced goods and services while minimizing environmental impact and resource use throughout their lifecycles, or, in simple terms, the idea of “creating more value with less environmental impact” [81]. Ecoefficiency is critical for the textile industry because it consumes a lot of resources such as water, electricity, and various types of chemicals over the course of a long process [68]. An investigation into the environmental impact of the textile industry water use systems based in Biella, Italy, found that resource efficiency can be supported by smart pumping systems, automatic dye and chemical dispensing, low liquor ratio jet dyeing machines, as well as pollution prevention and control through the use of natural dyes, advanced oxidation processes using Fenton’s reagent, and membrane bioreactors [65]. By developing an innovative dyeing protocol, it reported that they reduced production costs by about 50% and reduced CO2 emissions by around 55% compared to conventional protocols [66].



Ecoefficiency is mostly generated by technology. Technology reflects the replacement of machines or equipment with the latest technology that allows reduction of environmental impact [50]. This can be accomplished by increasing resource efficiency or reducing pollution from the process [65,66]. Smart pumping systems, jet dyeing, and jet waving looms are examples of resource-efficient technologies. Savings on jet weaving looms, for example, include the fact that with nearly the same resource consumption, it can provide nearly twice the performance of the old technology (880 RPM compared to 490 RPM) [50]. Examples of pollution-prevention technology include the advanced oxidation process and membrane bioreactors [65]. The total value added through replacement technology compared to the total investment made gave positive returns, providing about 1.5 times the baseline of the old technology [63].



	3.

	
Waste Handling







Waste handling is a form of sustainability innovation that focuses on activities to reduce, reuse, or recycle waste [78]. In the textile industry, waste is one of the big issues that is a global concern. To effectively deal with waste, strategic steps suggested by the reviewed works of the literature include paying attention to raw materials, waste management, and understanding and shaping consumer behavior. Based on study to 48 textile companies in the area of Yangtze River Delta in China and found that the highest levels of pollution were found in chemical fiber manufacturing’s raw material, especially PFCs, or perfluorinated compounds, which are commonly used in finishing [39]. Pollution reduction can also be conducted with raw material providers by asking suppliers with certain agreement schemes to regenerate waste generated from the company’s production process [37]. In addition, efforts to reduce waste are also carried out by innovating raw materials so that the waste produced can later be reduced so that it can comply with existing regulations while providing added value for the company [47,51]. The current regulations in Vietnam, for example, restrict the use of endocrine-disrupting surfactants, which makes it necessary for textile companies to comply with these provisions [47]. In terms of waste management, examples of innovations include the use of magnetic titania nanophotocatalists for photocatalytic creation of fuel gases, which in principle converts waste into energy [32]. Additionally, another example is the development of an integrated system of plasma pretreatment and biosynthesis [68]. Understanding and shaping consumer behavior through various communication channels, including digital channels, is equally important because currently, consumer interest is increasing, and activities such as garment recycling as an effort to build circular products are starting to become the “new normal” [58].



	4.

	
Supply Chain Management







Supply chain management refers to a company’s relationship toward upstream (raw material) and downstream (distribution) processes, which in the textile industry are highly complex and involve complex local and international networks [72]. Several innovative points that arise regarding supply chain management are supply chain traceability, modern slavery, and upstream and downstream connectivity. Supply chain traceability, especially for luxury brands, has become the norm, which is expected to also apply to nonluxury brands. Supply chain traceability can be carried out at various stages of the supply chain, starting from pre-procurement and procurement to sales and post-sales. Specific factors that can be investigated in these various stages, for example, are the carbon footprint, bribery, child labor [43], disposal mechanism, or export control. In terms of modern slavery, it is known that identifying hidden modern slavery, which usually involves labor agencies, is currently a difficult challenge, as revealed by a study of more than 100 firms in the clothing and textile industry in the United Kingdom [61]. Finally, strengthening the relationship with upstream and downstream is also a challenge because all phases in the supply chain are inter-related with each other so that it is necessary to strengthen long-term relationships, among others, through flexibility as well as the development of creative thinking so that from design to commercialization, the sustainability of innovation can be maintained [72].



	5.

	
Enzymatic textile process







The enzymatic textile process occurs at various stages of multifaceted textile production, from raw fabric production to finishing, in both textile mill and laundry operations [54]. Fiber modification in the raw fabric production stage, desizing and scouring in the preparation stage, bleach cleaning and dyeing in the dyeing stage, and softening in the finishing stage are some of the examples [54]. Another example is the use of crude enzymes from Aspergillus niger to convert tea polyphenols as a precursor into pigments via bioconversion or enzymatic synthesis of biodyes at a semi-industrial scale using a bioreactor and reverse osmosis apparatus [57]. The use of enzymes in evidence has been shown to reduce energy consumption while also reducing waste [57,68]. However, there are various challenges in implementing the enzymatic-based textile process originating from socioeconomic and regulatory factors [54].



	6.

	
Organizational innovation







There are several practices related to organizational innovation, including environmental management systems (EMS) and corporate policy, collaboration, business models, culture and knowledge management, and risk management.



	7.

	
Environmental management system (EMS) and corporate environmental policy







EMS and corporate environmental policy are a systematic approach to integrating environmental aspects in company management, with prominent programs commonly used being ISO 14001 and the Ecomanagement and Audit Scheme (EMAS) [82]. EMS can be formal, standardized, and widely accepted, or it can be an internal corporate environmental policy that is not as advanced as international certifications such as ISO 14001. This is especially true for SMEs with limited resources [78]. EMS and corporate environmental policy could facilitate companies in articulating their environmental and social responsibilities in a way that all company stakeholders can understand [36]. Based on an analysis of 56 Polish textile companies, it was concluded that the external barrier to EMS implementation is primarily the lack of government incentives and macroeconomic conditions [61].



	8.

	
Collaboration







Collaboration refers to the mutually beneficial cooperation of several parties in order to achieve a common goal. Collaboration is critical because the textile industry’s major challenges necessitate collaboration among various social actors in order to develop more sustainable textile industry solutions. When collaborating, trust needs to be established, as do collaborator capabilities, learning perspectives, and cultural compatibility [36,72]. Three parties that collaborate in common are known as the triple helix, covering industry, government, and knowledge institutions such as universities and research centers [39,53]. By using a case in luxury fashion, it was found that collaboration to find innovative solutions can be conducted from the upstream of the supply chain, considering that 70% of emissions can be traced from the upstream [43]. Collaboration provides tangible benefits in the form of optimization of resource usage, sharing of facilities or logistics capabilities, and enabling more systemic changes in the industry [39]. SMEs rarely collaborate with outside parties and collaboration needs to be conducted not only at the operational level, but also at the strategic level [34,42].



	9.

	
Business Model







The business model discussed in sustainability innovation is specifically related to circular business models (CBMs), which is a way for companies to create value to increase resource efficiency through longer product life and closing material loops [83]. CBMs are closely related to supply chain structure and change the rebound effect [37,39]. The rebound effect reflects changes in consumption patterns through the mechanism of re-spending and substituting consumption [39,84]. The rebound effect reflects increased efficiency, which often results in cost savings, allowing individuals to buy more [85]. Some examples of studies on business models at the second-hand fashion stores in the USA, where it was found that customers are the main partners as well as suppliers for stores, and the profit is minimal considering it should also be shared with the customers; and a study in the context of Colombia which found that barriers in developing a more sustainable business model can come from the lack of awareness on social impact, legislation, and relevant knowledge [57,60]. It was argued that formulating an innovative business model, rather than just product or process innovation, was required for a circular economy because it was a viable way to reuse products and materials [61]. Young entrepreneurs and consumers were identified as key actors in the development of innovative business models in the textile industry as having greater potential [60,67].



	10.

	
Culture and knowledge management







Culture reflects the collection of assumptions and behavior within the organization, while knowledge management is more about how companies manage their knowledge that determines how companies can innovate [86,87]. Green culture as an adaptive attitude that is a cultural attribute that allows organizations to be adaptive to environmental changes [38]. This is necessary considering the increasing social and political pressure to contribute to green products. The formation of this culture affects the innovation capacity of employees and organizations, ultimately determining a company’s performance [40]. Strengthening knowledge capabilities and sharing are two cultural traits that are critical for organizational survival and success. Successful firms were evidenced to have better systems and practices for capturing and managing knowledge both internally and externally [44]. In the context of South Africa, the biggest challenge in knowledge management is the loss of valuable knowledge about suppliers and their practices [44].



	11.

	
Risk Management







Risk management is an inseparable part of innovation because product and process development are inextricably linked to the potential side effects and risks. Prior researchers examined environmental risk management practices, which include ecological risk, health risk management, technical risk, and financial risk, in the context of Vietnam, which is moving toward chemical elimination [45]. It was found that the perception of financial risk and benefits moderated by market strategy determines attitude and tentative behavior [47]. Risk assessment related to EHS/S environmental, human health and safety, and sustainability is difficult to assess by conventional risk analysis such as failure mode effect analysis (FMEA) or SWOT, and what is recommended is a life-cycle perspective to mitigate risk in various stages of the product, including the time of commercialization [70].



The data structure that illustrates the coding process of the first-order concept in the form of an example of direct quotes from the literature reviewed and the second-order concept of the subthemes and aggregated dimensions as central themes can be seen in Figure 3.



The product innovation practiced in the textile industry is innovating to produce products that are safer, more efficient, healthier, and environmentally friendly and use less material, less waste, and less energy. These activities include ecodesign, ecolabel, life-cycle analysis, material, and packaging. The dominant innovation that commonly appears in textile products appear in the disclosure statement through labeling that the product has passed sustainable production measures. This labeling product will be the following requirement that every stakeholder in the textile industry should adopt to ensure that this label is genuine, accurate, and credible.



The second innovations practice is a process innovation that requires cleaner production, ecoefficiency, waste handling, sustainable supply chain management, and enzymatic textile processes. We assessed the various innovations that had been practiced in the textile industry. In contrast, other innovations such as enzymatic textile processing, supply chain management, and cleaner production will be the next challenge in processing innovation in the textile industry.



The last innovation is organizational innovation practices, which discusses how the organization dimension is a critical driver to innovate for sustainability. In the current state of research, the fundamental aspect of essential drivers is to support innovation in sustainability. The literature review results suggest that more collaboration and business model innovation is crucial to strengthening. In contrast, EMS and corporate policy, risk, and culture knowledge management will be more challenging in the coming decades.






4. Discussion


This study sets out with the purpose to evaluate the current state of research on sustainability innovation in the textile industry, as well as to identify themes and subthemes related to sustainability innovation practices in the industry. The attention of researchers has increased in the last decade. This is not surprising, as reflected in almost all the papers reviewed, which highlight in their background the tough challenge faced by textile industry from the sustainability perspective and emphasize the need for new innovative approaches for this industry. These challenges exist in every life cycle starting from the premanufacturing to the end-of-life [45]. That is why LCA is one of the most researched sustainability innovation practices along with materials, ecolabel, ecodesign, cleaner production, collaboration, and business model [64,66,67]. In premanufacturing, for example, fiber and fabric production, issues such as child labor or the use of hazardous chemicals or those from protected species are often involved [54]. It is known that most of the pollution at disposal can be traced to raw materials. In the manufacturing phase, the use of toxic chemicals and the extensive consumption of resources are highlighted [3]. In the use and end-of-life phases, the focus is mainly on the disposal problem [22].



The urge to innovate more sustainably is driven by various factors, both internally and externally. Internally, there is an awareness that cleaner and more efficient production, as seen in sustainability innovation practices such as ecoefficiency, cleaner production, or technology replacement, has a positive impact on company performance. For example, the energy savings used have almost doubled, reducing production costs and emission levels compared to traditional methods [50,65,68]. The external pressure seems to be stronger, especially that from increasing demand for innovative and sustainable products from customers as well as from regulations. Sustainability will be a significant factor in consumer purchasing mass market apparels in 2025, according to a McKinsey study released in 2020 [6]. The increasing demand from consumers for sustainable and innovative products makes companies, whether they like it or not, able to adapt to this trend [68]. This changing trend is in line with the increasing role of digitization and e-commerce in business [6]. Regulation is also a strong driver and tool for coercion to encourage companies in the textile industry to innovate more sustainably [47,51].



This study found that the dominant sustainability innovation practice discussed in the textile industry is more related to the ecological innovation aspect compared to social innovation. All sustainability innovation practices discussed are mostly about ecoinnovation, whether it be in product innovation such as ecodesign, LCA, material, or packaging; on process innovation such as cleaner production, ecoefficiency, or waste handling; or on organizational innovation such as EMS implementation or business model innovation. One of the social issues discussed is modern slavery, which is included in the subtheme of supply chain management, which is discussed specifically by Stevenson and Cole (2018). Another study that discusses social issues, such as child labor or bribery in the procurement of raw materials or distribution of finished goods, is that in reference [45]. Sustainability innovation, especially in the form of cleaner production, contributes to SDGs 9 (industry, innovation, and infrastructure), 12 (sustainable production and consumption), and 15 (climate action) when linked to the SDGs (protect the terrestrial life) [48].



It is interesting no note that there are several sustainability innovation practices that are unique to the textile industry, such as ecolabeling on product innovation or enzymatic textile processing on process innovation. To name a few, popular ecolabels in the textile industry include the bluesign standard, which is concerned with all inputs used in the manufacturing process in order to reduce the ecological footprint; BMP certified cotton, which comes from Australia and is concerned with growing cotton in an environmentally friendly manner; and Ecoproof, which considers environmental and social aspects throughout the textile industry’s life cycle [74,75]. Some examples of enzymatic textile processing include fiber modification in the raw fabric production stage, desizing and scouring in the preparation stage, bleach cleaning and dyeing in the dyeing stage, and softening in the finishing stage [54]. Another example is the semi-industrial scale use of crude enzymes from Aspergillus niger to convert tea polyphenols as a precursor into pigments via bioconversion or enzymatic synthesis of biodyes using a bioreactor and reverse osmosis apparatus [57].



Common themes that are also discussed in almost all the articles reviewed are the barriers to practicing sustainability innovation in the textile industry. An example of internal barrier is a lack of awareness of the need to innovate sustainably, which can be due to a lack of knowledge regarding recent innovation impact toward environmental and social aspects, as well as a lack of information regarding market needs for innovative and sustainable products [46,59]. Barriers that are also frequently mentioned are related to investment and production costs, including technology replacement, R&D costs, or material replacement, which in turn makes the selling price to consumers high and reduces the attractiveness of the product [43,53]. The external barrier in developing sustainability innovation practices in the textile industry, for example, is the lack of government support in the form of financial incentives and nonfinancial support. Lack of government support is considered to hinder sustainability innovation’s growth and development to a more advanced stage [54,63]. Another barrier is the challenges faced when seeking potential collaboration partners, namely, in the form of culture and capability compatibility [36,72]. Unstable macroeconomic conditions are also considered to be a barrier in the development of sustainability innovation [63]. Meanwhile, there are also more implicit barriers, namely, hidden unethical practices in the textile supply chain, such as modern slavery practices that involve labor agencies [61].



Asia is an understudied region despite being the center of global textile production and faces numerous severe sustainability challenges. For example, only a handful of publications represent China, India, and Bangladesh, the world’s most significant garment and textile producers. This situation contrasts that of Europe, where there is dominant research in those areas. Indeed, the sustainability challenges of a particular industry in a specific region may not be directly proportional to the number of studies in that region. Similar to sustainability innovation studies primarily conducted in advanced economies, especially Europe, most researchers are from Europe [27,81]. However, this is a reminder of the importance of conducting more in-depth research on the textile industry in Asia, which is the current center of garment and textile production.



After we analyzed and synthesized the sustainable innovation, we mapped the current state of research into two shortcomings and future research innovation in the industry according to the innovation objectives. We defined the objective for each innovation according to the aggregation characteristic that we conducted in the Section 3. We separated the path of innovation research according to current states as the research was conducted. The future direction that innovation will be in the shortly coming period, and future research innovation is the expected research that will be prominent in the following decades.



We separated the future into two categories. The shortly coming innovations are the innovations that will be already available and will be urgently required to be expanded in the shortly coming period. This innovation has been identified as mature and is receiving attention from policymakers and market practitioners that achieved the objective of sustainability. Future research should be conducted on the innovation that has been investigated but has not entirely been implemented by the industry and has already drawn the attention of market practitioners, policymakers, and academia as a significant prospect of innovation for sustainability in the textile market. For a complete definition about our mapping, please see Table 6.




5. Conclusions


The aim of this study is to use a systematic review approach to synthesize empirical knowledge relevant to sustainable innovation in the textile industry. Sustainability innovation practices in terms of product innovation types include ecodesign, ecolabel, life cycle assessment, materials, and packaging; process innovation includes cleaner production, ecoefficiency, waste handling, supply chain management, and enzymatic textile processing; and organizational innovation includes EMS and corporate policy, collaboration, business model innovation, culture and knowledge management, and enzymatic textile processing. Various factors, both internal and external, drive the desire to innovate more sustainably. It is worth noting that the textile industry has its own set of sustainability innovation practices, such as ecolabeling on product innovation and enzymatic textile processing on process innovation. The barriers to practicing sustainability innovation in the textile industry such as cost, lack of knowledge, lack of government support, or macroeconomic concerns are common themes that are discussed in the articles reviewed.



This study has several limitations. Since the literature search was limited to two mainstream databases, namely, Scopus and Web of Science, which are widely regarded as the largest and most comprehensive databases available today, it is possible that other relevant empirical articles were missed. Therefore, other databases can be also involved in future studies. One of the inclusion criteria in the search is a research area that is limited to business, management, and accounting or business economics, given the focus of this study, which is on aspects of innovation and sustainability, particularly from the perspective of business economics. Outside of this research area, the inclusion criteria may exclude innovative and sustainable empirical studies. Further research can broaden the scope of the study to include other research areas. A systematic review is also used in this study to obtain in-depth qualitative insight into the current state and practice of sustainability innovation from the published literature. Future research can take a more quantitative approach, such as bibliometrics or meta-analysis, to gain insight with a different approach.
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Figure 1. PRISMA flow diagram for sustainability innovation in the textile industry. 
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Figure 2. Trend line publication year. 
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Figure 3. Coding of themes and subthemes [11,31,34,35,36,37,38,40,42,44,45,48,51,52,55,57,58,59,61,63,64,66,68,70,72,75]. 
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Table 1. Inclusion and exclusion criteria.






Table 1. Inclusion and exclusion criteria.





	Inclusion Criteria
	Exclusion Criteria





	Article discussing sustainability innovation in textile industry
	Article not discussing sustainability innovation in the textile industry



	Documents type: peer-reviewed journal articles
	Conference proceedings, book chapter, trade journal, etc.



	Research area: business, management, and accounting (Scopus), business economics (Web of Science)
	Research area outside business, management and accounting (Scopus) and business economics (Web of Science)



	Type of study: empirical
	Review, conceptual paper, theoretical paper



	Language: English
	Non-English language
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Table 2. Publication Outlets.






Table 2. Publication Outlets.





	Journal and Quartile
	Number of Articles





	Journal of Cleaner Production (Q1)
	17



	Journal of Fashion Marketing and Management Q1
	3



	Clothing and Textiles Research Journal Q2
	2



	Fibers and Textiles in Eastern Europe Q2
	2



	Business Strategy and Development (Q2), Business Strategy and the Environment (Q2), Corporate Governance (Bingley) (Q1), Eastern-European Journal of Enterprise Technologies (Q2), Fashion and Textiles (Q1), Journal of Asian Finance, Economics and Business (Q2), Journal of Business and Industrial Marketing (Q1), Journal of Business Research (Q1), Journal of Consumer Marketing (Q2), Journal of Design, Business and Society (Q2), Journal of Knowledge Management (Q1), Journal of Retailing and Consumer Services (Q1), Journal of Risk Research (Q1), She Ji (Q1), Supply Chain Management (Q1), Technovation (Q1), and TQM Journal (Q1)
	1 each



	Total
	41
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Table 3. Research context.






Table 3. Research context.





	
Asia

	
Africa

	
America

	
Europe

	
Others






	
Indonesia

	
2

	
Botswana

	
1

	
Brazil

	
3

	
Italy

	
9

	
NA

	
9




	
Bangladesh

	
1

	
South Africa

	
1

	
USA

	
2

	
Finland

	
4

	
Global

	
1




	
China

	
1

	

	

	
Colombia

	
1

	
Germany

	
4

	
Australia

	
-




	
India

	
1

	

	

	
Peru

	
1

	
Denmark

	
3

	

	




	
Vietnam

	
1

	

	

	

	

	
UK

	
3

	

	




	

	

	

	

	

	

	
Austria

	
2

	

	




	

	

	

	

	

	

	
Switzerland

	
2

	

	




	

	

	

	

	

	

	
Sweden

	
2

	

	




	

	

	

	

	

	

	
The Netherlands

	
2

	

	




	

	

	

	

	

	

	
Belgium

	
1

	

	




	

	

	

	

	

	

	
Iceland

	
1

	

	




	

	

	

	

	

	

	
Norway

	
1

	

	




	

	

	

	

	

	

	
Poland

	
1

	

	




	

	

	

	

	

	

	
Spain

	
1

	

	








Note: total is not equal with N = 41 because one study could have multiple contexts.
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Table 4. Research method.






Table 4. Research method.





	Method
	Frequency





	Interview
	12



	Experimental, incl. chemical examination
	12



	Case study
	8



	Survey
	7



	Focus Group
	1



	Total
	41
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Table 5. Themes and subthemes (n = 41 articles) [36].






Table 5. Themes and subthemes (n = 41 articles) [36].





	
References

	
Context

	
Data

	
Product Innovation

	
Process Innovation

	
Organizational Innovation




	
EC OD

	
EC

OL

	
LC

AS

	
MT

RL

	
PC

KG

	
CL

NP

	
EC

OE

	
WS

TH

	

	
EN

ZY

	
EM

SY

	
CO

LB

	
BM

OD

	
CL KN

	
RI

SK






	
[36]

	
Brazil

	
Interview 30 individuals from 18 firms

	

	

	

	

	

	

	

	

	

	

	
✓

	
✓

	

	

	




	
[37]

	
Global

	
Case study 3 firms

	
✓

	
✓

	

	

	
✓

	

	

	
✓

	

	

	

	

	
✓

	

	




	
[38]

	
Brazil

	
Survey 100 firms

	

	

	

	

	

	
✓

	

	

	

	

	

	

	

	

	




	
[39]

	
The Netherlands

	
Interview 12 individuals

	
✓

	

	

	

	

	

	

	

	

	

	

	
✓

	
✓

	

	




	
[40]

	
India

	
Survey 198 employees

	

	

	

	

	

	

	

	

	

	

	

	

	

	
✓

	




	
[31]

	
NA

	
Chemical composition

	

	

	

	
✓

	

	

	

	

	

	

	

	

	

	

	




	
[41]

	
China

	
Case study 48 firms

	

	

	

	

	

	

	

	
✓

	

	

	

	

	

	

	




	
[42]

	
Germany

	
Interview 64 experts

	

	

	

	

	
✓

	

	

	

	

	

	

	

	

	

	




	
[43]

	
Italy

	
Survey 696 consumers

	

	

	

	
✓

	

	

	

	

	

	

	

	

	

	

	




	
[44]

	
Indonesia

	
Survey 182 SMEs

	

	

	

	

	

	
✓

	

	

	

	

	

	
✓

	

	

	




	
[45]

	
UK

	
Interview 10 firm owners

	

	

	

	

	

	

	

	

	
✓

	

	

	
✓

	

	

	




	
[46]

	
South Africa

	
Interview 12 SMEs owners

	

	

	

	

	

	

	

	

	

	

	

	

	

	
✓

	




	
[47]

	
Vietnam

	
Interview 5 technical spec. and 1 supplier

	

	

	

	

	

	

	

	
✓

	

	

	

	

	

	

	
✓




	
[11]

	
Denmark, Finland, Norway, Sweden, Iceland

	
Survey 104 respondents

	
✓

	
✓

	
✓

	

	

	

	

	

	

	

	

	

	

	

	




	
[48]

	
Indonesia

	
Case study 1 firm

	

	

	

	

	

	
✓

	

	

	

	

	

	

	

	

	




	
[49]

	
Italy

	
Survey 224 and 101 respondents

	

	
✓

	

	

	

	

	

	

	

	

	

	

	

	

	




	
[50]

	
Brazil

	
Case study 2 firms

	

	

	

	

	

	
✓

	

	

	

	

	

	

	

	

	




	
[51]

	
NA

	
Chemical composition

	

	

	

	
✓

	

	

	

	
✓

	

	

	

	

	

	

	




	
[52]

	
NA

	
Chemical composition

	

	

	

	
✓

	

	

	

	

	

	

	

	

	

	

	




	
[53]

	
Denmark

	
Interview 11 individuals

	

	

	

	
✓

	

	

	

	

	

	

	

	
✓

	

	

	




	
[54]

	
Bangladesh

	
Interview 10 individuals

	

	

	

	

	

	
✓

	

	

	

	
✓

	

	

	

	

	




	
[55]

	
NA

	
Chemical composition

	

	

	

	
✓

	

	

	

	

	

	

	

	

	

	

	




	
[56]

	
NA

	
Chemical composition

	

	

	

	
✓

	

	

	

	

	

	

	

	

	

	

	




	
[57]

	
NA

	
Chemical composition

	

	

	

	

	

	
✓

	

	

	

	
✓

	

	

	

	

	




	
[32]

	
NA

	
Chemical composition

	

	

	

	

	

	

	

	
✓

	

	

	

	

	

	

	




	
[58]

	
Finland

	
Interview 5 individuals, 1 discussion, and 2 workshops

	

	

	

	

	

	

	

	
✓

	

	

	

	

	

	

	




	
[59]

	
USA

	
Interview 6 individuals

	

	

	

	

	

	

	

	

	

	

	

	

	
✓

	

	




	
[60]

	
Botswana and Colombia

	
Interview 9 and 3 individuals, respectively

	

	

	

	

	

	

	

	

	

	

	

	

	
✓

	

	




	
[61]

	
UK

	
Documents on modern slavery

	

	

	

	

	

	

	

	

	
✓

	

	

	

	

	

	




	
[62]

	
NA

	
Chemical composition

	

	
✓

	

	
✓

	

	

	

	

	

	

	

	

	

	

	




	
[63]

	
Poland

	
Survey 56 firms

	

	

	

	

	

	

	

	

	

	

	
✓

	

	

	

	




	
[64]

	
Austria, Switzerland, Germany, and Italy

	
Case study 8 firms

	
✓

	

	

	
✓

	

	

	

	

	

	

	

	

	
✓

	

	




	
[65]

	
Italy

	
Case study 1 textile area

	

	

	

	

	

	
✓

	
✓

	

	

	

	

	

	

	

	




	
[66]

	
Italy

	
Chemical composition

	

	

	
✓

	

	

	
✓

	

	

	

	

	

	

	

	

	




	
[67]

	
Finland

	
Focus group 8 sessions

	

	

	

	

	

	

	

	

	

	

	

	

	
✓

	

	




	
[68]

	
Italy

	
Chemical composition

	

	

	
✓

	

	

	

	
✓

	
✓

	

	
✓

	

	

	

	

	




	
[69]

	
Austria

	
1 Kg of black modal knitted fabric.

	

	

	
✓

	

	

	
✓

	

	

	

	

	

	

	

	

	




	
[70]

	
Austria, Belgium, Denmark, Germany, Finland, Italy, Netherlands, Spain, Sweden, Switzerland, UK, US

	
Interviews with 38 and 25 experts

	

	

	
✓

	

	

	

	

	

	

	

	

	

	

	

	
✓




	
[71]

	
Germany

	
Case study

	

	
✓

	

	
✓

	

	

	

	

	

	

	

	

	

	

	




	
[72]

	
Peru

	
Case study 1 firm

	
✓

	

	

	

	

	

	

	

	
✓

	

	

	
✓

	

	

	




	
[33]

	
NA

	
Experimental data

	
✓

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Total

	

	
6

	
5

	
5

	
10

	
2

	
9

	
2

	
7

	
3

	
3

	
2

	
6

	
6

	
2

	
2








Note: ECOD = ecodesign, LCAS = life cycle assessment, ECOL = ecolabel, MTRL = material, PCKG = packaging; CLNP = clean production, ECOE = ecoefficiency, WSTH = waste handling, SCMT = supply chain management, TECH = technology, ENZY = enzymatic textile processing; EMSY = environmental management system, COLB = collaboration, BMOD = business model, CLKN = culture and knowledge management, RISK = risk management.
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Table 6. The research path of sustainable innovation in the textile industry.






Table 6. The research path of sustainable innovation in the textile industry.





	Innovation Types
	Current States
	Future Research Direction
	Objectives





	Product
	Ecodesign

Ecolabel

Life cycle analysis

Material

Packaging
	Material

Life cycle analysis
	The products must be safer, have more efficient sales prices, be healthier, and be environmentally friendly and use less material, less waste, and less energy.



	Process
	Cleaner production, ecoefficiency, waste handling, sustainable supply chain management, and enzymatic textile processes
	Enzymatic textile processing

Supply chain management
	The process requires a cleaner, more efficient production cost, a less complicated supply chain, and a more organic textile process.



	Organizational
	Collaboration and business model innovation
	Culture

knowledge management
	More collaboration, improving business model innovation, improving EMS and corporate policy effectiveness, reducing risk, improving culture, and improving knowledge management of sustainability.







Source: Authors compilation, 2022.
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