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Abstract 
Microfiber pollution is a growing environmental issue caused by the shedding of synthetic textiles. By 
estimation, half a million tons of synthetic microfibers are released into the ocean each year, potentially 
causing significant risks for the environment and human health. Existing research has largely focused 
on the sources of microfiber pollution, and has offered some technical solutions. However, minimal 
research has focused on the implementation of these solutions in practice. This qualitative study 
contributes to filling this research–implementation gap by exploring what solutions have the most 
potential to address microfiber pollution in practice. The analysis uses an evaluation mapping approach 
through a series of semi-structured stakeholder interviews. Ten stakeholder groups, including fashion 
brands, textile innovators, and washing machine producers, were selected to evaluate the effectiveness 
and feasibility of these solutions. The findings reveal that implementing solutions in the material and 
manufacturing phase is believed to be most promising to address microfiber pollution. Textile 
innovations and enhanced fabric construction are considered specifically effective, and feasible to 
implement in practice. Stakeholders also demonstrated a strong sense of system thinking: they believe 
addressing the current fashion business model could significantly decrease microfiber pollution. This 
research concludes with recommendations for the fashion industry, researchers, and policymakers. 
Increased collaboration between researchers and the industry could enhance the practical potential of 
solutions and should be stimulated and facilitated by government agencies. Moreover, microfiber loss 
should be addressed in stringent policies that encompass the wider environmental impacts of the textile 
industry.   
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1. Introduction 
The use of plastic has increased exponentially ever since its commercial production began in the 1950s. 
Due to the material’s low cost, durability, and versatility, around 350 million tons of plastic are produced 
each year [1]. However, the extensive use of plastic comes at a cost: in 2010, between 4.8 to 12.7 million 
tons (Mtons) of plastic waste entered the ocean. Public awareness of plastic pollution is often based on 
images of a six-pack ring caught around a sea turtle’s neck, marine animals’ intestines filled with plastic, 
or the great garbage patch floating in the Pacific Ocean [2]. However, a less visible aspect of plastic 
pollution is microplastics, which are microscopic plastic particles of less than 5mm in size. The subject 
has started to receive growing attention since microplastics have been discovered at remote locations 
such as the Antarctic, deep ocean trenches, and vast mountain ranges [3]. Moreover, scientists have 
located microplastics in our food chains [4] and recently even in the placentas of unborn babies [5]. 
While this has caused an increase in public awareness and sparked great concern for our health, 
ecosystems, and wildlife, the actual risks of microplastics are still largely unknown [2]. Nevertheless, the 
ubiquitous contamination of the environment with microplastics is a matter of global concern, especially 
because of the uncertainty of risks. Before more potential harm could be done, the current momentum 
of public awareness and media attention should be leveraged to address the issue now [6].  
 

1.1. Problem statement 
Various actions have been taken to tackle marine plastic pollution, such as the European Union’s (EU) 
directive on single-use plastics and the United States’ Microbead-Free Waters Act of 2015 [2]. However, 
one of the key primary sources of microplastic pollution, microfibers, is not included in such policies. 
Microfibers are very short synthetic fibers that are shed from synthetic fabrics during the product’s 
entire life cycle [7]. Approximately 0.5 Mtons of microfibers, equivalent to 50 billion plastic bottles, end 
up in the ocean annually due to the washing of synthetic textiles [7], [8]. Much of the current research 
by key institutions and scientists has focused on mapping microfiber sources and pathways into the 
environment. In addition, some potential solutions have been put forward ranging from technical 
innovations and new business models to behavior changes [6], [9], [10]. Although all of these solutions 
have the potential to address microfiber pollution in theory, there is a lack of scientific evidence on what 
solutions are most promising to address microfiber pollution in practice.  
 

1.2. Research objective 
The objective of this research is to fill the research–implementation gap by evaluating the potential of 
various solutions that could address microfiber pollution in practice. Addressing microfiber pollution 
comprises preventing or reducing microfiber loss, as well as capturing microfiber loss before or after it 
is released into the environment. The solutions are evaluated by adopting a stakeholder approach which 
allows for in-depth knowledge of the problem and offers a holistic perspective of the opportunities and 
challenges of practical implementation. Furthermore, this study is specifically framed around the 
fashion industry as 84% of the global fiber production can be attributed to apparel [11]. This framing is 
broad enough to cover a significant share of the microfiber pollution problem while being specific 
enough to execute a clear analysis and make a targeted recommendation. For a similar reason, a 
geographical scope on the EU was applied to narrow the stakeholder focus. Given the research’s 
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objective and framing, the research question is formulated as follows: According to stakeholders, 
what are the most promising solutions that address microfiber pollution in practice?  
 
To answer this research question, first must be established under what criteria a microfiber solution can 
be classified as “promising”. The need to operationalize this concept leads to the first sub-question:  

1. What evaluation criteria should a promising solution, that addresses microfiber pollution, 
meet?  

 
Once there is clarity around the concept of promising solutions, it is valuable to get a better 
understanding of the causes of microfiber loss in the garment life cycle, and the pathways into the 
environment. This information helps identify intervention points to prevent, reduce or capture 
microfiber loss, which can indicate solutions that could address microfiber loss. The research sub-
questions that follow from this requirement are, therefore: 

2. What indicators contribute to microfiber loss in the garment life cycle?  
3. What indicators result in microfiber release into the environment?  
4. What solutions have been put forward that could address microfiber pollution?  

 
Furthermore, creating a pollution framework helps to inventory what stakeholders are involved in the 
problem of microfiber pollution as well as its solution. This is an important aspect of the research, as the 
aim is to obtain a stakeholder’s perspective. This leads to the final sub-question:  

5. Which stakeholder groups are involved in the microfiber pollution problem, and what is their 
stakeholder position? 

 
This paper is structured as follows: first, the research is set in context in section 2 by providing 
background information on the fashion industry and its environmental impact. Next, sustainable design 
theory and methods, as well as evaluation criteria supporting this analysis are discussed. This theory 
serves as the basis for the conceptual framework. In section 3, the methodological framework is 
presented for guiding the research, together with a detailed explanation of the data collection and 
analysis methods. The results of the data collection and analysis are offered in section 4. In section 5, 
the research findings are discussed, followed by study limitations and recommendations. Finally, the 
conclusion of the research is presented in section 6. 

2. Research context 
The fashion industry is strongly linked to several environmental issues such as greenhouse gas 
emissions, water pollution, and land degradation [12]. Microplastic pollution through microfibers was 
added to this list more recently. The industry’s negative impact on the environment will continue to 
increase as global apparel consumption is expected to rise by 63% between 2017 and 2030 as a result of 
a growing population and the fast fashion business model [13]. Fast fashion describes the business 
model where inexpensively-made apparel is rapidly produced, consumed, and disposed of [14]. This 
fast-fashion spiral is upheld by outsourcing fiber, textile, and garment manufacturing to developing 
economies where production costs are low and environmental standards are less strict [14], [15]. As a 
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result, the global fashion system has become highly competitive, complex, and fragmented around the 
globe, making it difficult to assess environmental and social impacts [12].  
 
Another consequence of the rise of fast fashion is the widespread use of synthetic materials. Due to the 
low cost and near limitless variations in color, texture, and other features, the use of synthetic textiles 
has surpassed that of natural materials, such as cotton. According to Quantis [11], an estimated 69% of 
all fibers produced in 2020 were synthetic. With a production of 54 Mtons in 2018, polyester-based 
fabrics are the most common synthetic textiles [12]. As emerging economies increase their consumption 
rates and adopt Western fashion trends, the share of synthetic fabrics is expected to increase even 
further to 75% [12].  
 
Over the past decades, there has been growing global attention for sustainable development (SD) which 
is defined as “development that meets the needs of the present without compromising the ability of the 
future generations to meet their own needs” [16, p. 482]. Still, the concept has largely been ignored by 
the fashion industry, which remains one of the largest polluting industries in the world [17]. However, 
in recent years the fashion industry has come under fire due to its severe environmental and societal 
impacts. In addition to increased media attention and consumer awareness [15], the industry is 
pressured to change by the United Nations 2030 Agenda for Sustainable Development. Launched in 
2015, the Agenda specifically highlights “sustainable production and consumption” as one of the 17 
Sustainable Development Goals (SDGs).  
 
In response to the changing conditions, companies are now trying to pay more attention to 
environmental and social aspects [18]. For instance, by introducing codes of conduct, sourcing policies, 
and Corporate Social Responsibility policies [15]. However, the standard fashion business model still 
does not account for the negative externalities generated by the production and consumption of apparel. 
As a result, the true cost of the (fast) fashion industry remains hidden and businesses continue their 
unsustainable practices as usual [17]. To face today’s global sustainability challenges, sustainable 
innovations must be developed and implemented. The theory of sustainable design is often suggested as 
a solution to solve SD-related problems and is therefore described in the following section. Next, in 
section 2.2, several evaluation criteria are introduced to assess the merit of different sustainable 
interventions. These theories and evaluation criteria are the foundation of the research’s conceptual 
framework, presented in section 2.3.  
 

2.1. Sustainable design theory 
Sustainable design theory emerged in the 1960s and has since explored how interventions in the design 
process could be utilized to address a broad range of environmental issues [19]. Baldassarre et al. [19] 
identified four design levels for sustainable innovation: eco-design, product service system design, 
sustainable business model design, and collaborative ecosystem design. As microfiber pollution finds its 
origin in the material and design phase of the fashion value chain, the first concept, eco-design, is used 
to guide this research and further elaborated on below. 
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2.1.1. Eco-design theory  
Eco-design is concerned with developing sustainable products that balance environmental and 
economic benefits. The International Organization for Standardization (ISO) standard 14006 [20] 
defines eco-design as “a systematic approach, which considers environmental aspects in design and 
development with the aim to reduce adverse environmental impacts throughout the life cycle of a 
product”. It guides organizations through the development and implementation of systemic approaches 
to reach environmental objectives.  
 
Two common steps in the eco-design process are environmental assessment and environmental 
improvement [21]. The first step, environmental assessment, provides an understanding of the 
environmental impact of a product or service of each life cycle phase. This step can be conducted through 
expert focus groups, or by applying an evaluative method such as the Life Cycle Assessment [21] (section 
2.1.2.). While environmental assessment is an important initial step in the eco-design process, it should 
keep into account the functional aspects of a product or service to assure equal or improved quality for 
the end customer [21]. The second step, environmental improvement, consists of two activities: solution 
finding and environmental strategy. Ideas are generated, often relying on creative brainstorming 
techniques, after which the best ideas are gathered by assessing the business value and environmental 
improvement. Finally, the environmental strategy is concerned with the different directions that can be 
taken in eco-design such as low impact materials; reduction of material use; optimization of production 
techniques; and the optimization of product lifetime end-of-life systems [21]. More recently, new 
strategies have emerged based on product user’s behavior as this is an important factor for a strategy to 
succeed.  
 

2.1.2. Life Cycle Assessment and Stakeholder Analysis 
Life cycle thinking is considered a central concept in eco-design theory, as incorporating environmental 
criteria in the product design phase can lead to reduced environmental impacts across the entire life 
cycle [19]. Life Cycle Assessment (LCA) is the “compilation and evaluation of the inputs, outputs and 
potential environmental impacts of a product system throughout its life cycle” [22, p. 91].  It considers 
a specific product or service and selects environmental indicators that can “identify the most significant 
aspects related to environmental performance (…) and provide the basis for the “greening” of business 
practice”[15, p. 9]. The LCA framework often makes use of a product life cycle flow diagram that guides 
the user through data collection, assessment, and interpretation. Figure 1 illustrates a standard product 
life cycle diagram applicable to most manufacturing industries.  
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Figure 1 
Standard product life cycle adapted from [23] 

 
 
Moreover, Stakeholder Analysis (SA) is another often applied method in sustainable innovations. It is a 
“methodology for gaining an understanding of a system, and for assessing the impact of changes to that 
system, by means of identifying the key stakeholders and assessing their respective interests” [24, p. 1]. 
Its importance has significantly grown over the past decades as the world became increasingly more 
interconnected. Many, especially environmental, problems are spread across the globe and affect 
numerous people and organizations [25]. 
 
Scope 
Both the LCA and SA start by defining the purpose and scope of the analysis. This is the foundation for 
the subsequent steps in both methods: data collection and assessment. The product or service, as well 
as the environmental indicators that are selected for the LCA determine what environmental impacts 
are under consideration. Similarly, the stakeholder definition that is adopted in the SA, strongly 
influences what stakeholders are included in the SA. While the term ‘stakeholder’ is widely used, there 
is still some disagreement on what constitutes a legitimate stake [26]. The most well-known definition, 
offered in Freeman’s seminal work [27, p. 46], describes stakeholders as “any group or individual who 
can affect or is affected by the achievement of the organization’s objectives”. However, broader 
stakeholder definitions are often used today that generally make a distinction between primary 
stakeholders, those with formal or transactional relations with a company; and secondary stakeholders, 
those indirectly affecting or affected by the company’s decision [15].  
 
Data collection and analysis 
Once the scope and definitions in the LCA and SA are established, data is collected through various 
methods such as a literature review. For the LCA, the next step consists of assessing the environmental 
impact of the product or service. This can reveal what life cycle has the most significant impact on the 
environmental indicators. In the SA, data analysis consists of categorizing stakeholders and 
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investigating the relationships between those stakeholders. This exercise is often completed through 
workshops, interviews, and focus groups. The Power-Interest matrix was developed by Eden and 
Ackermann in 1998 for this purpose and is frequently used by researchers to visualize the position of 
stakeholders according to their relative power and interest in a specific topic or problem [26]. Power is 
defined as a stakeholder’s ability to exercise their influence to achieve a certain outcome, while interest 
can be considered the stakeholder’s concern with a certain problem [28]. By positioning stakeholders in 
the matrix, based on their relative power and interest, they can be classified into four predefined 
stakeholder categories, depicted in Figure 2. Each stakeholder category has a different engagement 
strategy, depending on the SA objectives.  
 
Figure 2 
Power-Interest Matrix 

 
Note. Adapted from Reed et al. (2009) and Kozlowski et al. (2012).  
 

2.2. Evaluation criteria 
To evaluate the outcome of an intervention, assessment criteria first must be defined. In 1991, the OECD 
laid the foundation for the evaluation of international development projects, programs, and policies. In 
2015, it was decided to adapt the evaluation criteria to the 2030 Agenda for SD [29] by reflecting “the 
integrated nature of sustainable development” in the criteria’s definitions and guidelines. The OECD has 
currently defined six criteria – relevance, coherence, effectiveness, efficiency, impact, and sustainability 
– that serve as a comprehensive framework to determine the value of an intervention. The definitions of 
these criteria are further defined in Table 1 in the following section.  
 
2.3. Conceptual framework and research strategy 
As described in section 2.1, the sustainable design approach can help understand how interventions in 
the design process of garments can be utilized to prevent or reduce microfiber loss from synthetic 
garments throughout the garment life cycle. As microfiber pollution goes beyond decisions in the design 
process, this study’s conceptual framework (Figure 3) is therefore expanded to include interventions in 
the entire garment’s life cycle flow, the pollution pathways into the environment, and the wider, 
overarching system. 
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Figure 3 
Conceptual framework 

 
 
Parts of several sustainable design tools were utilized to support this research. First, a partial LCA was 
conducted. To fit the research, microfiber loss and release are the only environmental indicators studied 
in this partial LCA. Moreover, the general life cycle of a synthetic garment, rather than a specific product, 
is analyzed in this study. This is in line with industry reports that commonly arrange the sources of 
microfiber loss along the stages of the “fashion value chain” or “garment life cycle” [7], [11]–[13]. While 
most industry reports employ their own interpretation of a garment's life cycle, there is consensus in the 
general outlines of the model. Generally, the five life cycle stages of a synthetic garment are design and 
material, manufacturing, distribution, use and maintenance, and disposal. Secondly, a partial SA 
approach was taken to identify key stakeholders involved in the synthetic garment’s life cycle. 
Stakeholders are here defined as “people and organizations that affect microfiber pollution in the fashion 
industry through a) their involvement in the product life cycle of synthetic garments, b) their 
involvement in the release or capturing of microfibers in the environment or c) through their indirect 
influence on the fashion industry’s product life cycle”.  
 
Finally, an evaluation mapping method was applied to evaluate the potential of interventions that 
address microfiber pollution. This method is two-fold: it evaluates the “effectiveness” of an 
intervention outcome, based on three of the OECD evaluation criteria (effectiveness, impact, and 
sustainability) that are especially relevant in explaining the relationship between an intervention and its 
outcome. In addition, a “feasibility” indicator is introduced to evaluate the likeliness of the 
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intervention being implemented or used in practice. This indicator incorporates the other three OECD 
criteria, coherence, efficiency, and relevance, that could specifically influence a solution’s feasibility. The 
indicators and their sub-criteria are presented in Table 1 below. 
 
Table 1 
Effectiveness and feasibility indicators and their sub-criteria 

 
Note. Adapted from the OECD evaluation criteria  
 
  

Indicator Criteria Definition 

Effectiveness: 
The effectiveness of 
the intervention 

outcome 

Effectiveness The intervention is achieving its objectives 

Impact The intervention is generation significant change 

Sustainability The generated outcome is long-lasting 

Feasibility 
The likeliness of the 
solution being 

implemented or used 

Coherence The intervention is compatible with other interventions 

Timely efficiency The intervention delivers results in a timely way 

Economic efficiency The intervention delivers results in an economic way 

 Relevance The intervention design is sensitive to the conditions (political, 

environmental, economic, and capacity) in which it takes place  
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3. Research Method 
This research took a mixed-method approach to evaluate the practical potential of solutions that address 
microfiber pollution. The research steps are presented in the methodological framework in Figure 4 
below. The subsequent sections will explain the data collection data analysis steps in more detail.  
 
Figure 4 
Methodological framework 

 
 

3.1. Data collection  

3.1.1. Pre-requisite data: desk research 
To provide a foundation for the evaluation mapping, data on the sources of microfiber pollution; the 
pathways to the environment; and its solutions were gathered through desk research. This encompassed 
both scientific papers as well as grey literature and continued until data saturation was reached. To get 
a stakeholder perspective on the solutions, a list of stakeholder groups and candidates was compiled 
through desk research as well.  
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3.1.2. Semi-structured interviews  
The objective of this paper is to evaluate what microfiber solutions are most promising in practice, 
according to a stakeholder perspective. Semi-structured stakeholder interviews were selected as the 
primary research method, as it allows to gather in-depth knowledge on the microfiber pollution problem 
in the fashion industry. While a survey would have resulted in a larger data set, it would not have 
provided the deep level of understanding required to answer the research question. Moreover, direct 
stakeholder input was required to conduct the evaluation mapping exercise, discussed below. Although 
focus groups would also be suitable for this purpose, it produces a risk of the “loudest voice” conclusion 
that would limit the depth of the insights [30].  
 
Stakeholder identification 
The stakeholders identified during the desk research could be divided between primary and secondary 
stakeholders. The primary stakeholders firstly are those directly involved in the production process, 
meaning the fashion brands, all supply chain actors, and textile innovators; and those indirectly involved 
such as investors, policymakers, and industry associations. Consumers are the main actors in the use 
phase, with other relevant actors being the washing machine manufacturers and producers of microfiber 
filters. Consumers also play a role in the disposal phase, together with textile collectors, recycling firms, 
and waste managers. Wastewater treatment plant managers are involved in capturing microfibers before 
being released into the environment. 
 
Furthermore, stakeholders that have an indirect influence on microfiber pollution are NGOs, the media, 
scientific researchers, the public and communities, and other influencers. They are mainly driven by the 
impact of microfiber pollution and have the ability to influence each stage of the life cycle.  
 
Stakeholder mapping 
The above-mentioned stakeholders were mapped in a power-interest matrix (Figure 5) to identify which 
groups should be included in the semi-structured stakeholder interviews. Some stakeholders, such as 
garment manufacturers, waste, and WWTP managers, are controlled by other stakeholders and hold 
little power or interest themselves. These were omitted as relevant stakeholders for this research. Next, 
the media, influencers, community, and investors were removed from the candidate list. Even though 
they have relatively high power, this is only indirect and they are likely not experts on the topic. Although 
stakeholders such as researchers or NGOs also don’t have direct control over the issue, their expertise 
could provide valuable insights for this research. The stakeholder groups that were selected for the 
interviews were therefore the fashion brands, consumers, washing machine producers, government, 
recycling firms, NGOs, researchers, filter producers, and material innovators.  
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Figure 5 
Stakeholders visualized in the Power–Interest matrix  

 
 
 
Identifying and selecting participants 
Through a purposeful sampling approach, a range of interview candidates per group was gathered and 
contacted. In addition, some candidates were reached out to through a snowball sampling approach. 
This tactic resulted in 14 interviews with 10 stakeholder groups, depicted in Table 2. 
 



 18 

Table 2 
List of interviewees involved in semi-structured stakeholder interviews 

 
 
Interview design 
The purpose of the interviews was to get an enhanced understanding of the problem context and evaluate 
interventions that address microfiber pollution. Specifically, the goal was to assess the effectiveness and 
feasibility of the several solutions presented by the stakeholders. To compare and analyze the output 
from the different stakeholder interviews, a visual evaluation mapping exercise was created based on 
the “Factor Mapping Grid” developed by Ma et al. [30]. In the “effectiveness-feasibility grid” (Figure 6), 
low to high feasibility is placed on the horizontal ax, from left to right; while the vertical ax represents 
high to low effectiveness. This tool is valuable in several ways: (1) the visual element engages the 
interviewee in the research topic; (2) the axes direct the interviewees focus to evaluating the feasibility 
and effectiveness; (3) the grid describes the position and relation of each solution to other solutions; and 
(4) the template increases the comparability of interview outcomes.  
 
All interviews took place via video-call and were structured as follows: 
Step 1: First, participants were given an introduction and asked permission to video-record the 
interview for transcription purposes and to save the output of the grid exercise. Next, they were asked 
about their (professional) experience with microfiber pollution.  
Step 2: Each participant was presented with a high-level pollution framework (Appendix A) through 
digital screen sharing, to guide them through the solutions. Interviewees were given a brief explanation 
of the model and provided with more detail upon their request. 
Step 3: Next, participants were asked to indicate different solutions that could address microfiber 
pollution in the framework. Each suggested solution was written down on a virtual post-it.  
Step 4: Depending on the suggestions provided by the interviewee, additional suggestions for solutions 
were brought up by the interviewer for discussion. These solutions were also added to the virtual post-

Stakeholder group Influence # Interviewee description 
Researchers Indirect 1 Researcher on microfiber pollution 

2 Researcher on marine plastic pollution 
NGOs Indirect 3 NGO focusing on marine plastic pollution 

4 NGO focusing on marine conservation 
Marketing & 
Communication 

Indirect 5 Communication expert with a focus on microplastic pollution 

Policy Indirect 6 Policy expert on plastic, microplastic and microfiber 
Consumers (In)direct 7  
Fashion brands Direct 8 Active wear brand using natural materials 

9 Active wear brand using recycled ocean plastic 
10 Global active wear brand 

Textile manufacturing Direct 11 Textile manufacturer working on material innovation  
Filter producer Direct 12 External filter producer for microfiber capture 

Washing machine 
producer 

Direct 13 Global household appliance producer 

Recycling firm Direct 14 Recycling technology for synthetic textiles 
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its if the interviewees had enough expertise to assess the solutions. Occasionally, interviewees were given 
some general background information after which they were able to form their own opinion. 
Step 5: Once the interviewee was satisfied with the collection of solutions, interviewees were presented 
with the effectiveness-feasibility grid and asked to plot each solution. They were asked to motivate each 
placement based on their expert knowledge and perspective. 
Step 6: Once all solutions were plotted on the grid, the participants were allowed to make final changes 
to the post-its position in relation to each other. An example of a finished evaluation mapping grid is 
provided below in Figure 6.  
 
Figure 6 
Example of a finished effectiveness-feasibility grid 

 
 
 

3.2. Data analysis 

3.2.1. Transcription and coding 
The interview recordings and notes were transcribed with the support of the screen recordings and 
coded using Atlas.ti software. An initial codebook was created including pre-defined solutions, and the 
effectiveness and feasibility criteria. During and after the first coding round, this codebook was 
supplemented with prior unidentified topics and themes that were frequently mentioned in the 
interviews. This resulted in the following code groups: Effectiveness indicators, Feasibility indicators, 
Solution Drivers, Solution Requirements, and Themes. During the second round of coding, all interviews 
were subject to the expanded codebook. Finally, some codes were merged and added to enhance the 
structure of the codebook.  
 



 20 

3.2.2. Grid assessment 
The finished effectiveness-feasibility grids (Appendix B) were analyzed and summarized in a similar 
matter. First, a 7 by 7 grid was laid over each completed effectiveness-feasibility grid (Appendix C). Each 
cell indicated a value from 1 to 7: 1 representing the lowest and 7 representing the highest assigned value 
for effectiveness or feasibility. Based on their placement, each solution was assigned a dual ranking 
(effectiveness, feasibility). For instance, a 1, 7 ranking indicated the lowest effectiveness and highest 
feasibility.  
 

3.2.3. Data summary 
Once all interviews were coded, the quotations and codes were exported to a spreadsheet. In the 
spreadsheet, all quotations were organized according to the codebook. This resulted in a table with 
solutions and drivers, requirements, effectiveness and feasibility ratings and reasons, and statements. 
This table was supplemented with rankings from the grid assessment.  

4. Findings  
The findings are based on three sources of data: scientific studies and reports on microfiber pollution; 
interview transcripts; and the finished effectiveness-feasibility grids. In the following section, the 
accumulated desk research results are first presented on the basis of the pollution framework. 
Subsequently, the outcomes of the evaluation mapping of the solutions and solution drivers are 
presented in section 4.2. 

 
4.1. Pollution Framework 
In the past decade, microfiber research has been predominantly concentrated on determining the extent 
and sources of pollution. Still, there continue to be many research gaps and there is no consensus yet on 
the microfiber risks to the environment, biodiversity, and human health. Closing these research gaps is 
therefore mentioned by many as a primary focus, as it could drive the development of solutions[7], 
support policy decisions [10], and create public awareness [6]. Still, research to date has led to valuable 
insights already.  
 
A pollution framework (Figure 7) was created as a visual representation of the sources, pathways, and 
solutions to microfiber pollution. It includes the four life cycle stages that contribute to microfiber 
pollution, the pollution pathways into the environment, and the wider, overarching system indirectly 
influences microfiber pollution. The distribution phase is omitted from the model as no significant 
microfiber loss takes place during this phase. For each stage, first, a brief explanation is offered, after 
which the indicators of microfiber loss are listed together with solutions (highlighted in italics in the 
following sections) that could directly address these pollution indicators.  
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Figure 7 
Microfiber pollution framework in the fashion industry 

 
Note. The pollution framework shows the garment life cycle stages that contribute to microfiber loss 
(dark green); the indicators for microfiber loss in the garment life cycle (light green); the types of 
microfiber loss (purple); the pathways into the environment, and the types of microfiber pollution 
(blue). The smaller boxes (white) represent the various solutions that prevent, reduce or capture 
microfiber pollution.  
 

4.1.1. Design & material 
Material choice is influenced by the garment design, and material cost, and functionality. To construct 
the material, fibers are extracted, processed, and spun into yarn. Yarns are subsequently woven or 
knitted into fabrics, and often undergo processes such as dyeing [12]. While microfiber loss can directly 
be attributed to the handling of garments, the physical properties and construction of fibers and fabrics 
determine to what extent garments are prone to fiber shedding (shedding rate) [8], [31]. 
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Fiber type, fiber origin, fiber properties 
Vassilenko et al. [32] conclude that the shedding rates of various polyester fabric samples are in a 10-
fold range with fleece shedding the most fibers. For instance, jersey polyester is found to shed 40% less 
than fleece [9]. Napper and Thompson [33] found that the material blend has an impact on microfiber 
loss as well: a polyester-cotton blend was found to shed significantly less than pure acrylic and polyester 
fibers. As a measure to reduce microfiber shedding, there is not enough conclusive evidence to suggest 
recycled feedstock is an effective solution: while some scientists state that the shorter fibers in recycled 
fabrics could lead to a higher shedding [34] others find no significant difference [9], [10]. Still, using 
recycled fibers could play an important part in reducing microfiber pollution in the disposal phase, and 
is therefore discussed in section 4.1.4. 
 
Using natural materials could effectively reduce synthetic microfiber pollution at the core [6], although 
several obstacles reduce the solution’s scalability. The cultivation of natural fibers, such as cotton, puts 
severe stress on the environment through its high resource use and greenhouse gas emissions [10]. 
Moreover, natural fabrics are not suitable for all garment purposes, such as water-resistant clothing [10]. 
Furthermore, natural fabrics also shed microfibers. Even though these are natural and biodegradable in 
their original state, additives and other chemicals can alter the fiber properties with unclear impacts on 
our health and the environment [35]. The same consideration applies to the use of biodegradable 
fabrics: not enough research is available to understand the impact of additives when these fabrics lose 
microfibers. 
 
Fabric construction, fabric finishing 
According to investigations by The EU Life Mermaids Project [36], fibers that are stronger, finer, and 
longer are increasingly resistant to pilling or shedding. Moreover, fiber continuity, twist, and yarn count 
are important factors that determine the shedding rate. Mechanical techniques, such as fleece brushing 
or fabric aging, weakens fibers causing higher shedding rates [9]. Textile innovation could enhance the 
shedding and abrasion resistance of fabrics and be one of the most effective ways to reduce microfiber 
loss [6]. Participants in the OECD workshop [10] put forward several innovations such as melt spinning 
at lower temperatures to preserve fiber strength and using continuous fibers instead of staple fibers. 
Similarly, existing technologies such as fiber or textile coatings can also increase the shedding resistance 
of garments [6], [36].  
 
Fabric construction techniques also influence microfiber loss rates during construction. Although 
secondary evidence suggests that workers of synthetic textile and flock industries suffer 
disproportionally from lung-related diseases and symptoms, more research is needed into this potential 
source of microfiber pollution [35].  
 

4.1.2. Manufacturing 
Garment manufacturing comprises cutting and sewing the fabric, as well as adding trims and garment 
finishes, such as a coating [12]. The impact of this phase is influenced by the manufacturers’ production 
choices concerning manufacturing techniques and the equipment available.  
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Manufacturing techniques and equipment 
Garments shed microfibers from their surface or edges. Therefore, the way edges are cut, influences a 
garment’s shedding rate. Cutting fabric with conventional scissors yields double the microfiber losses 
compared to ultrasonic welding of edges [9]. Switching from scissor cutting of the fabric to ultrasonic 
cutting techniques, or using innovative techniques such as 3D manufacturing would significantly reduce 
microfiber shedding of garments.  
 
Microfiber removal 
Scientists agree that the first washes of garments release the highest number of microfibers [37], [38]. 
A preliminary washing or vacuum at the production facility could remove loose microfibers resulting 
from the production process, and reduce microfiber shedding during the use phase [36], [39]. Adding 
such a step to the process, however, is only effective if the production facility is connected to efficient 
wastewater treatment systems [31].  
 

4.1.3. Use and maintenance 
Wearing, washing, and drying is the largest direct cause of microfiber loss, as garments are frequently 
exposed to stress and abrasion [38]. Consumer behavior with regards to the laundry conditions and 
wearing and caring for the garments are important indicators for the microfiber loss rate. 
 
Laundry conditions 
Depending on the conditions, a single domestic wash of 6 kg could potentially shed between 700,000 to 
6,000,000 microfibers [6], [10]. Top-loading washing machines cause more microfiber shedding than 
front-load machines, while dryers overall cause most shedding [40]. Liquid detergent is suggested over 
powder detergent to reduce friction [10], [36], although studies on the use of fabric softeners have not 
yet resulted in conclusive evidence. Furthermore, increasing the laundry load size is directly correlated 
with reduced microfiber loss [41]. The effect of washing temperature and cycle duration on microfiber 
shedding is still inconclusive and requires more research [36], [37]. 
 
Wearing and care 
Up to 65% of microfiber loss can be generated during the wearing and drying of garments [10]. As this 
topic has only started to receive attention more recently, minimal suggestions have been offered yet as 
to what indicators would increase or decrease microfiber loss.  
 
Microfiber washing machine filters 
In addition to reducing microfiber loss, consumers could capture microfibers during laundry, before 
release in the sewage [42], [43]. One could install an external filter on their washing machine that 
captures microfibers in a replaceable cartridge. Moreover, some washing machine manufacturers have 
started developing integrated microfiber filters into their appliances. Alternatively, consumers could 
throw in a microfiber capture device with the laundry that directly captures the lost microfibers during 
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the cycle. The capture rates of such devices, however, are relatively low compared to external filters: 26% 
compared to 87% [44].  
 

4.1.4. Disposal 
When ending up in the landfill, synthetic fibers are expected to survive for 200 years [7], slowly 
degrading into microfibers that pollute the soil. While incineration of synthetic textiles could prevent 
degradation, the ashes are likely to contain residual microfibers that could be a neglected source of 
microfiber pollution [45]. With an estimated 92 million tons of waste produced by the fashion industry 
in 2015, the disposal of synthetic garments could be a potential massive source of microfiber pollution 
that is currently unexplored. However, more research is needed to quantify the impact of this stage.  
 
Synthetic textile waste 
An estimated 10% of the material used is currently cut-off and often discarded during garment 
manufacturing, and 3% of all finished garment production is currently destroyed due to overproduction 
[7]. Transitioning to more efficient design and manufacturing processes, more efficient stock planning 
could significantly reduce textile waste [7].  
 
Consumer textile waste largely depends on the use time of a garment and the disposal rate. With only 
seven or eight wears per item on average, garments have become nearly disposable in the fast fashion 
system. Increasing the durability of clothing could be a solution to extend the use time of a garment. 
Moreover, a growing second-hand market or clothing rental business models could stimulate the re-use 
of garments [7].  
 
End-of-life destination 
Scaling up recycling would prevent garments from being landfilled or incinerated, and could be a 
valuable solution to tackle the wider sustainability problem of the fast fashion industry. However, it 
comes with several challenges: first, the lesser quality combined with the higher relative cost, results in 
low demand for recycled feedstock [7]. Moreover, the current large-scale recycling technologies are not 
adequate to capture the full value of recovered materials, resulting in downcycling of textile waste. 
Innovative technologies, such as chemical recycling, would have the ability to bring back fibers to their 
virgin quality [7]. However, although such technologies exist, they are sparsely commercialized at a 
larger scale as they are not yet fully economically or technically feasible. 
 

4.1.5. Pollution pathways into the environment 
Microfibers that are lost during the life cycle of a garment can contaminate the air, water, and soil. 
However, not all microfiber loss is released into the environment. Of the 1.8 to 5 Mtons of primary 
microplastics that are lost annually, about half finds its way into the oceans [8].  
 
WWTP 
Microfiber release in the environment firstly depends on the effectiveness rate of wastewater treatment 
plants (WWTP), which widely across regions and countries. While up to 98% of microfibers could be 
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captured in the first two stages of the WWTP process [10], many developing countries only have primary 
treatments in place that capture a portion of the microfibers in the wastewater. Improving the filter 
efficiency at WWTPs could significantly reduce microfiber pollution in the environment. 
 
However, only one-third of the global population is connected to WWTP systems [8], and washing 
clothes in rivers still is a widely used practice in many, less developed, parts of the world [31]. Therefore, 
a significant indicator for microfiber release into the environment is the connection to WWTPs. Another 
consideration is the application of residual WWTP sludge as fertilizer, which could transport microfibers 
from the wastewater into the soil [31], [40]. Enhancing the sludge treatment to filter out microfibers, 
or avoiding this practice completely, could reduce microfiber release into the environment [10].  
 
Household cleaning 
Microfibers that are lost during the handling, wearing, and drying of clothes could lead to microfiber 
pollution in the air, which is a potential health hazard. Once this microfiber loss settles, cleaning could 
capture these fibers. However, cleaning practices that wash or wipe the microfibers of surfaces lead to 
the transportation of these microfibers to the wastewater or garbage. Currently, no studies have focused 
on this cross-contamination of microfiber pollution or its solutions. 
 

4.1.6. System 
Finally, the current fast fashion business model is a large, overarching cause of microfiber pollution. The 
steep number of garments produced, consumed, and disposed of each year intensifies microfiber loss 
and pollution across each lifecycle stage. Transition to a slow-fashion business model, which focuses on 
smaller, durable, timeless, and often sustainably produced collections, would not only address 
microfiber pollution but also the wider sustainability issue in the fashion industry. Moving to a slow-
fashion business model requires a societal shift, in which fashion brands and consumers have a pivotal 
role to play. Another suggestion is the principle of circular design. When the design process takes into 
account the end-of-life aspect of garments, it would optimize the recycling potential. For instance, using 
fewer material blends or additives that complicate recycling.  
 
4.2. Evaluation Mapping  
In this section, the stakeholder evaluation of the solutions is first presented. Subsequently, section 4.2.2 
describes the interventions suggested by stakeholders to drive the implementation of those solutions.  

 

4.2.1. Evaluation of solutions 
The evaluation results of the solutions are structured according to the stage in the pollution framework. 
For each stage, a figure is first presented which visualizes the solutions that were discussed during the 
interviews; how many stakeholders mentioned those solutions; as well as the stakeholders’ perception 
of each solution’s effectiveness and feasibility. Following each figure, a brief explanation of the 
motivations behind the evaluations is given. An overview of the evaluation results of all life cycle stages 
is available in Appendix D. 
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Material and design 
Figure 8 
Evaluation mapping of solutions of life cycle stage 1: material and design 

 
 
Note. The bars indicate how many participants have ranked the drivers high, medium, or low effective 
or feasible. Participants that gave one driver two different rankings are counted in both rankings. 

The use of natural materials was evaluated by nine different participants, with contrasting results. Some 
considered it to be an effective solution as it has a high impact, and tackles the problem at the source. 
However, those with expert knowledge on textiles noted there is a lack of evidence that natural 
microfibers, especially with additives, are less harmful to the environment. None of the stakeholders 
thought it was feasible to replace synthetics with natural materials, mostly based on the environmental 
trade-offs involved, and the inability of natural fibers to mimic synthetic properties.  
 
Bio-degradable materials were mentioned less often and considered medium feasible as it currently is 
not a suitable replacement for all synthetic garment types, and it would take time for designers to 
transition to new materials. Its effectiveness was debated since the impact of biodegradable fibers is still 
relatively unknown. Using recycled synthetic fabrics instead of virgin feedstock to reduce microfiber 
shedding was ranked mostly medium feasible and effective. Although one participant was positive about 
the impact, one researcher stressed there is not enough conclusive evidence to support this.  
Overall, textile innovation and improving fabric construction were classified as the most effective and 
feasible solutions, given the significant potential to reduce the shedding rate, and it tackling the problem 
at the source. The feasibility is considered mostly high because the techniques are available, already in 
use by some, and could be easily integrated into existing processes. One participant questioned how fast 
this innovation could take place, and whether potential additional costs would prevent brands from 
changing their processes. Lastly, although some believed finishing additives on fabrics are a band-aid 
on the problem, the solution was deemed feasible as an existing solution that meets consumer 
requirements.  
 
Manufacturing 
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Figure 9 
Evaluation mapping of solutions of life cycle stage 2: manufacturing 

 
 
Two fashion brands and one consumer discussed improving manufacturing techniques to reduce 
microfiber loss and shedding. They believed this could overall reduce microfiber shedding, and is 
feasible as the implementation is currently in progress already. The two NGO organizations both 
brought up the possibility of improving the garment cleaning process during the production phase. The 
effectiveness is dependent on the wastewater treatment of the industrial facility. With regards to 
feasibility, one participant didn’t believe there was enough priority or willingness for implementation, 
while the other participant believed this depended on the ease of integration in existing processes.  
 
Use and maintenance 
Figure 10 
Evaluation mapping of solutions of life cycle stage 3: use and maintenance 

 
 
The use of filters to capture lost microfibers during laundry was the most discussed topic across all 
interviews, raising strong opinions. Stakeholders that considered it a low effective referred to it being a 
mere “band-aid to the problem”. Moreover, the impact was dependent on the execution: consumers 
would need to properly dispose of the captured microfibers. External and integrated filters were 
believed to have the highest capture rate, while add-in filters were expected to have a medium impact. 
The implementation of external filters was perceived as low feasible as they are not practical in use, cost 
money, and require people to make an extra effort. Although add-in filters are believed to be easier to 
use, the costs associated with a filter ball or bag were expected to be too high for purchase on a wider 
scale. The practical integration of integrated filters was perceived as quite positive, but participants were 
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still sure about the associated costs, available technologies, and priority the development is given by 
washing machine manufacturers. 
 
Participants were unsure about the impact that changing the laundry conditions has on microfiber loss 
reduction, and mentioned it does not address the problem at the source. Even though participants 
thought implementation would be feasible, because of the low effort and cost, they were still highly 
skeptical of people’s willingness to change their routine and behavior.  
 
Disposal 
Figure 11 
Evaluation mapping of solutions of life cycle stage 4: disposal 

 
 
Participants were largely unaware of the contribution of the disposal phase to microfiber pollution. 
Those participants that did discuss recycling were positive about the positive impact it could have on 
reducing microfiber pollution, as well as the impact of the wider fashion system. Although recycling 
innovation is required, it is currently not economically feasible on a larger scale. Scaling up recycling 
processes was perceived more feasible as it is already in progress, although still questioned because of 
its inferior output. Discussed to a much lesser extent were increased re-use of garments to reduce textile 
waste and improved waste management. Both were not perceived as effective, although the re-use of 
garments was considered feasible. 
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Pathway into the environment 
Figure 12 
Evaluation mapping of solutions of stage 5: pollution pathway into the environment 

 
 
Overall, participants were not sure about the impact increased WWTP efficiency would have, as it is 
depended on the execution. If WWTP sludge is applied as fertilizer, the impact could be effectively zero. 
In addition, it was seen as a medium to low feasible because of the negative effect microfiber filters could 
have on the WWTP operation, and the low priority it is expected to receive. Only one participant, who 
has a background in marine plastic research, referred to microfiber capturing devices used in the 
environment but did not consider it as an effective or feasible solution. 
 
Wider system 
Figure 13 
Evaluation mapping of solutions in the wider system 

 
 
Lastly, “changing the system” came up as a solution multiple times during the stakeholder interviews. 
In general, this meant addressing the fast fashion system of high consumption and disposal of low-
quality garments. Even though this was expected to be highly effective, none of the participants viewed 
it as feasible given people’s lifestyle choices and willingness to change. Another solution that was 
discussed was designing for circularity, which was evaluated medium feasible because of the time it 
would take to implement this principle. 
 

4.2.2. Evaluation of solution drivers 
Interviewees frequently suggested drivers that could lead to the practical implementation of the 
solutions. These drivers can be grouped by category (solutions driven by government intervention, 
industry action, or external pressures) and by instrument type (action-based; information-based; 
market-based; network-based; legislation-based). An overview of the drivers is presented in Table 3 
below.  
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Table 3 
Overview of the factors driving the implementation of solutions (drivers)  

 
Note. The numbers in brackets indicate the number of participants that discussed the driver. 
 
Government 
Government legislation was by far the most discussed driver by participants, especially to regulate the 
material and design phase. The topic was referred to 44 times across 11 participants. While most 
stakeholders referred to government legislation in general, more specific government legislation 
included Extended Producer Responsibility (EPR) for fashion brands concerning the disposal phase; a 
ban on certain materials; and a sustainable textile directive combining all legislation into one strategy. 
General legislation was rated as highly effective, based on the significant impact legislation can have, 
but scored lower on feasibility given the longer period it takes to implement legislation, and the 
challenges of integrating it with other national or EU legislation. Those that did consider legislation as 
highly feasible, based this on the awareness and priority the topic has. To illustrate, some participants 
referred to recently implemented legislation in France [46], mandating microfiber filters on all new 
washing machines by 2025. This legislation demonstrates priority and feasibility but also highlights 
challenges when national product standards are not harmonized with EU standards. 
 
Other government tools, such as taxes or eco-labeling, were discussed by stakeholders to a lesser extent. 
While they were expected to have a high impact on fashion brands’ material and design choices, doubts 
were expressed on the political will to implement a tax. Furthermore, the lack of supply chain 
transparency could also present a challenge for government intervention.  
 
Industry 
Individual brand action was the most discussed industry driver, especially concerning system change. It 
is considered to be more feasible to drive system change than government intervention, based on the 
competitive advantage front-runners could obtain, the fact that such front-runner action is already in 
progress, and the willingness of some brands to drive purpose. The increased cost of business, and 
practical integration of new business processes, on the other hand, make individual brand action less 
likely to happen. Individual brand action to improve material and design choices was met with some 

 
1. Government 2. Industry 3. External 

Action  - Individual brands (9) Consumer behavior (10) 
Information Education & Awareness (2) Education & Awareness (5) Research (1) 
Market Eco-Certification (2) Eco-Certification (1) Innovation (2) 

Tax (2) Microfiber-labeling (3) Investors (1) 
Subsidies (1)   Public Pressure (6) 

Network - Industry Alliances (2)  - 
Legislation General (8)  -  - 

Ban (2)     
Eco-standard (1)     
Extended Producer Resp. (8)     
Sustainable Textile Directive (2)     
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skepticism amongst participants. The willingness of individual brands to take action was perceived as 
minimal, mainly due to the higher cost, and possible inability to meet customer demand. 
 
Moreover, the industry could focus on creating awareness and informing the consumer on material 
choice and laundry behavior. Although the implementation most likely would be an attempt of 
greenwashing, it could be quite effective given the strong engagement brands have with consumers in 
today’s society. However, the lack of consumer awareness around the severity of the problem is a 
potential challenge to its effectiveness. The effect of market tools, such as the implementation of industry 
labels that indicate microfiber performance, was seen as too uncertain to be effective. One fashion brand 
stakeholder also mentioned it is challenging to integrate with the large range of other eco-labels that 
already exist. Instead, they suggested a broad eco-label rating multiple aspects would be much more 
feasible and effective. 
 
External 
The final driver that was frequently discussed is a shift in consumer behavior, meaning consumers 
voluntarily changing their behavior, without government or industry pressures. While it was not 
considered a significant driver in the four life cycle stages, changed consumer behavior was seen as an 
important external pressure to address change in the wider (fast fashion) system. In terms of feasibility, 
however, there was a very strong overall opinion that consumers are unlikely to change by themselves. 
The motivations ranged from low awareness of, and priority given to the problem, to product 
alternatives not meeting people’s preferences and requirements. Moreover, stakeholders emphasized 
the process of changing consumer behavior is long and slow. 
 
Public pressure, investor pressures, and innovation were discussed as external market pressures. Public 
pressure was considered to be highly impactful, but less feasible given the lack of problem awareness. 
Pressure from investors was only mentioned by one participant, who considered it as most effective and 
feasible given its high impact, and fast implementation.  

5. Discussion 
Besides the evaluation mapping of solutions and drivers, interview participants also expressed their 
personal views and experience with the microfiber pollution problem. Across the interviews, 10 
recurring themes were visible. These themes are introduced as statements (bold in the following 
section), that define the microfiber pollution problem and solution context. The first part of this section 
will therefore focus on discussing these themes, which then serve as guidance for interpreting the 
evaluation mapping results. Subsequently, the study limitations and suggestions for further research 
will be discussed, followed by some recommendations. 
 

5.1. Discussion of results 

5.1.1. Themes 
The fashion industry’s past course that has led to the current state of microfiber pollution was a 
frequently discussed topic by many participants. Three stakeholders stressed that the industry has 
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shown an inability to act, despite the growing knowledge on microfiber pollution. This could be caused 
by businesses trying to avoid taking responsibility for the issue, as well as the lack of public 
awareness and priority that is given to addressing the issue. More optimistically, however, multiple 
stakeholders have seen an increased awareness of the problem, especially over the past 18 months. 
These views are related to the broader sustainable development movement that has been winning 
ground in the past years.  
 
Encouraged by this momentum, half of the stakeholders expressed a strong urge to start acting now. 
While this is possible based on the currently available research, most stakeholders mention that 
scientists should continue to close knowledge gaps. However, some stakeholders have stressed that 
research could have a contra effect on the implementation of solutions. They described how the focus on 
research could inadvertently delay action when no conclusive evidence is found. As illustrated by one 
NGO stakeholder: 
 

“This is a high persistence pollutant; we can't remove it once it's in the ocean. So, 
whatever you want to set the threshold of harm with (…) at some point we will get 
there, because of the persistence issued. So, we can argue for the next 20 years if 
we like about the threshold. But at some point, in those 20 years, we will reach it.” 

 
Some other stakeholders even claimed that some research organizations purposely advise against 
interventions until further evidence becomes available. These stakeholders explained this could be 
motivated by caution, as researchers might prefer not to make changes without knowing the precise 
consequences; or personal interests when research organizations want to maintain their central 
position. The debate on the role of research is slightly inconsistent with sustainable design theory that 
uses the collection of data, through methods such as the LCA, as the foundation for strategies and 
interventions. The urgency of the problem, however, might demand taking action, even if the data is 
currently incomplete.  
 
Many stakeholders advocate for tackling the problem at the source, describing solutions further 
down the life cycle as “putting a band-aid on the problem”. With regards to specific solutions, it is 
interesting to highlight the fact that many stakeholders are not opposed to the use of synthetic 
materials itself, they simply believe synthetics are currently excessively used for applications where 
other materials could suffice as well.  
 
Stakeholders commonly agreed that relying on consumer action should be avoided, based on 
several reasons. First, consumers should not be burdened with the responsibility of solving this issue, as 
it is largely caused by the fashion industry. Second, consumers lack awareness of or don’t give priority 
to many environmental issues. Lastly, even if consumers are willing to change their habits, it often is a 
slow process that only has an impact when the group size is large enough. These views are supported by 
more recent environmental strategies in eco-design theory, which suggests the behavior of users should 
be considered when planning for successful environmental innovation.  
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Being able to offer a solution when creating public awareness was highlighted by some stakeholders 
as crucial when it comes to increasing problem awareness. Without a solution, the public could feel 
powerless, leading to avoidance of the problem. Thus, even those solutions that only partially or 
temporarily address the problem should be promoted in this respect. As described by the filter 
innovation stakeholder: 
 

“You have to go for the low-hanging fruit. It's difficult enough, so if you get confused 
and lost (…) then you can't act. So, you have to go like: ‘I'll deal with this one, I know 
where it is, I know how to deal with it, so I'll deal with it.’ And then, we can go to 
the next one or somebody else will go to the next one. Because you have to go from 
one to the other. One after the other, to stop it.” 

 
Finally, the need to “change the system” was brought up by almost every stakeholder in a variety of 
ways. Some concretely discussed solutions such as reducing consumption or production of garments or 
designing for circularity to address the problem. Others highlighted the interconnection of all life cycle 
stages, meaning that for a solution to be effective, the impact throughout the whole life cycle must be 
thought through to prevent leakages. This view is linked to the principles of system thinking that are 
central in eco-design and the basis of tools such as the LCA. Moreover, some stakeholders talked about 
system change because single solutions don’t have the power to effectively address the issue. These 
considerations all suggest there is a high level of system awareness among most stakeholders.  

 

5.1.2. Trends and observations 
When observing the completed effectiveness-feasibility grids, solutions are mostly placed in the upper 
half of the grids, indicating that participants are largely optimistic when it comes to the effectiveness of 
solutions. Moreover, the solutions are skewed towards the right upper corner of the grid, suggesting 
each stakeholder has at least some solutions they perceive to be highly effective and feasible. Still, the 
evaluation mapping overview (Appendix D) shows only a small number of solutions that are overall 
considered highly effective or feasible by multiple stakeholders, suggesting contrasting stakeholder 
opinions.  
 
Still, there is a clear trend in the solutions that were discussed most often, being the use of natural 
materials; textile innovation and fabric construction; and installing washing machine filters to capture 
microfibers. Even though the first couple of solutions mentioned during an interview were often 
influenced by the stakeholder’s background, the above three solutions were mentioned as the first or 
second subject by almost every stakeholder. This suggests material use and fiber release during laundry 
are top-of-mind with stakeholders when they think about ways to solve microfiber pollution. However, 
these first points of conversation were not always considered to be high in potential. Stakeholders often 
brought up certain solutions to illustrate the challenges with, or uncertainty around addressing 
microfiber pollution. For instance, no stakeholder believed using natural materials was feasible, despite 
it being brought up as a point of discussion early on in most of the interviews.  
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With regards to solution drivers, stakeholders often considered these as solutions on their own. For 
instance, a ban on polyester was seen as a solution rather than a driver for the use of alternative, lower-
shedding materials. Stakeholders thus recognize a strong co-dependence between technical solutions 
and implementation drivers to address microfiber pollution. The thought process of describing the 
problem context, bringing up solutions, and making suggestions on solution strategies, is strongly 
aligned with the steps taken in an eco-design approach: environmental assessment, solution-finding, 
and environmental strategy. Moreover, participants mainly referred to drivers in the design and material 
phase, and in the overarching system. While this perspective aligns with eco-design theory, it could also 
highlight another sustainable innovation theory, collaborative eco-system design, which discusses how 
entire markets and industries could be reshaped toward a sustainable transition.  
 
The legislation was the most discussed driver to control the material and design of garments sold in a 
country or region (EU) and was considered the most effective driver to force change. Typically, 
stakeholders referred to general legislation or government involvement instead of specific instruments. 
Only some stakeholders specifically recommended a ban or tax on certain materials but did not discuss 
the execution of such measures. This underpins the theme that stakeholders are keen to see action being 
taken, regardless of the specific measure or instrument, but that the industry has shown it is incapable 
of changing without pressure.  
 
Interestingly, not many stakeholders made suggestions on how to enforce integrated filters on washing 
machines in practice, although the solution was frequently discussed. This could be related to the theme 
that solving a problem is most effective at source, rather than further down the life cycle; or that 
consumers should be burdened as little as possible, while current filters require relatively much handling 
by the consumer. Another explanation could be that stakeholders believe that the responsibility for 
solving the microfiber issue should be with the fashion industry that created it, rather than shifting it 
upon the washing machine manufacturers.  

 
Finally, it is noteworthy that despite stakeholders’ system awareness, only two stakeholders questioned 
the effect of microfiber filters on laundry wastewater when washing machines are connected to WWTPs. 
This could indicate that stakeholders don’t consider the full pollution system, and are less aware of the 
pathways of microfiber pollution into the environment. Moreover, it would also explain why other 
pollution pathways, such as microfiber loss in the air, were rarely discussed by participants.  
 

5.1.3. Solution requirements 
The evaluation of solutions was often connected to several conditions and requirements (in italics in this 
section). Further development and innovation; and standardized requirements were frequently 
mentioned with regards to the effectiveness of solutions. For instance, those stakeholders that believe 
integrated filters are viable did so on the premises of washing machine manufacturers integrating 
microfiber filters into the appliances without loss of performance; and based on uniform product 
standards. Moreover, even though textile innovation and construction are considered the most effective 
and feasible of all solutions discussed, industry experts still highlighted the importance of pre-
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competitive collaboration between fashion and textile companies; as well as supply chain transparency. 
In addition, implementing textile innovations and fabric construction should not only focus on reducing 
microfiber loss but be aligned with other environmental goals. Next, proof of concept was an often-
mentioned requirement for driving the implementation of solutions. In practice, this means that 
innovators initially trial solutions without a profit motive, to gain political support or industry 
awareness. 
 

5.1.4. Motivations for evaluation outcomes  
Another point of discussion is the different motivations that were given by stakeholders when they 
classified a solution as high, medium, or low effective or feasible. An overview of these motivations can 
be found in Appendix E. Some clear overlaps are visible when these motivations are compared to the 
earlier discussed OECD criteria (Table 1, page 14).  
 
Motivations for effectiveness 
With regards to the effectiveness criteria, six motivations were given across all the interviews. Most 
brought up were impact, indicating to what extent the solution meets its objectives; and source, meaning 
the extent to which the solution addresses the problem at the source, and therefore impacts the entire 
life cycle. These motivations are directly aligned with the OECD “impact” criteria. The certainty of the 
outcome of an intervention and the extent to which the execution of the implementation affects the 
outcome can be connected to what the OECD refers to as “effectiveness”. Finally, whether the solution 
continues to be impactful in the longer term, and whether the solution created impact in the required 
timeframe, show overlaps with the OECD sustainability criteria.  
 
Motivations for feasibility 
For feasibility, 13 different motivations were given that can be divided into three categories: technical, 
practical, and behavioral. According to stakeholders, a solution could be ranked as practically feasible if 
it can be easily integrated into existing conditions or processes, and is compatible with other 
interventions and legislation; if it can be implemented in a reasonable timeframe; or if it can be 
implemented at a reasonable cost, or leads to other financial benefits. These motivations are respectively 
aligned with the OECD criteria of “coherence”, timely, and cost “efficiency”. 
 
The technical motivations behind feasibility that were given by stakeholders are not included in the 
OECD evaluations, however. While the OECD most likely assumes that the technical conditions are met 
already, the stakeholders in this study did not. Participants, therefore, indicated that for a solution to be 
feasible it must be available, scalable, and it must deliver output that meets comparable or higher 
requirements. Moreover, solutions cannot lead to significant trade-offs with other goals, such as the 
SDGs. 
 
Lastly, in addition to the implementation feasibility of the solutions, stakeholders in this research also 
considered the feasibility of the solutions being used in practice, e.g., the behavioral aspect. According 
to them, behavioral feasibility implicates that people should be aware of the solution, give priority to 
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solving the problem, and be open to and accepting of the problem. In addition, the solution should be 
aligned with people’s personal preferences and lifestyles. These motivations somewhat align with the 
OECD’s relevance criteria, which describes how well an intervention takes into account a range of 
conditions. A final motivation for feasibility was given when the implementation of a solution is already 
demonstrated or currently in progress. 
 

5.2. Study limitations and further research 
Some factors that influence the outcome of the evaluation mapping should be taken into account when 
interpreting these results. While the effectiveness ratings were largely dependent on a stakeholder’s 
knowledge of, or background in a certain subject; the feasibility assessment was strongly formed by the 
stakeholders’ own experiences and opinions.  
 
For instance, fabric finishing is considered to be highly effective by the textile innovation stakeholder, 
while rated low effective by a consumer and NGO stakeholder, having less professional knowledge on 
textiles. Moreover, the stakeholders that considered using natural fibers as effective (one consumer and 
two stakeholders involved in marine plastic pollution) framed microfiber pollution as a plastics problem. 
They, therefore, regarded transitioning to natural materials as effective, since it reduces plastic 
pollution. However, the textile innovator and microfiber researcher approached microfiber pollution 
from a wider environmental risk and health perspective. Consequently, they offered nuance to the 
suitability of using natural fibers, as these are often treated with additives and therefore could also pose 
risks. 
 
The feasibility of using washing machine filters generated strong opinions, influenced by people’s 
experience with the product. One stakeholder, for example, was highly skeptical about the practical 
integration of washing machine filters as they experienced it reduces washing machine performance. 
This finding was confirmed by the washing machine producer, which is in the process of designing 
another filter type that does not conflict with performance. Other stakeholders that have used external 
filters referred to other practical issues such as space limitations, and the hassle of replacing the filter. 
Those that were more positive about the feasibility took a more objective approach: as external filters 
technically fit on most washing machines, in principle the implementation would be feasible.  
 
Given the relatively small sample size of stakeholders, personal opinions and experiences could lead to 
skewed evaluation outcomes. Similarly, for most stakeholder groups, only a single stakeholder was 
interviewed which weakens the generalizability of statements. Thus, further research could increase the 
sample size of stakeholders and interview multiple stakeholders per group. Moreover, while this 
research merged some evaluation criteria into two indicators, effectiveness and feasibility, further 
research could focus on specific criteria. For instance, efficiency, which measures the cost or resource 
efficiency of a solution or driver compared to its outcome, would be a valuable criterion given that many 
interventions are driven by financial decisions. Finally, the framework of this research was based on eco-
design theory, as microfiber pollution directly finds its source in the material and design phase. 
However, many stakeholders have highlighted the importance of system-wide change to address the 
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microfiber pollution issue, as well as other sustainable development topics. Thus, further research could 
be built on broader sustainable design theories, such as collaborative eco-system design.  
 

5.3. Recommendations 
Although continued research on the sources, pathways, and risks of microfiber pollution was suggested 
by many scientific studies and papers, it is interesting that some stakeholders highlighted this could 
have a delaying effect on tackling the issue. Therefore, a first recommendation is to ensure research and 
practical interventions are aligned and support each other, instead of counteracting. Even though 
researchers often apply the precautionary principle, there should be an increased focus on what changes 
could be implemented without increasing risks.  
 
As textile innovation and improving garment construction was overall believed to be most effective and 
feasible by most stakeholders, this could be a specific area for researchers and the industry to 
collaborate. Investigating the needs of the industry, and incorporating these in scientific research could 
enhance the applicability of solutions into practice. For such collaboration to be effective, the fashion 
industry should be open to change and take responsibility for their environmental impacts. Moreover, 
standardized research measures should be put in place, making it easier for garment designers and 
manufacturers to understand what solutions to focus on. Lastly, all research should be centralized and 
easily accessible to all actors in the fashion industry. Government agencies, or for instance the EU, could 
facilitate a platform where all research is gathered and concrete solutions are suggested.  
 
Stakeholders are in favor of government intervention to drive the implementation of solutions, 
especially in the material and design phase or the wider fashion industry system. Some stakeholders 
have suggested the “EU strategy on sustainable textiles” could be a suitable instrument, as it would allow 
for microfiber legislation to be incorporated with wider sustainability goals in the fashion industry. 
Based on stakeholder feedback, this strategy should be quite stringent as stakeholders don’t believe it is 
feasible that the wider industry will move without significant pressure. Some stakeholders did deem it 
feasible for industry front-runners to take action on their own, thus policymakers could engage with 
such potential front-runners to reduce opposition against the legislation. Furthermore, a sustainable 
textile directive should also include the possible impact of the disposal phase on microfiber pollution. 
Despite the lack of evidence that the disposal of synthetic garments causes microfiber leakages, 
governments should apply a precautionary principle and preclude the potential risks.  

6. Conclusion 
This study contributes to filling the microfiber pollution research–implementation gap by evaluating 
what solutions are most promising according to stakeholders. Solutions can be considered promising 
when it is both effective in practice and feasible to implement. A microfiber pollution framework was 
created to highlight the microfiber loss indicators across a garment’s life cycle, and identify several 
solutions to prevent, reduce or capture microfiber pollution. These solutions were evaluated on their 
effectiveness and feasibility, through a series of semi-structured interviews with key stakeholders. 
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While microfiber loss can directly be attributed to the handling of garments, the fabric properties, origin, 
and construction determine the shedding rate of garments. Therefore, interventions in the material and 
design phase and manufacturing phase are considered most effective to tackle microfiber pollution at 
the source. In specific, stakeholders valued textile innovation and fabric construction as most promising 
to reduce microfiber shedding. To ensure the successful implementation of these solutions, the 
importance of pre-competitive collaboration and supply chain transparency was emphasized. Other 
solutions in the material and design phase, such as the use of natural fibers, were not considered feasible 
and their effectiveness was highly debated. Capturing microfiber loss during the use and maintenance 
phase was much discussed, but only assessed as possibly feasible when microfiber filters are integrated 
into the washing machines. In addition to interventions in the life cycle of garments, many stakeholders 
emphasized the importance of a wider system change, especially through intervention in the fast fashion 
business model. 
 
None of the government, industry, or external drivers that stakeholders suggested were considered 
feasible to drive change. Most stakeholders emphasized the effectiveness of government legislation in 
general but did not have a specific view on what instruments the government should employ. Despite 
stakeholders’ belief that a shift in consumer behavior could effectively lead the change, they widely 
agreed that the responsibility should not be with the consumers, and the process of behavior change is 
long and slow. Finally, although stakeholders believed the responsibility for solving the issue should be 
with the fashion industry, they assumed it would be unlikely for the industry to take large-scale action 
without outside pressures. 
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Appendix A 
Pollution framework used for interviews 

 

 
 
Note. Solution post-its are labelled with a color to indicate which stage the solution refers to.  
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Appendix B 
Finished effectiveness-feasibility grids 
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Appendix C 
Grid assessment tool 

 

Note. Grid overlay on the effectiveness-feasibility grid. Each cell represents a value from 1 to 7: 1 
representing the lowest and 7 representing the highest assigned value for effectiveness or feasibility.   
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Appendix D 
Overview of evaluation mapping results of the solutions 
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Appendix E 
Overview of motivations for effectiveness and feasibility criteria 

 
Note. Motivations that were given by stakeholders in the semi-structured interviews when classifying a 
solution or driver as high, medium or low effective or feasible.  

 

Effectiveness Feasibility 

1 Impact 1 Practical integration 
2 Tackle at source 2 Legality  

3 Certainty 3 Timeframe 

4 Execution 4 Economic feasibility 
5 Long-term 5 Availability 

6 Timeframe 6 Scalability  
  7 Technical replacement  

  8 Trade-offs 
  9 Awareness 

  10 Priority 
  11 Acceptance 

  12 Preferences 
  13 In progress 

 


