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Abstract

The circular economy has been proposed to transform global textile supply chains

which are currently challenged by a complex nexus of sustainability issues related to

the dominant fast fashion trend. Research on circular economy in the textile sector

often focuses on businesses or consumers as key enablers in circular transitions, yet it

treats them as independent entities and thereby neglects the study of interactions that

can provide insight at the systems level. The proclaimed “circular textile mission” in the

Netherlands setting a national target for 100% circularity by 2050 is used as case study

to address this research gap. We explore the circular textile transition processes found

in the context of the Dutch mission and compare the development and interactions

among various technical and non-technological solutions produced by engaged actor

constellations for assessing key factors driving and blocking the overall mission fulfil-

ment. To these ends, we derive a theoretical framework based on innovation system

theory and conceptualize the Dutch circular textile transition as aMission-oriented Inno-

vation System (MIS). Analyzing the structure and functioning of the Dutch mission-

oriented innovation system, we show that (1) there is a good match between the for-

mal Dutch circular textile mission and system actor perceptions; (2) system actors have

formed structures around three dominant solution trajectories in the Dutch system: sec-

ondhand, mechanical recycling, and chemical recycling; (3) these trajectories expose

distinct key virtuous and vicious cycles, which characterize (4) the entire system as for-

mative. Overall, the secondhand trajectory shows most developed structures and most

positive dynamics, chemical recycling carries most technological breakthrough poten-

tial, whereas mechanical recycling is a mature technology but lacks market demand and

supply. We compare the three solution trajectories, discuss the disruptive nature of the

Dutch circular textile transition, and suggest installing Extended Producer Responsibil-

ity (EPR) as a potential intervention for accelerating system transformation. The study

concludes with reflections on the case learnings and considerations for further research

on mission-oriented innovation systems.
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1 | INTRODUCTION

The rise of the fast fashion business model four decades ago and the

outsourcing of textile production to emerging economies have turned

the textile sector into one of the most unsustainable industries in the

world (EU, 2019; Niinimäki et al., 2020). In particular, the sector's

waste problem is expected to grow, and it has recently become highly

exposed. Whereas in the European Union (EU) there has long been an

infrastructure for textile re-collection, less than half of all items retain

any form of second use or recycling, and only about 1% can be reused

in “new” textiles (EU, 2019). Countries like Ghana have become a

dumping ground for re-collected clothes from the United States, EU,

and Australia — 40% of the 13–15 million garments that arrive each

week immediately become discarded in landfills due to their low qual-

ity (ABC, 2021; BBC, 2021). In addition, the COVID-19 crisis has led

to a temporary break-down in international secondhand textile mar-

kets (Politico, 2020; Reuters, 2020) and has demonstrated that the

entire sector has entered a state of vulnerability and brittleness

(Gunderson & Holling, 2002), in which its mounting sustainability

problems have rendered it a case of “disruption overdue.”
A shift towards the circular economy (CE)—henceforth referred

to as “circular transition”—is widely regarded as a trigger for the

necessary disruption in the global textile sector and as a way to

mitigate the complex nexus of sustainability issues associated with

the sector (Harvard Business Review, 2019; UNEP, 2018; UNEP

2021). Building on principles and properties associated with the CE

(see Blomsma & Brennan, 2017; Kirchherr et al., 2017), a circular

textile sector has to be based on multiple, consecutive cycling of

materials (Lewandowski, 2016), and traceability of material inputs

across all lifecycle stages (Chemsec, 2018; Jurgilevich et al., 2016)

as a lever for drastically changed design, production, and consump-

tion models with significantly lower negative environmental and

social impacts, for example, moving from maximizing the number of

items sold, to maximizing and retaining the value per item (Vinit

et al., 2021).

The Netherlands has adopted a particularly active and leading role

in establishing a circular textile sector over the past years and has

proclaimed CE a “mission,” setting a national target for 100% circular-

ity by 2050 (I&W, 2020). Our aim is to explore the circular textile

transition processes found in the context of the Dutch mission and to

compare the development and interactions among various technical

and non-technological solutions produced by the engaged actor con-

stellations in order to assess key factors driving and blocking overall

mission fulfilment. For this purpose, we derive a theoretical frame-

work which combines elements of established innovation systems

theory with new dimensions from the mission-oriented innovation

systems (MIS) framework which is being developed to shed light on

the systemic dynamics that are the result of such a mission (Hekkert

et al., 2020a).

Comparative actor and solution perspective are to date nearly

absent in the textile literature (for exceptions, see Mishra et al., 2021,

Fischer & Pascucci, 2017), which has often examined in separate stud-

ies how specific business models or strategies are implemented by a

single type of business actor (Franco, 2017; Sandvik & Stubbs, 2019;

Todeschini et al., 2017) and adopted by consumers (Camacho-Otero,

2019; Elzinga et al., 2020). We suggest that, researchers, practitioners,

and policymakers can profit from the comparative insights on circular

transitions offered by new types of system-oriented studies that

examine development of the structures and interactions actors pro-

duce in multiple parallel solution trajectories in the specific context of

missions.

Below, we first introduce the theoretical framework (Section 2),

and next, we present the qualitative multi-method approach

(Section 3). Section 4 then provides a stepwise analysis of the Dutch

MIS, giving an overview of the system structure and identifying the

main solution trajectories and the related circularity strategies in

the Dutch textiles sector. Subsequently, we select and study in-depth

the MIS dynamics of three main MIS solution trajectories. We

compare their current state of development and thereby also discuss

the disruptive nature of the mission which is followed by three

key interventions for MIS acceleration (Section 5). Finally, we

reflect on case insights and the application of the MIS framework

(Section 6).

2 | THEORETICAL FRAMEWORK

Sustainability-led missions such as the circular textile transition are

responses to complex and interdependent, multi-level, multi-actor

societal problems of decentralized nature and intend to mark a para-

digm change in innovation policy to more strongly guide the direction

of corporate and societal innovation towards specific sustainability

objectives (Diercks et al., 2019; Janssen et al., 2021;

Mazzucato, 2018). Thereby, CE missions have arguably started to

place the CE concept in a new context away from voluntary corporate

sustainability strategy towards a collective societal implementation

effort.

Hekkert et al. (2020a) have posed that the transformation pro-

cesses brought about by missions can be conceptualized as taking

place in a spatially and temporally defined MIS. This idea of MIS, takes

inspiration from the technological innovation system framework (TIS),

one of the key frameworks used to analyze innovation and transfor-

mative dynamics in specific sectors and technological fields (Bergek

et al., 2015; Hekkert et al., 2007) and often used to defining instru-

ments supportive of accelerating the desired socio-technical transi-

tions (Bettin, 2020; Esmailzadeh, 2020; Kieft, 2021).

Owed to the complex nature of problems addressed by missions,

Hekkert et al. (2020a) expect that the existence of multiple, parallel

REIKE ET AL. 1033
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streams of solution trajectories is characteristic in early stages of MIS.

MIS analysis is yet under development, yet it seeks to carry the idea

of innovation system functioning and interaction of actors beyond

describing development and diffusion of single technological solutions

(TIS) and towards understanding interactions between solution trajec-

tories characterized by multiple technological and non-technological

innovations, including social innovation.

We propose here that when studying circular transitions, circu-

larity strategies such as defined by Reike et al. (2018) can offer a

simple and useful heuristic for categorization of solution trajectories

in a MIS. They distinguish 10Rs: 0, Refuse; 1, Reduce; 2, Reuse/

Resell; 3, Repair; 4, Refurbish; 5, Remanufacture; 6, Repurpose;

7, Recycle; 8, Recover energy; 9, Remine. Lower numbers stand for

practices enabling product and material reduction or direct reuse,

higher numbers are typically less desirable from a sustainability per-

spective (see Appendix A, and for a similar heuristic, Potting

et al., 2017).

Our tentative MIS framework builds on TIS in understanding the

interaction dynamics in the mission-driven innovation systems as

emerging from two main elements: the system structure and, second,

so-called system functions. We distinguish actors in the system

(e.g., companies, universities, intermediaries, and authorities) from the

structural physical and non-physical components they create (Bergek

et al., 2008; Wieczorek et al., 2013): (1) institutions (ranging from ini-

tiatives, rules, and laws to various forms of institutional innovation),

(2) infrastructure, and (3) technology. There are different sets of TIS

functions in use; we base the set of system functions on Hekkert

et al. (2007), which are (F1) entrepreneurial experimentation, (F2)

knowledge development, (F3) knowledge diffusion, (F4) guidance of

the search, (F5) market formation, (F6) resources mobilization, and

(F7) creation of legitimacy. We refer to Hekkert et al. (2007) for an

extensive discussion of these system functions.

With a broad portfolio of solutions typically co-existing in mis-

sions, we set out a number of changes to this set of system func-

tions. First, following Wanzenböck et al. (2020), convergence needs

to take place in the mission problem/solution space regarding the

combinations of solutions that may jointly solve the societal prob-

lem (Wanzenböck et al., 2020). We therefore propose to change

“guidance of the search” (F4) into (a) problem directionality (the

extent to which the societal mission is acknowledged and shared)

and (b) solution directionality (solutions proposed to the specific

problems and the expectations related to these solutions). In this

specific study, we employ these notions to analyze directionality

for the MIS as a whole, whereas we describe the directionality of

solutions found in individual trajectories as “guidance of the

search.”
Second, we add “coordination” as a function to describe those

processes that contribute to the alignment of actors in the innovation

system regarding the directionality and prioritization of problems and

solutions within and across solution trajectories in a MIS (Hekkert

et al., 2020a; Janssen et al., 2021; Wesseling & Meijerhof, 2021).

Coordination issues can be heightened in circular transitions as

(a) there is formation of value chain links among actors who are

traditionally not interlinked and (b) actors are often geographically dis-

persed, and c) value creation and sharing gets reconfigured in circular

value chains (Kanda et al., 2021).

Third, we first introduce the idea of regime change as a new

function in this paper for better understanding changes in institu-

tional structures and the behavior of incumbent actors. Typically,

the term regime is associated with incumbent system actors pro-

fiting from the status quo (Loorbach et al., 2017). We argue that in

MIS, regime actors may transform the system alongside other actors

(e.g., by means of F1 – entrepreneurial activity, or F2 – producing

new knowledge), ally with change-driving entrepreneurs, or strate-

gize and interfere to influence mission problem and solution direc-

tionality rather than merely opposing novelty. This view goes

beyond transition studies, where regime actors are thought to expe-

rience shock-wise reconfiguration and displacement (Loorbach

et al., 2017; Smith & Stirling, 2008). We further hold that regime

change can but may not necessarily be viewed as final MIS outcome

but it can also be conceptualized as a function reflected in the other

MIS dynamics including the mission's framing.

The changes to functions that form the basis of our theoretical

approach to make it more suitable for circular transition formulated as

missions relate to directionality, coordination and regime change (see

Table 1). Furthermore, the consideration of circularity strategies for

trajectory categorization is suggested which may additionally serve

researchers for analyzing coordination among the adopted circularity

strategies.

Since we assume the different MIS solution trajectories and

actors engaged therein lobby by for legitimacy and resources, it is

important to take the stage of development of the different solu-

tion trajectories into account; for example, those with a longer

history may enjoy higher legitimacy and resource endowments than

novel trajectories. To indicate the stage of development, we apply

the well-known development stages of technological transitions

(S-curve): pre-development (up to prototype development),

development (up to market introduction), take-off (up to fast

market growth), acceleration (up to inflection point of slower

market growth), and stabilization (Bento & Wilson, 2016; Hekkert

et al., 2011; Kieft et al., 2021; Markard & Hekkert, 2013; Suwa &

Jupesta, 2012).

TABLE 1 Nine functions for MIS analysis

F1 Entrepreneurial activities and experimentation

F2 Knowledge development

F3 Knowledge diffusion

F4 (a) Problem directionality

(b) Solution directionality

F5 Market formation

F6 Resources mobilization

F7 Creation of legitimacy

F8 Coordination

F9 Regime change

1034 REIKE ET AL.
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In line with conventional TIS theory, the overall state of devel-

opment (phase) and functioning of single MIS trajectories comes for-

ward looking at the interaction of the nine functions above. This is

based on the central idea that system forces interact as to result in

vicious and virtuous feedback loops holding back or fostering trajec-

tory development — a line of thought widely recognized in the inno-

vation and transition literature (Bergek et al., 2008; De Gooyert

et al., 2014; Jacobsson et al., 2004; Negro et al., 2008; Suurs &

Hekkert, 2009).

3 | RESEARCH METHODS

We conducted a qualitative multi-method study (Aspers & Corte,

2019), with a focus on the Netherlands as a case study. In the applica-

tion of the MIS framework, our study represents an early exploratory

attempt that derives insights by applying methods of data collection

from established practices from the innovation systems literature.

More detailed explanations on the case study selection, data collec-

tion and analyses can be found in the extended version of this method

section.

3.1 | The Netherlands as a case study

We delineate the MIS to the national level as a purely analytical

choice guided by the purpose of our study (Markard et al., 2015). The

Netherlands was selected as a case for various reasons. Most impor-

tantly, the Netherlands is generally regarded as a frontrunner in

formulating circular economy ambitions evidenced by government

targets for a 100% circular economy by 2050 (Rijksoverheid, 2016a),

and its clear mission for circular textiles (I&W, 2020). Other reasons

included: Its stable retail market in terms of volume (Maldini

et al., 2017), a tradition in textile design and manufacturing

(Textielnet.nl, n.d.), and access to a number of larger brands

headquartered in the Netherlands. We acknowledge that the

United Kingdom, Scandinavian countries, Japan, Taiwan, the

United States, and a few others may have served as equally good case

studies.

3.2 | Research steps guiding data collection and
analysis

Data collection and analysis were iterative processes which we

considered completed at the point of theoretical saturation

(Bryman, 2016; Strauss & Corbin, 1998). The data collection process

was guided by four main questions and research steps (Table 2) that

reflect the theoretical ideas presented in Section 2.

We used three main data collection methods: “desk research,”
one workshop and 20 interviews to gather “system actor knowledge

and perceptions” (see interview guide), and “event data” detailed in

Table 3. The data were triangulated in such a way as to ensure that

each analytical step was covered by more than one data collection

method (Figure 1). The mixed method approach allowed us to com-

bine our overview of factual events with a large number of personal

assessments of how the innovation system is functioning.

Desk research and descriptive data from the events served for

understanding what characterizes the MIS (Steps I and II). This was tri-

angulated with workshop and interview results. Triangulation of the

events' system function analyses with the workshop and the inter-

views served to evaluate the dynamics in the circular solution trajec-

tories and how they affect the overall MIS (Steps III and IV).

As a key benefit of this iterative mixed method, we were able to

detect and minimize potential biases from single sources (such as

interviewee memory bias, group think in the workshop). The order in

which we collected data enabled intermediary analyses of the entire

MIS resulting in a more targeted approach for the subsequent data

collected (e.g., outcomes of the workshop were used for more specific

interview questions). Approaches to systematically synergize qualita-

tive data on the functioning of trajectories that emerge in MIS-type

studies have yet to be further developed. We opted to conclude the

analytical process holding a one-day workshop with inputs (summa-

ries) from all the data collected and analyzed.

3.3 | Data analysis

In analyzing the data, we followed the four steps presented above and

triangulated results as shown in Figure 1. For the first analytic step (I),

TABLE 2 Research steps and questions

Step I The mission and system actor problem and solution

perceptions

Question I Do actors share an understanding of the main problems that need to

be addressed? Is there a circular textile mission based on clear and

shared (convergent) problem and solution directionality?

Step II Mission structure and trajectories Question II Which actors are present in the innovation system and what are the

dominant rules that guide actor behavior? What are dominant

solution trajectories (in terms of actor engagement and

institutions) that have emerged to date?

Step

III

Trajectory development and functioning (vicious and

virtuous cycles)

Question

III

What is the state of development of the dominant individual

trajectories and what are the underlying reasons for the dynamics

they expose?

Step

IV

Trajectory comparisons (including specific attention

to new MIS functions)

Question

IV

How do the trajectories compare and what is the role of

coordination and regime change within and across trajectories

(cross-trajectory developments and functioning)?

REIKE ET AL. 1035
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we looked for statements of intent, targets and visions on CE. In com-

paring the grey literature (“general data”) collected to perceptions

stated in interviews and the workshop in order to identify if system

stakeholders agree on the presence of a mission, its problems, and the

main solutions to be developed.

For analytic step II, we used the list of 182 companies (entrepre-

neurs, collectors, support technology providers etc.) as a basis and

mapped actors using different software (Miro, Esri, Python). We

updated the list with more individual companies and other actors

throughout the research, and added details such as each actors'

circular textile inputs, circular outputs, infrastructure used/provided,

and partnerships. The dominant system trajectories followed from

triangulating these factual data on the system structure (e.g., well-

represented vs. weakly represented actors) with workshop insights.

Applying the 10R framework by Reike et al. (2018), we categorized

circular activities and (non)-technological innovations we had found.

The function analysis and identification of the trajectory develop-

ment stage (S-curve) form the most comprehensive analytic step (III

and IV). We compared interview and workshop data to the event

analyses. System functions are not be viewed as variables in the

traditional sense, but they form (interpretative) categories (Suurs

et al., 2009).

a. We first coded the workshop transcript and the interview data

(Saldana, 2016) using the seven system functions as coding catego-

ries.1 There are yet no guidelines for the new functions, wherefore

these were coded inductively (e.g., sentences like “he [company

CEO] finds circular business models tricky” were coded as function

9 – regime change).

b. For all the event data (method 3), we created a database in a

spreadsheet which gives insight into the history and order of

events, event descriptions, the distribution of events over the

different system functions, and factors that influenced the events,

for example, previous events or context factors. These analyses are

based on Negro et al. (2008) and Poole et al. (2000).
F IGURE 1 Data triangulation

TABLE 4 Abbreviations used for references in the results section

Data source
Abbreviation used in
results Specification

WORKSHOP W1 Insight comes forward from the workshop conducted and from comments of at

least two participants

INTERVIEWS I1, I2, […], I30 Insight comes forward from interviewee or individual workshop participant,

numbered and labeled I (1–30)

EVENTS (EVENT NUMBER IN

DATABASE)

GD1, GD2, […], GD88 Insight comes forward from desk research (general data=GD)

TV1, TV2, […], TV112 Insight comes forward from one of the three Dutch textile magazines (Textilia,

Vakblad Mannenmode, Vakblad Vrouwenmode)

LN1, LN2, […], LN105 Insight comes forward from event in Lexis Nexis magazine

JS1, JS2, […], JS170 Insight comes forward from event in just style magazine

OTHER DESK RESEARCH Not applicable Regular referencing with source
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The events were allocated to the system functions using a classifica-

tion scheme with diagnostic questions on system functions (Hekkert

et al., 2011)2 and adding subcategories iteratively (see Appendix C).

Note that in event analysis, one data source typically contains multiple

events, for example, an article describing a product launch – F1 men-

tioning that the product requires new logistics – F6, makes for two

events in the database.

c. For each input we used (i.e., workshop transcript, individual inter-

view transcript, single event), we assessed if a system function

(F1–F9) shows positive or negative fulfilment using a (+/�)

system.

Triangulation among the event data (method 3) and between methods

2 and 3 (see Table 3) allowed us to identify positive and negative pat-

terns of interaction between the nine system functions (vicious and

virtuous cycles) emerging from the data. For placing our results into a

more global context, we also compared event data from the Dutch

MIS to the data from the international magazine Just Style. The trajec-

tory development stage was established triangulating various data

from method 1 to method 3, and diagnostic questions from Hekkert

et al. (2011) on development stages3 were used as orientation for

defining boundaries between these stages.

3.4 | Data presentation

The data sources used, their abbreviations in the results section, and

specifications on the data labelling are found in Table 4. For example,

(I2, GD10) is an insight from "Interview 2" and "General Data event

10. Events given as GD1:G10 follow up in sequence. The main reason

for presenting references as shown below was to present our case

study results in a credible and traceable manner and to allow for other

researchers to reproduce and build on the findings in accessing the

event database.

4 | RESULTS

4.1 | Presence of a shared mission

In the Netherlands, we see clear signs that attaining a circular textile

sector is conceived and framed a mission by different stakeholder

groups. The Dutch government had first started “Green Deals”4 on

textile waste, textile recycling, (bio-based) fiber development and

inquiring collection and sorting between 2012 and 2014 (GD18:

GD23, GD24,GD25). By 2019, “Regional Deals”5 on circular textile

had emerged lending the topic more weight locally (GD26:GD28); at

the same time, first policy statements appear urging for national poli-

cies and actions (GD30:GD36).

In 2020, the Dutch government made a formalized mission for

the Dutch circular textile sector, supported by a policy

(“Beleidsprogramma circulair textiel 2020–2025”) and a first execution

plan (GD14:GD17, TV16, TV69) which includes step-wise targets: By

2030, 50% of all textile products sold in the Netherlands shall contain

circular and sustainable materials (made from at least 30% recycled

materials) and of all inputs and products in the Dutch market at least

50% are to be recycled post-use. For 2050, a 100% Dutch circular

textile economy is envisioned (GD15).

However, textile is not among the Dutch five “top sectors”6 and

despite the formal commitments, the attention to the topic in govern-

ment had long been starkly fluctuating (I7, I29). Not surprisingly, the

Dutch government in its legal notice refers to an “existing momen-

tum” for implementing its ambitious 2050 goal (I&W, 2020). This sug-

gests informal MIS structures created by Dutch system actors during

the first circular textile “Deals” and the increasingly louder global calls

for a circular textile “mission” (LN28, JS62, JS68, JS87, JS96, JS138,

JS143, JS146, Rijksoverheid, 2016a) were important in preceding the

formalization of the mission.

Evidently, the official mission is widely supported by the Dutch

stakeholders' groups (see Box 1) (W1). The branch organizations of

the sector (e.g., Modint, INretail, and Vereniging Herwinning

Textiel) and new network organizations representing circular entre-

preneurs have supported the government in drawing up roadmaps on

subaspects of a Dutch circular textile sector since 2017 (GD51:

GD65), and a new version of the leading covenant “Sustainable
textiles” is under way (GD85,GD86) to include provisions on circular

economy (W1).

Many Dutch retailers and other system actors state that they

have an explicit and shared view on the key problems of the sector

and the urgency to act (W1, Box 1). The fast fashion business model

dominating the sector is critically labelled by many as root cause driv-

ing a “race to the bottom” “through the cost-efficient business model”
which has real costs “paid by people in production countries” (GD62).

This business model is perceived to exacerbate fundamental problems

in the system like the general lack of supply chain transparency,

environmental impacts from production and consumption

(e.g., wastefulness), pricing and fairness issues in the global supply

chains, and problematic consumer attitudes from lacking awareness

(see interview quotes Appendix).

While there is strong agreement at this point in time on the circu-

larity as a mission that should drive forward all aspects of

BOX 1

“I think what matters is that urgency. We all understand that

we have to change something. Look at the amount of raw

materials, look at the business models - the urgency was

certainly filled with life, both by the national government -

very beautiful, and also in the region.” (translated from

Dutch).

- Networking organization circular textiles.
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sustainability — social, economic and environmental — (W1), there is

disagreement on other key aspects. Particularly, entrepreneurs (start-

ups) favor a re-shoring of production activities to the Netherlands as

part of the mission. There is consensus that Dutch supply could realis-

tically cover only a small proportion of local demand (5–10%) (W1, I3).

Robotization and digitalization as important trends render early re-

shoring potentially strategic (I3, I8, I11) but cost-intensive, with there

still being clear competitive advantages in current production coun-

tries (I5).

Related to this is the disagreement on how ethical and economic

fairness in textile supply chains is to be included in the mission (I18,

I19). The Dutch government supports international (research)

projects (LN5, LN29, TV93) but has shown strong interest in keeping

technology (IPR) and profits from circular textile innovations inside

the Dutch borders (W1, I18). In contrast, start-up entrepreneurs make

use of production capacities and product line knowledge abroad and

therefore are open to share benefits (I17, I18). Less fundamental dis-

agreement exists on other sub-aspects of the mission, for example if it

threatens certain supply chain actors (see Appendix D, I29). There is

also debate on the degree to which consumers can be expected to

play an active role in driving the mission with stakeholders viewing

companies and government mainly responsible (W1; I27, I29), and

whether the older or younger generations of consumers need to be a

main mission target (see Appendix D).

We conclude that there is strong convergence on problem direc-

tionality, as views on the key problems are widely shared among all

actors. The Dutch government provides a certain level of directional-

ity through its clear and quantified target for CE and its vested inter-

est in solutions that benefit the local economy, yet government leaves

the solution pathways mainly open to the collective efforts of actors

in the system.

4.2 | The DUTCH MIS structure and its three
dominant trajectories

The Dutch MIS considered for this research can be seen in Figure 2.

Some key MIS actors and institutions have emerged over the last 5–

10 years (e.g., network organizations, online and stationary shops with

circular business models) (TV2), others are long-established actors that

have started to integrate more circular activities into their organiza-

tions (e.g., collection and sorting companies). The numbers in Figure 2

should be taken with caution, as we make no claims to exhaustive-

ness. The Dutch MIS is constantly evolving, and numbers merely serve

F IGURE 2 Overview of main actors in the Dutch MIS for the circular textile sector. This figure was created grouping similar actors and using
Miro and Python software for supply chain mapping. Round shapes indicate key company actors with engagement in circular solutions and
arrows show their supply chain connections. The size of the round shapes is proportionate to the size of actors in the Dutch MIS. We show no
additional infrastructure and institutions, but found the structural components produced by these key system actors tend to relate to their size,
i.e., high number of collectors and sorters makes for an extensive collection and sorting infrastructure. Rectangular shapes represent other main

system actors, those with darker colour (darker green) are better represented actors (in numbers) than light green ones, yet we found all of these
to actively take part in the mission. For all the rectangular shapes, the shape size is unrelated to the actor numbers. For a detailed discussion of
the system actors and their numbers, see Hekkert, Reike, et al. (2020b)
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to indicate proportionate size of key actors (filled shapes) in the sys-

tem to each other nowadays.7

In line with theoretical assumptions on MIS (see Section 2), differ-

ent solution trajectories can be detected. Overall, we identified seven

trajectories that mark the main circular innovation activities in the

Dutch MIS structure. These cover a variety of circularity strategies

(see Reike et al., 2018) and include

1. Slow fashion (R0–R1), including more conscious consumption and

use (washing), consumer-to-consumer textile sharing (no transfer

of ownership), permanent collections (LN40, TV95);

2. New fibers (Concept and Design lifecycle, R0-R1), as innovation in

fibers and technology for material substitution and consecutive

recycling (LN20, GD25, TV2), replacing material inputs with high

environmental impact (e.g., cotton) by materials with lower impact

(e.g., hemp and mycelium), refusing hard-to-recycle fiber blends;

3. Secondhand (R2), referring to re-use of pre-owned clothes (GD59,

TV4, TV90, TV103, TV111) through secondhand sales and new

product-service systems (PSS) giving access to fashion (rental

models); knows many different actor constellations (peer-to-peer,

business-to-consumer) and models focused on different textile

quality (from luxury to secondhand markets abroad for low quality

textile);

4. Repair (R3), offered by retailers, in workshops and repair cafés, or

executed as Do-It-Yourself by consumers to attain life-time

extension (LN25, LN37, TV91);

5. Mechanical recycling of textiles (R7), as the process of recycling tex-

tile fabric back into fibers with grinding, shredding, carding. Aimed

at circularity, it is not traditional recycling (R8) but avoids adding

virgin and non-sustainable materials for attaining new fibers

(R0–R2); typically, it requires additions of different post-consumer

materials (e.g., PET plastic). Where necessary, minimal input of sus-

tainable virgin material is used for making new textiles. It needs

clean and sorted input materials of similar colors and type (GD35,

GD41, GD81, GD87, TV2, TV15, TV18, TV20, TV33, TV74);

6. Chemical textile recycling of textiles (R7), is adopting a series of

chemical processes to depolymerize/dissolve the fiber from the

fabric into monomer/solvent form to create new fibers. Conse-

quently, it aims at R0-R2, not R, yet most existing approaches use

a mix of post-consumer textiles and sustainable virgin materials to

make new fibers. A few technologies exist using zero virgin mate-

rials but these currently need mono-fibers as inputs (i.e., textile

item from 100% cotton) (GD35, GD58, GD73, TV1, TV2, TV43,

TV66); and

7. Open loop recycling (R7), as the use of post-consumer products into

products for other industries (e.g., insulation and board materials).

Viewed in terms of the type of actors needed for functioning circular

value chains, our system mapping brought forward that Dutch actors

together can create a functioning closed-loop supply and value chain.

However, some actors are rather overrepresented (collectors, sellers)

and others heavily underpopulated (industrial-scale weavers and spin-

ners). The four trajectories marked in bold are currently prioritized

and dominate the Dutch MIS; we therefore refer to these as “domi-

nant trajectories.” For further analysis, we excluded fiber innovation

due to scoping and other reasons. Much of the key technology that

promises circular fibers from non-virgin materials (e.g., agricultural res-

idues) and less impactful materials (e.g., mycelium, growing cattle skin

cells in-vitro) is in a very early development stage.8 This left us with

three trajectories: secondhand, mechanical recycling, and chemical

recycling. The system actors and trajectory dynamics are discussed in

the following.

4.2.1 | The secondhand trajectory

The secondhand trajectory has existed for decades and it is the only

one which shows a well-functioning market9 (F5). As such, this

trajectory is in the acceleration phase. Growing by 7% in 2019 alone,

it is the dominant and most starkly growing circular textile trajectory

in the Netherlands and globally (FD, 2020; McKinsey &

Company, 2021). It is comprised of roughly 2,500 businesses in 2020

offering three main subsolutions: (online) recommerce models

(retailers and peer-to-peer), rental models (online and clothing librar-

ies) and non-commercial secondhand. The latter, translated to

“kringloopwinkel” in Dutch, holds a 60% market share at the moment,

but market growth is mainly induced by online platforms where con-

sumers act as sellers and customers (e.g., The Next Closet, Sharedrobes,

United Wardrobe, Poshmark) (TV4, GD49, GD88). Especially

recommerce, but also specific rental models (baby, clothes, luxury

items) see high entrepreneurial activity and many new entries (F1).

Clothing libraries have been another new trend but struggle with

demand, profitability, (�F5), and resource supply, particularly of high-

quality items (�F6) more than the other models (I29, TV102).

All sub-solutions rely on pre- and post-consumer textiles which

are collected and sorted through different means — manually by

(online) shop owners and “kringloopwinkels” or through collectors,

sorters and third-party take-back agencies, the latter three combine

manual and automated processes (TV31). Low quality items are

directly or indirectly sold on to charities or businesses abroad (GD42,

GD75).

Many critical MIS functions in this trajectory are already well-

fulfilled (see Figure 3). There is consumer knowledge on this trajectory

(F2) through the traditional “kringloopwinkel” (F1) and the legitimacy

of this trajectory has recently grown further (F7). First, through

guidance of the search using awareness raising campaigns (F3) such as

citizen collection initiatives (F4) (A10), and secondly, resulting from

aggressive marketing strategies used by new large market entrants

(F1) (B) (I24, I1, I2). Market knowledge (F2) is crucial in carving out

profitable business models as actors need to compete with different

value proposition on price and quality (see Appendix F). Knowledge

deficits affect individual smaller actors (like stationary rental shops),

yet they have small effects on the development of this trajectory as a

whole.

In general, growing entrepreneurial activity (F1) and market forma-

tion (F5) (C) can be related to low infrastructure requirements (F6) and

1040 REIKE ET AL.

 10990836, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.3114 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [21/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://dataverse.nl/privateurl.xhtml?token=f088d390-1f55-4407-9555-65fb9f19eac8
https://dataverse.nl/privateurl.xhtml?token=f088d390-1f55-4407-9555-65fb9f19eac8


low technical knowledge requirements (F2) which keeps risks of explo-

ration low for retailers (F1 — brands) and start-ups (F1). Demand has

risen steeply, United Wardrobe alone counted 600,000 customers; in

10 years second hand stores altogether grew by more than 30% (AD,

2017; CBS, 2017). (F5). The most weakly fulfilled function in this tra-

jectory affecting all players is resource mobilization (�F6), primarily

concerning the access to high quality clothes. “Kringloopwinkel” and

collectors have the steadiest access to such clothes, yet only a small

percentage of this (10–15%) can be resold in stores. As well, commer-

cial recommerce and rental schemes rely on consumer incentive

schemes and contract clauses (including fines) to warrant take-back.

There is hence competition over resource access and quality between

actors (D). Some of the new online platforms have access to venture

capital for financing, while stationary secondhand shops lack finan-

ciers and are increasingly under pressure from low profit margins

(coming from low quality and more competition). The latter therefore

increasingly unite for competitiveness (F5) through scale advantages.

Finally, collectors and non-commercial actors are also negatively

affected in their resource allocation (�F6) and entrepreneurship (�F1)

through government which still asks royalties tied to the amount of

collected textiles (E). With the sharp decrease in textile quality, actors

are lobbying for change of this outdated provision towards royalties

on amounts that can actually be re-processed (I24).

Coordination (�F8) among the three different sub-solutions is cur-

rently non-existent and shows some negative effects on entrepreneur-

ship (�F1) and market (�F5) (F). This has already been recognized, and

many initiatives by networking organizations and government have

provided guidance (F4) for coordination of collection (F8, F6) as one

core objective. Additionally, a new law requires separation of house-

hold and textile waste from 2025 (F4) but using coercive legal

instruments for coordinating the businesses operating the sub-

solutions in the trajectory seems unlikely and therefore competition is

likely to persist as well as lacking coordination (�F8) (G).

The overall dynamics, showing a stark growth in online second-

hand are likely to strongly reinforce legitimacy (F7) and market growth

(F5) in this Dutch trajectory (I1, I2). A successful Dutch start-up

(Wardrobe United) has been taken over by Vinted, one of the

largest growing international platforms (Trouw, 2020). Other large

players like Zalando, H&M, C&A, VF Group, The North Face offer

secondhand clothes in addition to regular sales (TV4, TV47, TV79,

JS128) and particularly, the more exclusive brands add rental

services (JS163). Clear growth forecasts for next decade (McKinsey &

Company, 2021) make this a prioritized trajectory in the Dutch MIS

and at global scale.

4.2.2 | The mechanical recycling trajectory

At first glance, mechanical recycling would appear to be a lower-

ranking circularity strategy (R8). In the textile sector, however, fiber-

to-fiber recycling forms a nexus between value recovery and circular

design models (EU, 2019).

The Dutch MIS structure shows that different regional clusters

have formed around innovative SMEs and in partnership with large

collectors and sorters with circularity ambition (e.g., Wieland Textiles,

Boer Groep) due to the Dutch Green Deal (GD18, LN96, GD23). While

activities are diverse (design, production, services, sorting, different

recycling actors), only three actors with commercial operations were

identified, with (small scale) industrial spinning and weaving facilities

that allow for fiber-to-fiber recycling (e.g., Textielstad, Wolkat,

Frankenhuis). This makes for a fragmented MIS supply chain (GD35,

GD44, GD55, GD68).

A number of SMEs (e.g., Blue Loop Originals, Loop A Life, MUD

Jeans, Schijvens) (I8, I15, I18, LN5, LN8, TV18) focus on marketing

mechanically recycled products and first retailers have piloted collec-

tions (e.g., We Fashion) (TV7, TV74). We position this trajectory in the

take off stage. Over the last years, this MIS trajectory has seen suffi-

cient guidance of the search (F4) (see Figure 4, A). Private-public part-

nership programs like “Circular Textile Twente” (2019–2023) (GD28,

GD35) have stimulated entrepreneurial activity of SMEs and traditional

recyclers (F1 – recyclers), and across the diverse network organiza-

tions organizing this trajectory into a functioning Dutch supply chain

receives much attention (I7, W1). It has lower scale, technology, and

knowledge requirements than chemical recycling and in its basic form

exists for decades which lends the trajectory general legitimacy (F7).

Yet it shows a very complex vicious cycle related to resource mobiliza-

tion (F6) which stems from the low quality of input materials, limited

technical knowledge of mechanical recycling (F2), and unprofitable

business models from lacking market demand and supply (F5). This also

further affects other functions negatively (see Box 2) means entrepre-

neurial activities by large brands are basically absent (�F1).

The core vicious cycle results from lacking demand from large

brands (�F5) to use new fabrics based on recycled fibers which is

F IGURE 3 Function dynamics in the secondhand trajectory
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related to the absence of fibers suitable for covering the broad range

of textile items. This low demand leads to a poor business case for

investors in this sector (�F1 – brands) (B). It is considered too risky to

invest (�F6) in large scale mechanical recycling facilities without a

clearly articulated demand. This leads to a “catch-22” situation where

mechanical recyclers cannot produce in large quantities (�F5) which is

in turn a reason why large brands are not eager to shift to recycled

textiles. They require fabrics with predictable quality (to avoid reputa-

tional risk) and availability in large quantities (�F7). This lacking market

demand (�F5), resulting in lack of scale, also lowers learning effects

(�F2). Overall, this means prices cannot compete with virgin materials,

further driving down demand (�F5). Finally, the negative cycle is

strengthened as consumers lack awareness of the trajectory (�F5)

and this further, increases the perception by large brands that a shift

to recycled fibers is risky (�F7). Consequently, production at industrial

scale stays limited (a first commercial mill is planned for 2021), and

leaves business models unprofitable which further affects entrepre-

neurial activities (�F1), demand (�F5) and resource mobilization (�F6)

negatively (C&D&E). On the whole, interest by retailers is rising but

they tend not to invest heavily in recycling facilities and other than

smaller players under-invest in knowledge development (F2), since

they frequently outsource item recollection, recycling and production

to third parties (I14, GD27).

Knowledge and quality requirements especially affect this vicious

cycle (F). Most textiles are multi-layered, contain fiber mixes and have

low quality making only a very small percentage of recollected post-

consumer textiles apt for fiber-to-fiber recycling (I9, I12, GD31). In

collaboration with foreign partners, innovation of key automated

sorting technology was enabled called Fibersort. Knowledge develop-

ment (F2) is crucial for retrieving sufficiently even, long and strong

fibers, but blending with other materials in production remains neces-

sary which equals extra (virgin) material inputs and ultimately means a

finite number of circular cycles (I3, I7, I9).11

Critically, Fibersort uncovered that labels on clothes are often

inaccurate (GD41). Correct identification of the types of recycled con-

tent is hence not only complicated for consumers but practically

impossible without advanced technology and further impaired

through absence of a common label or certification guiding consumer

choice for circular textiles (�F4). The vast majority of sorters and recy-

clers rely on manual pre-sorting and processing, meaning that ineffi-

ciencies in this trajectory from unknown recyclate composition

cannot be tackled. Altogether this drives down legitimacy (�F7) of the

trajectory (G). Tracking and tracing technology can be potentially rev-

olutionary for recollection and sorting management, bringing transpar-

ency and engaging consumers (I7, I29).

A clear virtuous cycle is formed due to close knowledge exchange

(F3), guidance (F4) and coordination (F8) between players forming one

supply chain (from re-collection to recycled item). Nevertheless, a

vicious core cycle dominates as mechanical recyclers hold back

detailed “soft” knowledge on production line efficiencies and fabric

treatment — such knowledge acts as potential competitive edge.

Since private (and public) investment has been decisive for actor sur-

vival, these fuel protectionist attitudes. Despite intense activities

from networking organizations directing the system forward, the tra-

jectory lacks sufficient (policy) instruments (�F4) (H) that would push

coordination of the different Dutch regional clusters forward (�F8),

increase knowledge exchange among all parties (�F3), and demand

by consumers and retailers (�F5). Looking towards international

developments, it is striking that experimentation by retailers, pro-

ducers and knowledge developing consortia is typically not exclu-

sively focused on mechanical recycling (JS93). Several Dutch retailers

and SMEs buy from mechanical facilities in Italy and Spain

(e.g., Recovertex) and have commercialized products indicating a basic

market and supply exists.

BOX 2

“Our biggest problem is growth dynamics - there is a group

in Europe, but the willingness to pay is very low. Why?

People have been confronted with a fashion chain, which was

mainly import. If you compare [prices], fashion is an import

good. As long as there is no “sense of urgency” from the

government and requirements, for the brands to contribute

a part, and invest, I think that [mechanical recycling] is never

going to break through. Then you'll have nice initiatives, and

nice niche brands taking the lead, but the mainstream is not

following (…).” (I3).

F IGURE 4 Function dynamics in the mechanical recycling
trajectory
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4.2.3 | The chemical recycling trajectory

In this solution trajectory, a small number of highly innovative start-

ups and spin-offs (e.g., SaXcell, Worn Again) focuses exclusively on

textile-to-textile recycling. These have just started setting up pilot

plants and have yet to commercialize products (TV66). Therefore, the

trajectory is in the development phase. Particularly SaXcell (TV1),

stands out with a highly innovative technology that can turn cellulose

fibers from high cotton percentage type post-consumer clothes into

new cotton fibers.12 Next to textile-to textile recycling, companies

use pre- and/or post-consumer textiles for open and closed-loop

polymer (re)cycling (e.g., CuRe, Ioniqua, Chemport cluster Emmen) which

nowadays still frequently results in re-purposing into granulates or

packaging material using additional inputs (e.g., PET). A number of

companies focus on advancing green chemistry (Chemport Emmen,

DSM) and complementary innovation, for example, dyeing technology

(Dyecoo, Ten Cate) (GD58, JS71), the latter is ultimately important to

design clothes more suitable for closed-loop chemical recycling. Most

chemical recyclers work closely with universities, start-ups and other

partners for technology development.

Altogether, we found highly positive entrepreneurial dynamics (F1

– recyclers) (I3, I17) in the system impacted positively by knowledge

development (F2) (Figure 5, A). Yet overall, knowledge on break-

through textile-to-textile technologies is still scarce, and these tech-

nologies are extremely energy-intensive at small scale (GD53, I17).

Knowledge exchange is naturally limited in the sector due to high

need for IPR protection, yet players know enough of each other to

assess their activities as complementary at this point in time (I17).

With premature technology (�F2) and few infrastructure (�F6), a

functioning market (�F5) is so far absent (B). Consumers lack aware-

ness of this trajectory (�F5) (C); retailers are not themselves engaged

in entrepreneurial activities (�F1 – brands) but start showing interest

(F7), yet they desire exclusive contracts with recyclers to avoid others

reap technological benefits without investing (D). The lack of demand

increases the risks of investing into recycling facilities (�F5), leading to a

lack of resources (�F6) (E) which further hampers the chemical recy-

clers who are dependent on economies of scale for attaining profit-

ability and positive environmental impact (I17, I28). To secure a

minimum investment for survival, entrepreneurs have invested high

sums of own capital (I17).

Generally, most of the innovation is supported by investor collab-

orations containing multiple retailers (often seed funding and prizes),

large chemical companies or foreign supply chain partners (F6).

For example, Worn Again, a UK start-up has been repeatedly received

support from H&M and Sulzer, and has just built a pilot-plant in

the Netherlands securing another 8 million funding (JS78). As

such the trajectory receives more interest of investors than the

mechanical recycling trajectory although it suffers from the same neg-

ative cycles.

This is because, despite strong vicious cycles, the legitimacy (F7)

of the trajectory is very high. All stakeholder groups in the MIS con-

sider this the only trajectory, which can potentially close the textile

loop on its own (JS36). However, there are potential legitimacy issues

as retailers deliberately distort consumer knowledge (F2) with market-

ing campaigns, e.g., promoting “biological, certified or recycled cotton”
as equally sustainable (NRC, 2021) and selling both products made

from recyclates (e.g., 40% PET + 60% cotton) and textile-to-textile

recyclable products (recyclable polyester) as 100% circular13 (ibid).

This likely results from lacking political pressure to invest in non-virgin

materials and validate product claims (W1). Recently, there is more

guidance of the search (F), the Fashion for Good consortium launched

the “Full Circle Textiles Project: Scaling Innovations in Cellulosic

Recycling”, including large international retailers like Laudes Founda-

tion, Birla Cellulose, Kering, PVH Corp (JS20).

Still, from the perspective of entrepreneurs, there has been

extremely little guidance (I17, I28) (G) and financial support leading to

a competition with the mechanical recycling trajectory for attention

by government and “system support actors” (H). Generally, coordina-

tion and complementarity of the two trajectories is not well developed

(�F8) which can eventually lead to diverging interest groups and

lobbies (e.g., over capital, input materials) (Hekkert, Reike,

et al., 2020b). From a CE perspective, the trajectory is “third in line”
nowadays and chemical recyclers have even higher demands on prod-

ucts inputs (percentage of purified material, color compositions) than

mechanical recyclers. This renders the development of tracking and

tracing technology14 particularly important for furthering develop-

ment of this trajectory.

Comparing these dynamics to the international developments, it

is obvious that F1, F2 and F3 show positive fulfilment (Ljungkvist,

2016; JS1, JS11, JS35, JS93, JS111, JS159, JS164, JS168). Chemical

companies and spin-off companies are experimenting and exchange

knowledge, yet large-scale commercialization is inexistent (I17). A fewF IGURE 5 Function dynamics in the chemical recycling trajectory
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retailers like Levi's and Bestseller have single products from patented

Circulose (JS11) or Tencel fibers but these require other (virgin) inputs.

This could point to wider global knowledge deficits, resource mobiliza-

tion, and coordination issues, although assessing this further is beyond

our scope.

5 | CROSS-TRAJECTORY ANALYSIS:
CIRCULAR DISRUPTION — UNDER WAY OR
DECAY?

In the introduction, we posed that the textile sector can be considered

a case of disruption overdue. In the Dutch case, we see that Dutch

actors share perceptions on problems underlying the mission (see

Section 4.1) and the diverse actor constellations are creating new

structures aimed at a circular system. This includes incumbents who

engage in experimentation and redeploy resources to the MIS. Fol-

lowing a process-oriented perspective on disruptions (Bauwens et al.,

forthcoming), the emergence of the three solution trajectories and

actors starting to reconfigure resources, is indicative of disruption

being underway in the Netherlands.

At this point, the system structures and dynamics overall point to

the system being dominantly in the formative phase. The structures

and the positive dynamics are still highly vulnerable (Bento &

Wilson, 2016) and negative dynamics can more easily lead to MIS

stagnation. The secondhand trajectory is the furthest developed and

currently shows a stable growth trend along the S-curve (see

Figure 6). However, we noted different challenges (such as quality,

actor tensions over collection, non-existent seller coordination, etc.)

which could potentially jeopardize this trend.

The mechanical recycling trajectory was determined to be in the

take-off stage: sufficient networks and basic knowledge exist, and

products are marketed. Its challenges relate to quality, demand, and

locally lacking infrastructure (for re-shoring), legal barriers (for produc-

ing abroad) and lacking consumer awareness. These inhibit the trajec-

tory and could lead to regression in the absence of interventions.

The chemical recycling trajectory is in the take-off stage con-

cerning products which “downcycle materials” (e.g., shoe to granu-

lates) but when it comes to its key objective (i.e., shoe-to-shoe) it is in

the development phase. Knowledge, financial resources and infra-

structure are crucial for further development. Quantitatively speaking,

this trajectory shows fewer negative functions, but deficits are more

substantial than in mechanical recycling. Table 5 shows the functions

that we established to require specific attention in each of the

trajectories.

Comparing the trajectories, we see basic fulfilment of the func-

tion “entrepreneurial experimentation”(F1) knowledge development

(F2), and knowledge diffusion (F3) — to a lower extent. Weaknesses in

textile quality and collection systems affect all trajectories and cur-

rently inhibit their potential. In both, the mechanical and chemical

recycling trajectories this triggered a persisting “waiting game” or

“catch-22” situation. Lacking consumer awareness (�F4) causes an

absence of pressure for change (�F7) and this keeps demand for

recycled fibers by incumbent firms low (�F5) which inhibits supply of

recycled material from mechanical and chemical recycling operations

and commercialization of recycled textile items. Cautious resource

investments into the solutions are made by incumbent players (�F6).

New entrants, in the absence of extensive government support or

strategic coalitions (�F4) struggle to secure the continuous resource

streams (�F6) needed for further development of structures, innova-

tion and technology. Financial institutions remain hesitant due to the

high-risk profile of industrial plants given the poorly articulated

demand of large brands.

These vicious dynamics in the “catch 22” situations that charac-

terize two out of three trajectories seem to hinder overall system

development in such ways as to prevent the MIS from moving

F IGURE 6 Development stage of the solution
trajectories
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towards acceleration. Below we present and discuss our results on

how the system dynamics captured through the new system functions

introduced in Section 2 affect development of the Dutch MIS.

First, comparative analysis of the three Dutch trajectories reveals

the importance of regime actors in shaping MIS directionality and out-

comes. On the one hand, large retailers offering secondhand or

(mechanically) recycled products often outsource production and

logistics to third parties (I14, I22, I29). Many mainly engage in

reconfiguring physical resources and continue to under-invest into

equipping human resources with a CE mindset, thus rendering CE an

add-on rather than new core business. When it comes to support for

breakthrough innovation (chemical recycling), these companies also

apply traditional strategies. They are eager to invest, under conditions

of exclusivity that would grant them a first-mover advantage and so

far show reluctance to cooperatively induce Dutch chemical recycling

technologies take-off (I17, I5).

On the other hand, incumbent system actors act very differently

than posed in the literature on “classic disruptions.” In that literature

incumbents resist adoption of innovation as they are ill-equipped to

adapt and to integrate for a number of reasons (including organiza-

tional inertia, lack of foresight, and underinvestment). As a conse-

quence, they lose out against niche actors who eventually attain

system overturn (Christensen & Bower, 1996; Gilbert, 2005; Hill &

Rothaermel, 2003; Tesfaye & Nguyen, 2012). In the Dutch case, large

incumbents like retailers engaged in experimentation with the second-

hand trajectory early on (we showed that as F1 – brands), and have

been decisive in pushing this trajectory on a stable growth path. Focus-

ing on this “low hanging fruit” solution that requires little knowledge,

resources and infrastructure, incumbents demonstrate very strategic

responses and rather than resisting MIS development, have shown to

use their powers to actively drive forward specific solutions and remain

inactive on others. Moreover, they promote secondhand and similar

alternatives as circular and “feel-better” choices, thereby stimulating

traditional buying behavior over more conscious consumer choice.

These strategic responses make a “classic disruption” unlikely as a

mechanism of MIS acceleration and suggest that there is a broader role

for studying how such behavior affects trajectory and system develop-

ment in MIS. If incumbents tend to prioritize “lower ambition” trajecto-
ries, this can act to keep radical innovation on a short leash (Smink

et al., 2015), and can ultimately hold back system development, slow

down the speed of the transition, and shape the mission in ways that

leads to the “hijacking” and decay of the original missions' intent.

Another key dynamic we detect to affect the entire Dutch MIS

development is coordination. Currently we observe that different net-

work organizations and corporate intermediaries kickstart small initia-

tives play an important role in creating small markets and helping to

coordinate the development of local supply chains. This makes cross-

trajectory coordination successful within regional clusters (GD26:

G28). In Twente, stakeholders from the three trajectories work to

form one closed loop supply chain that follows circularity principles

organized as to make one partner's outputs another's inputs. Obvi-

ously, this can build high interdependence into this local MIS system

among players that were not traditionally linked, yet it can also war-

rant strong coordination among the partners and leads to new forms

of value creation and sharing (I28, I29; Kanda et al., 2021).

In contrast, national coordination is insufficient especially across

the solution trajectories. Internal trajectory coordination and inter-

regional coordination are at best limited to knowledge exchange (W1).

The Dutch Circular Textile Valley is charged by the government with

MIS coordination at national level on paper (GD17, GD43:GD47; I28,

I29) but lacks mandate, resources and mechanisms to coordinate

these regional clusters and the three trajectories nation-wide. This

poses a severe risk to attaining sustainable outcomes at system level.

As Kanda et al. (2021) outline, a central locus of coordination may be

important for functioning circular value chains.

We also observed guidance of the search and provision of direc-

tionality through governments to affect MIS development. Guidance

has been evidenced above all by the ambitious national targets and

provision of resources for experimentation, network formation and

knowledge development. In this way the Dutch national government

contributed significantly to system formation. Mazzucato (2018) sug-

gests complementary instruments and policies are important in mis-

sions, but the formation of the Dutch trajectories was not followed up

timely with stronger complementary legal instruments. The Dutch

government recognizes that infusing resources into underequipped

trajectories or acting as launching customer can be a motor of system

change (Rijksoverheid, n.d.), but it has effectively not used this power

in the past to steer market development. This was found to be a main

factor influencing temporary decline and lasting instabilities in the

two more radical trajectories (W1) (�F4).

TABLE 5 Functions requiring specific
attention in each of the three solution
trajectories

System function name # Secondhand Mechanical recycling Chemical recycling

Entrepreneurial activity F1

Knowledge development F2 (x)

Knowledge exchange F3

Guidance of the search F4 x

Market formation F5 x x

Resource mobilization F6 (x) x x

Legitimacy creation F7 x

Coordination F8 x x x

Regime change F9 x
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Recently, the Dutch government has started negotiations on an

Extended Producer Responsibility (EPR) scheme where the producer

pays a fee on each item sold. This binding instrument can offer reme-

dies for past inconsistencies in providing directionality jointly for the

trajectories. An EPR can influence investors' and incumbent resource

allocation (F6) and sets clear incentives to engage in the two more

radical trajectories (F1, F5). Fees from such a scheme can be used to

accelerate infrastructure and market development for mechanical and

chemical recycling and stationary local resale (F5, F6).

As a strong instrument of guidance and directionality (F4), an EPR

can simultaneously address other key system dynamics showing defi-

cits including coordination. With an EPR, the Dutch Circular Textile

Valley could be transformed into a “circular value chain management

organization” (Vermeulen et al., 2021) which represents both, trajec-

tories and regions, and is lend power and mandate to delegate fees

obtained from the EPR towards developing and coordinating the most

critical components in the system. This can be accompanied by a com-

prehensive roadmap which couples targets to resource provisions

thereby providing much needed financial certainties for the change

driving system actors.

A final consideration regards international guidance (F4) and coor-

dination (F8). The textile sector is void of potent institutions driving

sector change, and the Dutch mission is partly dependent on powerful

global (corporate) players and global supply chains that are only

influenced to a limited extend by national aspirations. Taking initiative

towards stronger inter-regional, European and global “coalitions of

the willing” for scaling circular activities, infrastructure and comple-

mentary innovation such as “advanced textile tracking and tracing

technology” could significantly benefit the Dutch mission and the

wider global transition towards a more circular sector.

6 | CONCLUSIONS AND REFLECTION

In this study we applied a tentative mission-oriented innovation sys-

tems framework (MIS) combined with established elements from inno-

vation systems theory in order to provide a first empirical study on

circular transition dynamics that result from mission formulation.

The case study of the Dutch circular textile transition reveals that

there is a good match between the formal Dutch mission (100% circu-

larity by 2050) and stakeholder perceptions, and the actors have

formed structures around three dominant CE solution trajectories in

the Dutch system: secondhand, mechanical recycling and chemical

recycling. We observe that mission formalization acted as signpost

that provides guidance for the innovation system actors. Comparing

the transition dynamics across MIS solution trajectories, our study

found that the government provided strong directionality and system

guidance, but in abstaining from implementing strong legal instru-

ments, a “waiting game” or “catch-22” situation currently character-

izes each of the two recycling trajectories and these dynamics interact

as to inhibit overall MIS development in its formative phase.

Reflecting more critically on the dynamics exhibited in the Dutch

MIS and juxtaposing these against the notion of a circular textile

sector posed in the introduction, we conclude that despite the exis-

tence of radical solutions across all three trajectories, a clear system

disruption towards circular design, production and consumption

models is thus far not evident in the Dutch circular textile transition.

Our study suggests that trajectory and system coordination which

were strongly under-developed may additionally be of significant

importance in augmenting the negative feedback loops we detected

in the Dutch MIS. Most notably, in the absence of coordination there

is an eminent risk that positive sustainability impacts attained within

one solution trajectory or at one system level fail to generate sustain-

ability impacts at the overall system level (Corvellec et al., 2020;

Korhonen et al., 2018). Therefore, the role of coordination should be

further studied, especially in the context of circular transitions.

Inquiring the Dutch circular textile transition from the perspective

of multiple interrelated actor constellations and solution trajectories

we add to transitions studies more generally. In particular, our study

puts forward that solution trajectories when viewed in isolation can

appear successful, but only taking into account the parallel develop-

ment of multiple such solution trajectories can reveal the key driving

and blocking mechanisms hampering acceleration of a transition.

Additionally, such a view adds to practice in nourishing the under-

standing of practitioners and policy-makers for the collective dimen-

sion of their activities—in relating their success and failure to the

combined interplay of system structure and dynamics. Our research

also implies that instruments and interventions designed for system

acceleration need to take into account dynamics within as well as

across solution trajectories. One such instrument we suggest for the

Dutch case is the installation of an Extended-Producer Responsibility

(EPR) — as it can address deficits found across a number of different

system dynamics.

Reflecting on the application of the MIS framework we note that

through the newly proposed MIS functions (coordination, directionality,

regime change) we gained rich additional insights into MIS development

but other case studies need to show if this holds more generally. We

cannot provide in-depth considerations on the further conceptualization

and application of each of these functions. We note that it may be criti-

cal for understanding mission development to place a higher focus on

power and strategic behavior of actors. This has also been proposed by

Wittmann et al. (2021). In the Dutch case, government exerted influ-

ence on the direction of search and solutions among the different MIS

actor constellations through prioritizing solutions that lead to appropria-

tion of benefits within national borders.

These findings indicate that there remain more conceptual chal-

lenges for defining and measuring regime actors and regime change in

MIS. As another key limitation our study exclusively examined prob-

lem and solution directionality for the Dutch MIS as a whole, yet we

suggested that such processes can also be conceived as a MIS func-

tion within solution trajectories, since one trajectory typically com-

prises multiple technological and non-technological solutions.

Moreover, similar to our conceptualization of regime change in this

paper, MIS directionality arguably involves processes that regard all

other functions. Therefore, the function of directionality and its rela-

tion to other functions needs to be further conceptualized. For
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example, our reflections on the role of power in MIS also suggest a

nexus between these two functions wherefore exploring “regime

change directionality” could provide an interesting avenue of study

for a more mature MIS, that is, how exactly regime players strategi-

cally engage in the transition to shape problems and mission

outcomes.

Nevertheless, further splitting up or analyzing these functions can

pose new challenges for conducting feasible MIS studies when multi-

ple trajectories are studied. In the present study, we focused only on

three trajectories. Evidently there remain unresolved theoretical and

methodological challenges how a higher number of co-evolving solu-

tion trajectories can be studied and integrated to give a valid account

of the MIS as a whole.

We also saw that scoping challenges arise for mission research.

Missions get formulated at various levels, yet ultimately such missions

address complex issues that play out at global scale—in the circular

textile transition developing countries are still waste havens for lower

quality donated clothes from developed countries. In our approach,

we delineated the MIS to national level, but we included global events

and used this as a means to better verify our results and place the

Dutch national mission into its larger context. We propose that future

mission oriented studies put focus on and critically investigate how

national missions and their objectives relate to the global character of

mission problems, and how missions defined at one level contribute

to sustainability at other system levels.
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ENDNOTES
1 The TIS literature knows several ways for identifying system functions

(indicators, diagnostic questions). These guidelines were applied more

freely in coding text fragments, for the event analysis, we followed

these concepts and indicators and added some new categories.
2 Diagnostic questions cover four main areas: Who is involved in [func-

tion name]; What types of circular activities do actors engage in related

to [function name]; How do these activities on [function name] benefit

system development; Do the activities on [function name] (or the lack

thereof) form a barrier for the system to move to the next development

stage. Detailed diagnostic questions and the indicators related to these

questions vary with the function investigated. As an example: F6 -

human resources, physical resources, financial resources; see

Appendix B.
3 Diagnostic questions on development stages are: 1. (End of the) Pre-

development phase: is there a working product or service prototype / a

working (proto-)institution, 2. (End of the) Development phase: Is there

commercial application, 3. (End of the) Take-off phase: Is there fast

market growth, 4. (End of the) Acceleration phase: Is there market

saturation.
4 The Dutch Green Deals exist already for a decade and are not directly

related to the recent “European Green Deal,” except both focus on sus-

tainability. They are covenants under private law between coalitions of

companies, civil society organizations and local and regional govern-

ment. Deals often focused on fostering entrepreneurship, knowledge

development and exchange. 2 to 3 years is a regular runtime, they are

completed when its goals are attained. To date the Netherlands

implemented 235 Green Deals.
5 Regional Deals aim to stimulate regional welfare (total budget first

round: 200 million euros) yet they often focus on other sustainability

dimensions as well. Under the concept, multi-stakeholder initiatives

provide the same amount as the government to co-finance the “Regio
Deal” objectives.

6 The Dutch policy-making takes specific focus on five top sectors in

which it is globally leading with science and technology https://www.

rvo.nl/onderwerpen/innovatief-ondernemen/topsectoren#:�:text=Top

sectoren%20zijn%20gebieden%20waar%20het,positie%20nog%20ster

ker%20te%20maken.
7 We recommend Appendix E for further details of the Dutch system

actors and institutions.
8 The few successfully commercialized fibers require additions of virgin

inputs (e.g., Tencel – pulp, Econyl – pre-consumer clothes) and cannot

yet cover the full spectrum of textile items. Most importantly, we see a

strong link between the fiber innovation trajectory and the two

recycling trajectories and expect the former will increasingly gain

importance over the mission runtime.
9 For more clarity, in the analysis, signaling functions related to the nine

system functions are provided in italics. Reference will be made to the

functions (F1, F2 …) in bold. A minus sign indicates a negatively fulfilled

functions, the absence thereof means positive fulfilment of the

function.
10 Single letters (A, B, C …) represent the positive or negative feedback

loops in the respective figures.
11 For example, DutchSpirit have developed a suit which can be recycled

7 times. Then too much blending makes further recycling into the same

item impossible.
12 There are a number of other companies globally which also work on

100% cotton recycling (Re:newcell Sweden) but to our knowledge all of

these need other virgin materials (extra cellulose from pulp, organic cot-

ton) or recycled materials (such as PET, other recycled fibers for

mixing).
13 Both of these product scan indeed be 100% circular, however, in the

first case this circularity is likely only attained with open-loop recycling

and downcycling of the material, only in the latter case there is poten-

tial for closed-loop textile-to-textile recycling that enables multiple

loops of use.
14 For an overview of tracking and tracing technology in the apparel sec-

tor see UNECE (2020). According to our interviewee (I29) three key

technologies are included: 1. Unique identification technology for items

(e.g., RFID), 2. Data storage technology and device (e.g., button/label

which can capture and store various types of production and use data),

3. Data exchange technology (establishing digital link for reading and

exchanging data).
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R# Examples of (market) actor activities

R9 Re-mine e.g., grubbing, cannibalizing, selling old

products and materials (global South)/

high-tech extraction, reprocessing of

waste in landfills or sewers (global North)

R8 Recover (energy) e.g., energy production as by-product of

waste treatment

R7 Re-cycle e.g., separate, sell, buy and use secondary

materials

R6 Re-purpose e.g., acquire non-virgin products/materials

to, redesign, reproduce and sell product

with new function

R5 Re-manufacture e.g., use or sell replacement of key modules

or components which includes wider

decomposing and recomposing of

products

R4 Re-furbish e.g., use or sell replacement of key modules

or components, in particular: to bring a

product in line with latest technological

development

R3 Repair e.g., making the product work again by

repairing or replacing deteriorated parts

R2 Re-commerce/re-use e.g., buy or sell secondhand items, or find

buyer for non-used products

R1 Reduce e.g., use less products and materials, use

longer, in particular: redesign processes/

products

R0 Refuse e.g., refrain from using specific inputs, in

particular: redesign processes/products
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# MIS actor (type) Organization Consultation type and duration

1 Branch organization non-commercial secondhand shops BKN Shared online interview (1 h)

2 Branch organization non-commercial secondhand shops BKN Shared online interview (1 h)

3 Branch organization textiles Belgium; company European Spinning Group; Symaco Workshop participant (3 h)

4 Branch organization textiles Netherlands InRetail Online interview (1 h)

5 Branch organization textiles Netherlands Modint Workshop participant

6 Company (investment, finance knowledge) ABN Amro Workshop participant (3 h)

7 Company (both consultancy and network organization supply

chain impacts, labels)

Alcon Advies; REMO Workshop participant (3 h); online

interview (1 h)

9 Company (circular textile) Blue Loop Originals Workshop participant (3 h)

9 Company (collection and mechanical recycling steps) Boer Groep Online interview (1 h)

10 Company (knowledge intermediary) Circle Economy Workshop participant (3 h)

11 Company (textile brand/seller) C&A Online interview (1 h)

12 Company (mechanical recycling) Frankenhuis Online interview (1 h)

13 Company (textile brand/seller) Jolo Fashion Group Online interview (1 h)

14 Company (take-back logistics and management for brands) Lizee Online interview (1 h)

15 Company (circular textile) Loop a LifejBrightloops Workshop participant (3 h)

16 Company (circular textile) MUD Jeans Workshop participant (3 h)

17 Company (investment, finance knowledge) PwC Online interview (1 h)

18 Company (chemical recycling) SaXcell Online interview (1 h)

19 Company (circular textile) Schijvens Workshop participant (3 h)

20 Company (textile brand/seller) WE Fashion Workshop participant (3 h)

21 Company (textile brand/seller) WE Fashion Online interview (1 h)

22 Company (collection and mechanical recycling steps) Wieland Textiles Workshop participant (3 h)

23 Company (textile brand/seller) Anonymous large Dutch brand Workshop participant (3 h); online

interview (40 min.)

24 Government of the Netherlands Ministry of Infrastructure and Water

Management

Workshop participant (3 h), several

phone consultations (45 min.)

25 Network organization/platform Fashion for Good Online interview (1 h)

26 Network organization scientists (knowledge intermediary)/

platform

Groene Brein Online interview (1 h)

27 Network organization, innovation center circular textile Stichting Texperium Online interview (1 h)

28 Network organization circular textile Stichting Texplus Shared online interview (1 h)

29 Network organization circular textile Stichting Texplus Shared online interview (1 h)

30 Standard organization GS1 Online interview (2 h)

APPENDIX B: LIST OF THE 29 CONSULTED STAKEHOLDERS (INTERVIEWEES AND WORKSHOP PARTICIPANTS)
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APPENDIX C: OVERVIEW OF CATEGORIES (“INDICATORS”) USED IN THE EVENT ANALYSIS TO CLASSIFY DATA ACCORDING TO THE

NINE SYSTEM FUNCTIONS
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APPENDIX F: DIFFERENT ACTORS IN THE SECONDHAND TRAJECTORY AND THEIR PRICING, VALUE PROPOSITIONS AND RESOURCE

ACCESS

Note: This assessment is based on triangulation of various data but has not been verified further with scientific literature. A dark shaded

background stands for “high,” grey for “medium to high,” light grey for “medium to low.”
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