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Abstract: The EU Textile Strategy for Sustainable and Circular Textiles calls for circularity along the
whole value chain of textiles. However, little is known about how circularity is already embedded in
German manufacturing textile industries due to a lack of literature. Having conducted a survey study
in December 2022 and January 2023, the results of 56 participating German manufacturing textile
industries will be presented by applying descriptive statistics and qualitative analysis. The study
shows that there is already an understanding of circularity including circular strategies in the German
textile manufacturing industry. There are companies that apply the following circular business model
strategies: upcycling and recycling, product-as-a-service, repair and reuse, and material innovation.
Closed-loop supply chain companies are not yet prominent. Many manufacturing textile companies
are not prepared yet for a circular transformation. Another finding is that the EU Strategy for
Sustainable and Circular Textiles is so far insufficiently known by the respondents of the sample. A
more structured provision of information or financial state support should be discussed.

Keywords: circular economy; textile industry; sustainable development; business strategies; business
models; circular models; circular paradoxes; EU textile strategy

1. Introduction

The problems of overconsumption and overproduction and the associated problem
of environmental pollution are unfortunately not new phenomena. As early as 1987, the
Brundlandt Report stated that unsustainable consumption and production patterns were
the cause of environmental problems [1]. The strategy for improving these conditions
in the long term is called sustainable development [1]. The textile industry is one of the
industries with the greatest environmental impact, both globally and in Germany [2,3].
Therefore, it is most important and necessary to protect, save, and conserve finite resources.
EU-wide, limits and regulations have been and are being set on manufacturing companies
in the textile industry for the coming years, such as those set by the EU Strategy for
Sustainable and Circular Textiles [2], and by national strategies [4]. These regulations,
limits, and recommendations are guided by the European Green Deal, which calls for the
significant improvement and minimisation of environmental impacts by 2030 [5]. In order
to implement these requirements and sustainably comply with the planetary boundaries,
operational business models must be revised and, if necessary, changed. This applies to
the business model components of value proposition, value creation and delivery, as well
as value capture [6,7]. The literature does not currently provide any information on the
extent to which the strategies of the circular economy have been and are being adopted
and implemented in textile companies. However, it is questionable to what extent these
regulations, which will also affect the textile industry in the near future, have already been
put into practice. For this reason, the present article deals with the overriding question:
how does the German textile industry face up to the circular economy?
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The aim is to assess the status quo of the German textile industry with regard to the
circular economy and related business models. Specifically, this means asking:

e Isthe EU Textile Strategy for Sustainable and Circular Textiles already known about
in companies?

e In which specific business model areas have circular changes been or will they
be made?

e  How can circularity be promoted or progressed in the textile industry and where are
the challenges to establish circularity in the textile enterprise?

These questions were collected between December 2022 and January 2023 in a digital
survey of German textile companies. In this paper, the responses of a sample of 56 ques-
tionnaires were analysed and evaluated using a correlation and contingency analysis.

2. Circularity in the Textile Industry in Germany
2.1. Circular Economy and Sustainability in the German Textile Industry

The German textile industry has a rich history that can be traced back to the Middle
Ages [8]. During this time, the production of textiles was mostly done by hand in small
workshops, with the finished products being sold in local markets. In the 18th and early 19th
centuries, the textile industry can be seen as the driving force introducing new technologies
and techniques [9]. After the two world wars, textile manufacturers were already facing
new challenges on the supply side at the end of the 1950s [10]. Producers from southern
Europe, Asia, and Africa entered the market. The industry was thus in competition with
foreign suppliers who, in addition to benefiting from weaker regulation, benefited in
particular from lower social and labour costs [9]. However, from the 1980s, the industry
succeeded in transforming itself to become competitive again. There was a structural
change away from apparel, home, and household textiles to technical textiles [9]. As a
result of the historical development of the textile industry, the German textile industry
settled mainly in the following federal states [8]:

North Rhine-Westphalia;
Baden-Wiirttemberg;
Bavaria;

Saxony.

Today, the textile industry in Germany is a supplier industry and an important sector
of the economy, mainly focused on the production of clothing, footwear, home textiles,
and technical textiles [2,11]. Germany is an important location for the production of
high-end segments of the market, such as fashion and technical textiles, and is home to
many renowned brands and manufacturers [12]. The German textile and clothing industry
employs approximately 124,000 people in 1400 companies, of which about 690 companies
belong to the textile industry and 200 companies belong to the clothing industry, with a total
turnover of 29.0 billion euros [13]. In Germany, the size structure of companies in the textile
industry is very small [3,13]. About 95% of the companies belong to small- and medium-
sized enterprises, and about half of the companies employ less than 50 employees [13].
The market segment of technical textiles has become the mainstay of the German textile
industry, accounting for over 60 percent of industry sales [13]. To make a comparison with
another European country, the Germany textile industry is second behind Italy. In 2020,
this industry segment had 1206.5 million euros in sales and over 76,000 employees [13].

However, the textile and fashion industry does not only produce textiles, but also
environmental pollution [14]. Planet Earth is in an alarming state, with man-made emis-
sions rising and finite resources dwindling simultaneously. European textile consumption
is the fourth largest cause of climate change and environmental impacts [15]. It is also
among the top five areas of consumption facing pressure in terms of raw material use
and greenhouse gas emissions [15]. More than 1.5 million Europeans work in the textile
and clothing industry [15], making it an important economic sector and employer for
many people. The textile industry faces numerous, multi-layered challenges with regard to
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sustainability [2,3,11,13]. On the one hand, it can be noted that the purchase prices for raw
materials, semi-finished products, machinery, and energy have increased excessively since
the coronavirus crisis in 2021 compared to previous years [13]. This is accompanied by the
problem that these material costs account for the highest proportion of all cost types in
the textile industry, namely over 40% in 2020 [13]. Ecological challenges are found within
the entire textile chain, but above all, this concerns cultivation, production, and textile
finishing [15]. These include the use of pesticides in large quantities, which ultimately
find their way into wastewater [16]. In Germany, textile finishing is one of the industries
with the highest wastewater generation, which is heavily contaminated by the use of
chemicals, e.g., chemicals for pre-treatment and dyeing. The drying processes of textile
finishing take place at high temperatures, likewise causing high energy consumption and
CO;, emissions [2,13]. It is undisputed that the textile industry contributes significantly to
environmental pollution and climate change. Currently, it is considered the fourth largest
cause of these challenges [15].

One way to achieve sustainability is to move away from a linear economy towards a
circular economy [17,18]. In this context, problems of a linear economy occur when more
and more resources are taken from the environment for production and are ultimately
returned to the environment as non-recyclable waste, additionally inducing high emis-
sions [19]. As can be seen in Figure 1, the linear economy ends with the disposal of products
and materials, for example, by incinerating them. There is no recirculation and closure
of the material flows. Consequently, within the linear economy, no limits on using finite
resources are placed, no material flows are closed, and sustainability as a whole is not
considered [20,21].
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Figure 1. From linear economy to circular economy: (a) flowchart of linear economy; (b) flow chart

of circular economy, own source.

The circular economy has a significant and clear relationship with sustainable devel-
opment, which has already been stated by numerous publications [22,23]. The circular
economy is aimed at the consumption and production of goods in a way that respects plane-
tary boundaries. Moreover, there is a hierarchical relationship between the two components.
Sustainable development represents superordinated, environmental, economic, and social
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goals to comply with planetary boundaries. The circular economy can be a subordinate
tool addressing and trying to fix the root causes of the problems [20]. Circular economies
refer to circular or closed-loop supply chains, in which products facing their end-of-life are
circled back into the value chain through 10R strategies, i.e., recover, recycle, repurpose,
remanufacture, refurbish, repair, re-use, reduce, rethink, and refuse [24,25]. In doing so,
changes must happen on both the consumer and producer side, which means individual
consumption as well as value creation patterns must be reconsidered and, if necessary,
changed. Within this system, waste is reduced to a minimum as existing materials and
products are kept in circulation and in the economy for as long as possible. This extends
the life cycle of these goods.

Likewise, transitioning into a circular economy is considered one of the most important
transformation areas of the 2030 Agenda and addresses several SDGs, but especially SDG
8,9,11,12, 13, and 14 [19]. SDG 12, “Sustainable consumption and production patterns”, is
focussed on implementing a circular economy and is therefore also titled a cross-sector goal.
This goal includes a holistic strategy for a full circular economy that minimizes the use
of natural resources, increases efficiency, and challenges current production methods [19].
SDG 12 has numerous implications for other areas, e.g., a circular economy also aims at
economic growth (SDG 8) and improved innovation capacity (SDG 9) [16]. Consequently,
sustainable economic activity is not possible within a linear economy [15,16,20]. Although
facing lots of paradoxes, trade-offs, and challenges, a circular economy is considered a
sustainable and future alternative to the linear economy and represents clear progress
towards more sustainability [26-29]. The implementation of circular business models can
support the fostering or progression of sustainability.

2.2. Circular Business Models

Business models in general are significant tools for studying and understanding how
a company works and operates [27]. For this purpose, a business model can be divided
and examined in three different areas [6]:

1. Value proposition;
2. Value creation and delivery;
3. Value capture.

The first area deals with the company’s value proposition. It answers which value is
created and which target group is addressed [6]. The focus of the business model is area two,
which focuses on value creation and delivery. Classically, this is done by selling products
and services with economic value in return. In sustainable business models, environmental
and/or social value is also created [28]. The last area covers value capture, i.e., in what
way the company earns money and what its strategy is. Cost structures, profit flows, and
strategic goals for the long-term preservation of the company are examined [6]. Due to the
global pressure to meet sustainability goals, business models must change and be aligned
with environmental, social, and economic value creation. These changes result in business
models, some of which are new, and can be regarded as innovations. In this context,
business model innovations hold great potential to promote sustainable development and
thus also the circular economy [6,29]. To do this, companies must integrate sustainability
into their existing business model or establish it in their newly developed business model
from the outset [30,31]. The circular economy is based on business models that eliminate
end-of-life concepts and focus on reducing, reusing, and recycling instead, among other
initiatives. These types of business models aim to drive sustainable development and
thus also increase or maintain economic prosperity, social equity, and the quality of the
environment [31]. Often the challenge is figuring out ways of creating economic added
value from social and ecological changes in the company in order to ensure its long-term
survival [30,32-34].

Based on the spectrum of sustainable topic areas, sustainable business models can be
divided into three different levels of innovation [6,7,28]:

1.  Technological;
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2. Social;
3.  Organisationally oriented innovations.

The technological group primarily includes innovations arising from a technical in-
novation, for example, within production processes. Social innovations address changes
in social components, for example, innovations in customer offerings changing customer
behaviour. Organisationally oriented innovations involve novel concepts entailing organi-
sational change in the company, for example, changes in responsibilities [6]. Three different
archetypes belong to each item of this group. According to [6], the circular economy and
closed loops are classified in the group of technologically oriented innovations and in the
archetype “create value from waste”. This concept is based on the characteristics of the
circular economy, i.e., material cycles are closed and waste is minimised as a result. Thus,
it can be stated that the value proposition is to restructure waste streams into useful and
valuable inputs for production. It should be emphasised that this archetype is not primarily
concerned with efficiency, but rather with the fact that the products and materials can be
recirculated. This can, but need not, result in efficiency advantages. Consequently, it can
be stated that value creation consists of converting life cycle waste into inputs for other
forms of value creation. In addition, partnerships are being expanded and new ones are
being forged to convert waste into inputs. In the area of value capture, as positive aspects
can be expected, circularity reduces economic and ecological costs, including a reduction
in ecological footprints, and in water and material consumption [6]. Ref. [7] elaborates
and recommends a hierarchical distinction of different circular archetypes, based on the
classification of circular business models in [6]. The higher level represents technology
having the goal of creating value from waste. The second level represents the social goals
of circular business models: sufficiency, functionality, and stewardship. Each of these
subdivisions will be further differentiated as “scaled-up” and “purposed” in the following.
Goal-oriented, sustainable business model innovations serve to realign corporate strategy.
Their aim is to generate social and environmental value rather than economic value. For
this reason, the long-term existence of companies is a challenge. In contrast, scaled-up
organisations are those that expand their technology and create aggregated sustainability
solutions. They focus on the mass market and at the same time act profit-oriented and
environmentally conscious.

In general, this model (see Figure 2) is based on the foundation that the rate of increase
in circulatory ability can be positively influenced by the social level. Consequently, a faster
implementation of circular business models emerges [6,7]. Furthermore, the model can be
used to classify existing business models with regard to their sustainable orientation.

—
Create value from waste
Technological Maximise material and energy efficiency
Substitute with renewals and biomimicry
Social Sufficiency Functionality Stewardship
i —
Organizational Scaled-up Purposeful
Path for sustainable business model innovations

Figure 2. Hierarchical model for sustainable business model innovations, amended based on [7].
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In addition to sustainability guidelines, laws and targets have been launched, such as
Agenda2030 or the German national sustainability strategy, the EU Strategy for Sustainable
and Circular Textiles, which was launched in 2022 [15]. The strategy aims to minimize, if not
stop, negative impacts on the environment by listing several key measures. These include,
for example, combating greenwashing, establishing design requirements for textiles, and
extending producer responsibility. From this, it also emerges that the textile industry
must become more circular, energy- and resource-efficient, and climate-neutral in order
to eliminate current challenges and take advantage of opportunities. These measures are
intended to make textiles more durable, repairable and, above all, circular [2,11]. For this
reason, the strategy explicitly states that circular business models should be designed and
companies operating in the reuse and repair sector should be integrated into the value
chain [2,11]. For this purpose, incentives should be created. Textiles are often disposed
of as waste when they cannot be used any longer. Less than one percent of the material
used in clothing is merely recycled [15]. Large quantities of raw materials are lost through
disposal. The circular economy aims to counteract this loss so that raw materials and
their material flows are kept in circulation and are not disposed of [16]. This approach is
sustainable in many ways, for example, it protects the environment, because raw materials
are reused and recycled. From a business perspective, the circular economy holds the
opportunity to change and develop new technologies and business models [16]. Numerous
research projects support the closing of the textile cycle [16]. German manufacturing textile
companies can become more circular by [35]:

1.  Adopting sustainable practices—reducing waste, water usage, and energy consump-
tion in production;

2. Implementing closed-loop supply chain management—tracking and managing the
flow of materials, products, and waste;

3. Encouraging product reuse and repair—providing maintenance and repair services to
extend product life;

4. Investing in sustainable materials—using biodegradable, recycled, and low
impact materials;

5. Collaborating with stakeholders—partnering with suppliers, customers, governments,
and non-profits to drive change;

6. Measuring and reporting impact—tracking progress and reporting sustainability
performance to stakeholders.

It also became clear that digitalisation plays a decisive role on the way to a circular
economy [36,37]. At present, the main obstacle is that transport chains and mass flows
have not been sufficiently digitalised [15]. However, this would be necessary in order to
record material flows without gaps. On the other hand, it will only be possible to track
the origin of materials through digital data in order to meet sustainability standards [38].
However, the efficiency gains achieved through digitalisation can have a negative impact
by leading to rebound effects [39]. Nevertheless, digitalisation can enable more sustainable
development and therefore should be integrated and considered in research and in practice
into the textile circular economy [11,40,41].

In summary, the research gap remains and there is a need to investigate the status
quo of the German textile industry in terms of circular corporate practice. It needs to be
clarified whether the EU Strategy for Sustainable and Circular Textiles is known at all
and/or whether measures have already been taken in practice to make business models
more circular.

3. Research Methodology

Investigating the status quo on sustainability and digitalisation in the manufacturing
textile companies, a survey was conducted between December 2022 and January 2023. The
survey addressed the understanding of sustainability, digitalisation, business models, and
circularity. The area of the investigation was limited to Germany as the main interest was to
investigate how German manufacturing textile companies already integrate requirements
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of sustainability and circularity as well as circular business models. Table 1 shows the
methodological design.

Table 1. Methodological design.

Cross-sectional design, - Limesurvey survey with pre-structured question
Research non-experimental research blocks and selected open-ended question areas
design methods: survey research and - Survey period December 2022 to January 2023
correlational study - Target group: German textile industry

- Digital questionnaire in German language
- Topics: sustainability, circularity, digitalisation,

Data Questionnaire/ .

collection digital survey and business models.
- Likert scale and dichotomous scales—nominally
and ordinally scaled items
Data Descriptive statistics - Descriptive statistics: contingency and
. correlation analysis by SPSS
evaluation - . . .
Qualitative analysis - Keyword analysis and aggregation

The research design comprised a cross-sectoral design applying non-experimental
research methods. The cross-sectional design was used to observe and collect snapshots
of an industry’s understanding, opinions, or behaviours with regards to sustainability,
circularity, business models, and digitisation at a single fixed point in time. The survey
research was conducted by collecting standardised information and identifying potential
relations or correlations between the respective topics of sustainability, circularity, business
models, and digitisation. Cause-effect-relations are not part of this study.

Ensuring representativeness, the used design applied random sampling [42]. A digital
survey was distributed mainly containing closed questions and lasting about 20 min. So,
quantitative research methods were used for data evaluation [42]. The survey was offered to
German manufacturing textile companies via newsletters or digital delivery. The assurances
of anonymity and data protection were guaranteed. The respondents either had to agree,
disagree, or to state their degree of agreement by responding based on a 5-point Likert scale
with the spectrum of is completely true to does not apply at all. Several questions offered the
possibility to give further written feedback, examples, or another space for a personal response.
The questionnaire included five main sections: (I) general sociometric data was requested,
including location, number of employees, etc. (II) sustainability, (III) digitalisation, (IV) circular
economy, and (V) business models.

The sustainability section was introduced; the questions dealt with the relevance,
challenges, and potential of sustainable development in the textile industry and in the
respondent’s company. The section concerning digitalisation was introduced; the questions
in this section were about the relevance of digitalisation, but also about the potential of
and challenges in the respondent’s company. Among others, the questions addressed
the potential of digitisation in respective areas and needed areas of change. Circularity
was introduced by a short excerpt of text and by showing a popular figure of the circular
economy and its elements: in a circular economy (right-hand flow), resources are kept in a
closed-loop system over the longest possible use phase instead of being disposed of, as they
are in a linear economy (left-hand flow). The questions included “areas where you expect
to face the greatest challenges in establishing circularity as it relates to your business” and
“how can circularity be promoted in the textile industry”. Finally, the business models
section also included a short excerpt of text and its own illustration based on [6]. The
topic of closed-loop capability mostly required the modification of existing types or the
development of new types of business models or their subsectors. A business model relates
to the ways a company operates and how it generates profits from it. To build or change a
business model, it can be divided into three different areas, these being value proposition,
value creation and delivery, and value capture. The last part of the questionnaire dealt
specifically with the business models of the respondents” companies in relation to circularity.
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These questions investigated areas in which changes have already been made, and which
changes were made.

In our conduction of an online survey, the main goal was the collection of a diversity
of opinions of a large number of people in a given time frame. The questionnaire was
highly standardised for ensuring the time-efficient collection of relevant topics in the
transformational process of the textile industry, and thus, it exposed valid tendencies due to
the higher number of responses. The questionnaire was pre-tested on several people with a
scientific or textile background and, based on the feedback, was accordingly amended. The
questionnaire was programmed in Limesurvey. The given data were processed in SPSS
and analysed by the tools of descriptive statistics, e.g., univariate descriptive statistics for
frequencies and multivariate descriptive statistics (see Table 1). The written feedback, given
under free-space questions, was qualitatively analysed and summarised [43]. Investigating
the qualitative statements was helpful for obtaining further insights into the potential
and challenges of, and the progress towards, sustainability and circularity for establishing
circular business models. The text statements were inductively transformed into categories
presented in the result section.

4. Results
4.1. Descriptive Statistics—Sociometric Data

In total, 56 completed questionnaires were received. The following figures and tables
show some basic facts describing the socio-demographic data of the sample.

Figure 3 shows the functional position of the employees completing the questionnaire.
These job positions were explicitly addressed in the cover letter of the questionnaire in order
to receive grounded answers. Accordingly, the majority, 23 questionnaires, were answered
by management. Under “Other”, other roles were mentioned in free text: textile developer,
chief sustainability manager, sales manager, CSR manager, owner, and unspecific employee.
Two respondents skipped the answer.

In which position do you work in your company?

Assistant to the management 0

Head of department I 7

Position description

Operations Manager I (
Division Manager I (
Managemernt | E— N © 3
Shareholder GG 4

IT administrator 0

Environmental protection officer 2

Other IS S

Absolute quantity
N =56

Figure 3. Functional position of respondents.

In addition, the companies were asked to indicate their company headquarters in
relation to the federal state. Saxony, North Rhine-Westphalia, and Baden-Wiirttemberg
were the most represented with a total of 18, 14, and 6, respectively (see Figure 4). Three
out of four textile conurbations in Germany are represented accordingly. Only Bavaria is
less represented, with just 7%.
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In which federal state is your company headquartered?

Baden Wiirttemberg  nE———
Bavaria I
Berlin mmm ]
Brandenburg mmmm 1
Bremen @0
Hamburg mmm 1
Hesse HEE—. 2
Mecklenburg-Western Pomerania = 0
Lower Saxony I 5

North Rhine-Westphalia | | 4

Federalstates of Germany

Rhineland-Palatinate sl 1
Saarland 0
Saxony I | S
Saxony-Anhalt 0
Schleswig-Holstein Il 1
Thuringia | IEE———8 2

Absolute Qantity
N =56

Figure 4. Regional distribution of the headquarters.

Table 2 provides an overview of the number of employees and the related relationship
to company size. It can be noted that 82.14% of the surveyed companies are micro, small,
or medium-sized enterprises and only 17.86% reflect large enterprises.

Table 2. Overview of the number of employees and the size of the company.

. . Small-Scale Medium-Sized Large-Scale
Microenterprise . . .
Enterprise Enterprise Enterprise
Number of employees 1-10 11-50 51-250 250+
Number of companies 9 12 25 10

Figure 5 gives an overview of the companies’ foundation years and the respective
share of the sample. The majority of the companies were founded from 1950 up to now.

The information on textile processing was based on the question “which textile value-
added stages can be passed through in your company?”. Table 3 shows the unequally
distributed levels of textile processing. Weaving and finishing represents a core of the
companies’ activities.
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When was your company founded?
45.0% 11.1%
40.0%
Q -
°> 35.0%
-H
2 30.0%
g 250%
= 19.6%
T 20.0%
g 14.3% 14.3%
B 15.0%
= 8.9%
& 10.0%
S0% —18% .
0.0% _—
betore 1800 1800-1849 1850-1899 1900-1949 1950-1999 2000 +
Time spans of the years (%)
Figure 5. Year of companies’ foundation.
Table 3. Value-added textile processing.
Level of Textile Processing Number Share
Raw material production, e.g., seed production, cultivation, o
) 1 1.79%
and harvesting
Ginning, e.g., separation of fibres, seeds, and impurities 1 1.79%
Spinning, e.g., production of yarns 5 8.93%
Area formation: knitting 8 14.29%
Area formation: weaving 14 25.00%
Area formation: fleece 3 5.36%
Embroidery 9 16.07%
Finishing, e.g., dyeing, printing, and finishing 26 46.43%
Finishing, e.g., cutting, sewing, and packaging 21 37.50%
Raw material recycling, e.g., sorting, tearing, and separating 5 8.93%
Other 18 32.14%

4.2. Descriptive Statistics—Sustainability Data

The major fibre is polyester followed by polyamide and natural fibres. Figure 6 shows
the numbers of the variety of fibres in the sample. The bars represent the total number of
companies processing or producing the respective fibres. Single numbers are sorted by the
clustered companies’ foundation years. The total numbers (#) per year are presented in

brackets after the respective years on the right side of the figure.

Having been asked ‘are you aware of the EU Strategy for Sustainable and Circular

Textiles?’, 32 (57.14 %) company representative said yes and 24 (42.86 %) said no.

Sustainability-related management concepts can also foster circularity. Figure 7 repre-
sents the total number of implemented sustainable management concepts. It reveals that
many companies do not have implemented sustainable management concepts. The contin-
gency analysis confirms this by the respective relations between the management concepts.



Sustainability 2023, 15, 4595 11 of 29
45
40
35
30
25
20
15
10
5
0
2000 + (#8)
1950 -
1999 (#23
1 2 1 2 1 4 6 1 5 1 4 1900 -
1949 (#8)
4 2 1 4 2 8 9 3 4 5 2 1850 -
1899 (#11)
2 2 1 1 0 4 5 2 3 4 3 1800 -
1849 (#5)
0 0 0 0 0 0 1 0 0 0 0 vor 1800
#1)
Elastane Flax (Linen)] Hemp Lyocell Modal | Polyamide | Polyester Silk Viscose Wool Other Company
foundation

Figure 6. Number and distribution of fibres in the sample.

Sustainable Management Concepts

Controlling
35
30

25

20

15

Other

DIN EN ISO 50001

DIN EN ISO 26000

DIN EN ISO
14040/44

DIN EN ISO 14020

Figure 7. Overview of implemented sustainability management concepts (N = 56).

4.3. Correlation and Contingency Analysis

DIN EN ISO 14006

year

DIN EN ISO 9001

DIN EN ISO 14001

The data and tables of the correlation and contingency analysis are presented in
Appendix A. The correlation analysis demonstrates a lack of sustainability and digitalisation
strategies, including a lack of people or resources, and the need for knowledge and support.
The relations also show that there are several potential areas of sustainability and digital
transformation at the same time. Circularity in the textile industry should be promoted by
a mixture of activities and is highly related to the former areas. The value proposition, the
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value creation and delivery, as well as the value capture of the companies investigated are
strongly linked to each other and explicitly associated with innovations and new business
models. The contingency analysis (Table A2) shows many relations between the respective
textile labels. The main status of sustainability and digitalisation objectives is to inform
about or analyse them instead of to design or implement them. There are concerns about
data protection and security, especially in the ginning process.

4.4. Qualitative Data—Sustainability Business Model Components

The following table, Table 4, summarizes the additional ideas for progressing sustain-
ability, circularity and digitalisation in the textile industry. The given examples show the
options of combining sustainability, circularity, and digitalisation. The given answers also
state the need for further regulation and financial support.

Table 4. Overview of other added areas of potential regarding digitalisation, sustainability, and circu-

larity.
Potential of Digitalisation: Other Potential of Sustainability: Other Promote Circularity in the Textile
Industry: Other
Regulation
- Clear legal framework strictly regulating
greenwashing

Management

- Management and digital document

management
- Platform economy

- Skilled labour support and replacement

due to shortages

- More efficient use of working time

- Phygital products
- Data evaluation
Tools

- Third-party cloud storage and online

analytics tools

- New distribution channels and channels

- Inventory
- Machine networking
- Process visualisation
Ecosystem

- Recording of energy consumption

- Reduction of waste

- Upgrading existing machine technology

- Online trade regulated by law with
regard to returns

- Ban composite packaging

- Varietal purity and better standards

Differentiation - Dispose of and recycle packaging
- Made in Germany or EU materials which are generated without
- Differentiation from Asian suppliers the possibility of shipping abroad
- Relevant certificates accompany the Incentives and financial support
step-by-step path to more sustainable, - Create and facilitate recycling offers
bio-based raw materials - Support programs for companies
Entrepreneurial - Financial support to create recyclable
- Image and marketing products
- Corporate value - Sustainable inputs need to be
- Positioning the company for the future =~ accompanied by financial benefits
and being able to meet future reporting - Financial support for relocation of
obligations production from Asia to the EU
- Forward-looking/sustainable thinking =~ Education and cooperation
and action - Better consumer information, education,
- Opening up new business areas and and transparency
customer groups - Work with other countries (e.g., Africa)
- Technological edge as a large share of used and potentially
Savings recyclable textiles are exported
- Material savings and increased sales Vision
through repairs - Circular economy: synthetically
- Cost reduction processed natural fibre grades as well as
- Potential in raw material use (but pure organics
expensive) - Circular economy based on synthetically
Health & safety produced plastics must be the exception
- Employee protection in the future, as long as no substitutes are
- Health of customers available yet

Hurdles:

- Regulatory involvement often leads to
slowing down development, not
speeding it up

- Economic efficiency is not always

a given

- Lack of solutions for material diversity
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The survey showed that in the area of value proposition, 11 (19.64%) companies had
already implemented circular measures, 18 (32.14%) had planned measures, and 27 (48.21%)
had no measures planned. In the area of value creation and delivery, 11 (19.64%) companies
had already implemented measures, 19 (33.93%) companies were planning measures,
and 26 (46.43%) were not planning any measures. In the third segment, value capture,
9 (16.07%) companies already had circular measures implemented, 15 (26.79%) companies
had planned measures, and 32 (57.14%) companies had not planned any measures.

Figure 8 summarises the stated activities in line with the three business model com-
ponents of value proposition, value creation and delivery, as well as value capture. The
answers show a limitation of the value capture area.

Value proposition

Customer loyalty
realized

GOTS and quality

Pilot projects

Digitalization and automation

Research demand

Customized solutions for customers
Binding of new customers in the field of bio-
organics

Intensive exchange at a very early stage of
product development

Support through commercial agency
Permanently available customer service

o0 a0

Possibility of repair
Lending system

Customer segments

realized

Digitalization and automation
Customized solutions for
customers

Focus on promising segments
Partially opened up new customer
segments (B2B)

high-quality brands

Product/Service
realized

Lighthouse projects/products
Digitalization and automation

Innovation and customer standards
Implementation with recycled materials
Alternative materials

Second-hand processing

Material-side conversion of existing
products; partly also new product groups
- GOTS standard

Durable product

Lending system

What value is created and for whom?

Value creation and delivery Value capture
How is value created and delivered? How does the company earn money and what is its strategy?
Activities Cost structures
planned realized planned realized planned
- Joint - Dig and & ing - of - Digitalization and automation - Cost comparison conventional
developments — Determining requirements in the value chain development/ — Cost comparisons versus recycled synthetics
—  Establishment — Selection of raw materials needs - Calculation - Competitiveness
of new — Sourcing raw & sustainable materials ~ Continuation
processes to — Collection/sorting of waste
increase — Internal implementation only (reduction of
recyclability waste, energy, CO,); packaging and shipping
—  Expansion of
Cudomer Resources Profit flows
groups in the
neklotbioy realized planned realized planned
organics
— Newsletter - Digitalization and automation —  Use of self-generated = D and = of a new
—  Zero-defect strategy to avoid waste renewable energy —  Portfolio classification segment
—  Continuous testing of new (bio- —  Phasing out fiber blends Pricing —  Focus on recyclable products
based) basic materials for suitability by 2024
planned — Use of recycled cotton - Discontinue composite
~  Quantities estimated packaging
- as far as demand can be — own resources — Internal changes
met - Continuation
joint developments
sustainable product range Channels Corporate strategy
Expansion to other
segments planned (B2C) realized planned realized planned
- Digitalization and automation - Direct - Dig and - in new
- Research on specific distribution channels customer - Integrated management and processes
~ New channels continuously being tested contacts ~  Partly conventional materials ~  Switch to recycled synthetics
lanned - Online and offline - Test of further substituted with natural fibers Wwhere available and price
p —  Association activities channels —  Priority of certified natural comparable
_  Full conversion of - Retailers selected materials over recycled
standards in the area Syl T0er
of synthetics. Partners
— Transformation of
the entire range realized planned
~  Material flexibly
interchangeable - Digitalization and automation — Establishment of network
according to -~ Network partners in distribution partners (supply)
customer new platform partners (raw material; — Customers/ Suppliers
requirements distribution) in trials — Continuation
- Customers/suppliers/buyers
Customers approached

Figure 8. Overview of the stated circular business model components, own source.

5. Discussion
5.1. EU Textile Strategy

Although the company representatives recognised the need for change in terms of
circularity and sustainability, and by means of digitalisation, there was a lack of knowledge
and manpower to foster the circular transformation of their own companies (see Appendix).
There is a call for financial support and strict regulation in the EU. This might reveal a
paradox as 43% of the respondents said they did not know about the EU Strategy for
Sustainable and Circular Textiles. With regards to the research question ‘Is the “EU Textile
Strategy for Sustainable and Circular Textiles” already known in the companies?’, it clearly
has to be stated the majority of the sample knew about the EU Textile Strategy whereas only
a fifth of the companies indicated they already had implemented measures progressing
circularity. This represents a clear activity gap. To progress the German textile industry
towards more sustainable and circular practices, in line with the EU Textile Strategy,
future activities and investigations are needed. As indicated by the respondents, recycling
technologies can be developed further. Reflecting the levels of textile processing and the
garments (Tables 3 and 4, Figures 6 and 8), there is huge potential for the investigation
of new recycling technologies and methods for recovering materials from used textiles.
This includes more efficient methods for mechanical recycling, chemical recycling, and
biodegradable materials. Especially, the design for circularity—providing new materials
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that are more easily recyclable or biodegradable, as well as designing garments that can be
easily disassembled with components that can be reused or recycled—can clearly foster the
10R strategies in the textile industry. From a systemic perspective, circularity does not have
a starting point as there are ongoing changes in circularity—either stepwise or volatile—in
all areas, technological, social, and organisational [6,7], that relate with each other, impact
one another, and can change other business models dramatically. This might be a reason for
companies not already having implemented the g business model strategy of a closed-loop
supply chain. Traceability and transparency technology can increase the number of ways
of achieving circularity. This could include using blockchain or other technologies to track
the flow of materials and ensure that they are responsibly sourced and processed [44].

However, a transformation to a circular economy can present some paradoxes, such
as the fact that, while the circular economy aims to reduce waste and keep resources in
use for as long as possible, it also requires the production of new products and materials
to replace those that reach the end of their life [26]. Another paradox is that companies
established in a linear business model may face severe financial difficulties in changing
their operations to fit a circular model, due to the cost and effort involved in changing
production processes and supply chains [45]. Finally, there may be cultural and consumer
behaviour challenges to adopting circular models, as consumers may need to change their
purchasing habits and prioritise reusable and sustainable products over disposable ones,
which also impacts value capture strategies [11,16]. This is linked to the collecting and
sorting (variety shown in Table 3) as well as tracing or tracking of textiles at their end-of-
life [44]. Take-back schemes and the development of more efficient sorting technologies
ensuring textile materials contain the quality of recyclability to an appropriate extent can
increase closed loops. All the potential areas of achieving circularity, shown in Table 4,
are, thus, closely linked to a clear call for regulations, e.g., on online trade, composites,
greenwashing, and waste shipping. The following hypotheses stress the need for a systemic
transformation in the textile manufacturing industry—particularly against the background
of the addressed paradoxes.

H1: A closed loop supply chain strategy is easier to reach the more the EU Strategy for Sustainable
and Circular Textiles are known and progressed by the EUL.

H2: The smaller the perceived paradoxes the greater the level of circularity.

The study also shows a paradox in terms of sustainable management concepts. There
is progress towards sustainability and circularity when sustainability management systems
are implemented [46], yet, the sample shows that there is no direct relation between
the implementation of these and the progression towards circularity and sustainability
by DIN ISO Norms for small and medium-sized companies. The literature indicates a
relationship between ISO norms and sustainability management concepts, and progress
towards sustainability or success in achieving it [47]. ISO standards such as ISO 14001
and ISO 26000 provide a framework for companies to manage their environmental and
social impacts, and to continuously improve their sustainability performance. Adherence to
these standards can demonstrate a commitment to sustainability, and can help companies
identify areas for improvement, track progress, and achieve sustainability goals. However,
implementing ISO norms is only one aspect of progress towards and success in achieving
sustainability. It is important for companies to take a comprehensive approach towards
sustainability, which includes engaging stakeholders, setting meaningful goals and targets,
and regularly reporting on progress. Ultimately, the success of a sustainability governance
initiative is determined by the positive impact it has on the environment and society.
Although there was a statement on better circular standards (see Table 4), standards are
only one option for progressing towards circularity. In addition, these standards should
address the whole value chain, and there would also be a need for liability in order to
secure equity and fair competition. The lack of implemented sustainability management
concepts needs further investigation. Here, the in-depth investigation of the following
hypothesis can produce greater clarity.
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H3: The implementation of sustainable management concepts increases the level of circularity of the
manufacturing textile company.

5.2. Business Model Change

Addressing the research question ‘In which specific business model areas have circular

changes been or will be made?’, the examples in Figure 8 and Table 4 and other results of
the sample give good insights. The circular business components can be systemised and
summarised as follows: in the sample, changing the value proposition while transitioning
into circular business strategies in the textile industry is realised by:

Addressing societal and environmental challenges or focusing on sustainability—promoting
the environmental and social benefits of circular products and services can increase cus-
tomer appeal and loyalty.

Creating customer loyalty and enhancing brand reputation—being a circular business
can make it more attractive to customers and stakeholders.

Differentiating from competitors—by becoming a circular business, companies can
differentiate themselves from their competitors and position themselves as leaders in
sustainable and environmentally responsible practices.

Improving product quality—by using high-quality, sustainable, and biodegradable
materials, companies can increase the durability and longevity of their products,
providing better value to customers.

Offering new services or unique customer experiences—incorporating the product-as-
a-service model, repair and maintenance services, and product recycling programs
into the customer experience can create new sources of revenue and increase customer
engagement and satisfaction.

The following strategies are good examples of making value creation and delivery

more circular:

Attracting investment—demonstrating a commitment to sustainability and the circular
economy can attract investment from impact-driven investors [48].

Creating new revenue streams—circular business models can create new revenue
streams through product-as-a-service, repair and maintenance services, and product
recycling programs.

Improving product quality—implementing closed-loop supply chain management
can increase product quality and extend product life.

Providing transparency and traceability—can increase customer trust and confidence
in the products [44].

Streamlining operations—reducing waste and inefficiencies in production and distri-
bution can lower costs and improve operational efficiency.

Sustaining supply chain partnerships—by reducing inefficiencies and increasing loy-
alty in terms of sustainability standards along the whole value chain, circular business
models can increase supply chain stability.

Value capture can be increased while transforming into circular business strategies in

the textile industry by:

Circularity products—offering circular products that are environmentally friendly,
sustainable and high-quality can attract new customers, leading to increased sales
and profits.

Improving supply chain stability—implementing closed-loop supply chain manage-
ment and network collaborations can reduce supply chain risk.

Meeting regulatory requirements—as regulations on waste and sustainability become
stricter, companies that adopt circular business models will be better positioned to
meet these requirements and avoid penalties.

Reducing waste and inefficiencies—circular business models aim to reduce waste in
production, distribution and consumption, which can lower costs and increase efficiency.
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However, although there are many business model components, the companies face
many difficulties in establishing circular business models, especially concerning the value
capture component (see Figure 8). Company representatives addressed the need for support
programs for recycling offers and recyclable products, relocating production or realising
sustainability impact (see Table 4). This seems to be a challenge to progressing towards
circularity in own business models. Moreover, as the circular business model innova-
tions of the sample are characterised as a vivid mixture of technological (e.g., sorting of
waste, upgrading, new processes, etc.), social (e.g., quality, lending, repair, zero-defect)
and organisational (e.g., digitalisation and automation, standards, health) practices and
innovations, a clear hierarchical path for sustainable business model innovations [6,7] is
not recognizable. In line with [49] early transition and learning processes take place on
multiple dimensions. Maybe hierarchical paths for circular business model innovations
emerge when new regimes (circularity) have stabilised.

In light of digitalisation opportunities (see Table 4 and Appendix A) a more circular
perspective of the business models is required, too. The respondents stressed the role
of digitalisation for progressing sustainability and circularity (Table 4 and Figure 8). [50]
evaluated options for digital progress in business model components. The authors clearly
indicated specific impacts of digital technologies on circular business model components.
Comparing the findings and recommendations of [50], the highlighted digital measures,
which the textile companies in this sample have already implemented, are highly met, but
offer space for further adjustments, e.g., easy tracking (value capture) and monitoring or
industrial symbiosis with key suppliers (value delivery) (p. 11). [51] also mention various
contributions to a circular economy and progress towards circular business models, but the
authors mainly highlight pivotal challenges in the digital transition to progressing towards
circularity, like data privacy, algorithmic bias, economic inequality and exclusion or episte-
mological risks that need to be discussed and regulated. Consequently, progressing towards
circular business models a more systemic perspective and digital closed-loop-strategies are
necessary—including a precise analysis of sustainability impact and improvements in light
of sustainability in order to avoid rebound effects [37,52].

H4: The more the digitisation measures of a company are aligned with the company’s cost structure
and managed in an integrative manner, the better the opportunities for value creation.

5.3. Promotion of Circularity

Facing the research question “How can circularity be promoted in the textile industry
and where are challenges to establish circularity in the textile enterprise?” the respondents
stated clear regulation, incentives and financial support, education and cooperation, vision,
differentiation strategies and entrepreneurial attitudes, circular-oriented management and
tools, etc. can progress and promote circularity and sustainability (see Table 4, Figure 8 and
Appendix A). Basic finance and value chain networks seem to have impact on progress
towards circularity. The company representatives stated that there is a need for financial
support, and that value creation and delivery is linked to network partners (see Figure 8).
Although attracting investments is so pivotal, [47,53] stated that SMEs often do not operate
in vivid and wide network structures due to resource limitations; thus, they often do not
receive immediate and helpful financial support from network partners. This might be
changed by the provision of direct state financial support or an exchange offering coopera-
tion options. SMEs can further attract sustainability investments by demonstrating their
commitment to sustainability, and by showing that their business practices align with the
values of potential investors. SMEs aiming to attract sustainability investments should
demonstrate a sustainability strategy. Having a clear and comprehensive sustainability
strategy in place can help SMEs to demonstrate their commitment to sustainability and
attract investment from those who value sustainability. In addition, they should also
communicate sustainability effectively, e.g., through their sustainability goals and their
progress towards sustainability, to potential investors and stakeholders. This can be done
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through sustainability reports, presentations, and engaging in conversations with poten-
tial investors as well as by showing evidence of sustainability performance, e.g., energy
efficiency improvements, waste reduction, and the obtainment of certifications. Building
partnerships with organisations that are dedicated to promoting sustainability, such as
non-profits, governmental organisations, or sustainability-focused investment firms, can en-
hance opportunities to provide resources, expertise, and access to investment opportunities.
Attracting sustainability investments requires a long-term commitment to sustainability
and continuous improvement. This leads to further hypotheses:

HS5: The better textile companies are embedded in networks, partnerships, and financial ecosystems,
the better they can attract investments from investors for establishing circular change.

He6: Having a low threshold of network exchange can attract investments from investors for SMEs’
progress towards circularity.

6. Conclusions

Closing the scientific knowledge gap in the highlighted area “how does the German
textile industry face up to the circular economy?”, this investigation can contribute to
circular practices in the German textile manufacturing industry. Although only 57 % of the
respondents said they knew about the EU Strategy for Sustainable and Circular Textiles,
this sample also demonstrated that the transformation towards a circular economy can
create circular business models in the German textile manufacturing industry. Amending
linear orientated business models into circular ones can create new sources of value and
improve the quality or efficiency of and progress the sustainability of operations in the
textile industry. The study shows that there is already an understanding of circularity
and circular strategies in the German textile manufacturing industry. A minority of the
companies apply the following circular business model strategies:

- Upcycling and recycling—converting waste textiles into new products;

- Product-as-a-service—renting out clothing instead of selling it;

- Repair and reuse—promoting repair and maintenance services to extend the life
of products;

- Material innovation—using sustainable and biodegradable materials to reduce waste.

A clear systemic gap is obvious as the existence of the following strategy is not
confirmed by the results:

- Closed-loop supply chain—implementing sustainable practices in the entire supply
chain from production to disposal.

The study also reveals that many manufacturing textile companies are not prepared
yet for a circular transformation. They neither know about the EU Strategy for Sustainable
and Circular Textiles nor do they have appropriate management strategies or manpower.
Digitalisation opportunities are recognised, but a stringent method of implementation for
this is not available yet nationwide. The results also show that a circular transformation
is a systemic task and that the process can be stimulated and progress in different ways,
e.g., through regulations, incentives and support, networks and cooperation, and education
and information. The company representatives clearly stated the need for clearer regu-
lations regarding online trade, greenwashing, composites, varietal purity and standards
going beyond current guidelines, and EU strategies and laws. They also stressed the need
for better consumer information and education for enabling consumers to make sustain-
able purchasing decisions. Finally, the study stresses the systemic character of a circular
transition in general and in the textile industry in particular, and consequently, the need for
collaboration along the whole value chain. This implies the need for a new understanding
of values amongst all chain partners and a realignment of the value chain as a whole.
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6.1. Limitations

The results and their interpretation are subject to the following limitations: mainly,
the lack of different settings and sample types posed limitations on drawing direct cause
and effect conclusions from the data and results [42]; the descriptive analysis was only
based on relations that might have indicated some effects; the qualitative data is limited
to the respondents’ perceptions and answers as we could not prove the implementation
of measures due to data security; the sample was limited to the area of German textile
manufacturing, so transferability of the results is limited to areas showing comparable
conditions and legal requirements to this area. As approximately 95% of German manu-
facturing textile companies are small and medium-sized enterprises and approximately
50% of companies employ less than 50 employees [13], that 82.14 % of the companies in
this sample were SMEs indicates representativeness, but the figure of 37.5 % for companies
in the sample that employed less than 50 employees (Table 2) is below the ideal level. The
companies were distributed across the federal states (Figure 4) to some extent, but not
fully representatively. Thus, the sample did not fully reflect the population accurately [42].
Consequently, the results of the sample reflect the tendency of companies to be small and
medium-sized enterprises in the German textile manufacturing industry.

In addition, there are limits in terms of the validity of the data due to the data collec-
tion method. As we offered a digital questionnaire via the Internet, we could not create
controlled conditions [42], because the respondents decided their conditions, i.e., how,
when, and where, they answered the questionnaire. We also received feedback that some
respondents did not like gendered language of the questionnaire, and that others did not
believe their feedback was absolutely anonymous, while a further few did not answer
any kind of questionnaires. This might partly explain the response rate. We had 56 fully
answered questionnaires and 125 partly answered ones. However, assuring the anonymity
of the respondents when they participated in the survey addressed data protection require-
ments and respected the sincerity and cooperation of the respondents in their provision
of personal, sensitive data. As the assurance of anonymity involved the possibility of the
respondents manipulating data by intentionally giving false answers, and since we did not
and could not prove the correctness of the answers, we have to face this possibility of data
manipulation and name it as a limitation. The use of scales is an immanent limitation. In
scientific surveys, Likert scales represent ordinal scale levels showing possible or actual
impacts through time. In line with these surveys, scales with several items were introduced
in a similar way in this study, all responses were categorised and unipolarly presented, and
a sample was above the threshold of being greater than or equal to 30. The sample size cov-
ered 56 responses and was above the threshold of N = 30; hence, a normal distribution was
then assumed. Qualitative responses were not valued in a metric way and are consequently
represented in an aggregated way. Their deeper meaning should be further investigated
through representative interview studies.

6.2. Outlook

As circular business models often lack mentions of seed capital and since the value
capture component is difficult to fulfil, due to its systemic embedment of these models,
textile companies should strategically invest in networks, partnerships, and collaborations
in financial ecosystems in order to overcome the transformative hurdles. Practical and
scientific implications address investments and research in collecting and sorting schemes,
including tracing or tracking technologies along the whole value chain, ensuring actual
progress towards sustainability. Further investigations should refer to new circular business
models, including rental or subscription models, as well as new forms of collaboration
between manufacturers, retailers, and consumers ensuring materials are kept in use for
as long as possible. Since further progress towards a circular economy and sustainability
requires multi-stakeholder collaboration, an analysis of the opportunities, success factors,
and paradoxes in establishing and maintaining these networks is required. Digital transfor-
mation does not always lead to more progress towards sustainability and circularity. In this
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area, conditions, limits, and enabling ecosystems should be investigated further to clearly
highlight the dilemmas and rebound effects [39,52].
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Appendix A

Table Al. Spearman’s correlation.

Category Pairs Survey N = 56

Potential of sustainability: increase in social responsibility in present and future 0.577 *
generations/ /sustainable management concepts: EMAS ’

Potential of sustainability: increase in social responsibility in present and future "

. . 0.608 *
generations/ /sustainable management concepts: ISO 9001

Potential of sustainability: increase in social responsibility towards present and future 0.541 **
generations/ /Potential of sustainability: image promotion ’

Potential of sustainability: image promotion//Potential of sustainability: maintain competitiveness 0.592 **

Potential of sustainability: maintain competitiveness/ /Potential of sustainability: customer 0.591 **
requirements ’

Potential of sustainability: cost reduction/ /Potential of sustainability: process improvement within 0.610 **
production '

Potential of sustainability: customer requirements/ /Potential of sustainability: political 0.508 **
requirements '

Potential of sustainability: process improvement within production//Potential of sustainability: 0.764 **
quality improvement ’

Potential of sustainability: reduction in production times/ /Potential of sustainability: cost 0.617 **
reduction :

Reduction in production times/ /Potential of sustainability: process improvement within 0.762 **
production '

Potential of sustainability: reduction in production times/ /Potential of sustainability: quality 0.656 **
improvement ’

Potential of sustainability: resource saving/ /Potential of sustainability: process improvement 0.624 %
within production '

Potential of sustainability: resource saving/ /Potential of sustainability: quality improvement 0.541 **

Potential of sustainability: resource saving//Potential of sustainability: reduction in production 0.539 **

times
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Table Al. Cont.

Category Pairs Survey N = 56
Hurdle: no strategy or insufficient strategy for gradual integration of sustainability / /Hurdle: no 0.540 **
contact person with the relevant expertise available ‘
Sustainability is important for the development of innovations/ /Potential of sustainability: 0561 *
development of new services and/or products '
Sustainability is important for the development of innovations/ /Potential of sustainability: image 0.504 %
promotion '
Sustainability is important for the development of innovations/ /Potential of sustainability: process 0.556 **
improvement within production '
Sustainability is important for the development of innovations/ /Potential of sustainability: 0.559 **
resource saving '
Sustainability is important for the development of innovations/ /My company would like to set up 0.620 **
or further develop a specialist department for sustainability. ’
Sustainability is important for the development of innovations/ /My company is aware of its own 0.635 **
impact of production on the environment '
My company is aware of its own impact of production on the environment//No or insufficient 0550 **
strategy for gradual integration of sustainability '
Digitalisation is the conversion of analogue information into digital data//Digitalisation is a 0.563 **
redesign of existing business processes using digital technologies '
Digitalisation is the reshaping of the business model and the core competencies of the 0516 **
company/ /Potential of digitalisation: image promotion ‘
Potential of sustainability: increase in social responsibility in present and future 0.575 *
generations/ /Potential of digitalisation: image promotion '
Potential of digitalisation: political requirements/ /Potential of sustainability: increase in social 0.567 **
responsibility in present and future generations ’
Potential of digitalisation: political requirements/ /Potential of digitalisation: image promotion 0.516 **
Potential of digitalisation: process improvement within production/ /Potential of digitalisation: 0.605 **
competitiveness '
Potential of digitalisation: quality improvement/ /Potential of sustainability: resource saving 0.500 **
Potential of digitalisation: quality improvement/ /Potential of digitalisation: development of new 0512 *
services and/or products ’
Potential of digitalisation: quality improvement/ /Potential of digitalisation: process improvement 0.585 **
within production '
Potential of digitalisation: process improvement of manufacturing/ /Potential of sustainability: 0,523 *
resource saving '
Need for digital action: facilitate documentation, e.g., tracking, transparency//Company is s
. : - . . A s 0.505
interested in training and/or information events around sustainability in the textile industry
My company would like to set up or further develop a digitalisation department./ /My company 0.577 *
would like to set up or further develop a department for sustainability '
Promote circularity in the textile industry: strengthen R&D//Need for digital action: facilitate 0.530 **
documentation, e.g., tracking, transparency '
Promote circularity in the textile industry: strengthen R&D/ /Promote circularity in the textile 0.514 %
industry: stimulate education and knowledge transfer '
Promote circularity in the textile industry: promote market transparency/ /Potential of 0.547 **
sustainability: increase social responsibility towards present and future generations '
Promote circularity in the textile industry: promote market transparency//Promote circularity in 0.539 **
the textile industry: accelerate institutional anchoring '
Promote circularity in the textile industry: promote market transparency//Promote circularity in 0.622 %

the textile industry: setting norms and standards
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Table Al. Cont.

Category Pairs Survey N = 56

Promote circularity in the textile industry: stimulate public procurement/ /Potential of 0.509 **
sustainability: increase social responsibility in present and future generations '

Promote circularity in the textile industry: stimulate public procurement//Promote circularity in 0.558 **
the textile industry: accelerate institutional anchoring '

Promote circularity in the textile industry: regulatory instruments/ /Promote circularity in the 0.531 **
textile industry: setting norms and standards '

Promote circularity in the textile industry: regulatory instruments/ /Promote circularity in the 0.520 **
textile industry: stimulate public procurement '

Promote circularity in the textile industry: advance recycling structures//Promote circularity in the 0.506 **
textile industry: stimulate public procurement '

Promote circularity in the textile industry: advance recycling structures//Promote circularity in the 0.526 **
textile industry: economic incentives '

Promote circularity in the textile industry: circular business models//Promote circularity in the 0.545 **
textile industry: advance recycling structures '

Changes have been made to or are planned in the value proposition/ /Sustainability is important 0.685 **
for the development of innovations '

Changes have been made to or are planned in the area of value creation and o

. SR . . 0.627
delivery/ /Sustainability is important for the development of innovations

Changes have been made to or are planned in the area of value creation and delivery//My 0.579 **
company is aware of its own impact of production on the environment '

Changes have been made to or are planned in the area of value creation and delivery//Changes 0.666 **
have been made or are planned in the value proposition '

Changes have been made or are planned in the area of value capture/ /Sustainability is important 0.592 **
for the development of innovations '

Changes have been made or are planned in the area of value capture//Changes have been made to 0.710 **
or are planned in the area of value proposition ‘

Changes have been made or are planned in the area of value capture//Changes have been made to 0.693 **

or are planned in the area of value creation and delivery

**, Spearman’s rho (p)/correlation is significant at the 0.01 level (two-tailed); just values shown above 0.500 have
sig. (two-tailed) of 0.000.

Table A2. Contingency analysis.

Contin-gency

. 4 *
Category Pairs Cramer’s V Coefficient 103
Textile value chain: raw materlal Prodgctlon X Other 0.527 0.466 <0.001
advantages considering sustainability aspects
Textile value chain: ginning X Hurdles to
digitalisation: concerns about data protection and 0.544 0.478 <0.001

security

Textile value chain: area formation—knitting X
Promote circularity in the textile industry: advance 0.590 0.508 <0.001
recycling structures

Textile value chain: area formation—knitting X
Potential of digitalisation: process improvement of 0.665 0.554 <0.001
manufacturing

Textile value chain: area formation—fleece X Potential

of sustainability: maintain competitiveness 0-544 0478 <0001
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Table A2. Cont.

Category Pairs

Cramer’s V *

Contin-gency
Coefficient

Textile value chain: area formation—fleece X Promote
circularity in the textile industry: economic incentives

0.515

0.458

<0.001

Textile value chain: embroidery X Potential of
digitalisation: process improvement of intralogistics

0.561

0.489

<0.001

Textile value chain: raw material recycling X Potential
of sustainability: reduction of production times

0.590

0.508

<0.001

Fibres processed in company: Modal X Digitalisation
is a redesign of existing business processes using
digital technologies

0.591

0.509

<0.001

Sustainability: none of these steps (informing,
analysing, designing, and implementing) has been or
is being carried out X Sustainability—ensuring future

generations meeting their needs

0.624

0.530

<0.001

Sustainability: none of these steps (informing,
analysing, designing, and implementing) has been or
is being carried out X Sustainability is important for
the development of innovations

0.586

0.506

<0.001

Sustainability: none of these steps (informing,
analysing, designing, and implementing) has been or
is being carried out X Interest in training and
information around sustainability

0.606

0.518

<0.001

Sustainability: none of these steps (informing,
analysing, designing, and implementing) has been or
is being carried out X Impact of production on the
environment

0.666

0.554

<0.001

Sustainability: none of these steps (informing,
analysing, designing, and implementing) has been or
is being carried out X It is important for my company

to be able to adjust the software itself

0.644

0.542

<0.001

Sustainable management concepts: controlling X
Potential of sustainability: increase in social
responsibility in present and future generations

0.634

0.739

<0.001

Textile eco-labels: other X Potential of digitalisation:
process improvement of intralogistics

0.503

0.580

<0.001

Potential of sustainability: other X Sustainability
hurdles: concerns about necessity and benefits

0.583

0.503

<0.001

Potential of sustainability: other X Changes have been
made or are planned in the value proposition

0.553

0.484

<0.001

Potential of sustainability: other X Changes have been
made or are planned in the area of value creation and
delivery

0.496

0.445

<0.001

Federal state of the company headquarters X
Sustainable management concepts: controlling

0.697

0.770

<0.001

Federal state of the company headquarters X Textile
eco-labels: Bluesign

0.767

0.799

<0.001

Federal state of the company headquarters X Textile
eco-labels: Cradle to Cradle

0.652

0.749

<0.001

Federal state of the company headquarters X Textile
eco-labels: Blue Angel

0.737

0.787

<0.001

Federal state of the company headquarters X Textile
eco-labels: IVN Best

0.666

0.756

<0.001
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Contin-gency

. Y *
Category Pairs Cramer’s V Coefficient o
Federal state of the company headquarters X Textile
eco-labels: Oeko-Tex Standard 100 0-755 0794 <0.001
Federal state of the company headquarters X Textile 0.629 0.737 <0.001
eco-labels: Other
Textile value chain: raw material production X
Sustainable management concepts: DIN EN ISO 50001 0-567 0493 <0.001
Textile value chain: raw material production X Textile
eco-labels: EU-Ecolabel 0.701 0-574 <0.001
Textile value chain: ginning X Textile value chain: area 0.567 0.493 <0.001
formation—fleece
Textile value cha1.n: ginning X Textile eco-labels: Made 0567 0.493 <0.001
in Green—Oeko-Tex
Textile value chain: area f.ormétlo.n—ﬂeece X Textile 0.567 0.493 <0.001
value chain: ginning
Fibres processed in company: cotton X Fibres 0559 0.488 <0.001
processed in company: polyester
Fibres processed in company: elastane X
Entrepreneurial state regarding sustainability: design 0-510 0454 <0.001
Fibres processed in company: elastane X Fibres 0.614 0523 <0.001
processed in company: lyocell
Fibres processed in company: elastane'z X Fibres 0510 0.454 <0.001
processed in company: polyamide
Entreprene}ulal state regar.dmg sustainability: design 0.666 0.554 <0.001
X Fibres processed in company: hemp
Entreprengurlal state regar.dmg sustainability: design 0.653 0.547 <0.001
X Fibres processed in company: lyocell
Entreprene{urlal state regar‘dmg sustainability: design 0718 0.583 <0.001
X Fibres processed in company: modal
Entrepreneu.rlal state regard.mg sustamabl}lty: design 0623 0.528 <0.001
X Fibres processed in company: silk
Entreprene.urlal state regarfimg sustainability: design 0.614 0523 <0.001
X Fibres processed in company: cotton
Fibres processed in company: hemp X Fibres 0503 0.450 <0.001
processed in company: lyocell
Fibres processed in company: hemp X Fibres 0506 0.451 <0.001
processed in company: cotton
Fibres processed in company: lyocell X Fibres 0.649 0.544 <0.001
processed in company: modal
Fibres processed in company: lyoc'ell X Fibres 0.557 0.487 <0.001
processed in company: silk
Fibres processed in company: lyocell X Fibres 0612 0.522 <0.001
processed in company: cotton
Fibres processed in company: moc.ial X Fibres 0.599 0.514 <0.001
processed in company: silk
Fibres processed in company: modal X Fibres 0535 0472 <0.001

processed in company: cotton
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gory Coefficient
Fibres processed in company: polyamide X Fibres 0.650 0.545 <0.001
processed in company: polyester
Fibres processed in company: polyamide X Fibres 0510 0.454 <0.001
processed in company: elastane
Fibres processed in company: silk X Fibres processed 0535 0.472 <0.001
in company: cotton
Entrepreneurlfﬂ state of SuStalpabl!le: inform X 0.750 0.600 <0.001
Entrepreneurial state of sustainability: analyse
Entrepreneurla}l state of su:?te}lne}bll{ty: 1pf0rm X 0723 0.586 <0.001
Entrepreneurial state of digitalisation: inform
Entrepreneur@l state of su'stiamalibll%ty: inform X 0540 0475 <0.001
Entrepreneurial state of digitalisation: analyse
Sustamable. managemer}t .Cogcep.ts: c.ontrolhng).( 0.538 0.474 <0.001
Entrepreneurial state of digitalisation: implementing
Sustainable management concepts: EMAS X
Sustainable management concepts: DIN EN ISO 14006 0633 0739 <0.001
Sustainable management concepts: EMAS X
Sustainable management concepts: DIN EN ISO 14020 0-5%5 0693 <0.001
Sustainable management concepts: EMAS X
Sustainable management concepts: DIN EN ISO 0.623 0.733 <0.001
14040/44
Sustainable management concepts: EMAS X
Sustainable management concepts: DIN EN ISO 26000 0-619 0731 <0.001
Sustainable management concepts: EMAS X
Sustainable management concepts: DIN EN ISO 50001 0-533 0678 <0.001
Sustainable management concepts: DIN EN ISO 9001
X Sustainable management concepts: DIN EN ISO 0.683 0.764 <0.001
14001
Sustainable management concepts: DIN EN ISO 9001
X Sustainable management concepts: DIN EN ISO 0.592 0.716 <0.001
50001
Sustainable management concepts: DIN EN ISO 9001
X Sustainability is important for the development of 0.538 0.682 <0.001
innovations
Sustainable management concepts: DIN EN ISO 9001
X Textile eco-labels: Blue Angel 0-540 0683 <0.001
Sustainable management concepts: DIN EN ISO 9001
X Textile eco-labels: IVN Best 0.537 0681 <0.001
Sustainable management concepts: DIN EN ISO 9001
X Textile eco-labels: Oeko-Tex Standard 100 0.501 0655 <0.001
Sustainable management concepts: DIN EN ISO 14001
X Sustainable management concepts: DIN EN ISO 0.524 0.672 <0.001
14040/44
Sustainable management concepts: DIN EN ISO 14001
X Sustainable management concepts: DIN EN ISO 0.677 0.761 <0.001
50001
Sustainable management concepts: DIN EN ISO 14006
X Sustainable management concepts: DIN EN ISO 0.668 0.756 <0.001

14020
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Sustainable management concepts: DIN EN ISO 14006
X Sustainable management concepts: DIN EN ISO 0.607 0.725 <0.001
14040/44
Sustainable management concepts: DIN EN ISO 14006
X Sustainable management concepts: DIN EN ISO 0.650 0.748 <0.001
26000
Sustainable management concepts: DIN EN ISO 14020
X Sustainable management concepts: DIN EN ISO 0.514 0.665 <0.001
14040/44
Sustainable management concepts: DIN EN ISO 14020
X Sustainable management concepts: DIN EN ISO 0.698 0.770 <0.001
26000
Sustainable management concepts: DIN EN ISO 14020 0.546 0.687 <0.001
X Textile eco-labels: Bluesign
Sustainable management concepts: DIN EN ISO 14020
X Textile eco-labels: Cradle to Cradle 0-531 0677 <0.001
Sustainable management concepts: DIN EN ISO
14040/44 X Sustainable management concepts: DIN 0.673 0.759 <0.001
EN ISO 26000
Sustainable management concepts: DIN EN ISO
14040/44 X Sustainable management concepts: DIN 0.557 0.694 <0.001
EN ISO 50001
Sustainable management concepts: DIN EN ISO
14040/44 X Textile eco-labels: EU-Ecolabel 0-595 0718 <0.001
Sustainable management concepts: DIN EN ISO 26000
X Sustainable management concepts: DIN EN ISO 0.530 0.677 <0.001
50001
Sustainable management concepts: DIN EN ISO 26000
X Textile eco-labels: EU-Ecolabel 0-538 0692 <0.001
Sustamab?e management concepts: DIN EN ISO 50001 0501 0.655 <0.001
X Sustainable management concepts: Controlling
Sustainable management concepts: DIN EN ISO 50001
X Textile eco-labels: EU-Ecolabel 0-575 0-706 <0.001
Sustainable management concepts: controlling X 0.614 0728 <0.001
Textile eco-labels: Bluesign
Sustainable management concepts: controlling X
Textile eco-labels: Blue Angel 0-620 0732 <0.001
Sustainable management concepts: controlling X
Textile eco-labels: IVN Best 0623 0734 <0.001
Sustainable management concepts: controlling X
Textile eco-labels: Oeko-Tex Standard 100 0-603 0722 <0001
Sustainable management concepts: controlling X 0.654 075 <0.001
Textile eco-labels: other
Textile eco-labels: Bluesign X Textile eco-labels: Cradle 0.796 0.809 <0.001
to Cradle
Textile eco-labels: Bluesign X Textile eco-labels: Blue 0.784 0.805 <0.001
Angel
Textile eco-labels: Bluesign X Textile eco-labels: 0.617 073 <0.001

EU-Ecolabel
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Contin-gency
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Category Pairs Cramer’s V Coefficient (04
Textile eco-labels: Bluesign X Textile eco-labels: GOTS 0.699 0.771 <0.001
Textile eco-labels: Bluesign X Textile eco-labels: IVN 0.688 0.766 <0.001
Best
Textile eco-labels.: Bluesign X Textile eco-labels: Made 0578 0.707 <0.001
in Green—QOeko-Tex
Textile eco-labels: Bluesign X Textile eco-labels:
Oeko-Tex Standard 100 0.829 0.821 <0.001
Textile eco-labels: Bluesign X Textile eco-labels: other 0.615 0.729 <0.001
Textile eco-labels: Cradle to Cradle X Textile eco-labels: 0.647 0.746 <0.001
Blue Angel
Textile eco-labels: Cradle to Cradle X Textile eco-labels: 0503 0.657 <0.001
EU-Ecolabel
Textile eco-labels: Cradle to Cradle X Textile eco-labels: 0.652 0.749 <0.001
GOTS
Textile eco-labels: Cradle to Cradle X Textile eco-labels: 0525 0.673 <0.001
IVN Best
Textile eco-labels: Cradle to Cradle X Textile eco-labels:
Made in Green—Oeko-Tex 0.517 0.667 <0.001
Textile eco-labels: Cradle to Cradle X Textile eco-labels:
Oeko-Tex Standard 100 0.718 0.779 <0.001
Textile eco-labels: Blue Angel X Textile eco-labels: 0.639 0.742 <0.001
EU-Ecolabel
Textile eco-labels: Blue Angel X Textile eco-labels: 0592 0.716 <0.001
GOTS
Textile eco-labels: Blue Angel X Textile eco-labels: IVN 0.729 0.784 <0.001
Best
Textile eco-labels: Blue Angel X Textile eco-labels:
Made in Green—QOeko-Tex 0.652 0.749 <0.001
Textile eco-labels: Blue Angel X Textile eco-labels:
Oeko-Tex Standard 100 0.747 0.791 <0.001
Textile eco-labels: Blue Angel X Textile eco-labels: 0.659 0.752 <0.001
other
Impact of production on the environment X Textile
eco-labels: IVN Best 0.613 0.728 <0.001
Textile eco-labels: EU-Ecolabel X Textile eco-labels:
Made in Green—Oeko-Tex 0.530 0.676 <0.001
Textile eco-labels: EU-Ecolabel X Textile eco-labels:
Oeko-Tex Standard 100 0.543 0.685 <0.001
Textile eco-labels: EU-Ecolabel X Textile eco-labels: 0513 0.664 <0.001
other
Textile eco-labels: GOTS X Textile eco-labels: Oeko-Tex 0.717 0.779 <0.001
Standard 100
Textile eco-labels: IVN Best X Textile eco-labels: 0.676 076 <0.001

Oeko-Tex Standard 100
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Category Pairs Cramer’s V * Contin-gency (04
gory Coefficient

Textile eco-labels: IVN Best X Textile eco-labels: other 0.643 0.744 <0.001
Textile eco-labels: Made in Green—Oeko-Tex X Textile

eco-labels: Oeko-Tex Standard 100 0.545 0.686 <0.001

Textile eco-labels: Oeko-Tex Standard 100 X Textile 0.632 0.738 <0.001

eco-labels: other
Entrepreneurlfﬂ state of dlgl'tah'zatl'on: inform X 0.678 0.561 <0.001
Entrepreneurial state of digitalization: analyse
Potential of digitalization: other X Promote circularity 0552 0.483 <0.001

in the textile industry: other

* Values shown from Cramer’s V > 0.500 having « < 0.001.
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