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Abstract. The purpose of this paper is to increase the knowledge about the imple-
mentation of circularity and other sustainability approaches in value chains. The
objective is to develop roadmaps for the implementation of digital Circular manu-
facturing (CMA) and Social-life cycle (S-LCA) assessments in Textile and Cloth-
ing (TC) value chains. Implementing these digital assessments in TC value chains
can increase their transparency, by validating that product manufacturing safe-
guards worker wellbeing and the environment. TC is one of the sectors with most
critical social and environmental impacts. The roadmaps were developed through
a Design Science methodology, combining: i) case studies to understand the prac-
tical problem, ii) literature study on CMA and S-LCA to develop the roadmaps,
and iii) action research to iteratively apply the roadmaps to the cases and refine
them with participants in an EU project, representing the entire TC value chain.
The EU project is developing digital sustainability assessments with Blockchain
functionality for increased data trustworthiness. This study aims to contribute to
theory, practice, and public policies by providing a validated overview of the sta-
tus, barriers, goals, and systematic activities for the implementation of CMA and
S-LCA in TC value chains and for increased sustainability.
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1 Introduction

Nowadays, companies need to cope with increasing requirements of environmental
and social sustainability from policymakers and customers, including requirements to
increase the circularity and transparency of industrial value chains. However, the journey
from linear value chains with a focus on economic sustainability, to circular value chains
that also address environmental and social sustainability, is an exciting, yet tumultuous
journey for many companies. This is also the case for the Textile and Clothing (TC)
sector, the 4th highest ‘pressure category’ in the EU in terms of use of primary raw
materials and water, while Food is the highest [1]. Unlike the food sector, most of the
pressure and impact linked to TC occurs outside the EU, making the value chain circu-
larity and transparency goals even more challenging. The TC production typically takes
place in developing countries with lower production costs, but also lower environmen-
tal standards and working conditions. It is estimated that less than 1% of all textiles
worldwide are recycled into new textiles [2]. Moreover, it is reported that nearly 10%
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of the chemicals used in the TC sector are of potential concern to human health and that
due to poor working conditions, almost 6% of the TC workers get injured every year
[3]. As customer awareness about sustainability is growing, the TC sector is witnessing
a plethora of companies claiming that they supply sustainable products. However, due
to low-value chain transparency, the current anti-counterfeiting methods are subopti-
mal, thus enabling an unfair playing field for the suppliers that do comply with stricter
sustainability requirements [4].

Roadmaps are acknowledged as important strategic planning methods that include
the activities required to cope with challenges and achieve major advances in an area
[5] such as the one of circular value chains. The circular economy is one of the concepts
in the sustainability field that is truly embraced by the business community. In recent
years, research studies provided more support to practitioners that are implementing
circular strategies than earlier [6, 7]. Nevertheless, these studies have addressed the TC
sector to a lesser extent, especially concerning the exploitation of methods and digital
technologies for increased value chain transparency. Moreover, earlier studies have a
limited focus on assessments as a point of departure for continuously improving value
chain circularity and transparency [7]. Thus, the purpose of this study is to increase
the knowledge about the implementation of digital sustainability assessments in the TC
value chain, for increased circularity and transparency. To this end, the paper proposes
two roadmaps that were developed in close collaboration with participants in the EU
innovation project, TRICK [8], which represent the whole TC value chain. TRICK
is developing five digital sustainability assessments, with Blockchain functionality for
increased data trustworthiness. This paper addresses the CMA and S-LCA assessments.

2 Research Design

The research strategy has been Design Science, as described by Holmstrom et al. [9]. This
strategy is recommended both for the development of methods with enhanced practical
relevance—such as roadmaps, and for the development of the theory (e.g., [9, 10]). As
Design science is a multi-method strategy, this study combined case studies, a systematic
literature review and action research. First, to understand the practical problem of the
case companies, we studied the industrial user needs, as well as barriers and enablers of
these user needs. Second, a literature review was conducted, on the topics of CMA and
S-LCA. Third, preliminary roadmaps were developed based on the literature. They were
structured into common topics in the roadmap literature: current state, policies, barriers
(to circular and transparent value chains), and goals and activities on the way towards
the vision. Third, over a 6-month period, the roadmaps were iteratively applied to TC
cases and refined together with the partners—through the action research method. To this
end, workshops, semi-structured interviews, and a survey were conducted with project
partners representing the TC value chain. The value chain actors included traditional and
technical TC manufacturers, yarn and fibre producers, an online retailer of second-hand
clothing, a platform provider for the sourcing of TC production, a recycling company, a
customs agency, service and platform developers, and research partners.
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3 Literature Background

3.1 Circular Manufacturing Assessment for the TC Sector

The Current State. Compared to linear manufacturing, circular manufacturing is a sys-
tem of ideally, endless reutilization, remanufacturing and recycling of resources and
goods. The 10R-framework (refuse, rethink, reduce, reuse, repair, refurbish, remanufac-
ture, repurpose, recycle, recover) provides a basis for identifying manufacturing circular-
ity [11]. The most common methodology to assess circularity is Life Cycle Assessment
(LCA) [12]. While LCA shows great advantages in assessing the environmental impact,
it has difficulties in capturing the variation of cycles and interplay of different lifespans
[13]. The CMA is an assessment based on material flow and input-output analyses, which
can address a wide array of environmental and economic variables through the product
lifecycle [14]. CMA indicators for environmental and financial impact may include: air
emissions, water and solid wastes, hazardous and toxic materials, environmental acci-
dents, as well as the cost of materials, energy, waste, and environmental accidents [15].
However, the CMA analyses are still not commonly adopted by practitioners.

Policies. Relevant policies for CMA are the ISO 14040 and BS 8001 standards, Global
Recycle Standard and the EU Ecolabel. ISO 14040 addresses environmental manage-
ment and the LCA principles and framework, while BS 8001 provides a framework for
implementing circular economy principles in organizations.

Barriers. The lack of a performance index is one of the main barriers to CMA imple-
mentation [16], as the method can only focus on a single or few performance indicators.
The complexity of circular economy and manufacturing requires multi-dimensional indi-
cators [17]. Moreover, the low CMA standardization makes it difficult to compare CMA
results. There is also a lack of universal tracking and tracing technologies and the systems
for monitoring circular indicators in the industry are immature or non-existent. Digital
technologies are needed to aid manufacturers and recyclers in tracing and evaluating
the lifespans of sold commodities, and in forecasting the collection frequency, and the
quantity and value of returned merchandise [15].

Goals. The Sustainable Development Goals (SDG) that can support the development
of specific KPIs for CMA are SDG 12—Target 12.5 and SDG 17—Target 17.16.

Research and Development (R&D) Activities. The latest literature reviews within
circular manufacturing in TC emphasise that future research needs to [12, 14, 15]:

e Identify multi-dimensional performance indicators for CMA,
e Develop and standardize CMA methods, and
e Develop digital technologies to track and trace materials in the TC industry.

3.2 Social Life Cycle Assessment for the TC Sector

Current State. The TC actors may have social impacts, like poor rates of pay and
working conditions, long working hours, child labour, frequent industrial accidents, and
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limitations to freedom of association [18]. However, consumers are increasingly aware
of social impacts and are willing to pay more for sustainable TC products. S-LCA is
the methodology recommended by the UN for the assessment of the social impacts of
products and services across their life cycle [19]. Examples of S-LCA databases are
PSILCA and SHDB.

Policies. Currently, there are more than 450 environmental and sustainability labels [20].
Relevant policies for the S-LCA that the UN recommends, include [19]: UN’s Guiding
Principles on Business and Human Rights from 2011, Good Weave label, Fairtrade,
Rainforest Alliance label, SA8000 Standard, ISO 45001, Global Reporting Initiative,
and the Accountability 1000 Assurance standard.

Barriers. Barriers to the implementation of digital S-LCA and social protection in the
TC value chains may include [19, 21, 22]:

Parts of the necessary data are not available.

The S-LCA experts transform the data in a way that invalidates or distorts it.
The data are not reliable because of human errors or bias during collection.
Data do not relate well to the concept being measured, that is it is not valid.
The study context has changed, limiting the validity of the collected data.

Moreover, it may be difficult and very costly to get site-specific social data about all
actors in the value chains [19]. Finally, there might be a vested interest in value chain
opacity, to defend local production—especially in developing countries [21].

Goals. The goals that UNEP recommends include the SDG Targets 1.1, 3.9, 4.7, 5.1,
5.5, 8.5, 8.7, 8.8, and 10.2 [23]. These goals/targets can inform the development of
specific KPIs for the S-LCA implementation.

R&D Activities. Activities that can be relevant for the implementation of the digital
S-LCA in TC value chains, include further research addressing the questions: What
are the appropriate scope and the minimum data quality required to properly assess
the social impacts from a life cycle perspective?; How to ensure that the assessment
results are relevant in the local context and for the affected stakeholders?; What are
the considerations for the integration of S-LCA results in a Life Cycle Sustainability
Assessment?; How can the root causes of social impacts/performances be identified and
addressed?; and How can S-LCA be considered for decision-making at the policy and
industry sectors level? [19].

4 The Roadmaps from Linear to Circular Value Chains

Figure 1 presents the roadmaps for the implementation of the digital CMA and S-LCA
in the TC sector, for increased value chain circularity and transparency. The roadmaps
are based on results from the case studies, literature study, and action research, including
short/mid/long-term goals and activities for the period between 2021 (first year of the
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TRICK project) and 2031. The roadmaps’ vision that the participants agreed on is: “A
strong EU industrial ecosystem, by engaging all the smaller TC value chain actors in the
evolution to circular and transparent value chains, and by enabling them to easily find
the services and support needed for the adoption of the new production paradigms.”

5 Discussion

This section discusses the roadmaps from Fig. 1 in light of the feedback from the value
chain actors in the case studies, and the current literature.

CMA. The TC sector needs to shift toward a circular mindset, applying design for
circularity, being transparent about the actual and potential circularity performance,
and improving take-back and recycling schemes in its global, complex value chains.
The acceptance of secondary product life cycles in terms of imperfections in recycled
products, and consumers’ perceptions of reduced hygiene need to increase according
to the informants in the case studies. The barriers are social and cultural rather than
technical, highlighting the importance of increasing consumer circularity-awareness and
consumer education during the shift from linear to circular products. CMA is a needed
tool both from a technical and a social perspective.

The roadmap illustrates steps towards reaching the 10-year goal of substantial reduc-
tion of waste generation and of increased use of secondary resources for material cir-
cularity, both textile to textile, and textile to other material. The short-term activities
and goals focus on developing methods to evaluate circular manufacturing and intro-
duce multi-dimensional performance indicators. Thereby, digital technologies such as
Blockchain can enable transparent value chains and the traceability of materials. How-
ever, the methods and applications of Blockchain and tracing platforms are still in an
immature development phase. Apart from the CMA, the roadmap KPIs are based on
the SDG goals and the feedback from informants. By 2030, the TC value chain actors
should substantially reduce waste generation through prevention, reduction, recycling,
and reuse, thus facilitating and increase of closed-loop recycling to 40%, and an increase
of reuse cycles for workwear to 50%. Moreover, the implementation of CMA into product
development tools and processes, and the increase of consumer knowledge on circularity
are listed as long-term R&D activities. These are pointing towards the awareness and
circularity level needed to reach the chosen SDGs.

S-LCA. The goals and activities that the informants selected for the 2021-2024 period
are those of the TRICK project, which is active in the same period. They are related
to the development of the digital S-LCA, and its integration with existing databases,
site-specific data, and the TRICK traceability platform. Moreover, they address the
demonstration of the Digital S-LCA in TC value chains.

For 2024-2028, the goals are: i) the labor rights are protected, and all workers have
safe and secure working environments, ii) no child and forced labor, and no modern
slavery and human trafficking in the value chain, and iii) ensure women’s equal opportu-
nities for leadership, at all decision-making levels (based on SDGs 8.8, 8.7, 8.5, and 5.5).
One of the mid-term activities is implementing effective methods for supplier selection,
assessment, and development, including within social and ethical transparency. “The
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producers that intend to be transparent find the way to gather the necessary [assessment]
data, typically by selecting the appropriate supplier”, commented an informant from the
fiber producer, thus acknowledging the importance of supplier selection. Other selected
activities are developing new business models based on socially responsible products and
disseminating S-LCA results to the consumer market and other stakeholders. The results
can be displayed on the product labels, as recommended by the proposed policies. More-
over, as future R&D activities, the informants suggested identifying the considerations
for the integration of S-LCA results in a holistic Life Cycle Sustainability Assessment.
Through the digital CMA and S-LCA, TRICK addresses the environmental and social
pillars of the sustainability concept. In the future, these can be integrated into a software
for a holistic Life Cycle Sustainability Assessment, which should also include the Life
Cycle Costing assessment, for the economical sustainability pillar [19].

Selected goals for 2028-2031 include achieving equal pay for work of equal value
for all value chain workers, and eradicating extreme poverty, currently quantified as less
than $1.25 a day (based on SDG 8.5 and 1.1) [23]. Another long-term goal is ensuring
that all workers acquire the knowledge and skills needed to promote socially sustain-
able development (SDG 4.7). Thus, one of the selected activities for the producers is
to continue developing their suppliers on a long-term basis, so that worker training and
inclusion methods are implemented in the value chain wherever necessary. The TC actors
and policymakers should increasingly include the social sustainability topic in school
education, worker’s training, and awareness-raising campaigns, along with ecological
and economical sustainability [24]. This would facilitate a high consumer demand for
socially and environmentally responsible products and would reinforce sustainable atti-
tudes in producers. Policymakers can further encourage responsible business behaviour
by providing financial and non-financial incentives for the procurement of socially and
environmentally responsible goods (ibid.).

6 Concluding Remarks

The purpose of this study was to increase the knowledge about the implementation of
digital sustainability assessments in the TC value chains, for increased circularity and
transparency. The study proposes roadmaps for the implementation of digital CMA and
S-LCA assessments. The roadmaps are based on a systematic literature study and are
developed in close collaboration with the project participants in the EU project, TRICK
[8], which represent the whole TC value chain. Implementing these digital assessments in
TC value chains can increase their transparency by validating that product manufacturing
safeguards worker wellbeing and the environment. This study aims to contribute to
theory, practice, and public policies by providing a validated overview of the status,
barriers, goals, and systematic activities for the implementation of CMA and S-LCA in
TC value chains, and thereby for increased sustainability.

Acknowledgements. The authors would like to thank the European Commission and the TRICK
(grant no. 958352) participants for their support and valuable contributions.



Ways to Circular and Transparent Value Chains 397

References

1.

2.

12.

13.

14.

15.

16.

17.

18.

20.
21.

European environmental agency. https://www.eea.europa.eu/publications/textiles-in-eur
opes-circular-economy/textiles-in-europe-s-circular-economy. Accessed 12 Apr 2022

Ellen Macarthur Foundation. https://ellenmacarthurfoundation.org/a-new-textiles-economy.
Accessed 12 Apr 2022

. Richero, R., Ferrigno, S.: A background analysis on transparency and traceability in the

garment value chain. Directorate General for International Cooperation and Development,
European Commission, Brussels (2016)

. Wajsman, N., Burgos, C., Davies, C.: The economic cost of IPR infringement in the clothing,

footwear and accessories sector. Office for Harmonisation in the Internal Market, Alicante,
Spain (2015)

. Camarinha-Matos, L.M., Afsarmanesh, H.: A roadmapping methodology for strategic

research on VO. In: Camarinha-Matos, L.M., Afsarmanesh, H. (eds.) Collaborative Net-
worked Organizations, pp. 275-288. Springer, Boston (2004). https://doi.org/10.1007/1-
4020-7833-1_30

. Jorgensen, M.S., Remmen, A.: A methodological approach to development of circular

economy options in businesses. Procedia CIRP 69, 816-821 (2018)

. Frishammar, J., Parida, V.: Circular business model transformation: a roadmap for incumbent

firms. Calif. Manage. Rev. 61(2), 5-29 (2019)

. TRICK. http://www.trick-project.eu/. Accessed 12 Apr 2022
. Holmstrom, J., Ketokivi, M., Hameri, A.P.: Bridging practice and theory: a design science

approach. Decis. Sci. 40(1), 65-87 (2009)

. Van Aken, J.E., Romme, G.: Reinventing the future: adding design science to the repertoire

of organization and management studies. Organ. Manage. J. 6(1), 5-12 (2009)

. Potting, J., Hekkert, M. P, Worrell, E., Hanemaaijer, A.: Circular economy: measuring

innovation in the product chain (No. 2544). PBL Publishers (2017)

Sassanelli, C., Rosa, P., Rocca, R., Terzi, S.: Circular economy performance assessment
methods: a systematic literature review. J. Clean. Prod. 229, 440-453 (2019)

van Stijn, A., Eberhardt, L.M., Jansen, B.W., Meijer, A.: A circular economy life cycle
assessment (CE-LCA) model for building components. Resour. Conserv. Recycl. 174, 105683
(2021)

Corona, B., Shen, L., Reike, D., Carredn, J.R., Worrell, E.: Towards sustainable develop-
ment through the circular economy—A review and critical assessment on current circularity
metrics. Resour. Conserv. Recycl. 151, 104498 (2019)

Jia, F,, Yin, S., Chen, L., Chen, X.: The circular economy in the textile and apparel industry:
a systematic literature review. J. Clean. Prod. 259, 120728 (2020)

De Jesus, A., Mendonga, S.: Lost in transition? Drivers and barriers in the eco-innovation
road to the circular economy. Ecol. Econ. 145, 75-89 (2018)

Rossi, E., Bertassini, A.C., dos Santos Ferreira, C., do Amaral, W.A.N., Ometto, A.R.: Circular
economy indicators for organizations considering sustainability and business models. J. Clean.
Prod. 247, 119137 (2020)

European Environmental Agency. https://www.eea.europa.eu/publications/textiles-in-eur
opes-circular-economy. Accessed 12 Apr 2022

. Guidelines for Social Life Cycle Assessment of Products and Organisations. https://www.lif

ecycleinitiative.org/library/guidelines-for-social-life-cycle-assessment-of-products-and-org
anisations-2020/. Accessed 12 Apr 2022

Ecolabelindex. https://www.ecolabelindex.com/. Accessed 12 Apr 2022

Almanza, A.M.H., Corona, B.: Using Social Life Cycle Assessment to analyze the contribu-
tion of products to the Sustainable Development Goals: a case study in the textile sector. Int.
J. Life Cycle Assess. 25(9), 1833-1845 (2020)


https://www.eea.europa.eu/publications/textiles-in-europes-circular-economy/textiles-in-europe-s-circular-economy
https://ellenmacarthurfoundation.org/a-new-textiles-economy
https://doi.org/10.1007/1-4020-7833-1_30
http://www.trick-project.eu/
https://www.eea.europa.eu/publications/textiles-in-europes-circular-economy
https://www.lifecycleinitiative.org/library/guidelines-for-social-life-cycle-assessment-of-products-and-organisations-2020/
https://www.ecolabelindex.com/

398 M. F. Mogos and G. Fragapane

22. Di Noi, C., Ciroth, A., Mancini, L., Eynard, U., Pennington, D., Blengini, G.A.: Can S-LCA
methodology support responsible sourcing of raw materials in EU policy context? Int. J. Life
Cycle Assess. 25(2), 332-349 (2020)

23. United Nations - The 17 Goals. https://sdgs.un.org/goals. Accessed 12 Apr 2022

24. European Strategy for Sustainable Textile, Garments, Leather and Footwear. https://fairtr
ade-advocacy.org/wp-content/uploads/2020/04/Civil-Society-European-Strategy-for-Sustai
nable-Textiles.pdf. Accessed 12 Apr 2022

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://sdgs.un.org/goals
https://fairtrade-advocacy.org/wp-content/uploads/2020/04/Civil-Society-European-Strategy-for-Sustainable-Textiles.pdf
http://creativecommons.org/licenses/by/4.0/

	Ways to Circular and Transparent Value Chains
	1 Introduction
	2 Research Design
	3 Literature Background
	3.1 Circular Manufacturing Assessment for the TC Sector
	3.2 Social Life Cycle Assessment for the TC Sector

	4 The Roadmaps from Linear to Circular Value Chains 
	5 Discussion
	6 Concluding Remarks
	References




