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Abstract: When value chains pursue regenerative and circular practices, transparency is crucial to 
force decisions about the (re)design of products and processes. This study identifies the challenges 
that value chains face in their transformation to a transparent chain. We find that close alignment 
between functions as chemists, product developers, quality experts and logistics people is highly 
required as decisions have to be taken on (safety of) product constituents, product quality, 
disassembly and reuse of products and logistics. It is therefore crucial that provided information is 
released, understandable and reflective of reality. However, data appeared to be highly fragmented 
across a multitude of systems. It is first and foremost a matter of getting companies on par when it 
comes to digital maturity. Here it is essential to investigate the integrity of the sources. Establishing 
a single point of information where all information with high security standards is brought together 
contributes to effectively tracing products and their components in a transparent chain. For 
transparency, it is important that different access rights are provided to the specific stakeholder 
groups accordingly. 
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1 Introduction 

Our economic system is built around interconnected flows of goods, services, capital, 

technology, knowledge and investment through a linear, degenerative, take-make-waste 

approach, which has a significant contribution to the reduction of biosphere. If companies 

and their value chains are not able to create collective engagement in order to transition 

towards a new regenerative, circular economy, there will be calamitous consequences as 

regards our planet’s equilibrium. It is now time for a new paradigm shift. Companies 

need to focus on sustainable development to achieve a sustainable competitive advantage 

that benefit the planet by restoring technical materials and regenerating biological 

materials to extend the life cycle of products with the least possible waste. Today, most 

materials and products are not designed for circularity. Transparency in value chains is 

therefore crucial to justify safe and sustainable operations and to force decisions about 

the (re)design of products and the way these are processed. In other words, insight into 

(product-, material-, component-, process related) information by value chain partners is 

highly required to safely re-use and recycle materials in a circular economy. Therefore, 

an optimized and synergetic data flow through the value chain needs to be organized. 

This leads to following research question: 

What challenges do value chains (that pursue regenerative and circular practices) face 

when they aim to make the  transformation to a transparent chain in order to effectively 

trace products and their components and how can digitalization support this 

transformation? 

 

This research contributes to knowledge in the field of transparency in value chains 

explicitly in the context of circular, regenerative practices. Although, track and trace 

solutions are applied in ‘traditional’ take-make-waste chains, purposes and therefore 

information needs and involved stakeholders appear to be different compared to those in 

circular, regenerative chains. 

This research is conducted by a single, exploratory case study as part of a two years 

Avans’ managed project, in which Dutch companies (especially SMEs) from the entire 

textile chain work together with Indian companies to design and record the process of a 

regenerative, circular system in which cotton is reused multiple times before it finally 

returns safely to the biosphere. We build on a framework based on both Schnackenberg 

and Tomlinson (2016) who define transparency as a three-dimensional construct 

(perceived disclosure, clarity and accuracy) and the Management Information Cycle of 

Choo (2002) in which the stages are described to come from information needs to 

information use and finally to adaptive behavior. 

 

 

2 Literature 

Linear, degenerative, take-make-waste economy  

According to the World Economic Forum (2020) there is a reduction of biodiversity: 

since 1900, 20% of native species has been lost. In the marine environment, 

approximately 50% of the live coral cover of reefs has been lost since the 1870s.  

The global extinction rate is accelerating. Biodiversity loss was rated the second most 



 

impactful and third most likely risk for the next decade. The current rate of extinction is 

tens to hundreds of times higher than the average over the past 10 million years—and it is 

accelerating. Biodiversity loss has critical implications for humanity, from the collapse of 

food and health systems to the disruption of entire supply chains”.  

Our economic system is strongly built around interconnected flows of goods, services, 

capital, technology, knowledge and investments through a linear, degenerative, take-

make-waste approach. According to the United States Environmental Protection Agency 

(EPA), since 1970 about 90% of the increase of CO2 emissions (which is mainly the 

cause of the reduction of biosphere) is due to fossil fuel combustion, industrial processes 

and agriculture. Scientists warned that these changes may result in calamitous 

consequences as regards our planet’s equilibrium (NASA, 2021).  
 
Transition to a (sustainable) regenerative, circular approach 
 
Transitions to new business practice are needed. According to the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES, 2019), we 
need “transformative changes across economic, social, political and technological 
factors” (IPBES, 2019: pp. 5). One does no longer has the luxury of just being less bad. 
In figure 1 below, required steps from conventional to regenerative economy are 
presented, showing that regeneration goes far beyond sustainability (Fullerton, 2015).  

 

 

Figure 1 Stages of development, from conventional to regenerative economy according 

to Fullerton (2015). 

 
Farooque et al. (2019) describe regenerative, circular value chain management as the 

integration of circular thinking into the management of the value chain and its 

surrounding industrial and natural ecosystems. It systematically restores technical 

materials and regenerates biological materials toward a zero-waste vision through 

system-wide innovation in business models and value chain functions from product 

design to end-of-life.  

It is superfluous to mention that systematically restoring technical materials and 

regenerating biological materials towards zero waste require proper insight in the use of 

value chain’s products, components, materials and the way these are processed. 
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Transparency 

 

Challenging factors in the circular economy are cooperation, trust, and transparency 

(Zhang et al., 2021). Therefore, to achieve sustainable results, collaboration, and 

openness between organizations within networks and value chains are required. This is 

confirmed by Centobelli et al. (2021) who conclude that trust, traceability, and 

transparency emerge as critical factors in designing circular blockchain platforms in 

supply chains. 

Especially in the textile branch premature initiatives w.r.t. transparency in the field of 

sustainability have already been taken. Van der Stoel (2021) points out that a suitable 

traceability system in the textile supply chain should be able to trace the environmental 

and social impact to measure and calculate the products and trace the composition of the 

final product and that the collected data should be stored in a digital product passport. 

Product passport are important for transparency (Adisorn et al., 2021). These 

developments are also identified as a topic on the level of the European Union (EU) 

within the “European Green Deal” (European Commission, 2019) and the “Circular 

Economy Action Plan” (European Commission, 2020). They indicate that for the digital 

product passport, a key question will be how to organize an optimized and synergetic 

data flow with the existing framework. The question is which criteria and precise data 

requirements should be addressed by a digital product passport. 

Ellsworth-Krebs et al. (2021) endorse the relevance of data management. In their article 

about the circular economy infrastructure they state that information and communication 

technologies are recognized to be sufficiently mature to support traceability for reusable 

packaging at large scale. However, issues of data management, data integration, trust and 

collaboration in this complex ecosystem remain under-explored. 

This is confirmed by Centobelli et al. (2021) asserting that digital technologies have 

increased the amount and accuracy of data collection, yet little progress has been made in 

data integration and utilizing this to operationalize circular supply chains.  

In sum, it is primarily not about IT solutions when value chains pursuit regenerative and 

circular practices and aim to make the (digital) transformation to a transparent chain, but 

initially about the way the data in the chain is managed, exchanged and transformed to 

meaningful information. 

 

3 Method 

Research design 

 

This research was conducted by a single, exploratory case study as part of a two years 

Avans’ managed project, in which Dutch companies (especially SMEs) from the entire 

textile chain work together with Indian companies to design and record the process of a 

regenerative, circular system in which cotton is reused multiple times before it finally 

returns safely to the biosphere. 

Objectives of the most ideal chain are formulated as: 

 



 

• The final product (landscape fabric) in the last step of the chain should be safely 

returned to the soil. This means this product must be guaranteed to be 100% 

cotton, that is biodegradable or biocompatible. If there are any blends in these 

products, it must be ensured that these can safely return to the biosphere as well. 

• Products should be designed in a way these could be reused multiple times, 

extending their life cycles, with as little waste as possible, aiming for 0. 

Data was collected through qualitative research by conducting semi-structured open end 

interviews with a total of six stakeholders from as many companies: 3 manufacturing 

companies, 1 farmer company, 2 sorters/recyclers. Besides, data was collected through 

several workshops in which all companies were attending. This research was conducted 

during the first year of the project to  answer following question: 

 

What challenges do value chains (that pursue regenerative and circular practices) face 

when they aim to make the  transformation to a transparent chain in order to effectively 

trace products and their components and how can digitalization support this 

transformation? 

Data was analyzed by content analysis through codes that were defined before and during 

the recording of the research findings. These findings have been categorized according to 

the steps of the Management Information Cycle by Choo (2002). For each step the 

challenges, that need to be met, were determined in order to achieve transparency, based 

on the operational definitions of transparency by Schnackenberg and Tomlinson (2016). 

The operationalization of transparency as well as the Management Information Cycle are 

elaborated in following sections.  

 
Transparency as a construct 
 

Schnackenberg and Tomlinson (2016) define transparency as: ‘the perceived quality of 

intentionally shared information from a sender.’ They propose a framework by 

suggesting that transparency is comprised of three primary dimensions: disclosure, 

clarity, and accuracy. They define perceived disclosure as the extent to which 

information is released rather than hidden.  

Williams (2008) states that disclosure refers to the perception that relevant information is 

made available to the receiver. The concept of disclosure include perceived information 

availability, observability, and visibility (Schnackenberg and Tomlinson, 2016).  

 

Perceived clarity can be described as the extent to which information is understandable 

rather than obfuscated (Schnackenberg and Tomlinson, 2016). Related terms subsumed 

within the concept of clarity include perceived understandability, lucidity, and 

simplicity.  

 

Perceived accuracy is defined as the extent to which information is reflective of reality 

rather than exaggerated or biased with terms as perceived information correctness and 

reliability (Schnackenberg and Tomlinson, 2016).  
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Schnackenberg et al. (2021) found that transparency can be modeled as an aggregate of 

its dimensions, as indicated by high factor correlations and evidence of convergent 

validity between them. The correlations were .69 between disclosure and clarity, .70 

between disclosure and accuracy, and .78 between clarity and accuracy. These relatively 

high correlations suggest to aggregate items across the dimensions into a single 

transparency scale. This justifies operationalizing these dimensions into definitions for 

conducting research, see figure 2 below. 

 
Figure 2 Transparency: from concept to operational definitions according to Schnackenberg and 
Tomlinson (2016) 

Concept Dimensions Operational definitions 

 
 
 
 
1. Transparency 
(the perceived quality 
of intentionally  
shared information from 
a sender) 

1.1 Perceived disclosure 
(the extent to which information is  
released rather than hidden) 

1.1.1 Perceived information availability  

 1.1.2 perceived information observability  

 1.1.3 perceived information visibility  

  

1.2 Perceived clarity 
(the extent to which information is  
understandable rather than obfuscated) 

1.2.1 Perceived shared information  
understandability  

 1.2.2. Perceived information lucidity  

 1.2.3 Perceived information simplicity 

  

1.3 Perceived accuracy  
(the extent to which information is reflective 
of reality rather than exaggerated or biased) 
 

1.3.1 Perceived information correctness  
 

 1.3.2 Perceived information reliability  
 

 

The Management Information Cycle 
 

Choo (2002) developed the Management Information Cycle in which the process is 

drawn from information needs to information use which should eventually lead to 

adaptive behavior. This model forms the basis for the qualitative research as literature 

shows that organizing an optimized and synergetic data/information flow through the 

chain is the primary step towards transparency in order to effectively trace products and 

their components. Figure 3 visualizes the Management Information Cycle. 

 



 

 

 
Figure 3 Management Information Cycle (Choo 2002) 

 

According to Choo (2002) Information Use (see figure 3) is a dynamic, interactive 

social process of inquiry that may result in the making of meaning or the making of 

decisions. Considering the definition of transparency from Schnackenberg and Tomlinson 

(2016) (the perceived quality of intentionally shared information from a sender), 

information quality is actually perceived during the ‘information use’ phase. Therefore, 

information perceived by the value chain’s stakeholders needs to be meaningful in order 

to make decisions towards circular, regenerative practices contributing to adaptive 

behavior of the value chain partners. 

 

The identification of Information Needs requires to be sufficiently rich and complete in 

representing and elaborating users' true needs. Information needs consist of several 

inseparable parts, like: 

• What information is needed? 

• Why is the information needed? 

• How will the information be used? 

• How will this help you? 

• In what form do you need to know it? 

The phase of Information Acquisition is about the selection and use of information 

sources and the extraction of data that has to be planned for, and continuously monitored 

and evaluated. The organization accumulates a huge amount of information about its 

internal operations and resources. This phase IT solutions can be used to aid the 

acquisition of internal data out of the selected sources. Here it is essential to investigate 
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the integrity of the source, in other words whether its data is reliable, complete and 

correct without losing sight of its confidentiality. 

In the Information organization and storage phase information that is acquired or 

created has to be organized and restored systematically in order to facilitate sharing and 

retrieval after which Information product and services are created. This phase is about 

the content and form as users require. To stay well-informed and build up its knowledge 

base, the intelligent organization needs to feed on a balanced diet of high quality 

information supplied through a varied menu of information products and services.  

To be relevant and consequential, information products and services should therefore be 

designed to address not only the subject matter of the problem but also the specific 

contingencies that affect the resolution of each problem or each class of problems. 

 

Before the information is to be used and interpreted the Information Distribution takes 

place. The delivery of information needs to be done through vehicles and in formats that 

dovetail well with the work habits and preferences of the users. To encourage users to be 

active participants, easy ways to comment on, evaluate, and re-direct the information they 

have received needs to be available. Information distribution and sharing is a necessary 

precondition of perception and interpretation. Distribution is in the first instance about 

the dissemination of routing according to ‘the right information to the right person, in the 

right time, place and format.’ 

 

4 Results 

Information needs (see figure 3) 
 

Findings show that information needs became more clear as time progressed. 

Respondents indicated that this was reinforced by the fact that they became more and 

more aware of project’s objectives. Due to the unfolding character of the project, partners 

gained increasingly better understanding of their roles in the chain as well as their added 

values. 

After analyzing the collected data the information needs were categorized as follows:  

1. Information on product constituents (for regenerative purposes) 

Partners clearly have a need of information on chemicals and constituents that 

were added to the product/fabric during processes upstream. Common add-ons 

in the textile industry are dyes and coatings but also ink prints. Besides, it is 

important to know in what kind of industry/sector the received products were 

used to assess the risks of contamination such as oil lake. Ideally, also the way 

products are treated with e.g. fabric softener, is important to know. This 

information needs to be available per batch in a way that each batch can be 

treated differently. In short, information should justify regenerative practices in a 

way that products and components that pass through the chain are not harmful to 

the biosphere. Besides, corrective actions can be made during the process and 

initiatives can be launched to design (more responsible) compositions in future. 

  

2. Information on design for disassembly and reuse (for restorative purposes) 

Respondents stress that in order to effectively reuse products (like recycling or 



 

remanufacturing) and preventing waste it is important to design products in a 

way dismantling or disassembly is made possible and reuse can be conducted.  

Especially sorters/recyclers in this particular textile chain need to know in 

advance what components need to be disassembled and how this should be done. 

Think of zippers, snaps, buttons, elastic velcro and even yarn. Additionally, 

respondents point out that partners upstream need to know if and how their 

design is compliant with processes downstream (e.g. supplied materials must 

have the right sizes for the machines used further down the chain, to prevent 

waste). Alignment between partners is therefore crucial.  

 

3. Information on product quality 

Assessing product quality is important for lots of reasons. In the context of 

regenerative and circular practices, high product quality is relevant to increasing 

the amount of recycles and herewith extending the lifecycle of the product. This 

will reduce waste and will delay the return of products to the biosphere. Partners 

in this particular textile chain indicate to have several requirements when it 

comes to the quality of the supplied fabrics/products to ultimately meet the 

quality of their final product. Information they need to know is for example fiber 

length, tear-strength, color fastness and cotton weight. But also information 

about the type of process upstream (e.g. the washing process, amount of times 

washed and circumstances). 

 

4. Information for effective logistics 

Information on traceability in transparent chains is important for several reasons.  

First, partners of course have a wider product portfolio than the products in this 

specific textile chain only. They need to effectively trace from which suppliers 

and from which batches the received fabrics/products originate in order to 

process these according to agreements made. 

Second, products are distributed to several industries and sometimes to the 

consumer market. These products must be returned, into the chain to be 

collected, sorted and recycled. So, one needs to know where these products have 

been distributed to and once returned what the origin is. This really is a 

challenge because products tend to stay for years in companies or at consumers 

before getting returned.  

Third, if defects are found in materials or products (e.g. harmful constituents), it 

needs to be possible to determine in which process this occurred and in which 

batch, so that it possibly leads to recalls and/or corrective actions. Information as 

supplier, type of process, batch number, production date, distribution date, 

destination are crucial to overcome challenges above.  

Acquisition, forming and dissemination of information (see figure 3) 
 

Once information needs are defined, information sources need to be selected to retrieve 

the required data. Transforming this data into information needs to be prepared to send it 

to the appropriate users. Results show that: 

1. for most companies, data is highly fragmented across a multitude of systems; 
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2. there are substantial differences when it comes to the maturity level of these 

organizations in terms of digital competences and capabilities; 

Data that currently is retrieved are test reports (for quality purposes), certificates (e.g. to 

justify that products and added chemicals are compliant) and details out of several 

systems such as SharePoint, and ERP. Currently, transforming data into information is 

often done in Excel files, while certificates and reports keep the original shape. In most 

cases, this information is sent to downstream partners through e-mail. The information in 

the e-mails, in turn, have to be stored in company’s internal systems. Just a few partners 

have organized information management reasonably well and are already exchanging 

information in an automated way with their suppliers and customers. This might work at 

company level but chain-wide this way of working is highly error-prone and might 

inexorably lead to incorrect, unreliable and unclear information. Respondents have a 

clear need to aggregate and store unambiguous, timely, and reliable information in a 

standardized manner. In order to prevent (perceived) inaccuracy of this information it is 

crucial to have integer sources in which data is complete, correct and reliable.  

The respondents, however, argue for small steps while implementing a synergetic 

information flow. At this moment partners are investigating the added value of a Product 

Circularity Data Sheet (PCDS). This sheet, that travels, with the product though the chain 

is seen as a master document that indicates: if and to what extent there are product 

constituents, if and to what extent the product is recycled and the way the product is 

designed. This document justifies responsible product composition, -design and -

processing and aims to encourage companies to request detailed information from their 

partners. 

 

Information use and Adaptive behavior (see figure 3) 
 

Effective Information promotes the making of meaning or the making of decisions. 

Purposeful information use (as well as information provision) calls for the incorporation 

of functions such as chemists and product developers in these kind of trajectories to make 

judgments about product compositions and -designs. Also quality- and procurement 

functions are important to have compliant products that ultimately will increase the 

amount of recycles and extend the lifecycle of the products. The incorporation of logistics 

people, finally, is important to ensure traceability and efficient flow of goods without the 

least possible waste. Awareness, engagement and alignment among these stakeholders is 

crucial.  

Respondents indicate that perceived accuracy is a highly relevant dimension of 

transparency when it comes to regenerative purposes. In fact, incorrect or unreliable 

information about added constituents and/or toxic substances could lead to harmful 

materials disappearing into the soil. Without shortchanging the other dimensions, 

perceived clarity and perceived disclosure. After all, design information that is unclear 

and interpreted differently by stakeholders will lead to inefficient or even harmful sort- 

en recycling processes. Think of removal of zippers or yarn made of synthetic fibers and 

in what way this is done in order to avoid a disrupted process or yarn that will be recycled 

along with the cotton. When it comes to returning products from consumers or 

companies, partners foresee a great challenge in obtaining information (perceived 



 

disclosure). Because how do you get information from products that have left the chain 

for years and how do you make sure products getting returned into the chain? 

Respondents endorse the importance of effective information use, collaboration and 

alignment in a transparent chain so effective decisions can be made leading to required 

adaptive behavior: continuously redesigning the products and processes in the chain 

towards regenerative, circular practices. 

 

5 Conclusion 

What challenges do value chains (that pursue regenerative and circular practices) face 

when they aim to make the  transformation to a transparent chain in order to effectively 

trace products and their components and how can digitalization support this 

transformation? 

Review of recent literature shows that it is primarily not about IT solutions when value 

chains pursuit regenerative and circular practices and aim to make the (digital) 

transformation to a transparent chain, but initially about the way the data in the chain is 

managed, exchanged and transformed to meaningful information. For example, 

Centobelli et al. (2021) assert that digital technologies have increased the amount and 

accuracy of data collection, yet little progress has been made in data integration and 

utilizing this to operationalize circular supply chains. Prior aligning the information needs 

in the chain, circular and regenerative purposes need to be clear to all participating 

organizations and their stakeholders. This counts as well for their roles and their added 

values in the chain. While determining information needs, partners need to focus on: 

information that justifies safe products/materials without any harmful constituents to the 

biosphere (regenerative practices), information on disassembly and reuse of products 

(restorative practices), information on product quality and information for logistics 

purposes. The latter creates a significant challenge. When products are distributed to 

several industries and sometimes to the consumer market, these products must be 

returned into the chain to be collected, sorted and recycled. So, one needs to know where 

these products have been distributed to and once returned what the origin is. However, 

collecting products for reuse is a challenge, they tend to stay for years in companies or at 

consumers before getting returned. 

Once information needs are defined, information sources need to be selected to retrieve 

the required data. Transforming this data into information needs to be prepared to send to 

the appropriate users. However, results show that for most companies data is highly 

fragmented across a multitude of systems and there are substantial differences when it 

comes to the maturity level of these organizations in terms of digital competences and 

capabilities. This is why Adisorn et al. (2021) recommend a single point of information 

that could bring together all existing information with high security standards and provide 

them according to different access rights to specific stakeholder groups. Whether this 

should be a datahub in a Blockchain environment in combination with RFID technology 

has to be investigated. Matter is to first get companies on par when it comes to digital 

maturity. Here it is essential to investigate the integrity of the sources, in other words 

whether its data is reliable, complete and correct without losing sight of its confidentiality 

(Schnackenberg and Tomlinson, 2016). 
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Effective use of information promotes the making of meaning or the making of decisions. 

Considering the definition of transparency from Schnackenberg and Tomlinson (2016) 

(the perceived quality of intentionally shared information from a sender), information 

quality is actually perceived during the ‘information use’ phase. They propose a 

framework by suggesting that transparency is comprised of three primary dimensions: 

disclosure, clarity, and accuracy. Respondents indicate the relevance of these dimensions. 

For example, information that is difficult to access or unreliable information about added 

constituents and/or toxic substances can lead to harmful materials disappearing into the 

soil. Additionally, Moyo et al. (2016) have shown that information with high disclosure 

promotes greater awareness, consensus, and ownership of the information being 

conveyed. These aspects are important when it comes to (the respondent’s call) for 

alignment of functions such as chemists, product developers and quality-, procurement- 

and logistics experts. According to Choo (2002) effective Information use is, after all, a 

dynamic, interactive social process of inquiry that may result in the making of meaning 

or the making of decisions. 

Overcoming challenges mentioned above will provide the basis for effective information 

use, collaboration and alignment in a transparent chain so effective decisions can be made 

leading to required adaptive behavior: continuously redesigning the products and 

processes towards regenerative, circular practices. Ultimately, IT solutions can ensure 

transparency and traceability through a single point of information that could bring 

together all existing information with high security standards and provide them according 

to different access rights to specific stakeholder groups. 
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