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Summary

The modern world is under the pressure of dealing with resource exhaustion and environ-
mental destruction threatening its longevity. The root of these sustainability issues lies in
the linear economic model established after the industrial revolution as the most efficient
way to conduct business. This economic model relies on two fundamental principles, lim-
itlessness and easily accessible resources and unlimited earth regenerative capacity. The
economy thrives by consuming ever more planetary resources to manufacture products and
generating wastes by disposing of products in the landfills or incinerating them when they
are no longer desirable or useful. However, the growing planet’s population and the limited
regenerative earth capacity make this model unsustainable.

The circular economy (CE) represents an effective alternative to the current consumption
pattern. It is an economic model aspiring to limit the use of virgin resources in the produc-
tion systems and eliminate the waste streams by promoting a closed resource loop. In other
words, it aims at reaping the maximum value of produced goods by prolonging their lifecy-
cle. Products are reintroduced to the market upon consumption through value retention
strategies, namely, repair, reuse, remanufacturing, and recycling. The transition to CE is
recently high on the agendas of policymakers and private organizations (e.g., banks and
venture capitals), defined as CE auditing actors, which have launched policy instruments
to accelerate it. Such policy instruments vary from regulations to taxes on landfilling and
incineration.

The policy instruments aiming at stimulating the CE transition are prone to manipulations
when there is a lot at stake. An indicative example is the recent case, in which it was disclosed
that plastic waste exported from the Netherlands to Turkey for recycling or reuse was illegally
dumped. To prevent such adverse effects, the CE auditing actors need a solid monitoring
system to control the implementation of their policy instruments and enforce compliance
when necessary. Such a system should provide visibility in the flows of raw materials and
products in a closed-loop supply chain and detect frauds. Nevertheless, its development may
be proved a challenging task due to the information fragmentation besetting international
trade. The data about materials or products is distributed among various actors, who may
be reluctant to share it.

The need for a CE monitoring system can be addressed by harnessing the research on the
data pipeline concept. A data pipeline is an IT infrastructure capturing data at the source
where it is generated. It equips government authorities with original data shared by the
businesses voluntarily and in real-time. This data pertains to the flows of goods from a seller
in an exporting country to a buyer in an importing country. Traditionally, data pipelines
have been used by customs to access information stored in the traders’ information systems
willing to be transparent. This data sharing allows them to execute their risk assessment
more efficiently and offer trade simplification in return.
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Summary Summary

The voluntary business to government data sharing, expressed through data pipelines, can
play an essential role in enforcing compliance with the CE policy instruments. However,
the supply chain visibility currently captured by data pipelines is not sufficient to serve CE.
Thereby, they need to be extended to monitor the entire journey of materials and products
in the CE context. Furthermore, to unleash the full potential of the shared data, the CE
auditing actors need to have trust in the data and its quality. That is to say, they need to be
confident that the data has not been manipulated. This condition can be satisfied by using
blockchain-enabled data pipelines.

Blockchain is a distributed ledger shared across a public or private network of parties that
records encrypted pieces of information. It is a highly promising technology that can be
the backbone of a CE monitoring system since it can ensure data integrity. Data integrity is
achieved thanks to its unique characteristics, decentralization, auditability, and immutability.
Blockchain is appropriate for facilitating the exchange of data in trustless environments,
where actors are unwilling to communicate their information. The supply chain (the domain
of this research) is such an environment involving geographically dispersed actors with
competing interests, different policies, and cultures.

The thesis project dives into the research domain of blockchain-based data pipeline solu-
tions by investigating their ability to support the CE transition. For that reason, it develops a
framework that evaluates their ability to enforce compliance with CE policy instruments
by acting as monitoring systems. The evaluation framework identifies the information re-
quirements needed to be captured by such architectures to monitor the journey of materials
and products in a closed-loop supply chain. The research objective is explicated in the main
research question: “How can a CE visibility evaluation framework for blockchain-enabled
data pipeline solutions facilitate the monitoring of compliance with the policy instruments
established to foster the CE transition?”.

The thesis addresses the main research question by following the design science research
approach, which defines the activities that researchers should carry out to develop an in-
novative and well-grounded artifact. The research activities are the following: problem
identification and motivation, definition of the objectives of a solution, design and devel-
opment, demonstration, evaluation, and communication. To produce the CE visibility
evaluation framework, the research starts with exploiting the insights provided by the lit-
erature. The literature around the information requirements for CE compliance purposes
proves to be incomplete. The thesis bridges this knowledge gap by exploiting the empirical
data offered by three blockchain-based architectures, TradeLens, FoodTrust, and Vinturas.

The CE visibility evaluation framework is a valuable contribution to academic society. The
research on mobilizing the latest digital innovations, especially blockchain, to foster the
CE transition is an underdeveloped scientific domain. Moreover, as far as the thesis is
concerned, this is the first attempt to develop a framework that assesses the available
blockchain-based information infrastructures on their potential to enforce compliance with
the CE policy instruments. Whereas the academic literature lacks evaluation frameworks
focused on blockchain, in general.
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Summary Summary

The societal contribution of the research outcome is two-fold. On the one hand, the CE au-
diting actors can use it to evaluate and, if applicable, select among the available blockchain-
based information systems the most appropriate one to help them realize their CE agendas.
Such a development could produce considerable benefits for society by preserving planetary
resources, restricting environmental degradation, and revitalizing the world economy (CE
transition could create additional employment opportunities and boost GDP). On the other
hand, the IT developers can leverage it to identify the data needed to be stored by their IT
infrastructures to be deployed as CE monitoring systems.
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1
Introduction

This research project was conducted at the Delft University of Technology in collaboration
with the International Business Machines (IBM) in the Netherlands. It constitutes a response
to the appeal of Zeiss et al. towards the Information systems (IS) community to reap the
benefits of digital innovations to eliminate the wicked problem of resource depletion and
environmental destruction. As presented, Circular Economy (CE) is an economic model
that can provide decisive answers to the aforementioned sustainability issues. The thesis
aims at catalyzing the CE transition by developing an evaluation framework for assessing
the potential of blockchain-enabled data pipeline solutions to support the implementation
of CE policy instruments launched by both policymakers and private companies.

This chapter constitutes the backbone of the research project. Initially, it describes the
essence of the research by introducing the main research problem, identifying the research
gap in the extant literature, and formulating the main objective. Subsequently, it presents
the main research question (MRQ), which captures the thesis contribution towards both
the academic community and society. Moreover, the research approach is demonstrated,
which encloses the method adopted by the study to address the MRQ and developing the
framework. Finally, the chapter illustrates the thesis outline by providing an overview of the
thesis chapters and the activities carried out in each chapter.

1.1. Problem Statement

Today’s world comes up against the enormous challenge of moving towards more sus-
tainable practices. The growing planet’s population in conjunction with the heightening
economic activity are leading to resource depletion and environmental degradation. These
developments require a radical shift of human lifestyle towards a more environmentally
friendly one. The business world is currently held accountable by both society and the state
for safeguarding human eudaemonia and altering its production and operations practices
(Narayan & Tidström, 2020).

1



1.1. Problem Statement 1. Introduction

The concept of Circular Economy has recently received noteworthy attention by policy-
makers, academic community, and businesses as an effective response to sustainability
issues. Its underlying purpose is to minimize the use of natural resources in the production
systems by fostering a closed resource loop. In other words, society should aim at receiving
the maximum utility from materials, renewable resources, and products (Ellen MacArthur
Foundation, 2016; Genovese, Acquaye, Figueroa, & Koh, 2017; Zeiss, Ixmeier, Recker, &
Kranz, 2020).

This new economic model has attracted the attention of governments and private orga-
nizations (e.g., banks, and institutional investors) around the world, which have initiated
various policy instruments to stimulate its integration into business activities. Such policy
instruments could vary from regulations to additional taxes for eco-unfriendly goods and
green loans (Dewick, Bengtsson, Cohen, Sarkis, & Schröder, 2020). Indicatively, the Euro-
pean Union (EU), by initiating the “The European Green Deal”, aims at becoming climate
neutral in 2050. This goal will be attained through the adoption of CE-related initiatives, the
promotion of an environmentally friendly culture, and the support of industrial innovation
(European Commission, 2020b).

The monitoring of these policies by the government and private sector fall short, mainly
due to the absence of a solid monitoring system able to govern the flows of materials and
products in the supply chain. This lack of visibility enables agents to manipulate the CE
policy instruments to pursue their interests (Rukanova et al., 2021). Equally influential
is considered the data fragmentation among various actors involved in the supply chain.
In other words, the information about a product, such as the production process and
sustainability practices used, is scattered among several actors and information systems.
Consequently, access to that information can be limited or even impossible, while its validity
is considered controversial (Rukanova, Henningsson, Zinner Henriksen, & Tan, 2018; van
Engelenburg et al., 2020).

According to Zeiss et al., the Information Systems (IS) academic community can play a
pivotal role in accelerating CE transition by exploiting the latest digital innovations. Digital
infrastructures (DI) can stimulate the development of a reliable monitoring system, which
can boost supply chain visibility and enforce compliance with CE policies (Rukanova et al.,
2018). Among the several DI initiatives that can be found in the literature, data pipelines
have gained significant attention by plenty of researchers (Hesketh, 2009a, 2009b; Klievink
et al., 2012; Pugliatti, 2011; Rukanova et al., 2018).

The data pipeline is defined as an “IT information infrastructure that enables capturing data
at the source” (Klievink et al., 2012, p.14). It relies on the idea of reusing business data (e.g.,
bill of lading, invoice, purchase order, etc.) stored in various information systems available
in the supply chain to facilitate governmental control. The governmental authorities (e.g.,
policymakers, customs) can receive real-time access to original data voluntarily shared
by parties. Traditionally, data pipelines have been deployed by businesses to exchange
information with authorities to experience benefits in return, such as trade simplification
(Hesketh, 2010; Klievink et al., 2012; Rukanova, Huiden, & Tan, 2017; Rukanova et al., 2018).

This study extends the application of data pipelines by implementing them in the CE context.

2



1.2. Research Gap 1. Introduction

Such a choice can enable the actors interested in promoting CE transition (defined as CE
auditing actors by the thesis, e.g., policymakers, customs, and banks) to enforce compliance
with their policies by reaping the benefits of the available business data. However, an
essential prerequisite for unleashing the full potential of shared data to serve the public
good is the need for trust in the data and its quality. In other words, the data recipients need
to be confident that the shared data has not been tampered with. This requirement can be
satisfied by deploying blockchain-based data pipelines.

Blockchain is a distributed ledger shared across a public or private network that stores
various types of information, such as transaction data or events by using cryptography
(Landerreche & Stevens, 2018; Pahl, El Ioini, & Helmer, 2018; Ølnes, Ubacht, & Janssen, 2017).
It is a highly-promising technology that exceeds the capabilities of traditional information
systems thanks to its four characteristics, namely, decentralization, auditability, immutabil-
ity, and smart contracts (Cole, Stevenson, & Aitken, 2019; Saberi, Kouhizadeh, Sarkis, & Shen,
2019). The technology is particularly suitable for networks of actors in which no trust exists,
making parties reluctant to share information. Therefore, it has the potential to combat the
data fragmentation that besets global trade, and enhance supply chain visibility facilitating
the monitoring of CE flows (Abeyratne & Monfared, 2016; Saberi et al., 2019).

Blockchain has already been implemented in the supply chain domain, producing promising
results and dealing with crucial hiccups of international trade (DHL, 2018). Its undeniable
potential incentivized the thesis to explore its suitability for serving the CE purposes. The
execution of such a study can benefit from the exploitation of tangible evidence granted by
commercially launched blockchain platforms. More specifically, the research can receive
valuable insights from blockchain initiatives focused on providing end-to-end supply chain
visibility, as they are likely to be used by auditing parties (e.g., policymakers, customs, and
banks) as monitoring systems to support their agendas and enforce compliance within
the supply chain domain. In simple words, the CE auditing actors can deploy them to
trace a product throughout the supply chain and realize whether it integrates circular
characteristics.

1.2. Research Gap

The focal problem at hand is the wicked problem of resource depletion and environmental
destruction due to economic activities. The topic is contemporary, being at the top of the
agendas of both policymakers and the business world (Dewick et al., 2020). CE research
emerged in the 1960s when the scientific world engaged in discussions around the waste
and resource management. In the course of time, the research evolved towards its existing
version, emphasizing the need to close the materials loops and retain their economic value
(Zeiss et al., 2020).

Undoubtedly, the academic community has been mobilized to address the CE challenges.
However, its efforts have been focused on approaching the topic from a more technical
perspective, such as examining the transition from fossil fuels to renewables. The research
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on the use of digital technologies for supporting CE initiatives is relatively scarce (Rukanova
et al., 2021; Zeiss et al., 2020). As described by Zeiss et al., the IS academic community has
not been actively involved in addressing this societal challenge.

The primary research objective is to bridge the gap identified by Zeiss et al. by investigating
the potential of blockchain-based information infrastructures to support CE transition.
The transition to more sustainable practices depends on the actions of legislative bodies
or private companies (e.g., banks, and institutional investors), which can incentivize the
industry to abandon the traditional ‘take-make-waste’ economic model (Dewick et al., 2020;
Genovese et al., 2017). As discussed earlier, the success of such initiatives requires the
deployment of a monitoring system able to bring visibility in the materials flows throughout
the supply chain. In other words, the supervision of CE policy instruments requires access
to business data, such as the bill of lading and invoices.

The data pipeline concept is a suitable tool for enabling business to government data sharing
(B2G) (Hesketh, 2009a, 2009b; Klievink et al., 2012; Pugliatti, 2011; Rukanova et al., 2018).
However, the data stored through data pipelines so far is not sufficient for monitoring the
implementation of CE policy instruments and supporting the CE transition. Data pipelines
offer rich insights regarding shipping goods by storing crucial trade data (e.g., bill of lading
or packing list), capturing shipment events (e.g., the opening of a container on its way to the
final destination), and mapping the stakeholders involved in the shipment. Even though
such information could contribute to CE monitoring, Rukanova et al. (2021) highlight
the need for extending data pipelines to provide additional visibility in production, on
secondary raw resources, and at national borders, considering that materials could cross
several jurisdictions throughout their journey. This research project works towards that
direction by following this recommendation.

The value of the thesis is also justified by the research conducted by Shojaei et al. (2021).
According to their findings, the deployment of blockchain-enabled information systems
in the CE context is a new research domain with a limited number of available studies.
Such research could bring great benefits to society, as blockchain-based systems can enable
auditing actors to view the current status of materials or goods and track their entire path
in the supply chain. The existing material tracing systems are very far away from offering
the desired visibility, so this research domain is worth exploring (Shojaei, Ketabi, Razkenari,
Hakim, & Wang, 2021).

1.3. Research Objective

The thesis aims at developing a framework that fills the knowledge gap identified in the
literature. The framework focuses on evaluating the suitability of blockchain-enabled data
pipeline solutions to act as monitoring systems for CE purposes. This research objective
is achieved by identifying the information requirements needed to be captured in such
architectures to monitor the journey of goods or materials in a closed supply chain. In other
words, the research output covers the missing elements outlined in the literature about
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data pipelines and CE. The developed artifact is a valuable research output, as a negligible
number of frameworks for evaluating the suitability of blockchain-based applications, in
general, have been developed (Casino, Dasaklis, & Patsakis, 2019).

Equally considerable is the practical contribution of the project. The thesis output can
be beneficial for agents interested in fostering CE transition (e.g., policymakers, customs,
banks, institutional investors) by launching policy instruments. They can use the framework
to evaluate the potential of available blockchain-based information systems to enforce
compliance with CE policies by acting as monitoring systems. For instance, a national
government can use the thesis outcome to evaluate and, if applicable, select among the
various available blockchain-based infrastructures the most appropriate one. Such output
can help the government to trace a product throughout the supply chain by analyzing
business data and realize whether the product is circular.

The study takes as a starting point the CE diagram (Figure 1.1) developed by the Ellen
Macarthur Foundation (EMF), which makes explicit the CE flows and sheds light on the
processes that are subject to monitoring. The description of the CE flows provided by the CE
diagram is of pivotal importance for research, enabling researchers to select the processes
that they will focus on in their study. However, this description is provided at a high-level.
In other words, the model gives a generic illustration of the flow of materials, nutrients,
components, and products (Ellen MacArthur Foundation, 2017).

Figure 1.1: Circular economy diagram (Ellen MacArthur Foundation, 2016)

The thesis focuses on the right-hand side of the diagram, which is related to materials,
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such as plastic and aluminum. These materials are finite and non-biodegradable, and
therefore, society should aim at prolonging their life-cycle and minimizing their usage
(Ellen MacArthur Foundation, 2016). Namely, the thesis concentrates on two CE processes,
reuse/redistribute, and recycle. The first process is about extending the technical lifecycle
of products by remarketing and reusing them. The second process is related to returning a
product to its basic materials so as to produce new products (Calvo-Porral & Lévy-Mangin,
2020; Ellen MacArthur Foundation, 2016).

The motivation for focusing on the right-hand side and the abovementioned processes
stems from the urgent need of policymakers and private companies (e.g., institutional
investors) to eliminate the waste streams for incineration and landfilling by establishing
policy instruments (Rukanova et al., 2021). For instance, the Dutch government raised the
taxes related to burning or disposing of materials and initiated various policy instruments
to encourage recycling (Rijksoverheid, 2019). The thesis tries to identify the information
needed to be captured by blockchain-based information systems to monitor the flows of
materials and goods that insert into these processes.

1.4. Scientific Relevance

The research on the deployment of digital technologies for supporting CE initiatives is
considered relatively scarce (Zeiss et al., 2020). Therefore, the primary objective of the
research is to explore the potential of digital innovations to achieve end-to-end supply
chain visibility and support the implementation of CE initiatives. By taking as starting
point the fundamental pillars of CE, as described by the EMF, the thesis dives into the
research on blockchain-enabled data pipeline solutions by researching their role in fulfilling
sustainability goals. By doing so, the gap identified by Zeiss et al. in IS research can be
bridged and CE monitoring can be facilitated.

The thesis output also contributes to the discussion regarding the real potential of blockchain
to tackle grand societal challenges. Currently, IT specialists perceive blockchain as a panacea
to multiple real-world problems and envisage its deployment in various projects. Undeni-
ably, the technology has the potential to revolutionize the modern world and bring tremen-
dous benefits. However, one should thoroughly examine its suitability before considering
its implementation. According to the literature, a negligible number of frameworks for
investigating the suitability of blockchain-based applications have been developed (Casino
et al., 2019; Saberi, Kouhizadeh, & Sarkis, 2018). Therefore, the thesis fills this gap in the
extant literature and ensures a more sober and cynical analysis of blockchain solutions.

1.5. Societal Relevance

The thesis focuses on assisting policymakers, customs authorities, or private companies
(e.g., banks) with realizing their CE agendas. As already discussed, the evaluation framework
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can be used by these agents to assess the potential of blockchain-based data pipelines to
be deployed as CE monitoring systems. A solid CE monitoring system can enable them to
fulfill their auditing role and force the industry to abandon the traditional ‘take-make-waste’
economic model, which leads to resource exhaustion and environmental destruction. In
other words, the research output aims at facilitating the mission of these actors by supporting
the implementation of their CE policy instruments, such as laws, taxes, and green loans. The
successful application of these policy instruments is of pivotal importance for the modern
world. According to the literature, such actions incentivize the industry to adopt the circular
business model (Govindan & Hasanagic, 2018; Shojaei et al., 2021).

The thesis, by promoting the deployment of blockchain-based CE information systems, aims
also at enabling auditing actors to access reliable information. In this way, it deals with a
crucial hiccup of today’s world. Blockchain technology, apart from facilitating data exchange,
ensures trust in the shared data, its quality, and originality. Consequently, auditing actors
could be confident about the data integrity and leverage them to trace the real journey of
a material in the supply chain and make informed decisions. This aspect discriminates
blockchain technology from the Internet, which is simply used to disseminate copies of
information (Shojaei et al., 2021).

Finally, the research output can encourage the parties with an auditing role to reap the full
benefits of data produced throughout the supply chain. As described by IBM, the modern
world exploits less than 0.5% of data produced, whereas 80% of worldwide data is trapped in
organizational silos (IBM, 2021). Blockchain provides a safe environment in which actors
can share their data and benefit from such an exchange (Saberi et al., 2019). Promoting
blockchain-based data pipelines as a suitable tool for CE purposes can incentivize multiple
agents to adopt (e.g., authorities, businesses) the technology for exchanging information.
Such a development can increase supply chain efficiency and save billions of dollars, bene-
fiting society (Saberi et al., 2018).

1.6. Main Research Question

The thesis dives into the blockchain-enabled data pipeline solutions by exploring their
potential to support the CE transition. This research domain is still underdeveloped, so the
study undertakes the initial step of examining the suitability of the systems for the case at
hand. For that reason, the development of a framework that serves the research objective is
of paramount importance. A suitable digital technology needs to provide additional visibility
than that currently offered by data pipelines. Namely, visibility in three additional directions
is required, in production, on secondary materials, and at national borders (chapter 3
contains a detailed explanation of these aspects). The research objective is captured in the
following main research question (MRQ):

“How can a CE visibility evaluation framework for blockchain-enabled data pipeline
solutions facilitate the monitoring of compliance with the policy instruments established to

foster the CE transition?”
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The study addresses the MRQ by utilizing the Design Science Research (DSR) approach, a
methodology that defines a set of activities that researchers should follow to develop a novel
artifact, such as an evaluation framework (Johannesson & Perjons, 2014; Peffers, Tuunanen,
Rothenberger, & Chatterjee, 2007). The development efforts start by eliciting the essential
information requirements for CE monitoring from the literature. This activity leads to the
design of a tentative version of the framework. Subsequently, the thesis focuses on refining
it further by receiving empirical data from three blockchain-based platforms (use cases),
applied to the framework in an iterative way. Finally, the developed artifact is evaluated by
experts, and it is improved further based on their feedback.

1.7. Research Approach

As discussed in the previous section, the research outcome provides a solution to a vital
problem that humanity currently experiences, resources depletion and environmental de-
struction. This research goal aligns with the objective of Design Science Research, which
focuses on producing artifacts that can deal with concrete problems of general interest
(Johannesson & Perjons, 2014). In DSR, a broad perspective is adopted during the devel-
opment efforts. Design Science researchers, apart from designing a solution, generate
knowledge about it, evaluate its impact and communicate it to an audience (Peffers et al.,
2007).

DSR engages in the development of novel artifacts that incorporate research contribution
in their design and address a not hitherto practical problem. In other words, DSR focuses
on developing artifacts with both practical and theoretical importance. March and Smith
(1995) recognize four types of artifacts as possible DSR products: "constructs (vocabulary and
symbols), models (abstractions and representations), methods (algorithms and practices), and
instantiations (implemented and prototype systems)" (Hevner et al., 2004, p. 77). However,
this typology is considered too broad and vague and can be distinguished into sub-categories.
Chapter D (Appendices) presents the various sub-categories originating from the initial
typology. As Table D.3 illustrates, a framework is defined as “a logical structure for organizing
complex information” and belongs to the model category (Sangupamba Mwilu, Comyn-
Wattiau, & Prat, 2016).

According to the literature, DSR projects should meet some fundamental requirements
to materialize their mission. Initially, they should utilize well-established and rigorous
scientific methods to produce novel knowledge. At the same time, the generated knowledge
should rely on the existing knowledge base and the results should be communicated to
specialists in the domain. By meeting these requirements, the projects can ensure that their
outcomes are both well-grounded and innovative (Johannesson & Perjons, 2014).
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1.7.1. The three-cycle view

The need for research rigor and relevance with the existing knowledge base can be satisfied
by deploying the theoretical framework, the three-cycle view, developed by Hevner (2007).
Hevner depicts DSR as three cycles, the relevance cycle, the rigor cycle, and the design
cycle. The relevance cycle aims at connecting the environment of the research project,
where the novel artifact will be introduced, with the design science research. It places
particular attention on the application domain, consisting of people and organizational
or technical systems. The rigor cycle bridges the design science activities with the extant
body of knowledge, including scientific theories and available experience, competencies,
and artifacts in the domain. Finally, the design cycle focuses on building and evaluating the
developed artifact through an iterative process (Hevner, 2007).

The problem at hand can be divided into several elements, which should be considered so
as to address the main research question. Figure 1.2 depicts these elements by associating
them with the theoretical concepts of the three-cycle view. As presented, the environment
contains the information fragmentation that besets the global trade, the information re-
quirements needed to support the trace of an item throughout the supply chain, the agents
(governments and private companies) interested in promoting CE, the actors able to provide
this information, and the blockchain platforms used in the research (FoodTrust, Trade-
Lens and Vinturas). The representation of these components provides opportunities for
improving the status quo and the acceptance criteria for the assessment of the research
outcome. For that reason, the research results should return as an input to the environment
for evaluation, which will specify the need for further iterations (Hevner, 2007).

Figure 1.2: DSRM cycles, based on Hevner (2007)

The knowledge base encloses the fundamental knowledge derived from the literature, which
lays the foundations for the research project (Hevner, 2007). The study derives essential
insights from the B2G information sharing scientific discipline, which focuses on how
business data can be exploited by the public sector to serve the general public interest
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(European Commission, 2020d). Equally influential are the fundamental thesis concepts
discussed earlier, including the DSR, the DI that can support B2G information sharing (data
pipeline concept and blockchain-based data pipelines), the CE model developed by the EMF,
and the supply chain visibility concept. Thorough research on these concepts can ensure
that the research project will produce an innovative and original outcome (Hevner, 2007).

1.7.2. The Method Framework for Design Science Research

A suitable method for providing a direction to research approach is “Method Framework
for Design Science Research (MFDSR)” (Johannesson & Perjons, 2014; Peffers et al., 2007).
The framework can benefit a study by providing structure and rigor and ensuring results
of high-quality. Furthermore, it is a widely accepted process that enables reviewers or
scholars to understand and evaluate the research outputs. MFDSR defines a set of activities
or guidelines that researchers should follow during a DSR project to produce solid and
valid results. The activities described by the framework are: "problem identification and
motivation, definition of the objectives of a solution, design and development, demonstration,
evaluation, and communication" (Peffers et al., 2007, p. 46).

The output of each research activity can serve as an input to the following one. However, this
sequential relationship is not restrictive in DSR, considering that it is an iterative process,
researchers move forward and backward across all the activities during the project. In
other words, any step can receive inputs and generate outcomes for all the other steps
(Johannesson & Perjons, 2014; Peffers et al., 2007).

The remainder of this subsection focuses on addressing the main research question by for-
mulating a set of sub-research questions (SRQ) by means of the MFDSR. The sub-questions
cover the elements of the DSRM cycles and connect the environment, the knowledge base,
and design science activities. Moreover, they contribute to the research project by narrowing
the topic and providing structure and guidelines for the data collection and analysis.

Activity 1: Problem identification and motivation

This activity aims at scrutinizing the problem at stake and surfacing its root causes. The
central research problem should be precisely described and justified to highlight the ur-
gency of dealing with it (Peffers et al., 2007). As mentioned earlier, the issue should be
of public interest, meaning that it should be of significance for various stakeholders
(Johannesson & Perjons, 2014). The problem definition should be complemented by a
thorough literature review on the topic, which will ensure focus on the research (Doyle,
Sammon, & Neville, 2016; Hevner, 2007; Peffers et al., 2007).

Initially, this step is covered by the chapter 1 of the thesis, which defines the research problem
and objective and establishes a direction for the project. Such an output can incentivize the
audience to adopt the suggested solution by justifying its value (Doyle et al., 2016; Peffers et
al., 2007). In other words, it can motivate the actors interested in catalyzing CE transition
(e.g., policymakers, banks, and institutional investors) to use the framework and experience
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the benefits that it provides, which have been analyzed earlier. Subsequently, the study
focuses on setting the foundations for the artifact development by executing a literature
review on the core thesis concepts (CE transition, data pipeline, blockchain, and supply
chain visibility). This sub-activity is addressed by the first sub-research question.

SRQ1: What is the knowledge base on which the development of a CE visibility evaluation
framework for blockchain-enabled data pipeline solutions should rely?

Activity 2: Define the objectives of the artifact

The second activity is about translating the explicated problem into objectives or the so-
called requirements. The objectives can be expressed in either quantitative terms, such
as the percentage that the produced solution is more efficient than the existing one, or
qualitative terms, such as an analysis of how the generated artifact can provide a solution
to a problem not hitherto tackled. The output of this activity is used as a performance
measurement at the evaluation phase, which judges the potential of the new artifact to
address the research problem (Doyle et al., 2016; Peffers et al., 2007). The objectives of the
thesis can be formulated in qualitative terms, as the developed framework is expected to
illustrate the information requirements that information systems should capture to support
the implementation of CE policy instruments. This step will be addressed by the following
sub-research question.

SRQ2: What are the essential information requirements needed to support the trace of an item
throughout its life cycle in the CE context?

The SRQ2 is firstly answered through a literature review on the CE, the supply chain vis-
ibility, and the CE policy instruments, which can surface the CE auditing actors’ needs.
Subsequently, a literature review is executed on the information tools (information sources)
that can be used to enhance CE visibility and incentivize businesses to abandon the linear
“cradle-to-grave” economic model. An indicative example of such a tool is the digital product
passport (DPP), which can provide critical information regarding a product, such as the
materials used in its production, or its reusability and recyclability (Pardo, 2018).

The output of the second activity is of pivotal importance for the research project setting
the requirements for the blockchain-enabled data pipeline solutions aspiring to serve CE
purposes. In other words, the answer identifies the information needed to be included
in blockchain-based information systems to trace an item throughout its life cycle. The
term "life cycle" includes the complete journey of an item from its production or harvest
to final consumers and afterward its re-introduction to the market through value retention
strategies, such as reuse or recycling. The term “item” captures every material, component,
or product that can enter the CE processes.
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Activity 3: Design and develop artifact

This activity develops an artifact that can deal with the problem at hand by considering the
objectives identified in the previous step. Designing the artifact requires decisions regarding
its structure. The central output will be prescriptive knowledge that can be incorporated into
the developed artifact and descriptive learning concerning the design choices (Johannesson
& Perjons, 2014; Peffers et al., 2007). This step is crucial since it produces the research
outcome and its is addressed by the SRQ3 and SRQ4.

SRQ3: How can the information requirements needed to support the trace of an item
throughout its life cycle serve as a basis for the CE visibility evaluation framework?

The SRQ3 receives as an input the information requirements identified by SRQ2 and uses
them to develop an initial version of the evaluation framework. In addition, it executes
a literature review on reverse logistics and the closed-loop supply chain to cover some
knowledge gaps surfaced by the data provided by the SRQ2.In other words, this sub-question
addresses the first phase of the design process analyzed in detail later in this subsection.

The insights offered by the SRQ3 are not sufficient for developing a thorough evaluation
framework. The literature around the information requirements for CE purposes is incom-
plete. In other words, the thesis cannot fulfill its objective to develop a framework that
evaluates blockchain-enabled information systems on their potential to monitor the flows
of materials and products in the CE context by simply using the literature. Thereby, it tries to
bridge this knowledge gap by deploying the information provided by three blockchain-based
information systems acting as use cases, TradeLens, FoodTrust, and Vinturas. The use cases
offer rich and multifaceted insights.

TradeLens contributes to the design phase by giving valuable information about tracing a
cargo from a seller in an exporting country to a buyer in an importing one. It offers visibility
on a container-level by capturing shipment events and documents (TradeLens, 2021b).
However, enforcing compliance with the CE policy instruments also requires visibility on
both ingredient-level (raw materials) and item-level (products). This aspect is currently
missing by TradeLens, which does not capture detailed insights about the products included
in a container.

This knowledge gap in the CE visibility can be covered by FoodTrust. FoodTrust traces the
journey of ingredients and items in the supply chain before consumption (IBM, 2021). As its
name indicates, it focuses on the food industry, which refers to the left-hand side of the CE
diagram (presented in Figure 1.1). Even though the thesis is not interested in food products,
which are biodegradable and return to the environment, the platform plays a pivotal role
in the design efforts by surfacing the visibility needed in some fundamental CE processes,
described in chapter 4, such as materials sourcing. Furthermore, the thesis argues that, from
a technological perspective, the visibility offered by FoodTrust for food products can be also
provided for non-food products.

Finally, Vinturas is an automotive consortium created by several European logistics service
providers (LSPs). It provides visibility in the journey of vehicles from production to dealer.
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Its specialization in the transportation aspect of the vehicle industry refines the framework
by offering unique insights. Indicatively, the platform mainly covers inland transportation,
an aspect not addressed by TradeLens and FoodTrust. Equally valuable for the research
is that Vinturas deals with the transportation element of the remarketing of second-hand
vehicles (Vinturas, 2021a). The remarking process resembles the reuse and redistribute CE
process illustrated in the CE diagram (Figure 1.1).

The motivation for selecting these use cases stems from their ability to offer the craved
visibility in the journey of materials and products from materials sourcing to consumption.
In other words, they cover a significant part of the CE flows. Consequently, they can be
a useful tool for the CE auditing actors in their efforts to enforce compliance with their
policy instruments. Each information system covers different parts of this supply chain,
making their combination a worth-exploring scientific domain. Moreover, it should be men-
tioned that the research had great access to information about these blockchain-enabled
architectures.

The use cases also satisfy one of the primary research objectives, extending data pipelines
for CE compliance purposes. As the thesis proves at the end, TradeLens is a complete
data pipeline solution integrating all the characteristics of this IT information infrastructure.
Namely, it captures business data at the source, enables voluntary and real-time data sharing
for governmental control, and offers visibility from a seller in an exporting country to the
buyer in an importing one. However, to enforce compliance with CE policy instruments,
data pipelines (e.g., TradeLens) need to be extended to offer additional visibility (Rukanova
et al., 2021). This requirement can be satisfied by examining the connection of TradeLens
with other blockchain-based information systems, such as FoodTrust and Vinturas.

The thesis tries to refine the first version of the CE visibility evaluation framework produced
by the SRQ3 by formulating the SRQ4. The SRQ4 receives as an input the framework under
development and applies it to the use cases in an iterative way. Each iteration produces an
elaborated version of the CE visibility evaluation framework based on the insights gained.
The answer to this sub-question is elicited by analyzing documents provided by IBM and Vin-
turas. Even though it is not its primary objective, the research also delves into the blockchain
design characteristics of the examined information systems to enrich its knowledge base.

SRQ4: What information requirements for CE visibility are captured by the examined
blockchain-enabled information systems and how do the insights derived from them

contribute to the further development of the CE visibility evaluation framework?

Figure 1.3 shows the process followed during the development of the evaluation framework.
As presented, the design process is divided into three phases. Initially, a tentative version of
the framework is developed based on the literature review conducted on both information
requirements needed to trace an item in the supply chain and the information tools that
can provide CE visibility. Subsequently, the framework is refined further as a result of the
insights gained by the use cases. Finally, the consolidation phase produces the ultimate
research output.
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Figure 1.3: Design process

The design process aligns with the views identified in the literature. Hevner et al. (2004)
depict DSR as an iterative and incremental process. According to their paper, the testing
of an artifact, carried out through the application of use cases in this thesis, enhances the
quality of both the design process and the developed solution by providing meaningful
feedback. Similarly, March and Smith (1995) claim that the application and test of a solution
during the design process leads to the development of complete research output.

Kuechler and Vaishnavi also endorse this research process by emphasizing the importance
of enriching the understanding of an issue through the act of building an artifact. In their
paper, they define the knowledge acquired in practice as circumscriptions. Circumscriptions
can take place at both the development and evaluation phase, revising the knowledge base.
Their way of thinking relies on the assumption that any knowledge base is incomplete by
nature, so it has to be used to be considered valid in specific circumstances (Kuechler &
Vaishnavi, 2012).

Activity 4: Demonstrate and evaluate artifact

The fourth activity combines two activities described by Peffers et al, the demonstration
and evaluation of the artifact. Therefore, it can be divided into two sub-activities. The first
sub-activity demonstrates the developed framework (proof of concept) to prove that it can
attain its purpose by solving a practical problem (Doyle et al., 2016; Johannesson & Perjons,
2014; Peffers et al., 2007). The second sub-activity is about evaluating the potential of the
artifact to achieve the objectives articulated in the second activity and tackle the practical
problem of the research, monitoring CE flows (Doyle et al., 2016; Johannesson & Perjons,
2014; Peffers et al., 2007). The SRQ5 covers this research activity.

SRQ5: To what extent does the developed framework evaluate the ability of
blockchain-enabled data pipeline solutions to provide the visibility needed to support CE

policy instruments?

The SRQ5 demonstrates the framework produced from the previous sub-questions and eval-
uates its ability to serve its purpose. As discussed earlier, to support the CE initiatives, data
pipelines need to provide visibility in production, on the flows of secondary raw materials,
and at national borders. The output of interviews is used as an input to the development
efforts, leading to the ultimate version of the framework.
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The final version of the CE visibility evaluation framework is used to evaluate the three
blockchain platforms (TradeLens, FoodTrust, Vinturas) on their ability to act as monitoring
systems for CE purposes. In other words, the framework assesses to what extent the plat-
forms capture the information requirements identified through the literature review and the
analysis of the use cases. This sub-activity specifies “data gaps” in the blockchain platforms,
which can be addressed with further development efforts. For instance, the platforms may
not cover the collection of used products by consumers or users. This phase is of great
significance for CE compliance since it signs the beginning of the second product lifecycle.

Activity 5: Communicate artifact

The last research activity is about communicating the contribution of the thesis to both
the real-world and knowledge base. This two-fold contribution separates the DSR from the
pure development of artifacts (Doyle et al., 2016). Accordingly, this step communicates the
research problem and its urgency, the evaluation framework and its utility, efficacy, and
originality to the appropriate audience, such as researchers and practitioners (Peffers et al.,
2007). The last chapter covers this research phase, by answering the MRQ, discussing the
research output, its contribution to both science and society, and the limitations of the study.
Finally, the thesis provides directions for future research.

1.7.3. Thesis Outline

Table 1.1 depicts the sub-questions, the research strategy adopted to address them and their
deliverable.

Research Question Research Strategy Deliverable

SRQ1
What is the knowledge base on which the development of

a CE visibility evaluation framework for blockchain-
enabled pipeline solutions should rely?

Literature Review Knowledge Base

SRQ2
What are the essential information requirements needed

to support the trace of an item throughout its life cycle
in the CE context?

Literature Review
Information

Requirements

SRQ3
How can the information requirements needed to support

the trace of an item throughout its life cycle serve as a
basis for the CE visibility evaluation framework?

Data provided by
SRQ2 and literature

Initial
Framework

SRQ4

What information requirements for CE visibility are captured
by the examined blockchain-enabled information systems

and how do the insights derived from them contribute to the
further development of the CE visibility evaluation framework?

Data provided by
IBM and Vinturas

Refined
Framework

SRQ5

To what extent does the developed framework evaluate the
ability of blockchain-enabled data pipeline solutions

to provide the visibility needed to support CE
policy instruments?

Expert Interviews
Final

Framework

Table 1.1: Research questions strategies

Figure 1.4 illustrates the thesis outline, presenting the research activities, the chapters of the
thesis, the strategies followed in each chapter, and the connection between chapters and
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research questions. The thesis follows a structure similar to that suggested by Gregor and
Hevner (2013). In their paper, Gregor and Hevner provide a publication schema for DSR
projects, claiming that a DSR project should include the following contents: "introduction,
literature review, method, artifact description, evaluation, discussion, conclusions". However,
the recommended structure is not meant to be excessively prescriptive (Gregor & Hevner,
2013).

1.8. Conclusions

This chapter laid the foundations for the research project. It initiated the reader to the
research problem, the wicked problem of resource depletion and environmental destruction.
As presented, Circular Economy constitutes a decisive response to the aforementioned issues
aiming at minimizing the consumption of natural resources in the production systems by
promoting a closed resource loop. This economic model has attracted the interest of the
academic community, which has been translated into important research efforts. However,
most of the literature has focused on addressing more technical aspects of the topic. As
claimed by Zeiss et al, the research on the use of digital technologies to support CE is
relatively scarce.

The thesis aims at bridging that knowledge gap by developing a framework that evaluates
the suitability of blockchain-enabled data pipeline solutions to act as monitoring systems
for CE purposes. Such monitoring systems are needed by actors that have initiated CE policy
instruments to ensure their proper implementation and enforce compliance if necessary.
The research objective is fulfilled by pinpointing the information requirements needed to be
captured in such systems to trace the path of goods or materials in a closed supply chain.
The thesis goal is captured in the main research question: “How can a CE visibility evalua-
tion framework for blockchain-enabled data pipeline solutions facilitate the monitoring of
compliance with the policy instruments established to foster the CE transition?”

The CE evaluation framework will be designed by following the DSR method. An approach
that defines the activities that researchers should conduct to produce solid and valid results.
The activities prescribed by the approach are the following: problem identification and
motivation, the definition of the objectives of a solution, design and development, demon-
stration, evaluation, and communication. These activities benefit the study by dividing
the main research question into sub-questions and driving the design efforts. The chapter
also presented the research strategy adopted to address each research question, such as
literature review and data analysis. As described, the thesis derives insights from three
blockchain initiatives focused on providing supply chain visibility. Their contribution is of
great importance, as the literature around the information requirements is incomplete.
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Figure 1.4: Research flow diagram, based on Johannesson & Perjons (2014)
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2
Knowledge Base

This chapter covers the first activity of the MFDSR, problem identification, and motivation,
by addressing the SRQ1: "What is the knowledge base on which the development of a CE
visibility evaluation framework for blockchain-enabled data pipeline solutions should rely?".
The answer to this question derives from a literature review on the fundamental concepts
of the thesis, circular economy, data pipelines, supply chain visibility and blockchain. This
activity sets the basis for the framework development by explaining in more detail the
problem that it tackles, highlighting the importance of deploying a blockchain-enabled data
pipeline for CE purposes, and justifying the value of the produced artifact.

The chapter starts with introducing circular economy and explaining how the business
world can be incentivized to adopt this economic model (section 2.1). As presented, its
adoption depends on the actions of both policymakers (or customs) and private companies
(e.g., banks, and institutional investors), which can launch CE policy instruments for that
purpose. However, such policies are prone to manipulations when there is a lot at stake.
Therefore, these actors need to constantly monitor the implementation of their policies and
enforce compliance when necessary. This requirement can be addressed by the deployment
of a solid monitoring system, which can trace the materials flows in the supply chain.

Section 2.2 argues that the need for a monitoring system can be satisfied by leveraging the
research around data pipelines. Data pipelines can equip the interested agents with original
data that companies possess in their information systems about the goods. However, a
prerequisite for getting the full benefits of this data is the need for trust in the data and its
quality. Sections 2.3 and 2.4 suggest that blockchain-enabled information systems can meet
this requirement, thanks to their unique characteristics. Finally, a sub-conclusion of this
chapter is presented in section 2.5.
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2.1. Circular Economy

2.1.1. The transition towards Circular Economy

Humanity currently faces the colossal challenge of dealing with resource consumption and
ecological degradation due to increasing economic activities. The root of this problem lies
in the traditional “take-make-waste” economic model (presented in Figure 2.1) that the
business world adopted after the advent of the industrial revolution. This economic model
follows a simple rationale, in which companies harvest crops or mine materials to produce
goods and subsequently sell them to end-consumers, who discard them in the landfills or
incinerate them when they are no longer functional or useful (Ellen MacArthur Foundation,
2013; Oppen, Croon, & Bijl de Vroe, 2020). The economy thrives by consuming more
planetary resources to produce goods and generating more waste. This linear economic
model relies on two fundamental assumptions, limitlessness and easily-accessible resources,
and unlimited earth regenerative capacity (Wautelet, 2018).

The adoption of the linear economic model by the business world was combined by a sales
strategy, named planned obsolescence, which purposely limits the technical product life-
cycle (Oppen et al., 2020). In other words, the businesses produce products with a limited
lifecycle to ensure steadily increasing sales and profits. However, the growing global popula-
tion and the limited regenerative earth capacity make this model unsustainable (Oppen et
al., 2020). More specifically, the global population is about to reach 9.7 billion in 2050 (United
Nations, 2019). To meet the global demand, the economy will need approximately three
times the raw materials presently used, leading to depletion of natural resources. Therefore,
it is evident that a new economic model should be embraced since this consumption pattern
cannot be continued forever (Wautelet, 2018).

Figure 2.1: Linear economic model, based on Wautelet (2018)

The concept of Circular Economy evolved as a response to the above-described problem.
CE (presented in Figure 2.2) is an economic model that focuses on reducing the use of
virgin resources in the production systems, eliminating the waste streams, and maximizing
the value retention of resources. Its underlying purpose is not to stifle productivity, but
to encourage the industry to produce enduring products. The product lifecycle can be
prolonged through value retention strategies, namely, repair, reuse, remanufacturing, and
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recycling (Ghisellini, Cialani, & Ulgiati, 2016; Oppen et al., 2020). In other words, when a
product reaches the end of its lifecycle, it is reintroduced in the market. Furthermore, CE
sets guidelines for the business processes, (e.g., production process), which should com-
ply with its fundamental principles by deploying sustainable practices, restructuring their
operations, improving product design, and minimizing waste (Ghisellini et al., 2016; Loor-
bach & Wijsman, 2013; Oppen et al., 2020). Consumers play also a pivotal role in ensuring
product circulation by thoughtfully using and repairing the products or by introducing them
to a closed materials loop through reuse, remanufacturing and recycling (Oppen et al., 2020).

Figure 2.2: Circular economic model, based on Calvo-Porral & Lévy-Mangin (2020)

One of the most leading proponents of CE is the Ellen MacArthur Foundation (EMF). The
EMF is a UK-based charity foundation, established in 2009, which focuses on catalyzing
the transition towards CE. To fulfill its mission, it closely cooperates with policymakers,
academics, and businesses aspiring to inculcate them a “circular mindset”. For that reason,
it published several influential reports, which have played a crucial role in CE academic
and business domain (Ellen MacArthur Foundation, 2013, 2016, 2017, 2019; Geissdoerfer,
Savaget, Bocken, & Hultink, 2017).

EMF defines CE as “an industrial system that is restorative and regenerative by design” (Ellen
MacArthur Foundation, 2016, p. 31). CE relies on three major pillars, “preserving and
enhancing natural capital, optimizing resource yields, and fostering system effectiveness”
(Ellen MacArthur Foundation, 2016, p. 32). The first pillar refers to fostering the efficient
use of finite resources and balancing the use of renewable resources. The second pillar is
about retaining the value of products, components, and materials by using them over and
over again. Finally, the third pillar is related to minimizing the waste streams disposed in
the landfills and negative externalities, like air pollution and land use (Ellen MacArthur
Foundation, 2016).

Illustrative is also the description provided by Genovese et al. (2017) who depict the planet as
a closed system ruled by the first law of Thermodynamics. Namely, “the amount of resources
consumed in a period is equivalent to the amount of waste used in that period” (Genovese
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et al., 2017, p. 345). Even though the law of conservation is not applicable to practice, CE
aspires to maintain this circulation of resources by converting waste into resource (Genovese
et al., 2017).

The above analysis related to shifting from a linear economic model towards a circular one
constitutes the foundation of the thesis, which works towards accelerating this transition.
However, to close the materials loops, it is critical to make the materials flow explicit and to
deeply understand the processes that are subject to monitoring and regulation. This need
can be satisfied by deploying the already discussed CE diagram (Figure 2.3) developed by
the EMF (Ellen MacArthur Foundation, 2016).

Figure 2.3: Circular economy diagram (Ellen MacArthur Foundation, 2016)

The diagram thoroughly captures all the concepts associated with the CE. The central part
of the diagram shows the linear economic model, in which the Earth’s resources are trans-
formed into products, which are later incinerated or discarded in landfills. Subsequently,
the diagram connects the linear model with two loops, one related to renewables (biological
cycle) and one about finite materials (technical cycle). There is a clear distinction between
these two cycles (Ellen MacArthur Foundation, 2016).

The biological cycle (left-hand side) refers to the regenerative aspect of the CE by dealing
with renewable resources. Renewables are not depleted when used and can decompose
when they return to nature (biodegradable materials), such as wood, paper, and oil. CE
aims at retaining these materials by enabling them to return positively and safely to the
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economy or returning them to the environment in a sustainable way. As illustrated, this can
be achieved through various ways, such as extracting chemicals, energy, or other materials
from biological resources. The cascades are about devising new additional uses for resources
(Ellen MacArthur Foundation, 2016). For example, clothes can be reused for various pur-
poses, like insulation materials for buildings (Costa, 2020). As highlighted in Chapter 1, the
thesis does not address this side of the CE diagram.

The right-hand side of the diagram is related to the restorative aspect of the CE focusing on
materials that are finite and non-biodegradable, like plastic and aluminum (Ellen MacArthur
Foundation, 2016). As discussed, the thesis concentrates on the technical cycle. This
choice stems from the imperative need of tackling the consumption of virgin resources
and minimizing the volume of materials discarded in landfills or incinerated (Oppen et
al., 2020). By doing so, the modern world can fulfill its moral commitment to sustain
natural capital so as not to deprive future generations of the ability to meet their needs
(Poel & Royakkers, 2011). The CE diagram suggests that technical materials can be restored
and their life can be prolonged through the following processes: shared use of products,
maintenance, reuse/redistribution, refurbishment/remanufacturing, and recycling (Ellen
MacArthur Foundation, 2016).

The reuse/redistribution process tries to prolong the technical life of products. Such a
solution can be supported by the establishment of channels for enabling the collection,
maintenance, and redistribution of products no longer desirable for a user. Similar channels
can be formed for serving the purposes of the refurbishment/remanufacturing process. They
can be utilized for collecting obsolescent products that cannot be repaired. These products
should be dismantled allowing the reuse of their components for the manufacturing of new
ones. In case that none of the above-described processes is realizable, the materials should
be recycled to produce new products, materials, or components, which will serve either
their original purpose or a new one (Calvo-Porral & Lévy-Mangin, 2020; Ellen MacArthur
Foundation, 2016).

The thesis focuses on two value retention strategies, reuse/redistribution, and recycling. The
motivation for examining recycling stems from the interest that this process has from a CE
compliance perspective. Recycling returns products to their basic materials (raw materials)
to be used again in the production of new products. This process involves a transportation
element that CE auditing actors could be particularly interested in monitoring and regulating
by accessing business data. Namely, after recycling raw materials should be transported
to the production systems to complete a closed loop (Calvo-Porral & Lévy-Mangin, 2020;
Kalmykova, Sadagopan, & Rosado, 2018). The thesis aims at facilitating the CE auditing
actors’ mission to enforce compliance in recycling by considering this process in the CE
visibility evaluation framework.

However, recycling should be the last resort when considering the appropriate CE process
(e.g., reuse, remanufacturing, recycling). A fundamental CE concept is receiving the maxi-
mum utility from materials, that is retaining their integrity for as long as possible. In this
way, the modern world can ensure environmental sustainability. Recycling is an intensive
process, which discards the value contained in products, such as labour, energy, capital,
and materials, and impacts the environment by consuming, for example, energy and water.
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Consequently, deploying one of the other CE strategies, like redistribution, is usually a more
desirable choice (Ellen MacArthur Foundation, 2013; European Environment Agency, 2017).
This notion is expressed in the principle “the power of the inner circle” described by the
EMF, which favours the inner circles of the CE diagram (see Figure 2.3). In simple words, the
principle states that the tighter the circle, the faster is the reintroduction of a product to the
market, as less reprocessing is required (Ellen MacArthur Foundation, 2013).Considering
this principle, the thesis opted for promoting the adoption of one of the other CE strategies
by studying the reuse/redistribution disposition option.

2.1.2. Fostering Circular Economy

There is no doubt that the business model presented by the EMF through the CE diagram
is highly beneficial from an environmental point of view. However, it may not have clear
benefits from an economic perspective, making its adoption by the industry a less attrac-
tive alternative than the linear one (Genovese et al., 2017). The modern world has been
designed to be linear, this consumption pattern has been optimizing for quite a long time.
Consequently, a shift in everyone’s attitude could be a challenging task (Oppen et al., 2020;
Hartley, van Santen, & Kirchherr, 2020). It asserted that moving towards more sustainable
practices will require significant investments in terms of infrastructures and innovation
(Deloitte, 2019). For that reason, Genovese et al. (2017) urge the government to enact policy
instruments that can incentivize the private sector to shift towards circular practices.

Such CE policies can be traced back to 1996 when Germany pioneered in the field by
initiating the enactment of the “Closed Substance Cycle and Waste Management Act” (Su,
Heshmati, Geng, & Yu, 2013). The legislation emphasized the need of establishing a closed-
loop for waste through recycling and reuse and ensuring the environmentally safe disposal
of waste. Thereafter, various governing bodies launched CE policies aspiring to integrate
environmental concerns into private organizations, such as Japan in 2002 and China in 2009
(Geissdoerfer et al., 2017; Su et al., 2013).

Nowadays, the topic of moving towards a sustainable way of living is contemporary, being at
the top of the agenda of most policymakers. Policymakers strive to promote CE by deploying
a plethora of mechanisms including regulations, taxes, or economic incentives (Dewick et
al., 2020). For instance, the European Union (EU) by initiating the “The European Green
Deal” wants to become climate neutral in 2050. It will try to fulfill this goal by taking various
actions, such as encouraging the efficient use of renewable and non-renewable resources,
investing in eco-friendly technologies, supporting industrial innovation, and decarbonizing
the energy sector (European Commission, 2020b).

Similar initiatives can be noticed on a national level, where national governments formu-
late policies to move towards a more clean and circular economy. Indicatively, the Dutch
government replied to this call by composing the “CE Implementation Programme 2019-
2023”, which constitutes a stepping stone for evolving into a resource-efficient economy
(Rijksoverheid, 2019). Its principal objective is to achieve CE by 2050. To materialize this
ambitious plan, the Netherlands has formulated an intermediate goal, the 50% reduction in
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the consumption of natural resources by 2030. Its agenda sets as priority five sectors that
have the greatest impact on the CE transition, namely, plastics, manufacturing industry,
construction domain, biomass, and food and consumer products (Deloitte, 2019). Working
in that direction, the government increased the tax related to landfilling and incineration and
encouraged recycling through investments. Finally, a measure currently under discussion,
on a global level, is the introduction of additional taxes for non-eco-friendly goods (OECD,
2020).

The CE transition is at the top of the agenda of the private sector as well. Organizations such
as banks, venture capitals, and auditing firms have launched several initiatives, including
zero-waste, green loans for plastic, loans with discounted interest, and reverse manufac-
turing. The establishment of CE can benefit them by reducing costs associated with linear
risks and dependence on finite raw materials (Dewick et al., 2020; Ellen MacArthur Founda-
tion, 2017; Geissdoerfer et al., 2017; Deloitte, 2019). As proof, BlackRock, a global leader in
asset management, announced investments of $20 million to companies adopting the CE
paradigm (Dewick et al., 2020). Similarly, the Dutch banks ABN AMRO, ING, and Rabobank
announced "Circular Economy Finance Guidelines" to build a common understanding
regarding financing CE on a global level (Rabobank, 2018).

The efforts of the policymakers and private organizations with an auditing role (e.g., banks,
and institutional investors) to stimulate CE transition do not always produce the antici-
pated results. As described by Rukanova et al. (2021), the CE policy instruments can be
manipulated when there is a lot at stake. An indicative example is a recent case, in which
it was revealed that plastic exported from the Netherlands to Turkey for recycling or reuse
was illegally dumped (Wester, 2020). This instance indicates that the deployment of policy
instruments is not sufficient to realize CE transition. The actors interested in CE transition
need to monitor the application of these policy instruments and enforce compliance when
necessary. In other words, they need a solid monitoring system to make sure the proper im-
plementation of their CE policies. Such a CE monitoring system should provide end-to-end
visibility on the CE flows throughout the supply chain (Rukanova et al., 2021).

The monitoring of the CE flows is also affected by the information fragmentation that
besets the global supply chain. In simple words, the information about a product, such
as production process and sustainability practices used, is scattered among various actors
and information systems located even in different countries. For example, the information
about the use of secondary raw materials for the production of new products is possessed by
specific parties (Rukanova et al., 2021). This phenomenon becomes worse by the reluctance
of several parties to share information due to either legal constraints or other reasons (e.g.,
competition). Therefore, policy-makers and other actors involved in promoting CE (e.g.,
banks) have limited access to information about the flow of goods, while the available
data can be inaccurate and of low quality (Rukanova et al., 2018; van Engelenburg et al.,
2020). This lack of reliable information makes the detection of risks related to compliance
concerning CE policies a challenging task.

The absence of a reliable monitoring system able to govern the CE flows and tackle the
information fragmentation in the supply chain can be addressed by leveraging the research
around digital infrastructures (DI) and specifically, data pipelines. As stated by Rukanova et
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al. (2021), these digital solutions have the potential to bring the necessary visibility to the
materials flows, enforce compliance, and consequently support the shift towards CE.

2.2. Data Pipeline Concept

A digital infrastructure (DI) can be defined as a "system-of-systems" aiming at limiting the in-
formation fragmentation between businesses and governments by exceeding organizational
and system boundaries. A DI achieves its mission by bringing together several autonomous
and operatable information systems and creating a network of them, which facilitates the
exchange of information for some time (Rukanova, Henningsson, Henkriksen, & Tan, 2016).
The problem that DI is called to solve in this study is the absence of a solid monitoring
system, which can enable efficient and timely detection of risks related to compliance with
CE policies by using reliable and accurate data provided by businesses.

Among the several DI initiatives that can be found in the literature, data pipelines have
gained significant attention by plenty of researchers driven by the idea of capturing business
data (bill of lading, invoice, purchase order, etc.) produced throughout the supply chain
to facilitate governmental control (Hesketh, 2009a, 2009b; Klievink et al., 2012; Hesketh,
2010; Pugliatti, 2011; Rukanova et al., 2018). This concept is particularly useful for this study,
considering that the agents with an auditing role (e.g., policymakers, customs, banks) need
to control the CE flows.

The data pipeline was conceptualized as a tool that can improve visibility and transparency
in the global supply chain by facilitating B2B (business-to-business) and B2G (business-to-
government) data sharing (van Stijn, Klievink, Janssen, & Tan, 2012). Its efficient operation
relies on the deployment of Service-Oriented Architectures (SOA). In other words, it needs
access to the information systems possessed by the various actors involved in the supply
chain, such as inter-organizational information systems operated by freight forwarders and
information systems used by importers or customs authorities. By accessing this data, it can
integrate multiple sources of information currently scattered across the supply chain and
captured in different documents (Klievink et al., 2012; van Stijn et al., 2012).

Data pipelines store data about stakeholders, products, and commercial transactions granted
voluntarily and originated from their original source, where it is generated. The participants
feed their information to the system in real-time to produce the craved supply chain visibil-
ity. The information can be enriched constantly throughout the movement of products, by
using tracking and monitoring technologies, like RFID tags or container seals. An interesting
aspect is that the shared data remain in the possession of its source and become visible solely
to the authorized actors through clever linking of data. For instance, authorized parties can
get data about the container content granted by a shipping company by using a Uniform
Resource Locator (URL) (Klievink et al., 2012).

The understanding of the data pipeline can be enriched by using the model developed by
Hesketh and Heijmann (Figure 2.4), which concentrates on three layers. The physical layer
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represents the movement of cargo from the exporting country to the importing one (Klievink
et al., 2012). It constitutes the layer of interest for the actors aspiring to monitor the CE flows
since it presents the flow of materials, nutrients, or goods. Such information can help them
to realize whether the technical resources enter a closed loop through the CE processes
discussed in the previous section (e.g., recycling) and identify possible frauds. Undeniably,
such visibility is not currently captured by data pipelines and is not depicted in Figure 2.4,
but this study works towards materializing it (Klievink et al., 2012; van Stijn et al., 2012).

The organizational level provides an overview of the parties involved in data pipelines.
Data pipelines are global DIs developed to be workable for complicated networks of actors
consisting of both public and private organizations. The private actors range from the
sellers of products to the buyers and cover all the intermediate parties, including freight
forwarders, logistic service providers, terminal operators, and so on. The public group of
actors encompass national agents (e.g., customs, inspection and port authorities, ministries)
supra-national agents (e.g., EC), and international agents (e.g., United Nations, World Trade
Organization) (Klievink et al., 2012; van Stijn et al., 2012; Veenstra, 2014). Deep knowledge of
these groups of stakeholders is of great importance for the actors interested in promoting
CE. Such understanding enables them to pinpoint the sources of information that they need
and enforce compliance when necessary.

Figure 2.4: Data pipeline, based on Klievink et al. (2012)

The data and document layer represents the information exchanged among actors, like
the bill of lading, invoices, and packing list. Such data constitutes a valuable source of
information, providing details regarding the goods included in a container, their weight and
value, the real buyer and seller, which can be different in the customs declaration, and so on.
As highlighted earlier, this information is fragmented among several actors and information
systems. Data pipelines try to make this information available to interested parties and
improve supply chain visibility. Supply chain visibility refers to the ability of a private or a
public organization to understand the real status of products in the supply chain by getting
access to transaction data. This visibility is very important to make informed decisions
(Klievink et al., 2012; van Stijn et al., 2012).

The actors with a CE auditing role can leverage the business data by using the so-called
“piggybacking”. Piggybacking refers to using business data for fulfilling different purposes
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than the original one (Tan, Bjørn-Andersen, Klein, & Rukanova, 2011). In other words, data
pipelines enable the re-use of business data for governmental control purposes, like carrying
out a risk assessment and inspections, or enforcing compliance. Such rationale requires a
radical shift from the old-fashioned and paper based B2G data sharing, in which businesses
give to auditing agents only the necessary data. Piggybacking relies on the idea that the
data produced and used by the private companies for their operational activities is of higher
quality than the one currently shared with authorities. Consequently, auditing actors can
benefit by accessing them (Klievink et al., 2012; van Stijn et al., 2012). The piggybacking can
be complemented by the adoption of a “data pull” approach, in which auditing actors can
pull data out of the information systems (Tan et al., 2011).

The analysis of the data pipeline concept highlighted its potential suitability for acting as a
monitoring system for CE purposes. To control the CE flows and prevent the occurrence
of any adverse effects regarding the implementation of their CE policy instruments, the
interested actors need to access accurate and reliable business data (Rukanova et al., 2021).
Data pipelines can satisfy this need by providing the original data that companies possess in
their information systems about the shipment of goods (Klievink et al., 2012; van Stijn et al.,
2012). Nonetheless, a prerequisite to reap the full benefits of this data for serving the public
good is the need for trust in the data and its quality. In other words, actors with CE policies
need to be sure that the data has not been tampered with. As presented in the following
section, blockchain technology can address this requirement.

2.3. Blockchain Technology

The advent of blockchain dates back to 2008 when a mysterious person or group of people
named Satoshi Nakamoto launched a peer-to-peer electronic cash system (bitcoin) that
eliminates the need for a trusted third party, e.g., financial institution (Nakamoto, 2008).
Blockchain became widely known as the fundamental technology deployed for the operation
of bitcoin, however, its capabilities were truly discovered later, after 2016, when its potential
implementation to a wide range of sectors, including supply chain and logistics (Abeyratne
& Monfared, 2016; DHL, 2018; Saberi et al., 2019; Underwood, 2016), healthcare domain
(DHL, 2018; Srivastava, Bhadauria, Dhaneshwar, & Gupta, 2019) and food safety (Behnke &
Janssen, 2020), was conceptualized.

The central rationale behind blockchain is not radical but relies on the old concept of
deploying a ledger to store transactions during a time period. From old times, such ledgers
are possessed by one party, like a bank, and managed by an administrator, who can alter
the ledger without asking for permission from the stakeholders of the ledger (DHL, 2018).
On the other hand, blockchain (a chain of blocks) is a distributed ledger shared across a
public or private network of parties (peer-to-peer network, P2P) that records encrypted
pieces of information, called transaction data. In simple words, each party in the network
has a copy of the ledger. By distributing the ledger, blockchain eliminates the need for a
central administrator to act as a trusted party, and updates on the ledger can be done by all
the stakeholders through a consensus mechanism (Abeyratne & Monfared, 2016; DHL, 2018;
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Ølnes et al., 2017).

The transition towards a decentralized and distributed system, promoted by blockchain,
can release the data trapped in organizational silos and lead to the development of a reliable
CE monitoring system (DHL, 2018). This great potential of the technology is justified by its
four unique characteristics, decentralization, auditability, immutability, and smart contracts.
These characteristics differentiate the technology from the existing information systems
(Cole et al., 2019; Saberi et al., 2019).

Decentralization refers to the distribution of a ledger across a network of actors (called
nodes). The ledger holds a list of transaction data, named blocks, and it is constantly
updated, once new transactions take place and new blocks are added to the chain. By doing
so, the blockchain prevents the occurrence of adverse incidents, such as hacking or crashing
and increases confidence in the system. In case of breakdown of a node, the whole system
will not collapse (Nofer, Gomber, Hinz, & Schiereck, 2017; Ølnes et al., 2017; Pahl et al., 2018).

Figure 2.5 depicts how new blocks are appended to the blockchain and exemplifies the
concept of auditability. When a participant creates a new piece of information that needs
to be added to the chain, a consensus mechanism (prespecified rules) is activated. That is
to say, the nodes of the system are asked to validate the transaction. If the nodes decide
that the transaction is legitimate and give their consent, the new transaction is appended to
the chain as a new block and distributed across the network. Otherwise, if a transaction is
fraudulent, the network rejects it. The ledger is constantly growing due to the addition of
new blocks (called mining), the last block of the chain captures the latest true state of the
blockchain. An important contribution of the consensus mechanism is that it prevents a
small group of participants to control the network (Buterin, 2015; Ølnes et al., 2017; Pahl et
al., 2018; Saberi et al., 2019).

Figure 2.5: Transaction process, based on Saberi et al. (2019)
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The distribution of the ledger across the P2P network and the deployment of the consensus
mechanism enhance the security of the blockchain. However, the security is also ensured
by the immutability that characterizes the ledger, meaning that agreed transactions cannot
be tampered with. This becomes possible due to a cryptographic mechanism integrated
into the blockchain (depicted in Figure 2.6) that makes the alteration of any block extremely
difficult and time-consuming (Landerreche & Stevens, 2018).

As Figure 2.6 demonstrates, the blocks are time-stamped collections of valid transaction data
(recorded in chronological order). For security purposes, each block contains a hash and
the hash of the previous block. Hash is a unique string, or a number used to identify a block
and its content. Hashes enable blockchain to tighten its security by linking all the blocks
and deterring malicious participants from changing a single one. If a hacker adulterates a
block, the hash of the block will change and the consistency of the chain will be disrupted,
as each block is connected with the previous one. Consequently, the hacker would need to
alter all the blocks, which is time-consuming and intensive in terms of computing power
(Landerreche & Stevens, 2018). The most important contribution of the hash mechanism is
that participants can detect possible adulterations in the chain and audit the chain history
(Ølnes et al., 2017).

Figure 2.6: Cryptographic hash function, based on Rogerson & Parry (2020)

The above-described characteristics (decentralization, auditability, and immutability) con-
tribute to the case at hand is by ensuring data integrity. In other words, the data recipients
(actors interested in promoting CE transition) can be confident that the information in-
cluded in the system is a representation of reality and has not been tampered with (Ølnes et
al., 2017; Saberi et al., 2019). According to Ølnes et al. (2017), data integrity is a multifaceted
concept that ingrates notions, such as security, reliability, consistency, persistency (every
participant has a genuine copy of the ledger), and non-adulteration.

The aforementioned aspects are of pivotal importance for trustless environments, such as
fragmented supply chains, enabling actors to interact and exchange digital assets with each
other without the need for a trusted third agent (Abeyratne & Monfared, 2016; Ølnes et al.,
2017; Saberi et al., 2019). Nonetheless, blockchain is not unchangeable, and data integrity
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can be compromised. Indicatively, when the proof of work (an algorithm deployed to verify
a transaction and create a new block) is used as consensus protocol, a group of malicious
participants can agree to control the network and manipulate the data history by getting
more than 50% of the blockchain power (Gervais et al., 2016; Ølnes et al., 2017).

Smart contracts constitute an aspect of the technology that has been widely discussed,
being able to revolutionize the way that transactions are performed. A smart contract is a
computer code that contains terms that have been agreed upon among participants and
it is executed once the conditions are satisfied (Delmolino, Arnett, Kosba, Miller, & Shi,
2015; Swan, 2015). For instance, it can enable the automatic payment of a vendor, when the
customer confirms the delivery of the product (Behnke & Janssen, 2020). Smart contracts
foster trust, accountability, and transparency among parties, enabling the execution of
transactions without the need for a third party (Saberi et al., 2019). However, participants
should have a deep understanding of programming logic incorporated in the code to prevent
the occurrence of undesired events, like frauds and logical errors (Behnke & Janssen, 2020).

Blockchain can be divided into three categories, depending on technological design. More
specifically, the blockchain architecture relies on the decisions that have to be taken concern-
ing the provision of permission to the participants for joining the network and accessing the
data (permissioned or permissionless), the anonymity of the participants, and the existence
of a central entity for monitoring the reliability of the state of the system (Behnke & Janssen,
2020; Ølnes et al., 2017; Pahl et al., 2018).

The permissionless blockchain (public) is entirely open, meaning that users are free to join
the network and access its data. Moreover, it protects the participants’ privacy by deploying
encryption keys and pseudo-identities. An illustrative example of this system is Bitcoin. On
the other hand, a permissioned blockchain is controlled by its owners who set restrictions
on the number of participants and their access rights. It can be further separated into
private and consortium, the difference between them lies in the fact that in the former,
a central entity controls the system (centralization), while in the latter, control is spread
among participants. In a private blockchain, the user’s anonymity may not be preserved,
since the identification of participants may be of importance (Pahl et al., 2018; Rogerson &
Parry, 2020; Saberi et al., 2018; Tan, Rukanova, van Engelenburg, Ubacht, & Janssen, 2019).

2.4. Blockchain Technology for Circular Economy

The actors interested in promoting CE can ensure the correct implementation of their policy
instruments by monitoring the materials flows. Such visibility can be achieved by the use of
an information system that contains accurate and valid business data. This section suggests
that blockchain can be the backbone of such an information system since it can ensure data
integrity and facilitate the collaboration and exchange of data between actors located in
trustless environments (Ølnes et al., 2017; Saberi et al., 2019; Shojaei et al., 2021).

The development of a monitoring system for CE purposes requires the integration of data
that resides in the information systems of multiple supply chain entities. However, this is a
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challenging task, as these entities are geographically dispersed and usually have competing
interests, different policies, and cultures. As a consequence, they may be reluctant to share
their business data, while even if they do so, no one can ensure its validity and accuracy,
as the supply chain can suffer from frauds and lack of trust (Abeyratne & Monfared, 2016;
Saberi et al., 2019).

According to the extant literature, blockchain can alleviate the actors’ concerns with regards
to data sharing and prevent actors from exchanging inaccurate data (Saberi et al., 2019;
Shojaei et al., 2021). Therefore, its suitability for the case at hand is highly justified. Shojaei
et al. (2021) claim that a centralized information system is not an appropriate choice for
the collection, storage, and share of information due to the existing fragmentation in the
supply chain domain. In contrast, they assert that blockchain, thanks to its unique charac-
teristics, can incentivize the industry to share its information and facilitate the collaboration
among the stakeholders. Therefore, they promote the deployment of blockchain-based CE
information infrastructure for the built environment (Shojaei et al., 2021).

Similarly, Alexandris et al. (2018) dismiss the use of a central database operated by the
government. Such a database deprives data owners of the ability to keep absolute control
of their data and hinders the development of trust between businesses and policymakers.
Furthermore, decentralization eliminates the possibility of system failure due to hacking,
mistake, or fraud (Alexandris, Katos, Alexaki, & Hatzivasilis, 2018). Finally, Abeyratne and
Monfared (2016) assert that relying on a single agent for storing business data is highly
insecure. Such a choice will enable this agent to acquire a lot of power, which can be used to
harm the other participating actors.

A few researchers have highlighted the significance of deploying a permissioned blockchain-
based system (private or consortium) in the CE context (Rogerson & Parry, 2020; Saberi et al.,
2019). Their argument relies mainly on the fact that such a decision can protect participants’
data (private companies), increase efficiency, considering that the consent of a few parties
or a single entity is needed to approve a transaction, and improve its scalability. On the
contrary, a public blockchain-based system is cumbersome since a consensus between a
great number of parties is needed, and the stored data is visible to everyone (Rogerson &
Parry, 2020; Saberi et al., 2019).

The aspect of data visibility is of pivotal importance for the case at hand. On the one
hand, auditing actors need to identify the data owners to conduct their supervision tasks,
so pseudo-identities should not be used. On the other hand, such sensitive and valuable
business data should not be visible to every participant. This barrier can be overcome
through the creation of blockchain sub-networks (the so-called channels), allowing data
sharing in the channel and preventing data leakage to other channels (Tan et al., 2019).

Smart Contracts can be proved particularly important for CE, considering that they can set
rules regarding the interactions among participants. This is facilitated by the existence of
digitized documents and real-time shipment data fostered by blockchain, as this information
can be utilized for the formation of the contracts (Segers, Ubacht, Rukanova, & Tan, 2019).
Such a development can establish trust among parties, considering that their obligations
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are clearly defined by the contract, which is executed once agreed conditions are fulfilled
(Swan, 2015).

2.5. Conclusions

This chapter answered the SRQ1 through a literature review: “What is the knowledge base on
which the development of a CE visibility evaluation framework for blockchain-enabled data
pipeline solutions should rely?”. As SRQ1 indicates, the output is the knowledge base needed
for the development of the CE visibility evaluation framework. In other words, chapter 2
elicited influential concepts from the literature that can support the design efforts and lead
to the development of an innovative and well-grounded outcome.

Initially, the chapter presented the definition and the main pillars of CE by EMF, which
constitute the most influential thesis concepts. These concepts explicated the mission of CE
and set the foundations for the research project. That is to say, they clarified that society
should abandon the traditional “take-make-waste” economic model, reduce the use of virgin
resources in the production systems and eliminate the waste streams. This can be achieved
by closing the materials loops through value retention strategies. To do so, it is critical to
make the materials flow explicit and deeply understand the processes that are subject to
monitoring and regulation. The CE model developed by EMF satisfied this requirement.
The model enabled the identification of the CE processes on which the thesis will focus,
reuse/redistribution and recycling. The produced framework identifies the information
requirements needed to trace a good or material that inserts into these processes.

Subsequently, the chapter pinpointed the recipients of the produced framework, the actors
that have initiated policy instruments to promote the CE transition (defined as CE auditing
actors by the thesis), such as policymakers and banks. As highlighted, the CE policy instru-
ments are prone to manipulations when there is a lot at stake. For that reason, these agents
need a reliable monitoring system to trace the materials flows and detect potential frauds.
The chapter suggested that this need can be fulfilled by tapping into the research around
data pipelines. The data pipeline concept provides supply chain visibility from the seller in
the exporting country to the buyer in the importing country.

Finally, chapter 2 presented the fundamental pillars of blockchain technology. By doing so,
it justified the selection of the thesis to focus the framework on blockchain-enabled data
pipeline solutions. As discussed, blockchain should be the backbone of such an information
system since it can ensure data integrity and facilitate the collaboration and exchange of data
between actors located in trustless environments, such as the supply chain. The suitability
of blockchain for the case at hand is also supported by the extant literature. The sections
about data pipelines and blockchain deepened the reader’s understanding enabling him to
better grasp the analysis of the blockchain architectures in chapter 4.
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3
Framework Requirements

This chapter deals with the second activity of the MFDSR, define the objectives of the so-
lution, by answering the SRQ2: "What are the essential information requirements needed
to support the trace of an item throughout its life cycle in the CE context?”. It translates
the problem at hand into requirements or objectives that can be used for the framework
development. The requirements identification becomes possible through a literature review
on the stakeholders’ needs (e.g., policymakers, banks, institutional investors), the infor-
mation requirements, and the information tools for CE visibility. By doing so, chapter 3
aims at capturing the information needed to be included in blockchain-based information
systems that can be used as monitoring systems by the actors that have introduced CE policy
instruments.

The first section sets the foundations for the chapter by defining the requirements and
classifying them into two categories, functional and non-functional. Subsequently, section
3.2 describes the functional requirements, organized into five subsections. Subsection 3.2.1
presents the visibility that CE monitoring systems need to provide, that is to say, the kind of
information that such systems need to capture to serve CE. Subsection 3.2.2 delves into the
need of extending data pipelines to offer visibility into more directions, whereas subsection
3.2.3 highlights the significance to work towards realizing blockchain interoperability. Sub-
section 3.2.4 explicates the necessity of mapping the relevant stakeholders and subsection
3.2.5 emphasizes the importance of exploiting the available information tools for receiving
additional visibility on some aspects of CE. Section 3.3 concentrates on the non-functional
requirements by surfacing some properties that should be present in the CE visibility evalu-
ation framework to meet the stakeholders’ needs. Finally, section 3.4 concludes the chapter
by answering the SRQ2 and presenting an overview of the requirements.

3.1. Requirements Classification

The second activity focuses on surfacing the requirements for the framework development.
In simple words, the explicated problem is transformed into requirements. A requirement is
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defined as “a feature of an artifact perceived as desirable by the stakeholders, which can be
used for driving the development efforts” (Johannesson & Perjons, 2014). The stakeholders
of the case at hand are the actors that have launched policy instruments to catalyse the CE
transition (the CE auditing actors). They can use the framework to evaluate the potential of
available blockchain-based information systems to act as monitoring systems and enforce
compliance.

According to the literature, the requirements can be classified into functional and non-
functional. The functional requirements are the functions that an artifact should provide and
rely on both the problem at hand and the stakeholders’ needs (Johannesson & Perjons, 2014).
In this case, the functional requirements express the information needed to be included in
a blockchain-enabled information system that can be used as a CE monitoring system. In
contrast, the non-functional requirements refer to general conditions and properties, such
as usability and supportability (Johannesson & Perjons, 2014).

The identification of the functional requirements became possible through a literature
review. Firstly, the thesis executed a literature review on the CE, the supply chain visibility,
and CE information tools. The term “information tools” refers to information sources
that can be used by the CE auditing actors to monitor the implementation of their policy
instruments. Furthermore, to surface the CE auditing actors’ needs, the thesis reviewed
several fundamental CE policy instruments. Finally, a literature review around the DSR led
to the pinpointing of some non-functional requirements.

3.2. Functional Requirements

The motivation for the research project stems from one pivotal requirement that CE auditing
actors (e.g., policymakers, customs and banks) currently have with regards to getting end-to-
end supply chain visibility (Rukanova et al., 2021). The term “supply chain visibility” refers
to the ability of a private or a public organization to understand the real status of products
in the supply chain by receiving access to business data (Klievink et al., 2012; van Stijn et al.,
2012). In other words, these actors should be able to view the current status of material or
good and trace its entire journey in the supply chain, including its provenance (Shojaei et
al., 2021).

The end-to-end supply chain visibility could help them realize their CE policy agendas
by finding out whether a product integrates circular characteristics and detecting non-
compliances, such as the case about the plastic disposed of in Turkey. The developed frame-
work can facilitate their mission by empowering them to evaluate the available blockchain-
based information systems regarding their ability to offer the craved visibility. However, to
fulfill its purpose, the framework should be able to illustrate all the necessary information
requirements. This need is satisfied by the following analysis, which surfaces the information
requirements by reviewing fundamental concepts (e.g., CE and supply chain visibility), CE
policy instruments, and information tools.
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3.2.1. The visibility required in CE compliance

This subsection uses the definition of supply chain visibility, as described by Francis (2008),
to identify the visibility that CE monitoring systems need to provide. In other words, it
aims at surfacing the kind of information (e.g., status, condition) that such systems need
to capture to serve the CE purposes. Francis defines supply chain visibility as “the identity,
location, and status of entities moving in the supply chain, captured in timely messages about
events, along with the planned and actual dates/times for these events” (Francis, 2008, p. 182).

Francis introduces several interesting concepts (e.g., identity, location, status, etc.) that play
a crucial role in the thesis. More specifically, these concepts are translated into functional
requirements at the end of this subsection. The thesis argues that a solid CE monitoring
system needs to capture every aspect described in Francis’ definition. Therefore, the CE
auditing actors need to consider the elements of the definition when evaluating blockchain-
based data pipelines regarding their ability to support the CE transition. The following
analysis sheds light on the abovementioned definition by analyzing its aspects.

An entity is any physical object that transits the supply chain and takes one of the forms
suggested by the following hierarchy. An entity can be an item (e.g., product), a package (e.g.,
carton), a client’s order, a type of packing for the order (e.g., pallet), a shipment (e.g., different
client’s orders with a similar place of acceptance and place of delivery), a standardized form
of unitizing cargoes (e.g., container, trailer) and transport means (e.g., truck, ship) (Francis,
2008).

The entity hierarchy (illustrated in Figure 3.1) presents in a very straightforward way the
loss of visibility about the shipping products when moving towards the higher layers of the
hierarchy. In other words, visibility about a product becomes challenging when products
are bundled in a carton; cartons form a client’s order; orders are packed in a pallet; pallets
are combined in a shipment, shipments are unitized in a container; containers are loaded in
a ship (Francis, 2008).

Figure 3.1: Entity hierarchy, based on Francis (2008)

The thesis aspires to equip CE auditing actors with detailed information, enabling them
to have complete knowledge about a product (item) in a container transported by a ship.
This is not currently the case, as auditing actors focus on monitoring discrete events by
demanding business data through regulations and laws. Such an option is not efficient
since not all necessary data may be available. For instance, an import declaration does not
capture details about the content of a container (Hofman, 2011). A data pipeline solution can
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overcome this barrier and offer continuous monitoring by piggybacking original business
data.

By leveraging business data, auditing actors can get accurate information concerning an
entity (the so-called message in Francis’s definition). A well-communicated message should
contain insights about the identity, location, and status of an entity. The identity is a piece
of information that identifies a physical object, such as a container identification number.
The location represents the specific position of an entity, like the location of a ship, and can
pinpoint the place of origin and the place of destination of an entity. The status is related to
the state of a physical object, such as loading in progress (Francis, 2008).

A message also transmits information about the events that an entity goes through. An event
expresses the time when a specific process takes place, such as the arrival of a ship or the
loading of a container. A process changes the position or the state of an object (Francis, 2008).
Finally, the planned and actual times of events are about the relationship between the time
when an event is projected to happen and the time when it really happens. Francis suggests
that interested parties can use this information to detect anomalies about the happening
of an event and assess their ramifications on the supply chain visibility (Francis, 2008). In
other words, such knowledge can be used by private companies to pinpoint inefficiencies in
their internal operation. However, the thesis focuses on receiving supply chain visibility for
compliance purposes, and such knowledge does not contribute to this research objective.
Therefore, the planned and actual times of events will not be considered further in the thesis.

The analysis based on Francis’s definition surfaced the information that CE monitoring
systems should capture to monitor the flows of supply chain entities in an efficient way.
Namely, such systems need to contain information about the identity, location, and status
of supply chain entities and capture the events that they go through. These aspects form a
group of functional requirements for the produced framework. In other words, the thesis
argues that the CE auditing actors (e.g., policymakers, customs, banks) need to use Francis’s
definition when evaluating the ability of information systems to support the CE transition.
However, the supply chain entity hierarchy described by Francis does not fully serve the CE.
It should be extended to capture one additional aspect, the ingredients (raw materials) that
form an item (product). As presented by the CE diagram (Figure 2.3), CE also involves the
movement of materials or parts of the products. The thesis captures this aspect in the term
“ingredients”.

FRQ.1: The CE visibility evaluation framework should capture the Francis’s supply chain
entity hierarchy.

FRQ.2: The CE visibility evaluation framework should assess blockchain-enabled data pipelines
based on their ability to capture the identity of the supply chain entities.

FRQ.3: The CE visibility evaluation framework should assess blockchain-enabled data pipelines
based on their ability to capture the location of the supply chain entities.

FRQ.4: The CE visibility evaluation framework should assess blockchain-enabled data pipelines
based on their ability to capture the status of the supply chain entities.
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FRQ.5: The CE visibility evaluation framework should assess blockchain-enabled data pipelines
based on their ability to capture the events of the supply chain entities.

FRQ.6: The CE visibility evaluation framework should extend the supply chain entity hierarchy
by including ingredients.

Jayaraman et al. (2008) also emphasize the importance of capturing the condition (e.g.,
damages, exposure to high temperature) of the ingredients or items as they move in the
supply chain. The condition could play a crucial role in the selection of the value retention
strategy (e.g., recycling) that should be implemented in used materials. For that reason,
information systems should contain information regarding the changes that materials or
products undergo (Jayaraman, Ross, & Agarwal, 2008). For example, the characteristics of
steel may alter after its exposure to fire consequently, it may not be suitable for direct reuse,
further processing may be necessary (Adisorn, Tholen, & Götz, 2021).

FRQ.7: The CE visibility evaluation framework should assess blockchain-enabled data pipelines
based on their ability to capture the condition of the supply chain entities.

3.2.2. Extending the data pipeline concept

The data pipeline concept can be a useful tool for eliciting a part of the information require-
ments. Data pipelines provide visibility from the seller in exporting country to the buyer
in the importing country. More specifically, they contain detailed insights concerning the
shipping goods by storing original trade data (e.g. bill of lading or packing list), capturing
logistics events (e.g. the opening of a container on its way to the final destination, signals
from smart seals), and mapping the stakeholders involved in the shipment (Klievink et al.,
2012; Rukanova et al., 2021; van Stijn et al., 2012).

Figure 3.2: CE visibility, based on Rukanova et al. (2021)
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Undoubtedly, the information captured by data pipelines could be important for monitoring
CE flows. However, Rukanova et al. claim that such visibility is not sufficient for the case
at hand. As illustrated in Figure 3.2, the CE requires an extension of data pipelines so as to
provide additional visibility in three directions: production, use of secondary raw materials,
and national borders (Rukanova et al., 2021).

FRQ.8: The CE visibility evaluation framework should assess blockchain-enabled data pipelines
based on their ability to provide visibility from the seller in the exporting country to the buyer
in the importing country.

Direction 1: Visibility in production

The analysis of chapter 2 regarding the linear and circular economic model highlighted the
crucial role that production plays in CE. As presented, the linear economic model focuses
on producing goods by solely receiving as inputs the earth’s resources. In other words, this
model dismisses the use of secondary materials originated from value retention strategies,
such as recycling. This rationale is considered the root of the wicked problem of resource
consumption and environmental destruction, considering that planetary resources are finite
and should not be disposed of or incinerated when they are no longer functional or practical
(Ellen MacArthur Foundation, 2013; Oppen et al., 2020; Wautelet, 2018). CE evolved as a
response to this issue by emphasizing the need to minimize the use of raw materials in the
production systems (Ellen MacArthur Foundation, 2016).

To ensure the adoption of cleaner production by the business world, the auditing actors need
to access additional business data about the use of raw materials, components, and other
products in the production. That is to say, they need to assess the extent to which companies
are circular by using secondary materials. To receive such visibility, data pipelines need to
be extended to capture information regarding the actors involved in the channels related to
reuse and recycling of materials, such as suppliers (organizational layer) and the materials
flows (physical layer). Moreover, it is important to include information about the production
process (data and document layer), such as bills of materials, product recipes, and blending
methods (Rukanova et al., 2021).

Furthermore, the European Commission (EC) highlights the need of monitoring the product
design and establishing design requirements and performance criteria (European Commis-
sion, 2019, 2020b). As illustrated in the study of the strategy “planned obsolescence” (see
section 2.1), the product design plays a crucial role in preserving planetary resources. The
existing strategy of purposely limiting the technical product lifecycle depletes raw materials
and increases the waste streams (Oppen et al., 2020). Hence, production should adopt
circular design principles developing durable, repairable, maintainable, recyclable, upgrad-
able, dismantlable, less-resource intensive (e.g., low use of fossil fuels), and non-hazardous
(e.g., free of toxic substances) outputs (ABN AMRO, ING, & Rabobank, 2018; Deloitte, 2019;
European Commission, 2019, 2020a; Hartley et al., 2020; Shojaei et al., 2021).

For instance, the electrical and electronical industry is among the greatest waste producers
in the EU because of planned obsolescence. Namely, plenty of its products are disposed of
when they are no longer functional, as they are not reparable, some components cannot
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be replaced (e.g., battery), dismantled or recovered, or their software cannot be updated
(European Commission, 2020a). CE aspires to tackle this problem by encouraging the design
of modular electronic devices consisting of components that can be easily repaired, up-
graded, or remanufactured (European Commission, 2020a; European Environment Agency,
2017).

Another contributor to resource depletion is packaging. As described by EC, Europe con-
sumes a huge volume of materials for producing packages, while this number is constantly
rising. The industry should limit packaging waste and utilize reusable or recyclable pack-
aging. Similarly, manufactures should simplify their offerings and stop coupling them. For
example, a new electronic device should not be coupled with a charger, and the charger
should be common for every device. In this way, users will be able to reuse their existing
chargers and prevent the consumption of virgin resources (European Commission, 2020a).
Therefore, the CE auditing actors also require visibility on these aspects associated with
production.

The above-described analysis surfaced several aspects related to production, such as manu-
facturing, product design, and packaging, in which the CE auditing actors need to acquire
visibility. In essence, CE sets some guidelines for the development of products, with which
the industry should comply. The thesis integrates these aspects in the broad term of “pro-
duction” and translates them into the following requirement.

FRQ.9: The CE visibility evaluation framework should assess blockchain-enabled data pipelines
based on their ability to provide visibility in production (including product design).

Direction 2: Visibility on the flows of secondary raw materials

The analysis about production underlined also the second direction in which visibility is
needed, the flows of secondary raw materials. This aspect refers to accessing information
regarding the actors associated with the CE processes (reuse and recycling) and the path that
materials or products follow when entering these processes (Ellen MacArthur Foundation,
2016; Rukanova et al., 2021). In essence, auditing actors should be in a position to trace the
route of a resource from production to consumption and subsequently its reintroduction to
the market through one of the value retention strategies.

A plethora of CE policies emphasize the pivotal role that consumers (businesses or private
parties) play in ensuring product circulation (Deloitte, 2019; European Commission, 2019,
2020b, 2020a; European Environment Agency, 2017; Hartley et al., 2020; Rijksoverheid, 2019).
They constitute the ending point of the existing linear economic model converting products
into waste. However, CE treats waste as an important resource that should be reintroduced
into the market through value retention strategies (Ellen MacArthur Foundation, 2016).

This reintroduction can become a reality through the collection and treatment of waste,
products, and materials. These processes cover a broad range of activities, including collect-
ing and separating waste, removing toxic substances, repairing, creating secure secondary
materials, recycling, recovering the value of end-of-life products or valuable materials, and
redistributing them (European Commission, 2019, 2020b; European Environment Agency,

39



3.2. Functional Requirements 3. Framework Requirements

2017; Rijksoverheid, 2019). By receiving such visibility, the CE auditing actors can make sure
that the processes comply with the established standards and legislations and consequently
they are suitable for producing reprocessed products of high quality.

Indicatively, the Royal Netherlands Standardization Institute has established standards
regarding plastics recycling. Plastics are prone to adverse effects during their lifecycle, such
as contamination or damage, which may affect their potential for recycling. In that instance,
the recyclers should deploy a qualified recycling process to remove the contamination
or repair the damage and guarantee the quality of the recycled plastics. This recycling
process should be tested and certified with regard to its suitability for processing products
for recycling purposes (NEN, 2007).

Figure 3.3 shows the materials routes and explicates the closed-loop concept on which the
produced artifact should rely. Initially, it presents the typical process that products or materi-
als go through during their lifecycle, from sourcing to consumption and use. Nonetheless, at
this stage, the CE concept applies to support the reintroduction of materials into the market
when no longer useful or desirable. The collection and disposal phase decides the most
suitable CE process for the products. If the products do not require further processing, they
can be directly resold through a reuse strategy. Alternatively, products can be recycled to
enter the raw-material procurement phase and be used in the production of new products
(Jayaraman et al., 2008; Kalmykova et al., 2018).

Figure 3.3: CE flows model, based on Kalmykova et al. (2018)

FRQ.10: The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to provide visibility in the flows of secondary raw materials.
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Direction 3: Visibility at national borders

The monitoring of CE flows encloses a cross-border aspect, taking into account that goods or
materials could cross several jurisdictions throughout their journey. This aspect emphasizes
the need to extend visibility at national borders. As described by Rukanova et al. (2021),
authorities currently utilize various technologies at the national borders, like technologies
that can identify the chemical product composition and other laboratory devices. Such
technologies can offer valuable insights regarding the circularity of a product and enable
authorities to detect fraud.

Equally pivotal is to capture insights possessed by customs. For example, customs authorities
currently use a product classification system, the Harmonized Commodity Description and
Coding System (HS), to classify goods when calculating duties and taxes. The HS code can
offer information about the goods, which can be leveraged for CE purposes. Indicatively,
the structure of the code expresses some important product characteristics, such as fabric
manufactured by using cotton (WCO, 2018). Subsection 4.1.4 contains a detailed analysis of
HS codes, clarifying their role in CE compliance. All this information available at national
borders can facilitate the auditing actors’ mission by allowing them to cross-validate the
information declared by the companies and detect frauds (Rukanova et al., 2021).

Such visibility could also facilitate the policymakers’ mission to ban the imports of non-
sustainable products in their jurisdictions and the exports of waste. Namely, EC aims
at restricting the illicit export of its waste to third countries and promote its vision for
domestic reuse and recycling (European Commission, 2020a). Indicatively, in 2019, the EU
exported 1.5 million tons of plastic waste, primarily to Turkey and Asian countries, like China,
Malaysia, and Indonesia (European Commission, 2020c). Moreover, EC wants to forbid the
entry of materials or products that do not meet the circular economy principles, such as
durability, reparability, and recyclability, into the European market (European Commission,
2020a).

This analysis surfaced the crucial role that visibility at national borders can play in CE
compliance. Every day a great number of materials or products cross jurisdictions, and au-
thorities need to evaluate their suitability to enter the market or exit their territory. Visibility
at national borders is not currently provided by data pipelines. Consequently, the thesis
argues that the CE visibility evaluation framework should consider the significance of having
such visibility to enforce compliance with CE policy instruments.

FRQ.11: The CE visibility evaluation framework should assess blockchain-enabled data
pipeline solutions based on their ability to enforce compliance at national borders.

3.2.3. Blockchain interoperability

The research objective is to enable CE auditing actors to monitor the flows of materials and
products in a closed supply chain by accessing business data stored in blockchain-based
information infrastructures. As proved later in the thesis, none of the examined information
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infrastructures offer complete visibility on these flows. Whereas it is almost beyond doubt
that there are no information systems currently available that capture data about the entire
journey of materials and products in the CE context. Therefore, the CE auditing actors should
access several different information systems to get supply chain visibility from materials
sourcing to recycling.

In today’s world, blockchain-based information systems capture a variety of data, which
can offer insights about different parts of a closed-loop supply chain. For example, an
information system may cover the transportation of products from a manufacturer to a
consumer, while a different one may address the collection of used products by consumers
or users and their transit from a collector to a processor. The linking of the data stored in
these two blockchain-based information systems can equip CE auditing actors with valuable
visibility in the flows of products, enabling them to enforce CE compliance. This aspect
emphasizes the imperative need to work towards blockchain interoperability.

Blockchain interoperability refers to the ability of distinct blockchain platforms to com-
municate and exchange information with each other, without compromising their unique
characteristics, such as irreversibility and traceability (Jin, Dai, & Xiao, 2018). This interac-
tion should be conducted seamlessly and directly, without the involvement of intermediates
to read the information from one source and transfer it to another. Such intermediates
can endanger the stored data by manipulating their content consciously or unconsciously
(Hardjono, Lipton, & Pentland, 2020; Monika & Bhatia, 2020; Schulte, Sigwart, Frauenthaler,
& Borkowski, 2019).

The necessity for materializing blockchain interoperability should become explicit in the
developed framework. By illustrating the parts of the closed-loop supply chain covered by
the examined information systems, the framework can incentivize the responsible actors
(e.g., IT developers) to develop interoperable systems and facilitate the CE transition.

FRQ.12: The CE visibility evaluation framework should highlight the need to work towards
blockchain interoperability.

3.2.4. The ecosystem of blockchain-based data pipelines

Identifying the participants of blockchain-based data pipelines could be of great importance
for the case at hand. Such insight can facilitate the CE auditing actors’ duty by enabling them
to identify the sources of the necessary information. Moreover, in case of any anomalies or
frauds concerning the materials flows, the auditing actors would be able to pinpoint the
responsible parties and take corrective actions. The data pipeline concept equipped the
study with an extensive overview of the public and private parties involved in trade flows.
Nevertheless, a more exhaustive stakeholders’ analysis is required since the research should
also consider the actors involved in the production, in the CE flows, and at national borders.
This subsection highlights the role that the participants of blockchain-based data pipelines
can play in CE compliance and translates it into a functional requirement.
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FRQ.13: The CE visibility evaluation framework should guide the auditing actors to identify
the ecosystem of blockchain-based data pipelines.

3.2.5. Information tools

To monitor the CE flows and prevent any possible manipulations of the CE policy instru-
ments, the auditing actors (e.g., policymakers, banks) can receive insights from various
information tools available today. This subsection presents some illustrative examples of
such information tools identified in the literature that can enhance CE visibility and increase
auditing actors’ confidence in the environmentally related declarations of businesses.

Product passport:

EC defines a product passport as “a set of information about components and materials
that a product contains, and how they can be disassembled and recycled at the end of the
product’s useful life” (European Commission, 2013; Pagoropoulos, Pigosso, & McAloone,
2017; Portillo-Barco & Charnley, 2015). The product passport, by storing such valuable
product information, enables the stakeholders involved in the various stages of a product
lifecycle to make decisions that promote sustainability and maximize the product utility. For
instance, manufacturing companies can be informed regarding the repair and dismantling
options that a product offers and opt for the alternative that better serves the CE purposes
(Adisorn et al., 2021).

The clear contribution of product passport to CE has incentivized national governments
to explore further its potential. The German Federal Ministry for the Environment, Nature
Conservation, and Nuclear Safety encourages its application to every product and service,
prioritizing the resource- and energy-intensive ones (Adisorn et al., 2021). An indicative
example of a product passport is the materials passport (MP) developed in the EU project,
Buildings as Material Banks. MP is a product passport focused on the construction industry,
an industry consuming approximately 40% of the global material resources (Heinrich &
Lang, 2019).

MP is a digital dataset focusing on depicting the characteristics of building materials, com-
ponents, and products and conveying their potential for current use, recovery, and reuse
(Heinrich & Lang, 2019). For instance, it can provide information concerning the value for
recovery of a material or the dismantlability of a product. MP treats buildings as materials
banks and aspires to make information about them accessible to relevant stakeholders in
the building sector enabling them to keep materials in circulation. The information stored
in MP is classified into several categories, including physical, chemical, biological, health
and safety, unique product identifiers, design and production, transportation and logistics,
construction-related (material and product locations in the building), use-related, and CE
characteristics (potential for disassembly, reversibility, reuse, and recycling) (Heinrich &
Lang, 2019).
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Another example of a product passport is the cradle-to-cradle passport used by the freight
company Maersk for a portion of its fleet of ships. Like materials passport, its objective is to
foster recycling of materials at the end of their lifetime by storing CE-related data. Indica-
tively, it presents the locations of the materials in a ship and their quality characteristics.
By doing so, the passport aims at fostering reuse of materials at the end of their product
lifecycle, eliminate waste production, limit the use of virgin resources (Adisorn et al., 2021).

Internet of Things (IoT):

IoT is related to equipping objects (e.g., materials, products, devices, machines) with sensors
and actuators, which allow them to communicate by creating an information network
(Bressanelli, Adrodegari, Perona, & Saccani, 2018; Pagoropoulos et al., 2017). In simple words,
it converts typical objects into smart ones. The potential of a smart object to communicate
within a network provides abundant opportunities for CE auditing actors. Thank to IoT,
auditing actors are able to monitor in real-time the status, condition, use, and location of CE
flows, identify potential frauds, and consequently ensure the successful implementation of
their CE policy instruments (Bressanelli et al., 2018). In essence, the technology satisfies the
requirements for CE visibility set in subsection 3.2.1 based on the Francis’s definition (2008).

Driven by the great potential of deploying IoT in the CE context, Gligoric et al. (2019) pre-
sented an IoT-based structure able to detect changes in the environment, an aspect that
could be useful for CE. More specifically, they developed a SmartTags technology able to
provide item-level identity. The SmartTags technology makes use of printed sensors for
creating dynamic QR codes (a label attached to a product that contains information about it).
Printed sensors are simple in structure, thin and light-weight sensing devices produced by
printings methods. Two interesting examples of such sensors are the temperature and lumi-
nosity sensors made of reversible or irreversible functional ink, which react to environmental
conditions by changing color (Gligoric et al., 2019).

The contribution of SmartTags technology to the case at hand is that it exceeds the capa-
bilities of the traditional QR codes. QR codes usually contain a simple set of information,
such as the recyclability of a product or its components. However, the SmartTag technology
embeds to them one additional aspect providing insights on the environmental conditions
in which a product has been exposed. This information can become known by using a
scanning device, while it can be stored in a product passport. In this way, the SmartTags
technology fulfills two fundamental CE requirements highlighted earlier, visibility on prod-
uct characteristics (e.g., composition, reuse, and recycling potential) and condition (Gligoric
et al., 2019).

Radio Frequency Identification (RFID):

The RFID technology has gained notable attention due to its potential to catalyze the CE
transition. It enables the identification and trace of an object, which has been attached to a
tag, by making use of electromagnetic fields. These attributes are critical for CE compliance.
The interested parties can get information regarding the CE product characteristics, such as
recyclability, and monitor the materials throughout the supply chain (Pagoropoulos et al.,
2017). The RFID tags are divided into three categories based on their energy source. The
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active RFID receives energy from a battery, whereas the passive one is powered by the energy
provided by a reader signal. Finally, the semi-passive has similar functionality to the passive
one but contains a battery usually used to power a sensor (Condemi, Cucchiella, & Schettini,
2019).

Product labelling:

Product labeling can be beneficial for CE by conveying reliable information regarding the
product characteristics. There are multiple product labels available in today’s world focusing
on informing interested parties about the sustainability aspects of products (e.g., circular
characteristics, durability, repairability) or advising them how to maximize their utility, for
example, through recycling (Meis-Harris et al., 2021). A notable label is the EU Ecolabel,
attached to products and services that meet high sustainability standards. It contributes to
CE by setting criteria that force the industry to produce durable, dismantlable, repairable,
and recyclable products (European Commission, 2021b). Like EU Ecolabel, the FSC label
is awarded to forest products, like wood and paper, developed through recycling or with
resources from properly managed forests (FSC, 2021).

This subsection pinpointed some widely discussed information tools, which can equip the
CE auditing actors with valuable information regarding the product characteristics and their
journey in the supply chain. By accessing this information, these actors can cross-validate
the product-related declarations by the businesses and avert the manipulation of their
CE policy instruments. Thereby, the CE visibility evaluation framework should take these
information tools into account and derive insights from them.

FRQ.14: The CE visibility evaluation framework should reap the benefits of available CE
information tools.

3.3. Non-functional Requirements

Equally important for the development of the CE visibility evaluation framework is the
identification of the non-functional requirements. Seemingly, these requirements do not
cover aspects related to the functionality of the framework but represent crucial properties
that should be present to meet the stakeholders’ needs (e.g., policymakers, customs, banks).

3.3.1. Usability

As already pointed out, the framework can be used to evaluate blockchain-based information
infrastructures concerning their ability to capture the information needed to trace an item
throughout its life cycle. Such systems usually contain vast amounts of data since their
users are companies related to the supply chain, a data-intensive domain (Brunekreef
& Pournader, 2018). Whereas the ever-increasing number of IoT devices accelerates the
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produced and stored data (He, Xue, & Gu, 2020). This large volume of data could affect
the applicability of the framework to an information system. In other words, it may not be
straightforward to illustrate the information stored by these systems in the framework. This
challenge highlights the need of developing an easy-to-use framework that can illustrate the
visibility offered by the blockchain-enabled data pipeline solutions in a simple way.

NFRQ.1: The CE visibility evaluation framework should be able to illustrate the visibility
offered by the blockchain-enabled data pipeline solutions in a simple way.

The acceptance of the evaluation framework by the users (e.g., policymakers, customs,
banks) could be affected by the terms used in the framework. The users’ background
knowledge on the topic and the supply chain terminology may vary from basic to expert
(Ullah, Iqbal, & Khan, 2011). This aspect needs to be considered in the development efforts.
It can be addressed by using standardized terms, which will prevent the occurrence of any
misunderstandings and will stimulate the framework adoption.

NFRQ.2: The CE visibility evaluation framework should contain standardized terminology.

3.3.2. Supportability

To fulfill its purpose, the evaluation framework needs to illustrate the extent to which each
blockchain-based data pipeline serves the CE. That is to say, it should be able to depict the
degree to which each information system meets the fundamental requirements highlighted
earlier regarding supply chain visibility (FRQ.1 to FRQ.13). For instance, it should present
whether a system provides visibility on an item-level or container-level.

NFRQ.3: The CE visibility evaluation framework should illustrate the extent to which a
blockchain-based data pipeline serves CE purposes.

3.4. Conclusions

Chapter 3 addressed the SRQ2 through a literature review: “What are the essential informa-
tion requirements needed to support the trace of an item throughout its life cycle in the CE
context?”. Following the classification suggested by Johannesson and Perjons (2014), the
requirements were divided into functional and non-functional. The functional requirements
are the functions that the CE visibility evaluation framework should provide. They were
pinpointed by a literature review on the supply chain visibility, the CE, and the available
information tools (information sources that can be used by the CE auditing actors). Fur-
thermore, the thesis reviewed a plethora of policy instruments launched by policymakers
or private organizations to surface their requirements. This activity contributed to the ac-
ceptability of the framework, considering that these actors constitute the recipients of the
produced artifact. Subsequently, the non-functional requirements were defined based on a
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literature review on the properties that a DSR output should cover. Table 3.1 presents an
overview of the framework requirements.

Code Description

FRQ.1
The CE visibility evaluation framework should capture the Francis’s supply
chain entity hierarchy.

FRQ.2
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the identity of the supply chain
entities.

FRQ.3
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the location of the supply chain
entities.

FRQ.4
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the status of the supply chain entities.

FRQ.5
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the events of the supply chain entities.

FRQ.6
The CE visibility evaluation framework should extend the supply chain entity
hierarchy by including ingredients.

FRQ.7
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the condition of the supply chain
entities.

FRQ.8
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to provide visibility from the seller in the export-
ing country to the buyer in the importing country.

FRQ.9
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to provide visibility in production (including
product design).

FRQ.10
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to provide visibility in the flows of secondary
raw materials.

FRQ.11
The CE visibility evaluation framework should assess blockchain-enabled data
pipeline solutions based on their ability to enforce compliance at national
borders.

FRQ.12
The CE visibility evaluation framework should highlight the need to work to-
wards blockchain interoperability.

FRQ.13
The CE visibility evaluation framework should guide the auditing actors to
identify the ecosystem of blockchain-based data pipelines.

FRQ.14
The CE visibility evaluation framework should reap the benefits of available CE
information tools.

NFRQ.1
The CE visibility evaluation framework should be able to illustrate the visibility
offered by the blockchain-enabled data pipeline solutions in a simple way.

NFRQ.2
The CE visibility evaluation framework should contain standardized terminol-
ogy.

NFRQ.3
The CE visibility evaluation framework should illustrate the extent to which a
blockchain-based data pipeline serves CE purposes.

Table 3.1: Overview of the framework requirements

47



4
Framework Design

Chapter 4 addresses the third activity of the MFDSR, design and develop the artifact. By
answering the SRQ3 and SRQ4, it produces the CE visibility evaluation framework. The frame-
work should enable the CE auditing actors to evaluate the available blockchain-enabled
information systems on their ability to enforce compliance with the CE policy instruments.

Section 4.1 uses the literature to answer the SRQ3: “How can the information requirements
needed to support the trace of an item throughout its life cycle serve as a basis for the CE
visibility evaluation framework?”. It receives as an input the knowledge gained in chapter 3
and develops a basic CE visibility evaluation framework that depicts the fundamental CE
processes. However, this initial framework describes the CE flows on a high level. Therefore,
the thesis focus on detailing it further by exploiting the insights offered by the literature and
the use cases (TradeLens, FoodTrust, and Vinturas).

Section 4.1 also studies some information tools to identify their potential to equip the CE
auditing actors with valuable insights on the fundamental CE processes presented in the
basic CE visibility evaluation framework. This analysis surfaces that they can offer visibility
mainly in product design and facilitate compliance at national borders (HS codes). The thesis
tries to fill in the knowledge gap related to the processes not covered by the information tools
by exploiting every available resource (e.g., literature and use cases). The first gap refers to
gaining visibility on the flows of products from consumption to recycling and subsequently
their reintroduction to the market. This gap is bridged by using the literature around reverse
logistics, closed-loop supply chains, and recycling.

The other knowledge gaps are associated with the journey that materials or products follow
from materials sourcing to consumption and during the reuse disposition option. The thesis
covers them by addressing the SRQ4: “What information requirements for CE visibility are
captured by the examined blockchain-enabled information systems and how do the insights
derived from them contribute to the further development of the CE visibility evaluation
framework?”. Sections 4.2, 4.3, and 4.4 deal with SRQ4 by analyzing TradeLens, FoodTrust,
and Vinturas, respectively. Section 4.5 combines the knowledge gained by the previous
sections to produce the CE visibility evaluation framework. Finally, section 4.6 concludes
the chapter by addressing the related sub-research questions.
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4.1. Insights offered by the literature

4.1.1. The basic CE visibility evaluation framework

This section deals with the first design phase by receiving as an input the information
requirements and the knowledge identified in chapter 3 and translating them into an initial
version of the framework. An essential requirement highlighted by the previous analysis
regarding the framework development is the need to capture the flows of materials and
especially the flows of secondary ones. In this way, CE auditing actors can monitor their
journey in the supply chain and identify potential frauds. Figure 3.3 is a very influential
model for the thesis illustrating these materials routes and explicating the closed-loop
concept. Therefore, it can constitute the basis of the development efforts. In other words,
the produced framework will focus on shedding light on these routes but also diving deeper
into them by showing a more detailed representation.

Equally pivotal for the CE visibility framework is to illustrate the components pointed out by
the definition of supply chain visibility provided by Francis (2008) and discussed in chapter 3.
That is to say, the produced framework should offer detailed information (identity, location,
status, and events) about the supply chain entities depicted in Figure 3.1. This need can be
partially satisfied using the domain model developed by Hofman et al. (forthcoming 2021).
The domain model (presented in Figure 4.1) is a conceptual model describing the domain
of interest for customs risk assessment, the global trade (Hofman et al., forthcoming 2021).
It has been designed to enable customs to evaluate the quality and value of external data
sources that can be used during the customs risk assessment. More specifically, customs are
increasingly thinking of exploiting business data to better accomplish their mission, such
as protecting national security and safety, and collecting taxes on imported commodities.
Nevertheless, the value of this business data is uncertain, and for that reason, Hofman et al.
developed their evaluation model (Hofman et al., forthcoming 2021).

The research perceives the domain model as the ideal pillar for relying on the development of
the CE visibility evaluation framework. It has some captivating characteristics that make it a
perfect foundation for the design phase. Initially, it serves a similar objective with the thesis,
enforcing compliance in the flows of supply chain entities by exploiting external data sources.
The domain model aims at facilitating the customs risk assessment of imported cargoes by
promoting the use of business data stored in IT innovations (Hofman et al., forthcoming
2021). Whereas the CE visibility evaluation framework supports the piggybacking of business
data by the CE auditing actors to enforce compliance with their policy instruments on the
flows of materials and products.

Furthermore, both of them approach their problem from the same perspective or domain,
the global trade, aspiring to enforce governmental control on the flows of supply chain
entities. Specifically, the domain model focuses on the transportation of products from an
origin to a destination (Hofman et al., forthcoming 2021). While the CE visibility evaluation
framework covers a more holistic picture, the flows of materials and products in a closed-
loop supply chain. It is essential to highlight that in the movements described by both the
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domain model and the CE visibility evaluation framework, different supply chain entities
can appear. In other words, products can be packed into a package, packages can be
stored in a container, and so on. Seemingly, the model captures four of the supply chain
entities described by Francis, items (e.g., products), packages (e.g., goods), lading assets (e.g.,
containers), and vehicles (e.g., transportation means) (Hofman et al., forthcoming 2021).

The domain model also meets three functional requirements highlighted in chapter 3.
Namely, it shows the association between the supply chain entities, the locations, and the
events. For example, goods are stored in a container in the groupage center. Moreover,
it illustrates the flows of supply chain entities in global trade clearly. This element is piv-
otal for the thesis since the CE context involves the transportation of various supply chain
entities, including ingredients, products, packages, etc. Therefore, it is important to de-
pict their involvement in a straightforward way. Finally, the domain model satisfies the
first non-functional requirement (NFRQ.1), enabling the mapping of different data sources
(blockchain-based information systems in the thesis) in a simple way.

Figure 4.1: Domain model (Hofman et al., forthcoming 2021)

It is worth mentioning that Hofman et al. and Francis define the supply chain entities, the
location, and the events similarly. Thereby, an entity is a physical object moving in the
supply chain, a location is the specific position of an entity, and an event expresses the
relationship in time between physical objects, the time when a process takes place, such
as loading a container on a vessel. Time can refer to the past, present, or future (Francis,
2008; Hofman et al., forthcoming 2021). Moreover, Hofman et al. describe a transport leg as
the transportation of goods or containers among two contiguous (in time) locations via one
transport means.

Concerning the physical flows, Figure 4.1 depicts the movement of products from a place
of acceptance (PLA) to a place of delivery (PLD). The flow starts with the transportation
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of the goods (packaged products) from the PLA to a groupage center (GC), where they are
stored into containers to be shipped to a stripping center (SC). The containers are shipped
from a port of loading (POL) to a port of discharge (POD), while a port of transshipment
(POT) might exist between them. According to Figure 4.1, the vessel can go through two
ports of discharge, the first one represents the port of entry of the vessel in the EU and the
second one the port where the container is discharged. However, this a specific situation,
the port of entry in the EU can be also the port of discharge. Finally, the actors involved
in the commercial transaction are presented, like freight forwarders or carriers, who can
provide the necessary information about the shipment, as well (Hofman et al., forthcoming
2021).

By receiving as input the CE flows model (Figure 3.3) and the domain model (Figure 4.1),
the thesis designs a first version of the framework (Figure 4.2) presenting the fundamental
resource flows in the CE context. Figure 4.2 captures the essence of CE in a clear way, but it
describes the CE flows on a high level. Thereby, it needs further elaboration diving deeper
into the materials flows. This will become possible by using the literature and the use cases.
In other words, by using every available resource, the thesis will try to detail every process
illustrated in Figure 4.2.

Figure 4.2: The basis of the CE visibility evaluation framework

Seemingly, the framework does not represent every level of the entity hierarchy (see Figure
3.1). Depicting every level could increase the complexity of the framework, making it
difficult for the reader to understand it. Moreover, including the entities not considered by
the thesis, order, encasement and shipment, will not enrich readers’ understanding of CE
visibility. This statement is justified by their definitions showing that these entities describe
specific situations. More specifically, a customer’s order is defined as one or several packages
bundled together, an encasement is a form of packaging for the order, and a shipment
expresses different customers’ orders with similar places of acceptance and delivery (Francis,
2008). Therefore, the thesis deliberately excludes these entities. However, Figure 4.2 captures
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the ingredients of an item, that is to say, the raw materials used to produce an item. As
discussed already, having visibility on this aspect is essential for CE.

4.1.2. Visibility offered by the information tools

This subsection focuses on identifying the potential of some information tools discussed
in chapter 3 (e.g., product passport and product labelling) to provide visibility on the CE
resource flows depicted in Figure 4.2. The EC, recognizing the significance of dealing with
resource depletion, has been actively involved in incentivizing industry players to produce
CE products, products in compliance with the CE principles. To fulfill its mission, it has
obligated them to communicate product-related information to prove that they meet CE
standards in practice (Adisorn et al., 2021). As presented in this subsection, such information-
sharing could become possible via product labelling, product passports or other databases.

In March 2021, the EC obliged the manufacturers of 15 product groups (e.g., air conditioners,
household cooking appliances, televisions, and household washing machines) to publish
product-related information in both the product label and a database. The information
required by the EC varies based on the product category. Indicatively, refrigerators pro-
ducers have to include in their product labels the company name, the efficiency class, the
annual electricity consumption, the volume of the refrigerator, and the maximum noise
level. Moreover, they must submit further information than the one indicated on the label,
like the duration of the product guarantee and product design. Manufacturers are charged
by the EU with additional data-sharing information. More specifically, they must upload in
an official EU database, named European Product Database for Energy Labelling (EPREL),
the information captured in the product data sheet (e.g., technical characteristics and per-
formance) and other essential technical documents. It is worth mentioning that consumers
can access the data stored in EPREL by scanning a QR code attached to the product label
(Adisorn et al., 2021; European Commission, 2021c).

The REACH (Registration, Evaluation, Authorisation, and Restriction of Chemicals) is an-
other data-sharing initiative launched by the EC. REACH aims at protecting human health
and the environment by obligating manufactures and importers to enter in a central EU
database, information about the presence of chemicals or other toxic substances in products
(Adisorn et al., 2021). Similar reporting obligations have the producers of electrical and
electronic equipment. According to Waste Electrical and Electronic Equipment Directive
(WEEE), they must provide recycling companies or other companies related to waste treat-
ment with information about the disposal and the treatment of their products after the end
of their product life. This information can be delivered in either printed paper or electronic
form (Adisorn et al., 2021).

An over-discussed information tool for CE purposes is the product passport. As described in
chapter 3, it is defined as “a set of information about components and materials that a product
contains, and how they can be disassembled and recycled at the end of the product’s useful
life” (European Commission, 2013; Pagoropoulos et al., 2017; Portillo-Barco & Charnley,
2015). This data is collected from all the stages of the product lifecycle and can be deployed
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for improving the design, production, use, and disposal of products. Ideally, a product
passport should be implemented to every product and service, prioritizing the resource- and
energy-intensive ones, such as electrical equipment. Among the available product passports,
the thesis discussed the MP and the Maersk passport. The former has been demonstrated
but not applied yet, while the latter has been implemented already (Adisorn et al., 2021).

The remainder of this subsection focuses on the MP since it aspires to provide visibility in
every process depicted in Figure 4.2. Therefore, it constitutes a more extensive source of
information than the Maersk passport. MPs are digital datasets covering CE-related infor-
mation about the building materials, components, and products, which can be extracted
in the form of a report based on users’ needs (Heinrich & Lang, 2019; Luscuere & Mulhall,
2018). They store information not currently captured by the documents or certifications
available in the industry, particularly regarding CE (Heinrich & Lang, 2019).

MPs place considerable attention on storing information related to product design. Product
design (e.g., how a product is designed) plays a pivotal role in the impact of a product on
human health and the environment. Furthermore, it determines its future fate, that is to say,
its usability at the end of its lifecycle. For that reason, MPs try to make CE-related product
information (e.g., recyclability, repairability, durability, dismantlability, etc.) available to
the interested parties. Namely, they contain essential information about the materials,
components, and products, including their physical properties (e.g., maintainability, ex-
pected lifetime, recyclability, reusability, weight, etc.), chemical properties (e.g., chemical
composition, environmental and human risks, etc.), biological properties (e.g., renewable,
or non-renewable, recyclability, treated or non-treated decomposability, etc.) and material
health (e.g., hazardous chemicals and materials, carcinogenic and mutagenic substances,
etc.). Having rich knowledge about these aspects could be very useful for selecting the dis-
position options, as well. For instance, a chemically treated timber may need to go through
thermal incineration (Heinrich & Lang, 2019).

MPs aspire to capture information about the other processes presented in Figure 4.2. There-
fore, they offer visibility in the production of products (e.g., information related to the
manufacturer, material and product composition, manufacturing process, production certi-
fications, etc.), their transportation and logistics starting from the sourcing of raw materials
to the end of their lifecycle (e.g., vehicles used, readings from RFID tags, carbon footprint,
etc.), materials sourcing (e.g., the origin of materials, responsible sourcing, etc.) and dispo-
sition (e.g., appropriate handling at the end of product life, opportunities and barriers for
recycling, etc.). To enable the tracking of materials and products throughout their lifecycle,
the passports store product-related data and construction-related (e.g., material location in
the building, etc.) data as well (Heinrich & Lang, 2019).

MPs give equal attention to capturing information about the use of products. In other words,
users need to constantly update information stored in the database based on the changes
made on the materials, components, and products. Such changes could be maintenance,
upgrades, changes in ownership, damages, and other information that may play a role in
the product utility. For instance, a radical alteration may affect the potential of a product
for recycling. Indicatively, a fire could influence the properties of steel and consequently its
reusability (Heinrich & Lang, 2019).
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It is important to highlight that several other information tools that deliver product-related
information exist, in addition to the above-described ones. However, based on the existing
analysis, the thesis can derive some conclusions about the information that CE auditing
actors can receive by accessing them. Seemingly, MPs provide visibility in every process of
Figure 4.2 and could play a pivotal role in accelerating CE transition. Nonetheless, they have
not been implemented in practice, and their applicability remains a matter of discussion
(Adisorn et al., 2021; Heinrich & Lang, 2019). Taking into account the other information tools
discussed in the thesis, which have already applied, it can be concluded that they can offer
crucial information mainly about the product design. In other words, they do not provide
detailed insights into the other processes depicted in Figure 4.2. The thesis will try to bridge
this gap by analyzing the use cases presented in the following sections of the chapter. The
use cases do not offer insights regarding the recycling process. Therefore, the thesis will
cover this aspect by using the literature.

4.1.3. The information requirements about recycling

This subsection studies recycling, a process depicted in the basic CE visibility evaluation
framework (Figure 4.2). The analysis of both the information tools (presented in section
4.1.2) and the use cases (presented in the remainder of this chapter) did not surface any
insights about recycling. Thereby, the thesis tries to address this CE process and pinpoint its
main subprocesses by using the literature about reverse logistics. Reverse logistics constitute
a part of the closed-loop supply chain concept. A closed supply chain requires two flows of
materials or goods, the forward flow from materials sourcing to consumer and reverse flow
from consumer to sourcing of raw materials (Jayaraman et al., 2008). The forward flow is
analyzed in the following study of the use cases.

Reverse logistics in the CE context start with the collection of products by consumers or
users no longer desirable or functional. The collection can take place in various ways based
on their kind and origin. From a theoretical point of view, every room in an office block is a
potential collection point. Indicatively, waste plastics of households are usually gathered
through the curbside collection, a service provided to households in urban or suburban
areas for the receipt, handling, and management of wastes. On the other hand, electronics
or vehicles are returned by consumers or users to their suppliers, who take the necessary
actions to deliver them to specialized companies (Jayaraman et al., 2008; NEN, 2007). The
existence of a plethora of potential collection points complicates the process, making the
recycling of every product a challenging mission (Zuidwijk, Nunen, Eijk, & Hillegersberg,
2001). According to the literature, the activities involved in the gathering of end-of-life
products by the consumers or users are represented by the subprocess, product acquisition
(Banihashemi, Fei, & Chen, 2019; Doan, Amer, Lee, Phuc, & Dat, 2019; Jayaraman et al.,
2008).

Subsequently, the collected products need to be delivered to specialized facilities for inspec-
tion, sorting, and disposition. Namely, consumers or users return products due to several
reasons, such as defections and obsolescence. Consequently, the condition of returned prod-
ucts needs to be evaluated to identify the suitable disposition option, reuse, remanufacture,
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and recycling (Banihashemi et al., 2019; Doan et al., 2019; Jayaraman et al., 2008). Recycling
is a CE process that returns products to their basic materials for producing new ones (Calvo-
Porral & Lévy-Mangin, 2020; Ellen MacArthur Foundation, 2016). As discussed in section
2.1, it should be the last resort when considering the appropriate disposition option since it
discards the value contained in products and impacts the environment (Ellen MacArthur
Foundation, 2013; European Environment Agency, 2017). Collected products can be sorted
according to their type (e.g., glass, paper, mixed waste, etc.), colour, previous functionality,
or chemical composition. These activities (e.g., inspection, sorting, and disposition) can
take place in a centralized return centre (CRC) (Jayaraman et al., 2008).

From the centralized return centre, products are transported to their next destination,
recycling, where they are processed to regain their economic value and reintroduced to the
market. The recycling process is product-specific to a great extent. In other words, it can
vary per product type (Jayaraman et al., 2008). For instance, recycling polyethylene plastic
involves pre-washing, relabelling, sorting, chopping, washing, float separation, rinsing, and
drying (Shen & Worrell, 2014). Finally, the produced outputs are delivered as raw materials
to manufacturing facilities for producing new products and reach again end-consumers
(Doan et al., 2019; Jayaraman et al., 2008).

The remainder of this subsection focuses on detailing further the recycling process depicted
in the basic CE visibility framework (Figure 4.2). To do so, it deploys a specific use case, the
recycling of plastic. The motivation for studying this use case lies in the fact that the Royal
Netherlands Standardization Institute Foundation (NEN) has published a thorough standard
regarding recycled plastic that can be instrumental in the design efforts. More specifically,
the standard indicates the procedures required for tracing recycled plastics (NEN, 2007). As
already mentioned, the recycling process is very product-specific. Therefore, the following
analysis may not be generalizable to other products.

A crucial aspect regarding recycling is the control of the input material. That is to say,
recycling relies on knowing the product inserting the recycling process. Plastics that have
been contaminated with other materials or have undergone damages, chemical or structural
changes may not be appropriate for recycling or need further processing. In that case,
recyclers should remove the contaminants from the plastic or repair the damages before
starting the recycling process to such a degree that the input will not affect the produced
recycled plastic. If this is not feasible, they should enter limited amounts of the contaminated
or damaged plastic in the process, ensuring the production of high-quality recycled plastic.
Thereby, it is evident that the success of recycling depends on the use of plastic throughout
its lifecycle. However, tracing the use of a product can be challenging task (NEN, 2007).
Such visibility is currently offered only by the MPs, in which users continuously update the
product-related information.

The standard places equal attention on controlling the recycling process. The recycling
process should meet specific requirements and quality criteria. Furthermore, it may be
necessary to go through challenge tests, which deliberately add contaminants or damaged
materials in specific quantities to estimate its ability to produce recyclate with desired
properties. Recyclers should communicate the characteristics of the batch of recycled
plastic (e.g., the quality controls performed, input materials, recycling process) with the
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related stakeholders based on applicable standards, such as EN 15342 and EN 15344. In
general, any information communicated about the produced recycled plastic should be
supported by reliable evidence. Finally, the standard highlights the importance of tracing
the journey of the returned plastic. For that reason, the sorting centers should attach to
every batch a unique identifier (e.g., serial number, RFID tag). This traceability should be
continued throughout the route of the plastic until its reintroduction to the market (NEN,
2007).

The analysis presented in this subsection can be translated into an elaborated version of
the basic CE visibility evaluation framework related to recycling. It is worth mentioning
that the elaborated versions presented later in this chapter are derived by the analysis of
the use cases, while this one is based on the literature and the abovementioned standard by
NEN. The standard plays a vital role in highlighting the information requirements needed
to trace recycled plastics. Such traceability is of great importance for ensuring recyclate of
high-quality (NEN, 2007).

Origins

Material type/form
Product type

Type of waste e.g., pre-user, post-user, construction waste
Place of origin (e.g., supplier identification)

Date
History of waste (e.g., known contamination with other materials)

Logistics

Way of collection (transporter’s details, means of transportation)
Sorting

Batch size, identification and marking
Pre-treatment (e.g., washing, grinding)

Storage (e.g., outside)
Tests performed

before processing
EN 15347- Recycled Plastics - Characterisation of plastics wastes

Or any other standard suitable for the end-use application
Process parameters Details of the recycling process

Tests performed
after processing

EN 15342
EN 15344
EN 15345
EN 15346
EN 15348

Or any other standard suitable for the end-use application
Intended

application
Information about appropriate or inappropriate applications

Table 4.1: Information requirements for recycling (NEN, 2007)

The quality of recycled plastics relies on knowing the input materials, the recycling process,
and the materials produced. To achieve such visibility, traceability should start at the CRCs,
where end-of-life products are inspected and sorted. Table 4.1 indicates the information
requirements needed to place confidence on recyclate. Any claim regarding a recycled prod-
uct should be supported by evidence. For that reason, all stages involved in the treatment of
wastes should be documented and recorded thoroughly. In this way, the CE auditing actors
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or other stakeholders will be able to estimate the recycled content of products, point out
unwanted materials or defective products, and ban them from the market (NEN, 2007).

Figure 4.3 depicts the elaborated version of the basic CE visibility framework (Figure 4.2)
regarding the recycling process. Namely, it delves deeper into the post-consumption phase
of Figure 4.2, the journey that products follow from consumption or use (C&U) to recycling
and recovery (R&R) and subsequently the transportation of produced raw materials in ma-
terials sourcing (MAS). The framework demonstrates four layers, the relationship between
the main subprocesses and the visibility needed, the events and the documents that should
be recorded, and the actors that can engage in recycling. It can be noticed that recycling
involves the transportation of products or materials between the different subprocesses.
This aspect is not addressed by this detailed version since, as the following analysis indicates,
it is supported by TradeLens. TradeLens covers every potential shipment between a seller
and a buyer. Finally, it is essential to highlight that Figure 4.3 describes recycling on a high
level, so further research is required. However, it constitutes a first attempt to identify the
information needed to trace materials or products at the end of their life.

Figure 4.3: The CE visibility evaluation framework about recycling
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4.1.4. Enforcing CE compliance at national borders

One of the requirements in the thesis is visibility at national borders. It emphasizes the need
for getting the benefits of the technologies and other information tools available at borders to
facilitate compliance with CE policy instruments. It is a broad topic that requires extensive
analysis. The thesis covers it by studying the Harmonized Commodity Description and
Coding System (HS). The HS is a nomenclature developed by World Customs Organization
(WCO) that enables governments to categorize to a class all physical goods crossing national
borders in a uniform and globally accepted way. In simple words, it is considered the
“language of international trade” (WCO, 2018).

The HS is a multipurpose instrument used by both governments and businesses involved in
global trade. Its primary objective is to classify the merchandise and consequently facilitate
the assignment and collection of import duties and taxes by the customs. Nevertheless,
thanks to its versatile format, it can be deployed for a plethora of other areas, including
statistical analysis related to trade, monitoring of imported products (e.g., wastes, dangerous
chemicals), identifying the place of origin, and collection of internal taxes (WCO, 2018).

The product classification system can also play an essential role in CE compliance. Policy-
makers can exploit the categorization provided to promote circular products by offering
financial incentives to their trading (e.g., duties reduction) and restricting the import of
non-circular ones. Moreover, as presented later in this subsection, it can facilitate the es-
tablishment of legal measures and requirements towards the importers. Namely, public
institutions, through HS, can obligate importers to submit the necessary documentation
(e.g., certificates) to prove the circular or sustainable characteristics of the products being
shipped.

Regarding its structure, the HS is a nomenclature consisting of four-digit headings, which are
separated further into five- and six- subheadings. The four-digit headings categorize similar
products, whereas their subdivision enables particular treatment in the case of special needs.
Governmental or private organizations can use the subheadings to subdivide the initial
categories based on their requirements. In other words, they can further classify products
within a heading. This design choice increases the flexibility and the usability of the system.
Notably, almost every country uses the same HS code numbers up to six digits (WCO, 2018).

The HS 2017 is organized into 1,222 headings, divided into 96 chapters, and subdivided into
21 sections. The first two digits of the heading (four-digit code) denote the chapter where
the transportable goods are grouped, while the last two digits show the exact position within
the chapter. The remaining digits of the HS code, which refer to the subheadings, express
more specific information. In this way, HS 2017 contains 5387 categories of products (WCO,
2018). The following example clarifies the use of the codes.

The EC has developed a platform that enables interested actors, such as importers, to in-
sert every HS code and receive access to the rules applied to every good being shipped 1.

1See: https://ec.europa.eu/taxation_customs/dds2/taric/taric_consultation.jsp?Lang=en
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Specifically, they can be informed about the tariffs levied and other legal requirements. The
thesis shows the information provided by this platform by using an example of a nomen-
clature code: 2205101000. Its four-digit heading indicates that the good belongs to chapter
22 (beverages, spirits, and vinegar) and section 4 (prepared foodstuffs; beverages, spirits,
and vinegar; tobacco and manufactured tobacco substitutes). The first two digits of the
subheading (101000) express that the wine falls into the category of containers having 2 liters
or less, and the second two digits show that it fits into the group related to actual alcoholic
strength by volume of 18 % vol or less. The last two digits are zero indicating that there is no
further subdivision.

By inserting this nomenclature code in the platform, the importers get information related
to import, such as eligibility for exemption from customs duties, import duties, prohibitions
applied, and other legal measures. An interesting reference is an obligation imposed on
those claiming, advertising, or indicating in the product label that the wine has organic
characteristics. In particular, they are obliged to prove their claims by submitting a certificate
of inspection. This aspect of the HS code can play a key role in CE compliance. Similar
documentation requirements can be dictated to those declaring that the transportable goods
have been produced following circular principles.

The remainder of this chapter focuses on addressing the SRQ4: “What information require-
ments for CE visibility are captured by the examined blockchain-enabled information systems
and how do the insights derived from them contribute to the further development of the CE
visibility evaluation framework?”. The insights provided by the literature were insufficient
for detailing the basic CE visibility evaluation framework presented in Figure 4.2. Thereby,
the thesis exploits the empirical data provided by the use cases (TradeLens, FoodTrust,
Vinturas) to bridge this knowledge gap and develop a thorough framework that evaluates
blockchain-enabled information systems on their ability to monitor the flows of materials
and products in the CE context.

4.2. TradeLens

This section focuses on TradeLens, a blockchain-enabled container shipping platform that
can enable CE auditing actors to monitor a cargo flow from a source to a destination by
accessing logistics data and trade documents. To provide such visibility, TradeLens connects
every actor involved in the shipment of goods, such as ocean carriers, inland truckers, and
shippers (TradeLens, 2021a). The platform plays a vital role in the thesis. By reflecting
on Figure 4.2, it can be observed that several different supply chains are involved in the
CE flows. In other words, materials or products can be shipped from a seller to a buyer
during every CE process. Indicatively, one can recognize the shipment of raw materials from
sourcing to manufacturing, the shipment of finished products from manufacturing to sales,
or the shipment of used products from use to collection and disposal. The thesis argues that
TradeLens can support every possible shipment of materials and products from a seller to a
buyer depicted in Figure 4.2.
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4.2.1. TradeLens Overview

TradeLens is a consortium permissioned blockchain-based infrastructure developed by IBM
and GTD Solution, a subsidiary of A.P. Moller Maersk. It connects the subjects involved in
international trade, such as carriers and shippers, by allowing them to share shipment events
(e.g., loading a lading asset on a vessel) and business documents (e.g., bill of lading and
packing list). Its ultimate goal is to reduce information fragmentation, enhance transparency
and ensure complete visibility throughout the route of a container (Rukanova et al., 2021;
TradeLens, 2021b). These offerings are of paramount importance for international trade
that suffers from bureaucracy, fraud, and data fragmentation (Popper & Lohr, 2017).

The surge of international trade in recent years thanks to globalization and eradication
of trade barriers has exposed humanity to new risks enabling malicious actors to commit
various frauds (Tan et al., 2011). According to the EU, these frauds can be classified into two
broad categories, declared fraud and non-declared fraud. The first category contains the
frauds related to mis-declaration of origin, mis-declaration of value, and mis-declaration of
classification, whereas the latter refers to smuggling contraband, such as drugs and weapons
(European Parliament, 2019). These illegal activities threaten the national economy, safety,
and security, so their elimination is crucial. To address them, customs authorities intensified
the inspections on cargoes crossing national borders and increased the data requirements
from shippers (Tan et al., 2011).

Besides the apparent benefits of increased inspections for society, these measures are
considered an enormous burden by traders influencing their efficiency and increasing their
costs. Indicatively, the expenses related to customs compliance and clearance can range
from 12.5 and 23 billion euros in the EU. This enormous amount includes direct costs,
like the costs of providing the documentation needed for the goods shipments, delays,
and opportunity costs. However, these estimations fail to capture indirect costs, such as
procedural delays, such as time spent on inspections, spoilage or expiration of products,
and lost sales (Urciuoli, Hintsa, & Ahokas, 2013). TradeLens deals with the abovementioned
hiccups by enabling the supply chain ecosystem to exchange the necessary information in
a secured, timely and confidential way. This information sharing can boost international
trade by 15% benefiting national economies and creating new jobs (TradeLens, 2021a).

4.2.2. TradeLens Platform

Figure 4.4 captures the essence of the TradeLens, illustrating the shipping events and ship-
ment data (structured data integrated in trade documents and unstructured data, such as
scans and images) stored by the platform. As presented, the platform includes a broad range
of information produced throughout the route of cargo from the seller in the exporting
country to the buyer in the importing one, such as cargo details, trade documents, sensor
readings, and custom filings. Seemingly, the shared information is associated with the ocean
shipping industry, which amounts to 80% of total shipping goods (TradeLens, 2021a).
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Figure 4.4: TradeLens platform (TradeLens, 2021a)

An interesting aspect about the above-described information is that is granted by its source.
For instance, the commercial invoice and the packing lists are uploaded by the party that
issues them, the seller (Rukanova et al., 2021; TradeLens, 2021a). As discussed in section
2.2, this information is of higher quality, considering that it is produced and used by the
companies for their internal operational activities. By piggybacking this information, the
CE auditing actors can better execute their mission, such as carrying out a risk assessment
and inspections or enforcing compliance (Klievink et al., 2012; Tan et al., 2011; van Stijn et
al., 2012). Currently, the uploading of this information to the platform is conducted via a
user interface. However, this process can be automated further in the future through open
Application Programming Interfaces (APIs) (Rukanova et al., 2021).

Figure 4.5: TradeLens ecosystem (TradeLens, 2018)
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Equally beneficial is the collaboration and trust fostered among the ecosystem made up of
all parties involved in global trade. Shippers, freight forwarders, state authorities, carriers,
and customs brokers are a few illustrative examples of the network members, depicted
in Figure 4.5. TradeLens, by dealing with data fragmentation, provides participants with
the necessary means to carry out their mission more efficiently. For instance, custom
authorities, by accessing business data, are able to carry out informed and more efficient risk
assessments, crosscheck their data and reduce manual paperwork. Similarly, the availability
of centralized information benefits shippers by providing them with the means needed to
enhance the predictability of their activities, reduce safety stock inventory and validate fees
and surcharges (TradeLens, 2021a).

It is vital to point out that TradeLens is not an obligatory information system that trade
actors should use to exchange information with authorities. In contrast, the platform relies
on voluntary data sharing between businesses and authorities. This voluntary aspect is
articulated in the contractual agreement that parties accept when joining the platform. In
particular, the interested parties agree that their information stored in the system can be-
come available to the authorities involved in monitoring the flow of goods through national
borders (Rukanova et al., 2021; TradeLens, 2021a). Such voluntary data sharing can also
benefit participants by enabling them to experience benefits like trade facilitation (Rukanova
et al., 2018).

TradeLens is a blockchain platform owned by IBM and GTD Solution, however, its goal
is to be an open and neutral platform able to serve all the actors involved in the supply
chain. In simple words, it aspires to enable various industry players with even competing
interests to join the platform and engage in the collective choices, such as determining the
participants’ operational rights and making decisions regarding the platform design. For
that reason, TradeLens has formed the TradeLens Industry Board, a group of actors that
plays an important role in the development efforts of the platform (Rukanova et al., 2021;
TradeLens, 2018). Currently, two leading carriers have joined the board, the CMA CGM and
MSC (TradeLens, 2019).

Regarding its architecture, TradeLens is an open-source consortium permissioned blockchain
platform relying its performance on the distribution of permissioned ledger across the net-
work of parties. As discussed in chapter 2, a distributed ledger establishes a single source
of truth and incentivizes the supply chain entities to share their information. The ledger
(chain of blocks) contains copies of the shared documents, such as supply chain events
and authority approval status, and maintains a full audit history. The immutability offered
by blockchain makes tampering with the blocks an almost impossible task, whereas the
attachment of new information results in the creation of new blocks. These transactions can
become possible only with the consensus of the network. The consensus mechanism de-
ployed by TradeLens is called proof-of-authority and allows only the authorized participants
(parties involved in a specific shipment) to append new transactions to the chain (Rukanova
et al., 2021; TradeLens, 2018).

Figure 4.6 illustrates the deployment model of TradeLens, which uses a cloud-based ap-
proach. The platform relies on the Hyperledger Fabric, an open-source permissioned
modular and configurable blockchain platform developed by the Linux Foundation, which
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can act as a basis for the development of enterprise blockchain applications (Hyperledger
Fabric, 2021; TradeLens, 2021a). The documents uploaded by the ecosystem participants are
stored in a secured cloud document store provided by IBM. In other words, the data is not
stored in the platform. Instead, TradeLens stores hash pointers of the data and documents
on the platform, including a hash of the data or documents and a link to their specific loca-
tion in the cloud storage. Therefore, as participants add an updated version of documents
or data in the chain, a new hash pointer is appended in the chain (Rukanova et al., 2021; Tan
et al., 2019).

Hash pointers are used for overcoming the privacy concerns arising from the enactment
of the General Data Protection Regulation (GDPR). More specifically, GDPR entitles data
owners to request the deletion of their personal data from information infrastructures ("the
right to be forgotten"). However, the data captured on a blockchain platform cannot be
erased, and consequently, data owners are unable to exercise their rights. Thereby, the
deployment of hash pointers and the off-chain data storage enabled TradeLens to deal with
privacy-related issues (Tan et al., 2019).

Figure 4.6: TradeLens deployment model (TradeLens, 2018)

To protect the data confidentiality of its participants, TradeLens broke down its network
into smaller sub-networks, called channels. As highlighted in section 2.4, the creation of
channels can prevent the leakage of sensitive and valuable business data to every network
participant (Tan et al., 2019). This aspect is crucial in the supply chain domain consisting
of geographically dispersed entities with often competing interests, different policies, and
cultures (Abeyratne & Monfared, 2016; Saberi et al., 2019). Indicatively, carriers do not
desire to share their data with their competitors. Taking this aspect into consideration,
TradeLens developed separate channels for each participating ocean carrier. Each channel
includes several nodes (actors/computers that possess a copy of the ledger), hosted and
managed by the participants (TradeLens team, ocean carriers, etc.) (TradeLens, 2018). For
the time being, solely the carriers and the TradeLens team can become nodes in a channel,
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however, more parties, like freight forwarders, are expected to be able to become nodes in
the future (Rukanova et al., 2021). The data shared via each node are stored in dedicated
blockchain-managed data storage (TradeLens, 2018).

Figure 4.7 illustrates the network topology, which can be described as a permission matrix.
This topology ensures that documents or data shared via a channel are stored only in
the participating nodes and can be accessed only by the channel participants. Channel
participants get selected based on their organization’s role, while their identity is not known
to the network thanks to the deployment of cryptographic mechanisms. This permission
structure prevents the disclosure of commercially sensitive data to actors participating in
different channels (Rukanova et al., 2021; TradeLens, 2021a).

Figure 4.8 dives deeper into the permission matrix by depicting the access and operational
rights granted to participants. These rights are defined according to the TradeLens Data
Sharing Specification, which articulates the foundational data sharing rules. Finally, the
TradeLens node enables the other supply chain actors (e.g., shippers, freight forwarders, and
financial services providers) to access the data stored in the platform or use the platform ser-
vices without possessing their node, in case they are allowed to get such visibility (Rukanova
et al., 2021; TradeLens, 2021a).

Figure 4.7: TradeLens network topology (TradeLens, 2021a)

Another essential element of TradeLens is the application of smart contracts for controlling
the transactions that can be recorded to the ledger. The platform codifies vital business
processes and distributes them across the network, specifying the responsibilities of each
ecosystem participant. For instance, the import and export clearances are organized into
the blockchain (TradeLens, 2021a).
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Figure 4.8: TradeLens data sharing model (TradeLens, 2021a)

4.2.3. The visibility provided by TradeLens

Figure 4.4 shows in a straightforward way the visibility currently provided by TradeLens.
Namely, the container shipping platform provides visibility from the seller in the exporting
country to the buyer in the importing one. To offer this visibility, it brings together the
actors involved in international trade and incentivizes them to exchange logistics data and
trade documents via the platform interface. An important aspect regarding the information
captured by the platform is that it is provided by its source in real-time. Open APIs enable the
data owners to directly publish their data and communicate them across their ecosystem.
In this way, TradeLens contains accurate, complete, timely, and reliable data concerning
containerized goods (TradeLens, 2021a).

This section delves deeper into the visibility provided by TradeLens by explaining some key
trade documents (presented in Table 4.2) that can be a vital source of information for CE
purposes. Section C.1 (Appendices) presents examples of some of these documents. In
addition to them, TradeLens captures some product-related documents, such as health
certificates, veterinary certificates, fumigation certificates, and inspection certificates. It is
important to highlight that when documents are uploaded to the platform, they become
available to all authorized parties in real-time. However, the data remains under the control
of its owner. That is to say, only the members of a channel can access them (TradeLens,
2021b). Regarding the key events captured by the platform, Figure 4.4 illustrates the most
crucial ones.
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Trade documents Description Information

Commercial invoice

A legal document serving as the contract and proof
of sale between the seller and the buyer. It is used
by the customs during the clearance process for

estimating duties and taxes (TNT, 2021).

Seller, buyer, purchase order number, invoice
number, carrier, quantity, item code, price, total

sale amount, seller’s bank information and account,
payment terms, country of origin of goods

(Rukanova & Tan, forthcoming 2021).

Packing list

An exhaustive description of the contents of a
container. It is not obligatory during customs
clearance, but its inclusion in a shipment can

facilitate the process (FreightRight, 2021).

Seller, purchase order number, carrier, ship,
quantity, item code, weight, ship, seller’s bank

information and account, payment terms, country
of origin of goods, carrier, seal number, driver’s
signature (Rukanova & Tan, forthcoming 2021).

Certificate of origin

A document certifying that goods included in an
export shipment have been procured, produced, or

processed in a specific country. It is used by customs
in the importing country to advocate whether goods

are eligible to enter their jurisdiction or receive
special treatment (ICC, 2021).

Buyer, seller, country of origin, transport details,
remarks, marks and number of items, number and

kind of packages, description of goods, quantity,
seller’s declaration, certification body (ICC, 2021).

Shipping instructions
A document prepared for the carrier including

details about the goods and requirements
regarding their shipment (DCSA, 2020).

Shipper, consignee, notify party, weight, quantity,
shipping mark, place of origin and destination,

booking number, vessel, port of loading and
discharge, container number, seal number,

payment terms, description of goods (DCSA, 2020).

DGD document

A document issued for carriers describing dangerous
goods or materials contained in a shipment. It

certifies that the cargo has been packaged, labelled,
and declared based on the applicable regulations

(DCSA, 2020).

Shipper, consignee, carrier, transport document
number, additional handling information, number

and date of the vessel, port of loading and
discharge, destination (IATA, 2021).

Bill of lading
A legal document containing information regarding

the kind, the quantity, and the destination of the
goods being shipped and confirms the receipt of

goods by the carrier (DCSA, 2020).

Bill of lading number, booking number, export
references, vessel, port of loading and discharge,

purchase order number, type and brand of goods,
pieces, weight, measures, freight charges, export

fee, document service and terminal handling
service (Rukanova & Tan, forthcoming 2021).

ENS declaration
A safety and security declaration submitted to the
customs that provides information regarding the

goods being shipped (European Commission, 2021d).

Description of cargo, EORI (Economic Operators
Registration and Identification) number of shipper

and consignee, items code, weight, number and
type of packages, container and seal number and

place of loading, route (countries that passed),
border entry point, vehicle (Hardy, 2020).

Importer security
filing

A legal document providing details about the goods
being imported (European Commission, 2021a).

Exporter, importer, invoice number, shipment
reference, sender’s VAT no, receiver’s VAT no,
description of goods, quantity, value, weight,

commodity code, type of export, reason for
export (DHL, 2021).

Importer security
filing

A legal document requested by customs for all ocean
cargo imports and used for identifying high-

risk shipments (CBP, 2009).

Seller,buyer, importer of record number / FTZ
applicant identification number,consignee

number, manufacturer (or supplier), ship-to party,
country of origin,commodity harmonized tariff

schedule number, vessel stow plancontainer
status messages (CBP, 2009).

Table 4.2: Key trade documents stored by TradeLens

The visibility provided by TradeLens is very important for refining the CE visibility evalu-
ation framework. TradeLens offers insights about the cargo flow from a source (Place of
acceptance, PLA) to a destination (Place of delivery, PLD). The thesis argues that TradeLens
can support every possible shipment of materials or products in a closed supply chain.
As discussed, the CE flows contain several different supply chains, that is to say, several
different shipments, such as the shipment of raw materials from sourcing to manufacturing,
and the shipment of used products from use to collection and disposal.

Figure 4.9 illustrates how the basic CE visibility evaluation framework (Figure 4.2) can be
detailed based on the insights offered by TradeLens. Seemingly, TradeLens provides visibility
on a container-level, it does not contain insights about the products stored in a container.
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However, it enables the monitoring of a shipment from a place of acceptance to a place
of delivery. Figure 4.9 depicts four layers, the visibility provided by TradeLens, the events
stored, the documents stored, and the actors involved in a shipment. The first layer related
to visibility resembles the domain model (Figure 4.1). The reason is that the domain model
was developed to evaluate the quality and value of external data sources associated with
the movements of products from a place of acceptance to a place of delivery via vessel.
Therefore, it captures the same supply chain processes supported by TradeLens. Section
4.1.1 described the processes involved in a shipment in detail. Finally, it is essential to
mention that the different curves related to the vehicle refer to different itineraries.

Figure 4.9: The CE visibility evaluation framework based on TradeLens

4.3. FoodTrust

This section analyzes FoodTrust, a blockchain-enabled platform that can play a crucial role
in the monitoring of CE policy instruments. The platform can enable the CE auditing actors
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to trace the provenance of products and get insights into the sustainability of the practices
used during the sourcing of raw materials and production. As its name indicates, FoodTrust
aims at establishing transparency and trust in the food system by leveraging the data trapped
in organizational silos (IBM, 2021). Although, FoodTrust deals with food products, which
are not the focus of the thesis, the visibility that it provides can be valuable for detailing
the basic CE visibility evaluation framework (Figure 4.2). The thesis studies this use case to
identify how item-level visibility can support CE transition. It is argued that the visibility
offered by FoodTrust about food products can be also offered for non-food products, such
as electronic components. This argument is supported by the existence of the Blockchain
Transparent Supply (BTS) platform, analyzed in this section, which enables companies to
develop their blockchain network and trace any asset. BTS is closely related to FoodTrust,
considering that IBM developed it by extracting the core software behind FoodTrust.

4.3.1. Blockchain Transparent Supply

The Blockchain Transparent Supply is a blockchain-based platform developed by IBM. The
platform enables companies to design their own data-sharing ecosystem consisting of their
supply chain partners and foster supply chain visibility. In this way, IBM aims at assisting
the business world to tackle vital modern problems, described already in the thesis, such as
data fragmentation, paper-based and inefficient data sharing, and the occurrence of frauds.
Blockchain has the potential to connect actors dispersed throughout the supply chain by
allowing them to maintain a distributed ledger acting as a single point of truth (IBM, 2020b,
2020a).

BTS is an open-source permissioned blockchain platform, based on Hyperledger Fabric,
that distributes a ledger across a network of authorized and authenticated participants.
Participants are able to upload their data and documents to the ledger and decide who
has the right to access them. Thanks to the immutability provided by the blockchain, the
information captured in the ledger cannot be tampered with, removed, or changed. Like
TradeLens, this information is not stored on the platform, but on a secured cloud document
store provided by IBM. The platform only stores the hash pointers of the data and documents,
a design choice described in more detail in section 4.2.2 (IBM, 2020a).

BTS leverages the immutability, finality, and transparency offered by blockchain to deal with
provenance issues. Identifying the provenance of goods depends on having information
about their origin, source, and the history of their ownership. By creating a single and un-
tampered history of an asset (from the outset to decommission or from source to consumer),
blockchain enables businesses and consumers to trace its entire journey throughout the
supply chain. The availability and the distribution of such a wealth of information across
a diverse group of actors boost transparency and enhance trust. In today’s world, trust
in a brand relies on communicating to consumers information regarding the ethical and
sustainable characteristics of business processes and the product characteristics. In brief,
BTS provides proof of authenticity (thanks to the availability of uncorrupted evidence),
traceability, transparency, and trust (IBM, 2020a).
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An interesting aspect regarding BTS is that it helps companies to develop their platform
based on their needs and IBM helps them to run it securely and at scale. Companies can
select a use case of their interest, create their business model, build their network, and decide
the terms of engagement. In this way, companies reap the benefits of the IBM development
capabilities and do not need to develop a blockchain-enabled platform from the scratch.
BTS platform can be implemented in several use cases related to shipping and logistics,
tracing the provenance of foods, drugs, materials, or valuable products, and proving the
authenticity of materials. So far, the platform has been used in the establishment of seven
networks, Farmer Connect (coffee network), ATD (tire network), ATEA (seafood network),
VinAssure (wine network), PharmaPortal (pharma network), eChain (electronic component),
IBM FoodTrust (food trust network), while a Pizza network will be launched in the future.
Except for FoodTrust, the other networks are corporate convened (IBM, 2020a).

Indicatively, ATEA is a data-sharing platform developed for seafood companies in the Nordics
that enables them to share information to consumers regarding the path of seafood in
the supply chain. Moreover, the aquaculture farms can communicate the sustainability
of their practices. The platform exploits the capabilities of IoT devices to monitor the
temperature of the food in real-time, improve food freshness, expand shelf life, and limit
waste. VinAssure is a wine network developed to inform consumers about wine’s origin and
quality. The platform provides visibility from vineyard to consumer, stores data related to
the temperature conditions and the handling of wine in the supply chain and facilitates
dispute settlement in case of low wine quality (IBM, 2020a).

It is important to highlight that BTS and FoodTrust are two different IBM offerings. As Figure
4.10 shows, FoodTrust allows companies to participate in a global food network consisting
of farmers, suppliers, processors, distributors, retailers, and consumers. On the other hand,
BTS provides companies with the opportunity to create their self-branded network (IBM,
2020a). Even though the thesis focuses on FoodTrust, a well-documented platform by IBM,
BTS can be proved vital for CE purposes. BTS can enable the creation of various indepen-
dent networks focused on materials or products to promote multi-company collaboration,
transparency, and trust, deal with provenance issues and offer traceability on an item-level
(IBM, 2020a).

Figure 4.10: Comparison between FoodTrust and BTS (IBM, 2020a)

Figure 4.11 illustrates the capabilities of the BTS platform. Through the core BTS solution,
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companies can receive a set of modules, capabilities, and services that enable them to
develop their data-sharing ecosystem. More specifically, the solution makes possible the
tracing of an asset throughout the supply chain in a few seconds, provides essential docu-
ment management and sharing features, onboarding, member management, and technical
support services. Furthermore, these capabilities can be extended to offer real-time inven-
tory and cold chain insights (temperature data via IoT devices), allow the establishment of
smart contracts and the integration of other capabilities and APIs on top of the BTS platform,
and enable consumers to access product information via QR codes and a mobile app (IBM,
2020b, 2020a).

Figure 4.11: Capabilities of IBM Blockchain Transparent Supply (IBM, 2020a)

4.3.2. FoodTrust

FoodTrust is a cloud-based permissioned blockchain platform developed by IBM. FoodTrust
constitutes the basis on which the BTS platform was developed. In other words, IBM
extracted the core software from FoodTrust and integrated it into a new blockchain offering
that enables companies to develop their own blockchain network. The difference between
these offerings lies in the fact that IBM is actively involved in the exploitation of FoodTrust,
while in the BTS platform, IBM has the role of the technology provider (IBM, 2020a).

As its name indicates, FoodTrust focuses on establishing transparency and trust in the food
system by bringing together the actors involved, from the farmer to the end consumer, and
enabling them to exchange information (IBM, 2020b, 2020a). The issues that FoodTrust is
called to solve are contemporary. In today’s world, consumers are able to buy any food prod-
uct, irrespective of the season, the location, or the environment. This food availability has
exposed the food supply chain to new dangers and has increased its complexity. That means
that trust in the food supply chain is not given. Consumers are increasingly demanding more
information regarding the provenance and the quality of food products. FoodTrust aims at
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fulfilling this demand by harnessing the capabilities of blockchain, dealing with information
fragmentation, getting the benefits of the data produced throughout the supply chain, and
making this information available to end consumers (FoodTrust, 2018; IBM, 2021).

The availability of such data insights enables interested actors to trace food products through-
out their journey from the farmer to consumers and take immediate action when needed.
For example, in case of crop diseases, authorities or retailers can locate the infected lots
by accessing the “blockchainized information” and carry out targeted recalls. In this way,
the platform limits the possibilities of delivering infected food to the market and increases
consumers’ trust in the food ecosystem. An indicative example of the traceability provided
by the platform is the Walmart case. Walmart wanted to improve its responsiveness in case
of a foodborne illness outbreak. For that reason, it incentivized its suppliers of leafy greens
to join FoodTrust and upload their data to the platform. By storing all the data related to
harvesting, processing, packaging, and shipping in FoodTrust, Walmart managed to reduce
its trace time from roughly 7 days (when using manual processes) to 2.2 seconds (IBM,
2020a; Miller, 2018).

Moreover, FoodTrust fosters trust in the food ecosystem by allowing the efficient and timely
detection of food frauds. The digitization and storage of data in the ledger in conjunction
with the decentralization and data immutability offered by the technology bring trans-
parency to the system and prevent malicious actors from committing any type of fraud.
This trust offered by the platform can be translated into an enhanced brand reputation and
increased economic gains for the network participants (FoodTrust, 2018). Namely, “green”
companies, by communicating the sustainability of practices, can grow their profitability,
as environmentally conscious consumers are willing to purchase eco-friendly products
regardless of their cost (Saberi et al., 2019).

Equally pivotal are the productivity improvements and cost reduction that ecosystem par-
ticipants can experience by adopting the technology. More specifically, participants are
provided with a wealth of information, which can help them pinpoint possible process
deficiencies, optimize their business activities, forecast demand, prolong the shelf-life of
their products, eliminate waste, and manage their inventory more effectively (FoodTrust,
2018).

To fulfill its mission, FoodTrust equips participants with a shared, replicated, and permission-
based ledger, which contains documents and events about the food ecosystem. Participants
have limited operational and access rights, specified based on their needs and role. In other
words, they can edit and view only a portion of the published content. This permission
model is vital for preserving privacy and safeguarding actors’ interests. The data recorded
on the ledger is secured thanks to the immutability provided by the blockchain, that is to
say, it cannot be modified or deleted. Data editing can be done solely by appending new
information. This aspect creates an audit trail of all data uploaded and edited (IBM, 2021).

The architecture of FoodTrust is similar to that of the BTS platform. In other words, it is
designed based on Hyperledger Fabric and deploys a cloud-based approach. An interesting
aspect is the deployment of Trust Anchors as a consensus mechanism (Practical Byzantine
Fault Tolerance consensus mechanism). Trust Anchors are leading network participants,
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like wholesalers or food retailers, responsible for keeping up the integrity of the ledger and
safeguarding security, privacy, and permission guarantees. They possess a full copy of the
ledger on their node, and they are able to verify transactions, view the submitters and the
hashes. However, they do not have access to the decrypted data (FoodTrust, 2018; IBM, 2021;
Lacity, Steelman, & Cronan, 2019).

As already discussed, FoodTrust collects a wide range of data to accomplish its mission.
While it is worth mentioning that IBM does not own the data shared via the platform and
cannot exploit them or share them to satisfy its commercial or economic interests (IBM,
2021). The collected data can be classified into the following five categories:

1. Master data: data related to facility locations, trade products, and lots.

2. Business transactions: data concerning purchase orders, shipping, and receipt confir-
mations.

3. Documents data: documents, like critical certificates, inspection documents, deploy-
ment of sustainable practices, scores, and expiration dates.

4. EPCIS (Electronic Product Code Information Services) events: real events occurring
throughout the supply chain. These events are: Observation (an observation like
scanning a good), Transformation (irreversible transformation of an item, like a sliced
fruit), Commission (creation of an item, like harvesting), Decommission (deletion of
an item), Aggregation (grouping items), and Disaggregation (ungrouping items).

5. Payload data: important data regarding food, such as temperature and humidity.

Figure 4.12: FoodTrust ecosystem (FoodTrust, 2018)

Figure 4.12 depicts the groups of actors that have joined FoodTrust, so far. To develop an
efficient data-sharing system and enhance trust in the food industry, the members have to
collaborate closely, regardless of their interests. However, their interests can be shielded
through the IBM Food Trust Advisory Council, consisting of members’ representatives.
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The Advisory Council ensures the integrity of the platform by assisting with establishing
the principles of engagement and monitoring the application of the governance model.
Its primary responsibility is to make sure that FoodTrust is beneficial for the community
members by ensuring that the policies satisfy their needs and values and that the platform
evolves continuously (FoodTrust, 2018).

Finally, FoodTrust provides participants with the opportunity to automate business deci-
sions, through the use of smart contracts. Smart contracts refer to pre-agreed terms or
business rules deployed to automate costly and time-intensive processes and deal with
possible conflicts among agents. The participants can create a smart contract in a private
channel within two or more parties who have their personal node. The contracts run on
company-specific nodes in a private channel, to which only the involved parties have access.
An illustrative example is the monitoring of storage conditions for dispute resolution in case
of low quality (FoodTrust, 2018; IBM, 2021).

4.3.3. The Carrefour Case

Carrefour S.A. is a French multinational retail company having its headquarters in Boulogne-
Billancourt, France. The company possesses more than 12,000 shops dispersed in three
different geographic regions, Europe, Latin America, and Asia, and operates its own e-
commerce websites. It operates a wide variety of shops, including hypermarkets, supermar-
kets, smaller supermarkets, convenience stores, cash and carry shops, and hyper cash stores.
It offers a broad spectrum of food products (e.g., vegetables, meat, fish), nonfood products
(e.g., clothes, toys, books), and services (e.g., vehicle hire and pharmacies) (Carrefour, 2021a;
Reuters, 2021).

Following its corporate mission to provide its customers with services and products of
high quality, Carrefour partnered with IBM and joined the FoodTrust network in 2008.
Interestingly, the company was among the first adopters of FoodTrust, together with other
key industry players, such as Walmart, Nestle, Dole, and Kroger. Carrefour’s objective
was to initiate a global food traceability standard across its supply chain, from farmers
and producers to consumers. In this way, it wanted to meet the consumers’ demands
for more transparency in the food industry. Through FoodTrust, Carrefour could equip
consumers with reliable information regarding its products, including their origin, quality,
nutritional properties, the presence of allergens or uncertain substances, and other specific
characteristics. Consumers could access this information by scanning QR codes on the
product label with their mobile phones (Carrefour, 2018; IBM, 2020a).

In March 2018, Carrefour blockchainized its first product, chicken. By scanning a QR code,
consumers could get a great deal of information about the chicken, such as the breeding
location, feed, antibiotic use, a relevant video, and its journey in the supply chain. Over time,
Carrefour has implemented blockchain to more food products, like tomato, citrus fruits,
Norwegian salmon, and infant milk. Its vision is to blockchainize all its premium Filière
Qualité Carrefour (FQC) food products, by 2022 (Ledger Insights, 2021; Neerman, 2018). It
is important to highlight that Carrefour focuses solely on communicating this information
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with consumers and not with authorities. In other words, unlike TradeLens, authorities are
not part of its current ecosystem.

An interesting example of a blockchainized product by Carrefour is Mousline purée. In
2019, Carrefour collaborated with Nestle, one of the founding members of FoodTrust, to
provide its consumers with visibility on the entire supply chain of the product. This case has
more complex characteristics than the former one, considering that a potato puree contains
multiple ingredients needed to be traced. Figure 4.13 depicts the insights that consumers
get via their mobile phones. Namely, consumers can follow the path of the product from the
Nestlé factory to Carrefour shops. Furthermore, they can obtain information about the man-
ufacturing facilities, the product composition (e.g., the variety of potatoes used), the farmers
of the potatoes, the production data (e.g., the specific product line), the production process,
quality control parameters, storage times the packaging (e.g., made by recyclable materials)
and the location of warehouses (Nestle, 2019). It is worth mentioning that Carrefour is about
to enrich the data provided to consumers by deploying IoT devices able to monitor product
conditions, such as temperature. Such a development can increase consumers’ trust in each
product. Moreover, FoodTrust can support any type of information that Carrefour or any
other company wants to add, such as certificates.

Figure 4.13: Example of the traceability offered by FoodTrust (IBM, 2020a)

The next section focuses on organic textiles, the first non-food product blockchainized by
Carrefour (Ledger Insights, 2021; Spencer, 2021). By utilizing the information that Carrefour
offers to consumers, the thesis highlights the visibility provided by FoodTrust. FoodTrust
can be applied to various products providing different visibility based on the peculiarities of
the use case. However, all the use cases have one characteristic in common, the need for
equipping interested actors with reliable information about the provenance of a product.
This aspect makes FoodTrust a worth-exploring platform for CE purposes, as the traceability
that it offers for food products can be offered for finite materials and technical products, as
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well. The existence of the BTS platform, which deals with every possible traceability issue
and enables companies to develop their own network, reinforces this argument.

4.3.4. The visibility provided by FoodTrust

In March 2021, Carrefour announced the expansion of blockchain traceability to its organic
textile products. The company has been owning a textile brand named TEX BIO related
to home textiles and baby clothes produced by 100% certified organic cotton, originating
from sustainable agriculture. Organic cotton is a plant fiber, cultivated by natural fertilizers,
without using chemical products from non-GMO (Genetically Modified Organisms) seeds.
Carrefour’s objective was to reassure its consumers that the cotton is non-GMO and pro-
duced in certified farms, which meet the standards of organic production and offer excellent
working conditions to their employees. The company started deploying blockchain for the
products distributed in France and Spain, but its future plan is to expand this initiative to
other countries (Deslandes, 2021; Spencer, 2021; Ledger Insights, 2021).

Carrefour shows a significant focus on producing organic textiles of high quality. Every step
of cultivation and production is based on high standards, and it wanted to communicate
this information with consumers. Regarding cultivation, it collaborates with more than 4500
small organic cotton farmers in the regions of Maharashtra and Madhya Pradesh in central
India. India has a suitable climate, know-how, and experience in producing excellent organic
cotton, and Carrefour wanted to leverage these advantages (Deslandes, 2021; Spencer, 2021;
Ledger Insights, 2021).

Cotton cultivation is carried out based on traditional natural methods and respects the
organic requirements. Similar high standards are kept at every phase of processing, from
farming to finished goods (e.g., home textiles or baby clothes). In addition to that, each stage
is monitored by independent bodies. The organic cotton used by Carrefour complies with
two certificates, a GOTS certificate (a certificate denoting that each phase of manufacturing
satisfies strict regulations) and an OEKO-TEX standard 100 certificate (a certificate awarded
to textiles that do not contain harmful substances). Furthermore, Carrefour provides its
partners with good working conditions and compensates them fairly (Deslandes, 2021;
Spencer, 2021; Ledger Insights, 2021).

Similarly, Carrefour enables consumers to access all the blockchainized information via
their mobile phones. Consumers can receive information about the place and date of pro-
duction, the cotton composition, the practice of cotton farming, the method of production,
environment-related certificates, and the journey of cotton in the supply chain. In this way,
Carrefour fosters transparency and well-informed consumption (Deslandes, 2021; Spencer,
2021; Ledger Insights, 2021).

The remainder of this section will concentrate on the visibility that FoodTrust offered to
consumers regarding the path of specific baby clothing (Baby X3 TEX BIO Long Sleeve
Bodies) in the supply chain. Its journey started with the sourcing of materials (e.g., cotton
in this case), which took place in the regions of Maharashtra and Madhya Pradesh from
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1/6/2019 to 12/31/2019. The cotton cultivation was done without using synthetic pesticides
(non-GMO) and produced in certified farms meeting the standards of organic production.
Carrefour sourced the cotton through a trusted third party, Cotton Connect. Cotton Connect
is a company headquartered in London that assists brands with the sourcing of sustainable
cotton and other natural fibers from India or other areas. Cotton Connect closely monitors
the processes from cultivation to ginning. Moreover, Cotton Connect engages in several
activities, such as training the farmers on sustainable practices, protecting human rights,
and ensuring ethical production (Carrefour, 2021b).

Subsequently, the organic cotton was ginned between 10.12.2019 to 01.07.2020 by the
company, Shree Ram Fibres India Pvt. Ltd. Ginning is a process that follows harvesting and
separates cotton fibers from their seeds. The cotton produced revived a GOTS certificate
n ° 3939393, valid until 8/9/2021. Next, the organic cotton was span at the infrastructure
of Nagreeka Exports Ltd. Spinning transformed cotton into cotton threads, used later for
producing the final product (Carrefour, 2021b).

The cotton threads were converted into cotton fabric through weaving, and then the fabric
was treated and dyed to get a color. These processes took place at two separate compa-
nies, Sharanya Fabs and KPR Mill Ltd. The quality of these phases was guaranteed by the
OEKO-TEX standard 100 certificate, ensuring the absence of dangerous chemicals, safety,
and the quality of the fabric. The last step of manufacturing involves the cutting and the
sewing of cotton to produce the final product. The manufacturing was done by Kitex Ltd,
between 7/9/2020 and 11/1/2021. The company is GOTS certified 10/31/2020, that is to
say, consumers can be confident that the organic qualities of the product. Section C.2
(Appendices) contains examples of the abovementioned certificates. Finally, the finished
product was shipped to France, from 5/1/2021 to 11/1/2021 (Carrefour, 2021b).

The above-described analysis about the visibility provided by FoodTrust to final consumers
can be used for further refining the basic CE visibility evaluation framework, presented
in Figure 4.2. FoodTrust plays a crucial role in the thesis since it can fill in the existing
visibility gap between sourcing of raw materials and manufacturing and offer some valuable
insights regarding sales, such as information about the retailer (the Carrefour in this case).
Furthermore, FoodTrust stores some data related to product design, like the use of organic
cotton for the production of baby clothes. Figure 4.14 depicts the refined and elaborated
CE visibility framework based on the insights gained by the Carrefour case. Seemingly,
FoodTrust offers visibility on both ingredients and items, an aspect currently missing by
TradeLens. However, a black box can be noticed between manufacturing and sales since
FoodTrust gives limited information concerning the distribution of products. Moreover, it
does not store data related final consumer. As discussed earlier, such visibility is of great
importance for CE purposes.

It is worth mentioning that the examined case is simple in terms of the locations, where the
key processes take place. In other words, the sourcing of raw materials (e.g., harvesting) and
every phase of manufacturing are carried out in the same country, India. However, this is not
always the case, these processes may take place in different jurisdictions. In this case, more
black boxes in the visibility offered by FoodTrust will emerge, considering that FoodTrust
does not provide insights about the distribution of products or materials. TradeLens can
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address such lack of visibility, as presented in section 4.2, it can support every shipment of
materials and products.

Figure 4.14: The CE visibility evaluation framework based on FoodTrust

4.4. Vinturas

This section studies Vinturas, a consortium formed by a number of European logistics service
providers (LSPs) operating in the supply chain of finished vehicles. Vinturas offers real-time
visibility in the journey of vehicles from production to dealer by exploiting the unique
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blockchain capabilities (Vinturas, 2021b). The platform plays an essential role in the thesis.
Apart from providing insights regarding the transportation (mainly inland transportation)
of items (e.g., vehicles), it can inform the CE auditing actors about the transportation part
of the remarketing of second-hand vehicles. Remarketing resembles the reuse disposition
option described by EMF, in which a product is resold without any further processing (Ellen
MacArthur Foundation, 2016).

4.4.1. Vinturas Overview

Vinturas is a consortium formed by several European LSPs in the finished vehicle industry,
Axess Logistics, NVD, Koopman, AutoLink, and Groupe CAT. These LSPs combined their
forces to harness the opportunities that blockchain provides to develop a data-sharing
digital platform that fosters collaboration and trust between the industry players (depicted
in Figure 4.15). In this way, the consortium can tackle crucial challenges in the domain and
deliver high value for all participating actors (Vinturas, 2021a).

Figure 4.15: Vinturas ecosystem (Vinturas, 2021a)

The supply chain of finished vehicles suffers from a lack of real-time supply chain visibility
due to paper-based processes. Most transactions are currently conducted manually, based
on the exchanging of papers. Papers that contain critical information, such as damage
reports, usually travel throughout the supply chain alongside the vehicle. Consequently, the
actors involved in transportation cannot get real-time information about the status of the
asset and make informed decisions. For instance, dealers cannot view the state of a vehicle
in the supply chain and organize the delivery process to their customers professionally.
The lack of instant visibility also prevents original equipment manufacturers (OEMs) from
identifying inefficiencies in the delivery of their products (Vinturas, 2021a).
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Equally problematic is the business inefficiency observed in the industry. The industry
players have not devoted their efforts and investments to developing a solid and common
IT-based solution, and as a result, they may face serious operational challenges in the future.
Indicatively, OEMs’ costs may grow significantly due to capacity shortage. While at the
same time, they may fail to meet the increasing consumers’ demands for receiving superior
services. The transportation of vehicles is prone to plenty of inefficiencies during all stages,
such as damages, missing vehicles, and lack of collaboration, which hamper the on-time
delivery. The lack of a coherent approach puts a strain also to LSPs, who may experience
serial issues due to drivers’ shortages. An IT solution can foster a collaborative business
model, enabling them to maximize their benefits by consolidating their shipments and using
fewer drivers (Vinturas, 2021a).

Inefficiencies can be also noticed in the remarketing automotive industry. The industry is
expanding over time, moving from a national level to a European level. This development
involves growing cross-border transactions exposing industry players to new dangers and
challenges. The remarketing business relies its performance on timely delivery, as the value
of a second-hand car is depreciating day by day. Thereby, any potential barriers in the
supply chain, like missing documents, can impact the business. Furthermore, the industry
is susceptible to integrity issues, like mileage and VAT fraud (Vinturas, 2021a). An indicative
example is that importers may damage a vehicle purposely to reduce the payable taxes as
fewer taxes are imposed in case of damages [3].

Vinturas addresses the above-described pains of the new and used vehicle supply chain
by digitalizing all paper-based processes and offering real-time supply chain visibility to
stakeholders involved (e.g., LSPs, OEMs, fleet owners and dealers). Supply chain visibility
can reduce frauds, improve business processes and delivery time, enhance customers’
experience, and lower costs. This is feasible thanks to the trusted environment, auditability,
and immutability provided by the blockchain (Vinturas, 2021a).

4.4.2. Vinturas Platform

Figure 4.16 shows the underlying principle on which Vinturas relies its functionality. LSPs
play a pivotal role in the platform by sharing documents and events about the journey of
a vehicle in the supply chain (e.g., transportation, delivery) in the network. In this way,
the platform offers real-time end-to-end visibility to the dealers and OEMs, the primary
data consumers. This visibility is currently offered to many European regions, including
Scandinavia, Ireland, Benelux, Baltics, and France. Interestingly, Vinturas is open to every
other stakeholder involved in the finished vehicle supply chain (e.g., leasing companies)
and interested in using its digital services and collaborating with the other industry players.
Blockchain facilitates data sharing by establishing a trusted environment that ensures the
integrity of the transactions and promotes collaboration (Vinturas, 2021a, 2021b).
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Figure 4.16: The underlying principle of Vinturas (Vinturas, 2021b)

An important aspect regarding the functionality of Vinturas is the collaboration that it en-
ables between LSPs and subcontractors or charters. LSPs usually collaborate with third
parties, offering transport services, to carry out the transportation of their vehicles. In this
way, they reduce their operational costs, since they can adjust the use of trucks based on
their business. That is to say, they can employ more trucks during hectic times and less when
they have few transport jobs. Vinturas enables LSPs and subcontractors to exchange the
necessary information (e.g., transportation instructions, documents, or damages reports)
via its platform (see Figure 4.17). Moreover, to accelerate real-time data sharing, Vinturas
equips drivers with a mobile application. This offering is very important for LSPs, as they are
able to monitor the status of every outsourced transport, identify inefficiencies and provide
better services to their customers (Vinturas, 2021b).

Figure 4.17: Collaboration between LSPs and subcontractors/charters (Vinturas, 2021b)

As discussed earlier, one of the major pains in the finished vehicle supply chain is damages
to vehicles. Damages during transportation constitute a considerable cost for businesses
since they need immediate repair. On many occasions, it could be challenging to identify
their source and consequently the party responsible for taking corrective actions mostly
due to lack of transparency. As presented in Figure 4.18, Vinturas facilitates the capturing of
damages throughout the supply chain by facilitating data sharing between the LSPs involved
in the handling of a vehicle, including transportation, storage, or other value-added services.
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In case of damages, the responsible party uploads in the network a damage report and
informs the ecosystem about the incidence. This real-time visibility enables participants
to organize repairs before the arrival of the vehicle and avoid hampering its journey in the
supply chain (Vinturas, 2021b).

Figure 4.18: Handling of damages (Vinturas, 2021b)

The objective and real-time reporting of damages eliminate disputes among parties re-
garding responsibility for the damages. Via Vinturas, LSPs can share the related data with
claimants that want to submit a claim for damage facilitating and speeding up the pro-
cess. LSPs can also communicate the damage data with OEMs enabling them to acquire an
overview of all registered damages in the supply chain. Such knowledge can help OEMs to
pinpoint the root causes and undertake corrective measures to prevent such incidences in
the future. By doing so, they can enhance customer experience by offering faster and better
services and consequently improve the brand image (Vinturas, 2021a, 2021b).

Concerning its architecture, Vinturas is a consortium permissioned blockchain platform.
It distributes a ledger that contains documents and events related to the supply chain of
finished vehicles across a network of authorized and authenticated participants. The data
stored in the ledger remains under the possession of its owner and becomes visible only
to specific parties. In other words, participants can decide to whom they want to make
their data available. For instance, LSPs can permit authorities to access their data to receive
facilitation regarding inspection and auditing processes (Vinturas, 2021a, 2021b).

By deploying the unique blockchain characteristics (e.g., decentralization, immutability, au-
ditability), the platform establishes a single and uncorrupted truth. As a result, it discourages
the commitment of frauds in trading processes or the occurrence of other adverse incidents,
such as disputes on deliveries and damages. It is important to highlight that like TradeLens
and FoodTrust, Vinturas does not store the data on the platform but uses hash-pointers
overcoming privacy concerns related to the GDPR (Vinturas, 2021a, 2021b).
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4.4.3. The visibility provided by Vinturas

Vinturas is a blockchain-based data-sharing platform operating in the supply chain of
finished vehicles. In other words, it focuses on the segment from the factory to the dealer.
As illustrated in Figure 4.19, several parties can participate in the process between these two
ends, including LSPs, sea carriers, port terminals, and customs. Vinturas does not capture
information related to the use of a vehicle or the consumer. In other words, a car out of the
distribution chain is not traced by the platform. However, tracing can arise again if the car
reenters the supply network through remarketing (Vinturas, 2021b).

Remarketing refers to the purchase of a used vehicle by a dealer and resembles the reuse
disposition option described by EMF. However, Vinturas covers solely the transportation
aspect related to the remarketing process. Afterward, a dealer may carry out a wide range
of value-added activities to the asset, such as technical inspection, damage expertise, and
maintenance. It is worth mentioning that also a new vehicle may go through value-added
activities throughout the supply network by an LSPs or a dealer, such as software upgrades
[3].

Seemingly, Vinturas does not cover the journey of vehicles in the supply chain after their
lifecycle. That is to say, the transportation of scrapped vehicles for dismantling or disposal
purposes. Such processes usually involve a cross-border element since non-functional cars
are moved to regions with lenient regulations, outside of the EU. For example, second-hand
cars can be exported to another continent for dismantling, and subsequently, their parts can
be shipped to another one. This case is against EU regulations, as the EU aims at retaining
components and materials within its territory for direct reuse [3].

Figure 4.19: The processes covered by Vinturas (Vinturas, 2021a)

Vinturas is an initiative launched by LSPs interested in gaining supply chain visibility. For
that reason, the platform captures in real-time all the events (logistics and technical data)
and documents related to the path of a vehicle in the supply chain. The underlying principle
behind its operation is that LSPs produce a considerable amount of data (e.g., starting a
transport, delivering a vehicle, etc.) that may be useful to share with both each other and
other stakeholders. In addition to that, any essential information regarding the configuration
of a vehicle, like mileage and technical history, can become available, benefiting the network.
From a technical point of view, Vinturas can capture any data produced during the journey
of a vehicle from producer to dealer (Vinturas, 2021a).
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Vinturas achieves real-time tracking of vehicles by integrating all the data (events and docu-
ments) available in the supply chain. Figure 4.20 provides an overview of the visibility offered
by Vinturas. As presented, dealers can view the identity and any other product-related in-
formation (e.g., brand, color) of a vehicle, access the technical (e.g., mileage, damages,
maintenance, inspections) and logistics status, track its location, access key documents,
and estimate the arrival time at their premises. In addition, they can obtain an overview of
every previous and future delivery, monitor the performance of their network, and pinpoint
every actor involved in transportation. In simple words, the entire provenance of an asset
is captured by the platform (Vinturas, 2021b). Table 4.3 contains information about three
data sources that convey essential information about a vehicle. Section C.3 (Appendices)
presents examples of the documents discussed in this section.

Figure 4.20: Example of the traceability offered by Vinturas (Vinturas, 2021a)
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Data Description Information

Vehicle
Identification

Number
(VIN)

A unique code that identifies a vehicle,
composed of 17 characters (numbers and

capital letters) (Scully, Fildes, & Logan, 2005).

Country of origin, manufacturer, vehicle
type, model, body type, restraint system,

transmission type, engine code, model year,
the plant that assembled the vehicle and the

serial number (Scully et al., 2005).

CMR

A convention that governs the international
transportation of freight by road. It is conside-

red the bill of lading of road transportation.
It is obligatory and identifies the transporters’

responsibilities (GEFCO, 2021).

Date of the document, transporter’s details
(identity, address, registration number),
description of goods (nature, quantity,
weight, volume), expediter’s identity,

recipient’s identity, place of loading and
unloading, number of packages, packaging

method, charges about the transportation of
goods, instructions for customs formalities,

confirmation of compliance with CMR
regulations (GEFCO, 2021).

CVO
A document that determines the origin of

a product, the country where a product was
produced (KVK, 2021).

Consignor, consignee, country of origin,
transport details, remarks, description of
goods, quantity, verification of the origin
of the goods by authorities (KVK, 2021).

Table 4.3: Key data sources stored by Vinturas

The visibility provided by Vinturas plays a key role in the design efforts. Vinturas can help
with further elaborating the basic CE visibility framework (Figure 4.2) by offering insights
regarding the transportation of items (e.g., vehicles) from production to end-consumer. A
noteworthy difference between Vinturas and TradeLens, also involved in the transportation
of goods, is that the former covers transportation by road as well. Equally valuable for the
thesis is the visibility offered concerning the remarketing process of second-hand vehicles,
which resembles the reuse disposition option described by EMF.

Figure 4.21 depicts the elaborated version of the CE visibility framework based on the
knowledge gained by Vinturas. Vinturas covers the supply chain of finished vehicles from
production to dealer and the remarketing process, offering visibility both on a vehicle- and
item-level. More specifically, the visibility on a vehicle-level is related to the distribution of
a vehicle by transport means, such as a truck, vessel, or train. It is important to mention
that the platform mostly covers inland transportation, an aspect currently missing from
TradeLens and FoodTrust. Tracing the movement of vehicles by vessel is not currently among
its main functionalities. However, in the proof of concept executed, the platform captured
the data provided by a sea carrier. On the other hand, item-level visibility refers to capturing
data (e.g., documents and events) related to the vehicle. The different curves presented in
the model refer to different itineraries of either the item or the transport means.

The framework is divided into four layers, namely, the level of visibility by the platform,
the events captured, the documents stored, and the actors involved, respectively. Being a
consortium formed by European LSPs, Vinturas currently covers vehicle transportation in
the EU. Its reach can be expanded to new territories by adding new actors to the platform. It
is worth highlighting that the platform mostly focuses on transportation by road. However,
during the proof of concept, a short sea shipment of vehicles was tested, proving that such
visibility can be easily supported [3].
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Figure 4.21: The CE visibility evaluation framework based on Vinturas

4.5. The CE visibility evaluation framework

This section focuses on translating the knowledge acquired so far in this chapter into the
final CE visibility evaluation framework. The framework needs to fulfill its primary objective,
enabling the CE auditing actors (e.g., policymakers, customs, banks) to assess the available
blockchain-based data pipeline solutions on their ability to act as CE monitoring systems
and enforce compliance with the CE policy instruments. A CE monitoring system should
shed light on the journey of materials and products in a closed-loop supply chain.

The flows of materials and products became explicit in the basic CE visibility evaluation
framework presented in Figure 4.2. However, Figure 4.2 does not capture the visibility
required in every CE process, and consequently, it cannot be used as the final framework.
For that reason, the thesis elaborated it further by exploiting the insights provided by the
literature and the use cases. Namely, the study of the literature and the use cases produced
four detailed versions of the framework that delve deeper into the fundamental processes
depicted in Figure 4.2.

The development of the four elaborated frameworks (Figure 4.3, Figure 4.9, Figure 4.14, and
Figure 4.21) surfaced the visibility needed to be offered in every process covered by these
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frameworks. For instance, the framework produced based on FoodTrust highlighted that
blockchain-based information systems need to provide ingredients-level visibility during
the sourcing of raw materials and item-level visibility during production and sales. The
knowledge acquired regarding the level of visibility required in every process involved in
both from sourcing of raw materials to consumption and during the disposition options (e.g.,
reuse and recycle) should be illustrated by the final evaluation framework. This illustration
can be done by following the way of thinking presented in the domain model (Figure 4.1)
developed by Hofman et al. (forthcoming 2021).

To identify the level of visibility provided by examined blockchain-based applications, the
thesis scrutinized the events and documents captured by them. This scrutinization showed
that the blockchain-based applications apply Francis’s definition of supply chain visibility
in the real world. Francis points out the need to capture the identity, location, status of
the entities transiting the supply chain and the events that they undergo. For instance,
TradeLens implements this definition by storing data related to the identity, location, status,
and events of a lading asset (container). Vinturas captures the same insights for the supply
chain of finished vehicles (item).

Furthermore, it can be noticed that the information systems capture the condition of the
supply chain entities. Indicatively, Vinturas captures the damages that vehicles may expe-
rience during transportation. While FoodTrust uses IoT devices to monitor the condition
(e.g., temperature) of food products moving the supply chain (IBM, 2021). Carrefour has
not yet exploited the capabilities offered by the IoT devices, but it is among its future plans.
Monitoring this aspect is essential in the CE context. Potential damages, chemical and
structural changes, or other contaminations can influence the suitability of materials or
products for recycling or direct reuse (Jayaraman et al., 2008; NEN, 2007).

The observations regarding the need to capture the identity, location, status, events, and
condition of the supply chain entities should be considered in the design of the final out-
put. In simple words, the CE visibility evaluation framework should assess the available
blockchain-based information systems based on their ability to offer the above-described
insights (e.g., location, status, etc.). Equally significant for the final output is to depict the
information tools discussed in this chapter (e.g., product labeling, EU-driven databases,
materials passports, and HS codes). In this way, the framework will inform the CE auditing
actors about the visibility that can be provided by other available sources. For instance,
product labels can inform them about the design choices of products, like dismantlability
and recyclability.

Taking into account the requirements identified in chapter 3 (Table 3.1) and the analysis of
this chapter, the design phase produces the CE visibility evaluation framework presented in
Figure 4.22. The framework consists of three layers. The first layer represents the desired CE
visibility. In other words, it describes the aspects that blockchain-based information systems
need to cover to accelerate the CE transition. The thesis claims that such systems need to
offer visibility on the complete journey of materials and products in a closed supply chain.
The grey rectangles illustrate the level of visibility required in every stage of the supply chain.
In addition, the first layer can act as an evaluation layer enabling the CE auditing actors to
visualize the parts of the supply chain covered by the examined information infrastructures.
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In this way, they can realize which parts are not covered by the existing infrastructures and
incentivize the development of new ones. This aspect becomes clear in section 5.1, where
the thesis maps the examined blockchain-based information systems on the framework.

Figure 4.22: The CE visibility evaluation framework produced by the design phase

The second layer informs the CE auditing actors regarding which information they need
to extract from the blockchain-enabled information systems to evaluate their potential to
serve the CE purposes. The thesis argues that to conclude about the parts of the supply
chain covered by a system, the auditors should examine the data captured. This data needs
to capture the identity, location, status, events, and condition of the supply chain entities.
Furthermore, the auditors should examine the ecosystem of the infrastructures under evalu-
ation, that is to say, their participants. As highlighted by the functional requirement, FRQ.13,
having such knowledge can facilitate their mission to enforce compliance with CE policies.
The third layer presents four information tools that can offer valuable insights about the
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materials or products.

Figure 4.22 shows also the contribution of the literature (section 4.1) and the use cases
(section 4.2, section 4.3, section 4.4) to the produced CE visibility evaluation framework.
The literature review set the foundations of the final framework by surfacing the underlying
processes in the CE context (see Figure 4.2). Moreover, it dived deeper into the recycling
process, highlighting the visibility needed in the post-consumption phase of the framework.
This aspect was covered by Figure 4.3, developed by using the literature around reverse
logistics, the closed-loop supply chain, and recycling. The literature also contributed to the
final framework by identifying some additional information sources or tools that can be
exploited by the CE auditing actors.

The empirical data provided by the use cases (TradeLens, FoodTrust, and Vinturas) deter-
mined the level of visibility needed in the processes involved before consumption. Indica-
tively, TradeLens highlighted the container-level visibility needed in the transportation of
materials and products. FoodTrust explicated the ingredient-level visibility required in the
materials sourcing and product design and the item-level visibility needed from product
design to sales. Finally, Vinturas pinpointed the vehicle- and item-level visibility required
in the transportation of vehicles. It should be mentioned that neither the examined archi-
tectures nor the literature offered insights into the package-level visibility. However, such
visibility is important in the CE context since several products can be packed into a package
to be transported.

Equally pivotal was the contribution of the use cases to the identification of the type of data
needed to be accessed by the CE auditing actors when evaluating a blockchain-enabled
information system. Namely, it was proved that each examined blockchain-based architec-
ture captures data about the identity, location, status, events, and condition of the supply
chain entities and the actors involved. Therefore, the thesis suggests that a blockchain-
enabled information system needs to offer these insights to serve CE purposes. This aspect
is illustrated in the second layer of the evaluation framework.

4.6. Conclusions

This chapter addressed the third activity of the MFDSR, design and develop the artifact. It
produced the CE visibility evaluation framework by answering the SRQ3 and SRQ4. The
design phase elicited information from both the literature and the use cases (TradeLens,
FoodTrust, and Vinturas).

Initially, it answered the SRQ3: “How can the information requirements needed to support the
trace of an item throughout its life cycle serve as a basis for the CE visibility evaluation frame-
work?”. To do so, it received as input the knowledge acquired by the SRQ2 and developed
a basic CE visibility evaluation framework (see Figure 4.2). This framework depicted the
basic processes that materials or products go through in the CE context. However, it could
not serve as the final research output considering that it did not satisfy all the framework
requirements identified in chapter 3.
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To overcome this deficiency, the research focused on further elaborating the basic framework
by exploiting the information offered by the literature, namely, information tools (product
labeling, EU-driven databases, product passport, and HS codes), reverse logistics, and
recycling. The literature review enriched the knowledge base of the project and detailed
some aspects of the framework, but it could not offer solid insights regarding the path
that materials or products follow from materials sourcing to consumption and during
the reuse disposition option. For that reason, the thesis studied three blockchain-based
information systems. In this way, it dealt with the SRQ4: “What information requirements for
CE visibility are captured by the examined blockchain-enabled information systems and how
do the insights derived from them contribute to the further development of the CE visibility
evaluation framework?”.

The first information system examined was TradeLens. TradeLens is a blockchain-based
container shipping platform that can enable the CE auditing actors to monitor a cargo flow
from a place of origin to a place of destination. To do so, it captures shipment events and
documents. The platform played an essential role in the development efforts. The thesis
pinpointed that the CE context may involve multiple shipments of materials or products
between a seller and a buyer that can be supported by TradeLens. The insights derived
by this iteration created a detailed version of the basic CE visibility evaluation framework
(see Figure 4.9). This model clarified the visibility offered by the platform. TradeLens offers
visibility on a container-level, but it does not contain detailed insights about the products
or materials stored in a container. This aspect is crucial for CE compliance, so the thesis
examined FoodTrust, as well.

FoodTrust is a blockchain-based application that can allow CE auditing actors to track the
provenance of products. The platform played an essential role in the thesis by leading to the
development of an elaborated version of the basic evaluation framework (see Figure 4.14).
The model showed that the platform can contribute to CE compliance by capturing data
about materials sourcing, product design, manufacturing, and sales. This visibility is offered
on ingredient- and item-level. The analysis surfaced a compelling finding of FoodTrust.
Namely, IBM has extracted the core software behind it and developed a new blockchain
platform called BTS. BTS enables companies to select a use case of their interest, develop
their blockchain network, and trace any asset. These offerings made BTS a worth-exploring
platform since it can provide the same visibility as FoodTrust for non-food products as well,
such as electronic components.

Chapter 4 also studied Vinturas, a consortium of European LSPs operating in the supply
chain of finished vehicles. The platform can allow the CE auditing actors to receive visibility
about the path of vehicles from production to dealer. Moreover, it covers the transportation
element of the remarketing of second-hand vehicles, an interesting aspect for CE compli-
ance. Remarketing resembles the reuse disposition option, which expresses the direct reuse
of products without further processing. Vinturas can expand the capabilities of the CE
auditing actors by offering visibility to an aspect not addressed by the other platforms, the
transportation of products by truck. The information derived by this iteration led to a new
detailed version of the framework (see Figure 4.21), which revealed that Vinturas provides
visibility on both vehicle- and item-level.
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The insights derived from the literature and the use cases contributed to the development
of the CE visibility evaluation framework, presented in Figure 4.22. However, it remains an
open issue whether the produced framework has fulfilled its objective. This issue is tackled
by chapter 5, which demonstrates the framework and evaluates its effectiveness.
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5
Framework Demonstration & Evaluation

Chapter 5 deals with the fourth activity of the thesis by answering the SRQ5: “To what
extent does the developed framework evaluate the ability of blockchain-enabled data pipeline
solutions to provide the visibility needed to support CE policy instruments?”. This activity
combines two activities described by Peffers et al, the demonstration and evaluation of the
artifact. Thereby, it is divided into two sub-activities (demonstration and evaluation).

The demonstration phase demonstrates the CE visibility evaluation framework produced in
the design phase and describes how it can be used by the CE auditing actors to support their
CE agendas. Subsequently, it implements the framework to a case to test its feasibility. This
step constitutes a weak form of evaluation, as if the framework addresses the problem in
one case, then it might be able to do likewise in other cases.

The evaluation phase evaluates the demonstrated CE visibility evaluation framework. Its goal
is threefold. Initially, it assesses the ability of the framework to achieve its purpose. Secondly,
it judges whether the requirements defined in chapter 3 have been satisfied. Thirdly, it tries
to identify opportunities for refining the framework further (formative evaluation). The
thesis fulfills these goals by executing an ex-ante and naturalistic evaluation strategy.

The chapter is divided into four sections. Section 5.1 contains the demonstration of the CE
visibility evaluation phase. Whereas Section 5.2 tests its feasibility by applying it to a case
about the journey of glass bottles in the closed-loop supply chain. Afterward, Section 5.3
evaluates the produced framework trying to attain the abovementioned three goals. Finally,
Section 5.4 concludes the chapter by answering the SRQ5.

5.1. Framework Demonstration

This section demonstrates the artifact produced in the design phase (chapter 4). Figure
5.1 illustrates the demonstrated CE visibility evaluation framework and clarifies how it can
be deployed to facilitate CE compliance. The CE auditing actors can use the first layer of
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the framework to map the examined blockchain-enabled information systems and realize
which parts of the closed-loop supply chain are covered by them. In this way, they can reach
a conclusion regarding the extent to which the information systems serve their interests
by monitoring the CE flows. Moreover, they can pinpoint black boxes in CE visibility, non-
covered parts of the closed-loop supply. Box 5.1 contains a detailed description of the CE
visibility evaluation framework aiming at helping the CE auditing actors to understand its
useability.

Figure 5.1: The demonstrated CE visibility evaluation framework

By showing the segments currently covered by the examined platforms (TradeLens, FoodTrust,
and Vinturas), Figure 5.1 leads to a preliminary conclusion. Namely, it can be noticed that
none of them covers the entire closed supply chain, so a combination of them is required.
This aspect emphasizes the need to work towards developing IT solutions that are interoper-
able with each other. Furthermore, it can be observed that they do not offer visibility on the
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journey of products from consumption to recycling and subsequently their reintroduction to
the market as raw materials. In other words, they do not cover the second product lifecycle.
However, it is crucial to point out that Vinturas cover the reuse disposition option for vehicles.

Box 5.1: Description of the CE visibility evaluation framework

The CE visibility evaluation framework serves the actors aiming at accelerating the
transition to Circular Economy (CE) by launching policy instruments (e.g., policy-
makers, customs, banks). It enables them to evaluate the ability of the available
blockchain-enabled information systems to act as monitoring systems. A monitoring
system should trace the journey of materials and products in a closed-loop supply
chain and enforce compliance with CE policies. The framework consists of three
layers.

The first layer represents the necessary CE visibility. It describes the aspects of a
product lifecycle needed to be covered by blockchain-based information systems.
The product lifecycle starts with the sourcing of raw materials where materials are
mined, or crops are cultivated to become final products through manufacturing. In
between these processes, product design is involved. Product design expresses the
design principles adopted in the engineering of products. Manufacturers should
adopt various design principles developing durable, repairable, maintainable, recy-
clable, upgradable, dismantlable, less-resource intensive, and non-hazardous prod-
ucts. Upon manufacturing, final products are transported to retailers to be sold to
end-consumers or users.

In the CE context, when products are no longer useful or desirable can be reintroduced
to the market through value retention strategies. The framework depicts two such
strategies, reuse and remanufacture. The collection and disposal phase decides the
best strategy for the products. If the products do not require further processing, they
can be directly resold through a reuse strategy. Alternatively, products can be recycled
to enter the raw-material procurement phase. Between each process, the framework
shows a transport leg, visualizing the movement of products or materials from one
location to another by vessel, truck, or train. This transportation may involve crossing
of national borders.

The first layer also illustrates the different supply chain entities involved in the CE
context. A supply chain entity is any physical object that transits the supply chain and
takes one of the forms suggested by the following hierarchy.

• Ingredient: raw materials used to produce a product.
• Item: a final product.
• Package: a form of packaging for the item, such as carton.
• Lading asset: a standardized form of unitizing cargoes, such as container.
• Vehicle: transport means, such as truck and vessel.
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The grey rectangles express the level of visibility required in every stage of the supply
chain. For instance, in production visibility on item-level is needed. Moreover, the
first layer acts as an evaluation layer enabling the visualization of the visibility (e.g.,
ingredient, item, package, lading asset, and vehicle) and the parts of the supply chain
covered by the examined information infrastructures. In this way, it becomes apparent
to which extent the examined infrastructures can enforce compliance with CE policy
instruments.

The second layer shows the type of information needed to be accessed by the evalua-
tors to reach a conclusion about the potential of a blockchain-enabled information
system to monitor the flows of materials and products in the CE context. They need
to access data related to the identity (an identification number), location (the specific
position), status (the state), events (changes on the status or the location), and condi-
tion (the situation) of the supply chain entities. Furthermore, they need to examine
the ecosystem of the infrastructures, their participants. If the evaluators access this
information, they can identify the parts of the closed supply chain covered by an
information system.

The third layer demonstrates four information tools that can offer valuable insights
about the materials or products. Product labeling and EU-driven databases (e.g.,
EPREL and REACH) can convey information regarding the product design. Product
passports are databases that contain information about components and materials of
a product, and how they can be disassembled and recycled at the end of the lifecycle.
The Harmonized Commodity Description and Coding System is a nomenclature that
enables the categorization of all physical goods crossing national borders to a class in a
uniform and globally accepted way. Apart from defining the import duties, it facilitates
the establishment of legal measures and requirements regarding the products being
imported.

5.2. Testing the feasibility of the framework

This section demonstrates the CE visibility evaluation framework (Figure 5.1) by applying
it to a case related to the journey of a product in a closed-supply chain. In this way, it tries
to test its feasibility to offer visibility on the CE flows and thereby enable the CE auditing
actors to monitor them by using business data. According to Johannesson and Perjons
(2014), the demonstration of the produced artifact can act as a weak method of evaluation.
If the artifact tackles the research problem in one case, then it might be able to do likewise
in other cases. Furthermore, this activity helps the thesis to communicate the output to
an audience in a clear and persuading way (Johannesson & Perjons, 2014). The use case
contains both real-life and fictitious data. The materials and the processes presented rely
on real-world evidence found in the literature. However, the locations and relationships
between the actors involved are fictitious. Johannesson and Perjons (2014) endorse the use
of both real-life and imaginary data in the demonstration phase.
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The thesis decided to use the CE visibility evaluation framework to trace the path of glass
containers in a closed supply chain. Glass containers constitute a suitable example for the
demonstration phase since they can be reused or recycled. Their reusability and recyclability
enable the thesis to test the potential of the framework to offer visibility on the second
lifecycle of products. Moreover, as presented later, glass containers consist of minerals,
which are finite resources. The thesis focus on these resources by aiming at preserving them
and fostering a closed resource loop.

The lifecycle of glass containers starts with the sourcing of raw materials. The raw materials
used to produce glass are usually sand, soda ash, and limestone. It is worth mentioning
that limestone is a non-renewable resource. In other words, it is depleted when used. In
addition to these materials, glasses typically contain a material, called cullet, small pieces
of used broken glass (Carr & Kim, 2017; Golara, Mousavi, Tarokh, & Hosseinzadeh, 2013).
For demonstration purposes, the thesis assumes that both the sourcing of raw materials
(including sourcing of cullet) and production are carried out by two different companies
located in Japan.

Once the supplier of raw materials (seller) receives a purchase order from the producer
(buyer), he has to store the raw materials in a form of a package (e.g., bag) and load them in
trucks to be transported to the factory. The producer is responsible for both designing the
final product and producing it. Seemingly, the product design integrates circular character-
istics, considering that the glass contains cullet, a material produced by a recycling process.
The production process involves three main steps, namely, mixing, melting, and molding
(Auer, Bey, & Schäfer, 2017) 1.

The Japanese producer collaborates with a Dutch retailer. This relationship involves a
transaction between a seller (producer) and a buyer (retailer) 2. Specifically, after the receipt
of the purchase order, the seller packages the products (items) into boxes (package) and
loads them in a container. To do so, the seller receives empty containers from the depot.
After completing the loading of the boxes, he transports the container to the terminal by
using trucks. This stage requires the completion of the shipping (e.g., shipping instructions,
bill of lading, commercial invoice) and export documentation and the potential inspection
of the container by the customs. Figure 4.9 presents the events, the documents, and the
actors involved (e.g., carrier) in the shipment of goods from a seller in the exporting country
to a buyer in the importing one. In this case, the container with the glass bottles is shipped
from the port of Nagoya in Japan to the port of Rotterdam in the Netherlands.

It is important to highlight that the HS code for importing glass bottles in the EU is 70109043.
By inserting this code in the EU platform described in subsection 4.1.4, the importer can
see import duties and the documentation requirements 3. Currently, there are no import
obligations related to proving the circularity of a product, but this is an aspect that can

1As presented in the Carrefour case, FoodTrust (or BTS platform) can cover every process about the sourcing
of raw materials (e.g., mining) and production. Moreover, a platform similar to Vinturas can address the
transportation of ingredients (e.g., raw materials) or products by trucks.

2TradeLens can cover every shipment between a seller in an exporting country to a buyer in an importing
country.

3See: https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=
20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=
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be added in the future. For instance, if the producer claims in the product label that the
bottle contains recycled glass, the customs authorities can oblige him to submit the related
certificates.

The first point of entry for the container in the EU is the port of Antwerp, in Belgium,
where customs authorities execute the first safety and security risk analysis. If the container
complies with the import requirements, customs authorities allow it to reach the port of
Rotterdam in the Netherlands. In the port of Rotterdam, Dutch customs perform the final
risk analysis and permit the product to enter the market. The transportation from Japan to
the Netherlands may also involve the transshipment of products from one vessel to another
(Rukanova & Tan, forthcoming 2021). The retailer receives the glass bottles from the port
and transports them to its premises by truck 4. At this stage, the end-consumers purchase
the glass bottles and sign the end of the first product lifecycle.

When the consumers think that the glass bottles are no longer useful (e.g., due to damages)
or desirable for them, they place them into a curbside recycling bin, together with other
recyclable products, like plastic (Carr & Kim, 2017). From this point, the returned products
are transported by a distributor to a CRC (Centralized Return Centre), where inspection,
sorting, and disposition take place. More specifically, the responsible actors separate the
glass bottles from the other recyclable and remove other materials from the glass, such
as product labels. Thereafter, they evaluate the condition of the bottles. If the bottles are
still functional and do not need further processing, they are transported for direct reuse
(Jayaraman et al., 2008; Kalmykova et al., 2018).

Alternatively, the glass bottles are sold to a glass processor for recycling 5. Through recycling,
the products reenter the market as raw materials, called cullet. The cullet is small pieces of
broken glass, which can be used for manufacturing new glasses. The highest quality cullet is
transformed into glass bottles, where the lower one is converted into fiberglass insulation.
Any remaining particles are transformed into glass asphalt or beach supplement. Glass
is recycled endlessly only when the cullet is used to produce new glass bottles, the other
applications (e.g., fiberglass) are non-recyclable (Carr & Kim, 2017).

To sum up, the glass bottle case proved that the CE visibility evaluation framework is able to
depict the journey that materials or products follow in a closed-loop supply chain. Therefore,
the thesis concludes that the framework can be used by the CE auditing actors to evaluate
the potential of the available blockchain-based information infrastructures to monitor the
CE flows.

70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=
&measStartDat=&measEndDat=

4A platform similar to Vinturas can cover the inland transportation from the port to the retailer premises.
5This transaction may involve a shipment from a seller (CRC) to a buyer (processor), which TradeLens can

trace.

96

https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=
https://ec.europa.eu/taxation_customs/dds2/taric/measures.jsp?Lang=en&SimDate=20210623&Area=&MeasType=&StartPub=&EndPub=&MeasText=&GoodsText=&op=&Taric=70109043&search_text=goods&textSearch=&LangDescr=en&OrderNum=&Regulation=&measStartDat=&measEndDat=


5.3. Framework Evaluation 5. Framework Demonstration & Evaluation

5.3. Framework Evaluation

This section evaluates the demonstrated CE visibility evaluation framework (Figure 5.1).
Its main goal is to identify to what extent the framework fulfills its primary objective. Its
objective is to enable the CE auditing actors (e.g., policymakers, banks) to assess the available
blockchain-enabled information systems regarding their ability to enforce compliance with
CE policies by acting as monitoring systems. A monitoring system needs to trace the flows
of materials and products in a closed-loop supply chain. To serve the CE auditors the
framework should meet the requirements defined in chapter 3 (Table 3.1). Thereby, this
section also evaluates to what degree it satisfies the requirements.

The third goal of this activity is to point out opportunities for further refinement. To do so,
it conducts a formative evaluation. This strategy evaluates an artifact, which is still under
development seeking information that can improve the design. As discussed in section 1.7,
the evaluation is part of the iterative design process and will produce a final and refined
version of the CE visibility evaluation framework (Johannesson & Perjons, 2014).

5.3.1. Design of the evaluation phase

To select the most efficient evaluation strategy, the thesis should first consider its context. In
simple words, it needs to identify the resources available for the framework evaluation in
terms of time and access to knowledgeable interviewees and organizations (Johannesson
& Perjons, 2014). Considering that a master thesis project should be completed within a
predetermined time, the thesis cannot opt for a time-consuming evaluation strategy. Fur-
thermore, it cannot test the artifact in the real world to reach a better conclusion about its
effectiveness due to time and budget limitations. However, it has good access to knowledge-
able interviewees (IT specialists and policymakers) who can offer their insights and refine
the final output.

Taking into consideration its context and evaluation goals, the thesis has to decide on a
suitable evaluation strategy. Johannesson and Perjons (2014) discriminate four different
evaluation paths based on the researcher’s choices. A researcher can select between ex-
ante and ex-post evaluation and between naturalist and artificial evaluation. The ex-ante
evaluation judges the artifact while it is still under development, that is to say, without
implementing it in practice. In contrast, ex-post evaluation applies the complete artifact
in an actual environment, such as an organization, and observes its use. The naturalistic
evaluation assesses the research output in reality, in the domain where it is about to be
implemented, by involving real stakeholders. On the other hand, the artificial one takes
place in an artificial context, such as a laboratory (Johannesson & Perjons, 2014).

The thesis opted for an ex-ante and naturalistic evaluation strategy. In other words, it
selected a not very time-consuming strategy that involves the participation of stakeholders,
and consequently, it is suitable for exploring the effectiveness of the artifact. Participants
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should be experts on the topic and willing to assess the framework. However, the strategy
runs the risk of false positives, the framework can be judged to be more effective than it is
since the participants will evaluate a preliminary version. The most effective option could
have been an ex-post and naturalist assessment. Nevertheless, such a choice would have
required access to an actual environment to implement the framework and a lot of time and
budget (Johannesson & Perjons, 2014). For instance, the framework could have been used
by policymakers to evaluate blockchain-based information systems.

Johannesson and Perjons (2014) recommend three research methods for an ex-ante and
naturalistic evaluation strategy, namely, action research, focus group, or interviews. The
thesis chose to conduct interviews with experts. This method is suitable for collecting
experts’ views regarding the useability and value of an artifact. Furthermore, it enables
the researcher to get deeper insights and clarify any misconceptions by asking follow-up
questions. Nonetheless, the results rely on interviewees’ interests, viewpoints, and expertise,
so their interpretation should be done carefully. Moreover, interviews are prone to false
positives due to personal interaction. That is to say, interviewees may restrain from criticism
wanting to be polite (Johannesson & Perjons, 2014).

5.3.2. Evaluation based on researcher’s arguments

This subsection constitutes an activity of the ex-ant evaluation strategy. It focuses on evaluat-
ing the demonstrated CE visibility evaluation framework by using the researcher’s arguments.
In other words, the researcher formulates arguments to assess whether the demonstrated
framework has achieved its objective and met the requirements identified in chapter 3 (Ta-
ble 3.1). Johannesson and Perjons (2014) call this method “informed argument” and claim
that it is a weak, quick, and inexpensive form of evaluation. However, it is highly biased by
the researchers’ perspective and interest, and it is prone to false positives (Johannesson &
Perjons, 2014). To execute this evaluation activity, the researcher revisited the framework
requirements and research objective to examine whether the framework design has satisfied
them. Table 5.1 captures the results of this activity, which can be used to further refine the
framework design, in case of deficiencies, and identify opportunities for future research.

Code Evaluation Explanation

FRQ.1 Fulfilled

The CE visibility evaluation framework demonstrates the entities of Francis’s supply
chain entity hierarchy that are important in the CE context, namely, item, package,
lading asset, and vehicle. The other entities (order, encasement, and shipment)
were intentionally omitted since they describe specific situations and do not enrich
readers’ understanding of CE visibility.

FRQ.2 Fulfilled
The second layer of the CE visibility evaluation framework shows that a blockchain-
based data pipeline needs to capture the identity (e.g., identification number) of
the supply chain entities.

FRQ.3 Fulfilled
The second layer of the CE visibility evaluation framework shows that a blockchain-
based data pipeline needs to capture the location (e.g., the specific position) of the
supply chain entities.

Continued on next page
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Code Evaluation Explanation

FRQ.4 Fulfilled
The second layer of the CE visibility evaluation framework shows that a blockchain-
based data pipeline needs to capture the status (e.g., the state, like loading in
progress) of the supply chain entities.

FRQ.5 Fulfilled
The second layer of the CE visibility evaluation framework shows that a blockchain-
based data pipeline needs to capture the status (e.g., the state, like loading in
progress) of the supply chain entities.

FRQ.6 Fulfilled
The CE visibility evaluation framework has expanded Francis’s supply chain entity
by also demonstrating the ingredients of an item, the raw materials used to produce
a product.

FRQ.7 Fulfilled
The second layer of the CE visibility evaluation framework shows that a blockchain-
based data pipeline needs to capture the condition (e.g., the situation, such as
damages) of the supply chain entities.

FRQ.8 Fulfilled

It is addressed by the transportation aspect depicted in the first layer of the CE
visibility evaluation framework and the representation of the parts covered by
TradeLens. It expresses the need to illustrate the visibility currently provided by
the data pipelines. TradeLens is a complete data pipeline solution. Therefore, its
representation clearly shows the parts of the closed-loop concept covered by the
current form of data pipelines. Data pipelines offer visibility from the seller in an
exporting country to a buyer in an importing one. Such transactions can appear
between every phase of the closed supply chain.

FRQ.9 Fulfilled

The first layer of the CE visibility evaluation shows that blockchain-based infor-
mation systems need to offer visibility in the production and product design by
capturing related data and documents. Moreover, to enforce compliance in the
production, the systems need to cover the flows of materials that enter the produc-
tion process. In other words, they need to store data related to the sourcing of raw
materials as well.

FRQ.10 Fulfilled

The first layer of the CE visibility evaluation framework presents the flows of mate-
rials after consumption and their reintroduction to the market through either reuse
or recycling. The decision regarding the suitable disposition option for a product
is taken in the collection and disposal node based on the product condition.

FRQ.11 Partially

It has been addressed partially, and further research is needed. It is covered by
the transportation aspect presented between each node and the Harmonized
Commodity Description and Coding System illustrated in the third layer. During
transportation, materials or products may cross national borders, enabling cus-
toms to inspect their circular characteristics and identify frauds. At the same time,
the HS codes can enforce compliance with the CE policy instruments at national
borders by enforcing documentation requirements.

FRQ.12 Fulfilled

The CE visibility evaluation framework clearly shows the parts of the closed-loop
supply chain covered by the examined blockchain-based information system. As
demonstrated, none of them offers complete visibility on the CE flows, but each
of them addresses different parts. Consequently, blockchain interoperability is
required enabling different systems to communicate with each other and provide
the craved CE visibility.

FRQ.13 Fulfilled

The second layer of the CE visibility evaluation framework informs the CE auditors
about the need to analyze the ecosystem (participants) of the blockchain-based
information system under evaluation. Such analysis can enable them to identify
better the visibility offered by the systems (the parts of the closed-loop supply chain
covered). Moreover, in case of frauds, they can directly pinpoint the responsible
parties and take corrective actions.

Continued on next page
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Code Evaluation Explanation

FRQ.14 Fulfilled

The third layer of the CE visibility evaluation framework presents four informa-
tion tools that can play a crucial role in CE compliance by offering essential in-
formation to the CE auditing actors. These information tools (product labeling,
EU-driven databases, product passports, and HS codes) have been analyzed thor-
oughly throughout the thesis.

NFRQ.1 Fulfilled

By using the grey rectangles and connecting them with the fundamental CE pro-
cesses (e.g., materials sourcing and production), the CE visibility evaluation frame-
work enables the users to map the visibility offered by the blockchain-based infor-
mation system in a simple way.

NFRQ.2 Fulfilled

The CE visibility evaluation framework contains standardized terminology, which
a user with a basic background in CE, supply chain management, and blockchain-
based information systems can understand. This statement is proved by the fact
that the framework uses the terminology discussed in the literature.

NFRQ.3 Fulfilled

The CE visibility evaluation framework clearly shows the parts of the supply chain
covered by the examined blockchain-based information systems and the visibility
offered by them. This requirement is satisfied thanks to the grey rectangles and
the representation of their relationship with the fundamental CE processes (e.g.,
materials sourcing and production). For example, it depicts that FoodTrust covers
materials sourcing, production, and sales and provides visibility on ingredient- and
item- level. However, FoodTrust cannot act as a complete CE monitoring system
since visibility in more aspects is needed for CE purposes. The same conclusion
holds for the others examined information systems.

Table 5.1: Evaluation of framework requirements

Apart from supporting the fulfillment of the requirements defined in chapter 3, the thesis
claims that it has fulfilled its primary objective. In other words, it asserts that the CE
visibility evaluation framework enables the CE auditing actors to evaluate the available
blockchain-based information systems on their ability to act as monitoring systems and
enforce compliance. This claim relies on the fact that the framework illustrates every aspect
that they need to monitor, that is to say, the flows of materials and products in the CE context.
Moreover, it addresses the main supply chain entities (ingredient, item, package, lading
asset, and vehicle) that they need to trace in the CE context to enforce compliance.

In addition to that, the analysis of the use cases (TradeLens, FoodTrust, and Vinturas)
support the criteria set by the framework concerning the evaluation of the blockchain-based
information systems (second layer of the framework). Every examined information system
captures information about the identity, location, status, events, and condition of a supply
chain entity. Thereby, the thesis can confidently state that every information system needs
to contain such information to promote the CE transition.

5.3.3. Execution of the evaluation phase

This subsection presents the execution of the ex-ante and naturalistic evaluation. This
activity relied on carrying out interviews with stakeholders who have a solid background on
the topic and are willing to assess the framework. For that purpose, the thesis conducted two
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interviews with blockchain experts and one workshop with experts from multiple disciplines.
Chapter A (Appendices) contains a list of the people participated in the evaluation phase.
The interviews and the workshop were semi-structured, both prespecified and open (based
on the discussion) questions were asked and lasted one hour. The meetings were video
recorded and subsequently analyzed.

5.3.3.1. The interviews with blockchain experts

This subsection discusses the two interviews conducted with blockchain experts, Norbert
Kouwenhoven, IBM EU Solutions Leader, and member of Core TradeLens Team (Customs
and Authorities Lead), and Jon Kuiper, CEO of Vinturas. The interviewees’ solid background
on the potential of the blockchain-based information infrastructures to support the CE
transition enabled the thesis to elicit safe conclusions about the effectiveness of its output
and receive ideas for further improvement. The interviewees also evaluated the models
developed based on their platforms (Figure 4.9, Figure 4.14, and Figure 4.21). For instance,
Jon Kuiper reviewed Figure 4.21. As a result, the thesis can be confident about the correctness
of the conclusions elicited by the use cases.

The primary objective of the interviews was to evaluate the effectiveness of the CE visibility
evaluation framework on its potential to fulfill its goal. The framework can be considered
effective if it enables the CE auditing actors (e.g., policymakers, customs, banks) to assess
the available blockchain-based information systems on their ability to monitor the flows
of materials and products in a closed-loop supply chain. Furthermore, the completeness
of the framework was investigated, searching for missing aspects that are important to be
addressed in the design efforts (formative evaluation). The meetings also examined whether
the interviewees consider the representation of the framework logical or if they have any
other suggestions for further improvement. Namely, the questions asked were the following:

• To what extent does the CE visibility evaluation framework enable the CE auditing
actors to evaluate the available blockchain-enabled information systems on their
potential to act as monitoring systems and enforce compliance with CE policy instru-
ments?

• Is the CE visibility evaluation framework complete?

• Do you miss any important elements that should be included in the CE visibility
evaluation framework?

• Is the representation of the CE visibility evaluation framework logical to you?

• Do you have any suggestions to improve the CE visibility evaluation framework?

In the interviews with the experts, the thesis also examined whether the CE visibility eval-
uation framework satisfies the requirements defined in chapter 3 (Table 3.1). To do so, an
evaluation form (see chapter B, Appendices) was distributed to the interviewees asking them
to assess the fulfillment of the requirements. Their responses are presented in Table 5.2.
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Objective and Requirements
Norbert

Kouwenhoven
Jon

Kuiper

FRQ.1
The CE visibility evaluation framework should capture the Francis’s
supply chain entity hierarchy.

Yes Yes

FRQ.2
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the identity of the supply chain entities.

Yes Yes

FRQ.3
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the location of the supply chain entities.

Yes Yes

FRQ.4
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the status of the supply chain entities.

Yes Yes

FRQ.5
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the events of the supply chain entities.

Yes Yes

FRQ.6
The CE visibility evaluation framework should extend the supply
chain entity hierarchy by including ingredients.

Yes Yes

FRQ.7
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the condition of the supply chain entities.

Yes Yes

FRQ.8

The CE visibility evaluation framework should assess blockchain-
enabled data pipelines based on their ability to provide visibility
from the seller in the exporting country to the buyer in the import-
ing country.

Yes Yes

FRQ.9
The CE visibility evaluation framework should assess blockchain-
enabled data pipelines based on their ability to provide visibility in
production (including product design).

Yes No

FRQ.10
The CE visibility evaluation framework should assess blockchain-
enabled data pipelines based on their ability to provide visibility in
the flows of secondary raw materials.

Yes Partially

FRQ.11
The CE visibility evaluation framework should assess blockchain-
enabled data pipeline solutions based on their ability to enforce
compliance at national borders.

Yes Partially

FRQ.12
The CE visibility evaluation framework should highlight the need
to work towards blockchain interoperability.

Yes Yes

FRQ.13
The CE visibility evaluation framework should guide the audit-
ing actors to identify the ecosystem of blockchain-based data
pipelines.

Yes Partially

FRQ.14
The CE visibility evaluation framework should reap the benefits of
available CE information tools.

Yes Partially

NFRQ.1
The CE visibility evaluation framework should be able to illustrate
the visibility offered by the blockchain-enabled data pipeline solu-
tions in a simple way.

Yes Yes

NFRQ.2
The CE visibility evaluation framework should contain standard-
ized terminology.

Yes Yes

NFRQ.3
The CE visibility evaluation framework should illustrate the extent
to which a blockchain-based data pipeline serves CE purposes.

Yes Yes

Goal
The development of a framework that evaluates the potential of
available blockchain-based information systems to enforce compli-
ance with CE policy instruments by acting as monitoring systems.

Yes Yes

Table 5.2: Framework evaluation by the interviewees
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As Table 5.2 shows, both interviewees claimed that the CE visibility evaluation framework
has fulfilled its primary goal. In other words, it enables the CE auditing actors to evaluate the
potential of the available blockchain-based information systems on their ability to monitor
the flows of materials and products. Moreover, it was proved that the framework has satisfied
most of the requirements defined in chapter 3.

The evaluation interviews surfaced one contradictory observation. On the one hand, the
CE visibility evaluation framework was characterized as simple to use, clear, and effective
[1]. On the other hand, it was supported that the framework is complicated in use and not
self-explanatory. This statement relied on the fact that the framework is not complemented
by a supporting text with explanations of the concepts depicted. Therefore, it is difficult for
a user to understand its useability and value. The supporting text should contain definitions
of the related concepts and describe the flows of materials and products in the closed-loop
supply chain [3]. Undeniably, this is an essential piece of advice; the thesis has partially
addressed by creating the description of the CE visibility evaluation framework (Box 5.1).
Moreover, it will deal with this feedback by designing a method with the steps that the CE
auditing actors need to follow when using the framework.

The thesis also was advised to expand the aspects depicted in the second layer of the frame-
work (identity, location, status, events, and condition), adding one additional parameter, the
coverage level of the closed-loop supply chain from an information system. This parameter
can steer the CE auditing actors to explore which parts of the closed supply chain are covered
by a blockchain-based information system under evaluation [1]. For example, if an informa-
tion system captures data about materials sourcing or manufacturing. In other words, it was
stated that the CE auditing actors can realize the extent to which the information system
supports their CE agendas by having information about its coverage level. The thesis decided
not to add this parameter in the framework since it expresses the conclusion that the users
of the framework should make when evaluating information systems. Nevertheless, this
advice shows that the thesis should communicate in a more straightforward way how the CE
auditing actors can use the framework since it may not be clear what they can conclude by
using it.

An interesting suggestion for the framework design was to capture the case in which different
flows of materials or products with a similar place of origin and delivery are combined. That
is to say, in a real-world supply chain, packages or pallets of different products ordered by
different clients can be united to be shipped together towards a common destination. In
that case, it would be of great importance for CE auditing actors to access data and monitor
the consolidation of different products into a shipment and subsequently their journey in
the supply chain [1]. This aspect is not currently become explicit in the framework design.
Consequently, the CE auditing actors will not seek blockchain-based information systems
offering visibility in this aspect, and by extension, they will not be able to enforce compliance
in consolidated flows of materials or products. That scenario may have an impact on fully
realizing their CE agendas. This case has been described by Francis (2008) as a supply chain
entity called shipment. However, the thesis has deliberately omitted this entity since it
expresses a specific situation and does not enrich readers’ understanding of CE visibility.

Another observation about the demonstrated CE visibility evaluation framework was related
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to representing product design as a supply chain process. Product design is an overarching
business process that influences all the other processes depicted in the framework, such
as materials sourcing, transportation, and manufacturing. It is a process that impacts the
entire product lifecycle by deciding crucial product characteristics, including its quality, its
composition, and its CE elements (e.g., recyclability, maintainability, dismantlability, etc.).
In simple words, it is not an event in a supply chain that a product goes through. Therefore,
having visibility into that aspect cannot enable the CE auditing actors to trace products or
materials in the CE context and enforce compliance with their CE policy instruments [3].

This observation highlighted a limitation of the CE visibility evaluation framework. The
framework design relied on a logistics model (the domain model by Hofman et al.), which
depicts the flows of supply chain entities in relationship with time. However, product design
does not belong in that chain, as after sourcing, materials are transported to manufacturing
facilities to be transformed into finished products. Consequently, it is not logical to represent
product design as a process that an entity goes through between materials sourcing and
manufacturing. Nevertheless, the literature review on both CE and CE policy instruments
showed product design plays a key role in the CE transition by signing the product lifecycle.
Thereby, the CE auditing actors need to have visibility on that aspect to realize whether it
complies with the circular principles by developing products that can be repaired, reused,
remanufactured, and recycled.

Moreover, the interviews emphasized that the CE visibility evaluation framework should
address the path that materials or components follow when they are dismantled after
consumption [3]. Dismantling refers to the case when materials or components of used
products are in a good condition and can be reused to produce new products without
undergoing further processing. This strategy is expressed by the remanufacturing disposition
option described by EMF. Remanufacturing is a value retention strategy that can benefit
the environment by dealing with resource depletion. Therefore, the CE auditing actors
should force the business world to adopt it in their practices by launching related policy
instruments and monitoring their implementation. That means that it is essential for the
produced framework to capture the journey that materials follow during remanufacturing.
The thesis decided not to address this strategy in the framework due to time and data
limitations. However, it will use this suggestion to call for future research in the following
chapter.

Finally, Table 5.2 presents that the framework has not met every requirement. This feedback
relies on the fact that the thesis does not clarify the role of some aspects in the framework
(production, product design, national borders, ecosystem, and information tools). Therefore,
it is not clear for the reader how the framework deals with these aspects. For example, the
framework by itself does explain the contribution of the information tools in CE compliance.
As discussed earlier, the thesis has tried to address his feedback by presenting the description
of the CE visibility evaluation framework (Box 5.1) and will also create a method for the use
of the framework.
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5.3.3.2. The evaluation workshop

This subsection presents the insights derived from the evaluation workshop, in which experts
from various disciplines participated. Namely, there were representatives from the Dutch
Customs, the Ministry of Infrastructure and Water Management, and IBM. Given the limited
available time (1 hour) and the large number of participants, the research posed only one
question to the workshop: “To what extent does the CE visibility evaluation framework fulfill
its primary objective?”. Moreover, it did not distribute the evaluation form (see chapter
B, Appendices). Consequently, it did not extract such detailed feedback compared to the
above-described interviews.

However, the workshop was very insightful clarifying the effectiveness of the demonstrated
framework and rising various questions that should be addressed with future research. The
participants confirmed the fundamental rationale behind the framework development,
which lies in the fact that it is almost impossible to develop a unique information system
that monitors the flows of materials and products in a closed-loop supply chain. For that
reason, blockchain interoperability is needed to combine the various fragmented blockchain-
based information systems covering different parts of the CE flows. The framework was
characterized as efficient in explicating this aspect and mapping the available blockchain-
based information systems.

Equally positive was the feedback related to the visibility presented by the framework. It was
supported that the CE visibility layer (first layer) of the framework thoroughly captures the
aspects that the CE auditing actors need to monitor to enforce compliance with their policy
instruments. Especially, policymakers are increasingly interested in receiving ingredient-
and item-level visibility to enforce regulations in production systems, and the framework
satisfies their need. Indicatively, EC is investigating the possibility of launching a carbon
adjustment mechanism to control the carbon content of a product. In this case, EC will
require visibility in production to monitor the implementation of its policy measure. The
framework can serve its interests by showing that a platform similar to FoodTrust can equip
it with the necessary business data. Another valuable contribution of the framework is that
it illustrates the black boxes in CE visibility needed to be bridged with future development
efforts. For example, it was discussed that policymakers want an information system that
covers the path of products from consumers to recyclers in order to ensure that products do
not end up in landfills [4].

A critique of the CE visibility evaluation framework was that it does not deal with the double-
spending problem. In blockchain terms, the double-spending problem refers to the risk of
spending a currency twice (Nakamoto, 2008). In the thesis, this problem refers to having
two different blockchain-based information systems that capture the same data in terms of
different supply chain entities. For example, a platform may track a product on a container-
level, and a different one may track the same product on an item-level leading to storing
the same information twice [6,7]. Seemingly the research project has not addressed this
potential issue since it was not among its objectives but urges the academic community to
work towards this direction. Additionally, the framework does not show how the data stored
in different systems can be combined to offer CE auditing actors the craved CE visibility.

105



5.3. Framework Evaluation 5. Framework Demonstration & Evaluation

Each system has its own data model making the connection of the various data models a
challenging mission [1].

Interestingly, the evaluation workshop also clarified the role of customs, which are among the
primary framework recipients, in fostering the CE transition. So far, customs do not have an
active role in CE, being a party not engaging in initiating CE policy instruments. Traditionally,
customs play a monitoring role in public policymaking by ensuring the implementation
of measures that involve a cross-border element. This is the role that they can also play in
CE compliance [5]. If policymakers are interested in enforcing compliance with their CE
agendas at the national border, then customs can be their mean of enforcement.

The evaluation workshop did not surface any missing elements for the CE visibility eval-
uation framework or any suggestions for further improving it, leading the thesis to the
conclusion that it has fulfilled its objective. However, the experts identified several issues
needed to be addressed to enforce compliance with CE policy instruments by exploiting the
data stored in various information systems available in the supply chain. The following chap-
ter deals with these issues by formulating recommendations for the academic community,
policymakers, and IT providers.

To sum up, the interviews did not discover any changes that should be done to improve
the effectiveness of the CE visibility evaluation framework. However, it was pointed out
that the framework can become complex for a user. The thesis has partially addressed this
feedback by forming the description of the framework (Box 5.1). To fully deal with critique,
it presents the following method (Box 5.2) that describes the steps that CE auditing actors
need to follow when evaluating blockchain-enabled information systems.

Box 5.2: Method of the CE visibility evaluation framework

Users: Actors that have launched policy instruments to promote the CE transition.

Goal: Evaluate a blockchain-enabled information system on its ability to enforce
compliance with the CE policy instruments.

Method:
1. Select a blockchain-enabled information system.
2. Identify the supply chain entity (ingredient, item, package, lading asset, vehicle)

tracked by the blockchain-enabled information system.
3. Go through the data captured by the blockchain-enabled information system.

Namely, analyze data related to the identity, location, status, events, and condi-
tion of a supply chain entity and the platform ecosystem.

4. Identify the CE visibility (the parts of the closed-loop supply chain that it covers)
provided by the blockchain-enabled information system by reflecting on the
data captured.

5. Map the blockchain-enabled information system in the first layer of the CE
visibility evaluation framework, based on the supply chain entity and the parts
of the closed-loop supply chain that it addresses.

106



5.4. Conclusions 5. Framework Demonstration & Evaluation

6. Determine to what extent the blockchain-enabled information system serves
the CE transition by offering visibility in the journey of materials or products in
a closed-loop supply chain.

7. Pinpoint black boxes in the visibility required to enforce CE compliance, parts
of the closed-loop supply chain not addressed by the blockchain-enabled infor-
mation system.

5.4. Conclusions

This chapter addressed the fourth and the fifth phase of the MFDSR, demonstration and
evaluation, by answering the following sub-research question: “To what extent does the
developed framework evaluate the ability of blockchain-enabled data pipeline solutions
to provide the visibility needed to support CE policy instruments?”. For this purpose, it
demonstrated the CE visibility evaluation framework produced in the design phase and
described its functionality. Afterward, it concentrated on evaluating the extent to which it
fulfills its primary objective. Its objective is to enable the CE auditing actors to assess the
available blockchain-enabled information systems on their potential to act as CE monitoring
systems. The evaluation was executed into two stages.

Initially, the thesis tested the feasibility of the demonstrated framework by implementing it
into a fictitious case. The case confirmed its ability to capture the fundamental processes
that materials or products go through in the CE context. This conclusion enabled the
research to assume that the framework has satisfied its mission by enabling its users to
monitor the CE flows. This stage served as a light and inexpensive method of evaluation.
The thesis assumed that if the framework addresses the problem in one case, then it might
do the same in other cases.

Subsequently, the thesis evaluated the demonstrated framework by deploying an ex-ante
and naturalistic evaluation strategy. This strategy assessed the framework by using two
methods, informed arguments, and interviews. The informed arguments relied on the
researcher’s statements on how the framework deals with the requirements and meets its
primary goal. The interviews involved the execution of semi-structured questions aiming
at eliciting feedback about the effectiveness of the framework and receiving ideas for fur-
ther improvement. The thesis conducted two interviews with blockchain experts and one
workshop with experts from multiple disciplines.
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Conclusions & Reflection

This chapter covers the last research activity of the MFDSR, communicate artifact. Its
primary objective is to address the MRQ: “How can a CE visibility evaluation framework for
blockchain-enabled data pipeline solutions facilitate the monitoring of compliance with the
policy instruments established to foster the CE transition?”. To do so, section 6.1 answers the
sub-questions formulated to divide the MRQ into separate parts. Based on the responses,
the thesis deals with the MRQ in section 6.2. Subsequently, section 6.3 communicates
the scientific and societal contribution of the research project. Section 6.4 identifies the
limitations that stem from the research choices and section 6.5 formulates recommendations
towards the academic community, policymakers, and IT providers. Finally, section 6.6
presents the connection between the research and the master’s program.

6.1. Addressing Sub-research Questions

To address the main research question, the thesis implemented the Method Framework for
Design Science Research. A method that defines the activities that researchers should follow
to design an artifact of high quality. The activities are the following: problem identification
and motivation, definition of the objectives of a solution, design and development, demon-
stration, evaluation, and communication (Peffers et al., 2007). The thesis covered them by
formulating a set of sub-research questions, answered in this section.

6.1.1. Sub-research question 1

What is the knowledge base on which the development of a CE visibility evaluation framework
for blockchain-enabled data pipeline solutions should rely?

The SRQ1 covered the first activity of the MFDSR, problem identification, and motivation,
identifying the knowledge base on which the design of the CE visibility evaluation framework

108



6.1. Addressing Sub-research Questions 6. Conclusions & Reflection

relied. That is to say, by doing a literature review, it extracted essential concepts and theories
that set the foundations of the design efforts and led to the development of an innovative
and well-grounded artifact.The knowledge base touched upon several essential concepts,
including the transition to CE, the data pipeline concept, and the blockchain technology.

The development of the CE visibility evaluation framework was conceptualized thanks to
the efforts of the EMF. EMF has pointed out that society can deal with sustainability issues
by abandoning the traditional “take-make-waste”, which depletes planetary resources and
generates an ever-increasing number of wastes. To drive such transition, it has launched the
CE business model, promoting the development of a restorative and regenerative industrial
system. In other words, it fosters the creation of a closed-loop system (presented in the CE
diagram, Figure 2.3) that receives the maximum utility of natural resources. Materials and
products are reintroduced to market through value retention strategies, namely, shared use,
maintenance, reuse/redistribution, refurbishment/remanufacturing, and recycling. The
thesis decided to focus on two value retention strategies, reuse/redistribution, and recycling.

Even though CE is highly beneficial from an environmental perspective, it may not produce
clear benefits from an economic perspective. For that reason, national governments, and
private organizations (e.g., banks, and institutional investors), defined as CE auditing actors,
have initiated policy instruments to incentivize the business world to shift towards CE.
However, these policy instruments are prone to manipulations when there is a lot at stake.
For that reason, the CE auditing actors need a solid monitoring system able to trace the
flows of materials and products and detect frauds.

The thesis claimed that this need can be satisfied by exploiting the research around data
pipelines. Data pipelines are IT information infrastructures that equip governmental author-
ities with data voluntarily shared by the businesses in real-time. They provide supply chain
visibility from a seller in an exporting country to the buyer in an importing one. Traditionally,
businesses have used them to exchange information with authorities to experience benefits
in return, such as trade simplification.

A crucial requirement for getting the value of the shared data for monitoring purposes is
the need for trust in its quality. In other words, the data recipients need to be sure that the
data has not been tampered with. This condition can be addressed by deploying blockchain-
enabled data pipelines. Blockchain is a technology that ensures data integrity and facilitates
the collaboration and data sharing between actors located in trustless environments, such as
the supply chain. This statement justifies the research choice to focus on blockchain-based
information systems.

6.1.2. Sub-research question 2

What are the essential information requirements needed to support the trace of an item
throughout its life cycle in the CE context?

The SRQ2 addressed the second activity of the MFDSR, define the objectives of the solution.
In simple words, it translated the research problem into requirements, features considered
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desirable by the CE auditing actors. Following the classification recommended by Johannes-
son and Perjons (2014), the requirements were divided into functional and non-functional.
The functional requirements expressed the functions that the CE visibility evaluation frame-
work should provide. They were pinpointed through a literature review on the stakeholders’
needs (e.g., policymakers, banks, institutional investors), supply chain visibility, and the
information tools for CE visibility. The non-functional requirements represented general
conditions and properties the CE visibility evaluation framework should have. Their identi-
fication became possible through a literature review on the properties that a DSR output
should integrate. Table 6.1 summarizes the requirements defined by the second activity.

Code Description

FRQ.1
The CE visibility evaluation framework should capture the Francis’s supply
chain entity hierarchy.

FRQ.2
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the identity of the supply chain
entities.

FRQ.3
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the location of the supply chain
entities.

FRQ.4
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the status of the supply chain entities.

FRQ.5
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the events of the supply chain entities.

FRQ.6
The CE visibility evaluation framework should extend the supply chain entity
hierarchy by including ingredients.

FRQ.7
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to capture the condition of the supply chain
entities.

FRQ.8
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to provide visibility from the seller in the export-
ing country to the buyer in the importing country.

FRQ.9
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to provide visibility in production (including
product design).

FRQ.10
The CE visibility evaluation framework should assess blockchain-enabled data
pipelines based on their ability to provide visibility in the flows of secondary
raw materials.

FRQ.11
The CE visibility evaluation framework should assess blockchain-enabled data
pipeline solutions based on their ability to enforce compliance at national
borders.

FRQ.12
The CE visibility evaluation framework should highlight the need to work to-
wards blockchain interoperability.

Continued on next page
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Code Description

FRQ.13
The CE visibility evaluation framework should guide the auditing actors to
identify the ecosystem of blockchain-based data pipelines.

FRQ.14
The CE visibility evaluation framework should reap the benefits of available CE
information tools.

NFRQ.1
The CE visibility evaluation framework should be able to illustrate the visibility
offered by the blockchain-enabled data pipeline solutions in a simple way.

NFRQ.2
The CE visibility evaluation framework should contain standardized terminol-
ogy.

NFRQ.3
The CE visibility evaluation framework should illustrate the extent to which a
blockchain-based data pipeline serves CE purposes.

Table 6.1: Framework requirements

6.1.3. Sub-research question 3

How can the information requirements needed to support the trace of an item throughout its
life cycle serve as a basis for the CE visibility evaluation framework?

The SRQ3 addressed the first phase of the design activity. It developed a basic CE visibil-
ity evaluation framework that depicts the fundamental CE processes (see Figure 6.1) by
receiving as input the information requirements and the knowledge identified in SRQ2.
However, Figure 6.1 cannot act as the final evaluation framework since it does not fulfill all
the framework requirements (Table 6.1). It does describe the flows of materials and products
in the CE context, but it does not offer insights regarding the visibility needed. Thereby, it
needs further elaboration to tackle the research problem and enable the CE auditing actors
to realize their CE agendas. For that reason, the thesis tapped into the information offered
by the literature.

Figure 6.1: The basis of the CE visibility evaluation framework

111



6.1. Addressing Sub-research Questions 6. Conclusions & Reflection

By doing a literature review, the thesis pinpointed several information tools (or information
sources) that can provide valuable insights about the processes depicted in Figure 6.1. Two
interesting ones are product labels and EU-driven databases (e.g., EPREL and REACH).
These information tools can be an essential source of information for the CE auditing ac-
tors by conveying information about the product design. Equally informative can be the
product passports, databases that contain information about components and materials of
a product, and how they can be disassembled and recycled at the end of the lifecycle. An
over-discussed product passport is the materials passport, a digital database containing
CE-related information about the materials, components, and products of the building. Ma-
terials passports aspire to provide visibility in every process of Figure 6.1 and consequently
can be deployed for CE monitoring purposes. However, they have not been implemented in
practice, and their applicability remains a matter of discussion.

Finally, the literature review discovered the Harmonized Commodity Description and Coding
System. A nomenclature that enables the classification of all physical goods crossing national
borders to a class in a uniform and globally accepted way. Its primary objective is to facilitate
the collection of import duties and taxes by the customs. Nevertheless, it can play a crucial
role in enforcing CE compliance at national borders. Policymakers can use it to promote
circular products by offering financial incentives to their trading and banning the import
of non-circular ones. Furthermore, it can encourage the imposition of legal measures and
requirements towards the importers.

The above-described information tools (except materials passport) and the use cases did not
offer detailed insights about the journey of products during the recycling disposition option.
Consequently, the thesis conducted a literature review in reverse logistics and recycling to
cover this knowledge gap. This activity created an elaborated version of Figure 6.1 regarding
the recycling of plastic (see Figure 4.3). The thesis studied this use case because it gained
access to a thorough standard published by NEN, which indicates the procedures required
for tracing recycled plastics. It is worth highlighting that the collection of waste and the
recycling process can be very product-specific, so this model may not be generalizable to
other products.

To sum up, the SRQ3 exploited the insights offered by the literature aspiring to develop the
CE visibility evaluation framework. The contribution of this design activity is illustrated
in Figure 4.22 by the green rectangles. However, as proved, the literature could not offer
detailed insights about every aspect represented in Figure 6.1. For that reason, the thesis
studied three use cases, examined by the following sub-question, to elaborate further on the
framework.

6.1.4. Sub-research question 4

What information requirements for CE visibility are captured by the examined blockchain-
enabled information systems and how do the insights derived from them contribute to the
further development of the CE visibility evaluation framework?
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The SRQ4 dealt with the second activity of the design phase by exploiting the insights offered
by the use cases to detail further the basic CE visibility evaluation framework (Figure 6.1).
For this reason, it implemented Figure 6.1 to the use cases in an iterative way. Each iteration
generated an elaborated version of the CE visibility evaluation framework (Figure 4.9, Figure
4.14, and Figure 4.21).

The first iteration focused on TradeLens, a blockchain-based container shipping platform
that can enable the CE auditing actors to gain visibility in a cargo flow from a source to a
destination. To offer such visibility, it captures shipment events (e.g., loading a lading asset
on a vessel) and documents (e.g., bill of lading and packing list). The platform played an
essential role in the design phase. In Figure 6.1, it can be noticed that different supply chains
are involved in the CE context. That is to say, various shipments of materials or products
between a seller and a buyer can emerge, such as the shipment of raw materials from a
supplier to a manufacturer. The analysis of TradeLens proved that every shipment can be
monitored by having container-level visibility. Figure 4.22 explicates its contribution to the
development of the evaluation framework (orange rectangles).

It is worth mentioning that TradeLens is the only blockchain-based information system
examined in the thesis that enables authorities to access business data without requesting
permission. The data is shared voluntarily by businesses to receive benefits in exchange.
This voluntary data sharing becomes explicit in the contractual agreement that parties
accept when joining the platform. In essence, TradeLens integrates all the characteristics of
a data pipeline solution, including capturing business data at the source, voluntary and real-
time data sharing with authorities, and supply chain visibility from a seller in an exporting
country to the buyer in an importing one. However, this means that it needs to be expanded
to fully serve CE purposes, offering visibility in every CE flow.

The second iteration refined the evaluation framework by studying FoodTrust. As its name
indicates, FoodTrust is a blockchain-enabled platform aiming at bringing transparency and
trust to the food system by equipping consumers with rich information about the prove-
nance of food. FoodTrust is a global food network consisting of various businesses interested
in reaping its benefits. Among its first adopters was Carrefour, a French multinational retail
company. The use of FoodTrust by Carrefour enabled the research project to get tangible data
regarding the visibility offered by the platform. The company has blokchainized a plethora
of food products, including tomato, citrus fruits, infant milk, and mashed potato. However,
the thesis studied the case of organic textile, the first non-food product blockchainized by
Carrefour.

The insights derived by this case detailed the basic framework (Figure 6.1) by clarifying
that monitoring materials sourcing and product design require ingredient-level visibility.
While item-level visibility is needed to control the processes from product design to sales.
Its contribution to the research is depicted in Figure 4.22. It is worth highlighting that
the examined case was simple in terms of locations since both sourcing of raw materials
(harvesting) and manufacturing took place in the same country, India. However, this is not
always the case. In other words, these processes may take place in different areas involving
even the shipment of raw materials from a supplier to a producer. That scenario would have
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offered richer insights to the research since it would have involved a cross-border element,
which is crucial in enforcing CE compliance.

The visibility provided by FoodTrust for food products can be offered also for non-food ones,
such as finite materials, which are the focus of this research. IBM has extracted the core
software behind FoodTrust and developed a new blockchain platform called Blockchain
Transparent Supply (BTS). BTS enables companies to select a use case of their interest and
develop their blockchain network. The difference between the two platforms lies in the
fact that IBM is actively involved in FoodTrust, while in the BTS platform, IBM has the role
of the technology provider. BTS can play a key role in CE compliance by allowing the CE
auditing actors to monitor the provenance of products and potentially realize whether their
ingredients originate from disposition options, such as recycling.

The third iteration concentrated on detailing Figure 6.1 by exploring Vinturas, a consor-
tium of European LSPs operating in the supply chain of finished vehicles. The blockchain
platform offers visibility in the journey of vehicles from production to dealer. Additionally,
it addresses the transportation element of the remarketing of second-hand vehicles. This
aspect is of great importance for CE compliance since remarketing resembles the reuse
disposition option depicted in the CE diagram by EMF (Figure 1.1), where products are
directly resold after collection without further processing. Unlike TradeLens, Vinturas coves
the transportation of products (e.g., vehicles) by truck. The unique data provided by this
use case pointed out that both vehicle- and item-level visibility is required in the transporta-
tion of finished products in the CE context. The blue rectangles in Figure 4.22 illustrate its
contribution to the development efforts.

Finally, the use cases contributed to the CE visibility evaluation framework by determining
the type of data needed to be extracted from the blockchain-based information infrastruc-
tures by the CE auditing actors when assessing their potential to support their CE agendas.
In particular, it was demonstrated that each examined information system captures informa-
tion regarding the identity, location, status, events, and condition of the supply chain entities
and the actors involved. Thereby, the thesis suggests that blockchain-based information
systems need to store such data to serve CE purposes. This aspect is represented by the
second layer of the produced artifact (see Figure 4.22).

6.1.5. Sub-research question 5

To what extent does the developed framework evaluate the ability of blockchain-enabled data
pipeline solutions to provide the visibility needed to support CE policy instruments?

The SRQ5 dealt with the demonstration and evaluation phase of the MFDSR. In other words,
it demonstrated and evaluated the CE visibility evaluation framework produced in the design
phase. The evaluation criterion was the extent to which the framework fulfills its objective,
enabling the CE auditing actors to evaluate the available blockchain-based information
infrastructure on their ability to act as monitoring systems for CE purposes. This criterion
was examined in two different ways.
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Firstly, the thesis tested the framework by applying it to a case. The case proved its ability
to capture the journey of materials and products in a closed supply chain. This finding
was of pivotal importance, as the thesis derived the preliminary conclusion that its artifact
has achieved its objective. This statement relied on the assumption that if the framework
sheds light on the CE flows in a thorough way, it can also evaluate the available information
systems on their potential to monitor these flows. This activity acted as a light form of
evaluation. According to Johannesson and Perjons (2014), if an artifact tackles a problem in
one case, then it can do likewise in other cases. It is essential to mention that the thesis has
not studied the complete closed-loop concept (presented by EMF in Figure 1.1) but limited
its focus on closing the materials loops through reuse and recycling.

Afterward, the study evaluated the demonstrated framework by using an ex-ante and nat-
uralistic evaluation method. This method assessed the framework by forming informed
arguments and conducting interviews. More specifically, the thesis carried out two inter-
views with blockchain experts and one workshop with experts from multiple disciplines
(Dutch Customs, the Ministry of Infrastructure and Water Management, and blockchain
experts). This phase proved that the CE visibility evaluation framework attained its objective.
In other words, it confirmed that the framework can evaluate blockchain-enabled data
pipelines solutions on their ability to offer the visibility required to support the CE policy
instruments.

6.2. Addressing Main Research Question

The thesis focused on catalyzing the CE transition by developing a CE visibility evalua-
tion framework. To fulfill its research objective, it formulated the following main research
question:

“How can a CE visibility evaluation framework for blockchain-enabled data pipeline
solutions facilitate the monitoring of compliance with the policy instruments established to

foster the CE transition?”

The study addressed the MRQ by utilizing Design Science Research. The method explicated
the steps needed to be followed to produce a novel artifact. By executing several activities, ex-
pressed by the sub-research questions, the thesis developed the final CE visibility evaluation
framework, presented in Figure 6.2. The framework enables the CE auditing actors (actors
that have launched policy instruments to promote the CE transition, such as policymakers
and banks) to evaluate the available blockchain-based information systems on their ability
to act as monitoring systems and serve the CE purposes. A monitoring system needs to trace
the journey of materials or products in a closed-loop supply chain and enforce compliance
with CE policy instruments. Box 5.1. and Box 5.2. contain the description of the framework
and the method on how to use it, respectively.

The framework allows the CE auditing actors to evaluate and, if applicable, select among
the various available blockchain-based infrastructures the most appropriate one for CE
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monitoring purposes. By doing so, they can monitor the flows of materials and products,
ensure the effectiveness of their policy instruments, and identify potential frauds. In this
way, they can force the business world to abandon the traditional linear economic model
and adopt the circular one. For instance, policymakers could have prevented the disposal of
plastic in Turkey by exploring business data stored in information systems about the journey
of the plastic after consumption.

Figure 6.2: The CE visibility evaluation framework
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6.3. Research Contribution

6.3.1. Scientific Contribution

The research focused on promoting CE as an effective solution to the enormous challenge
that humanity currently faces regarding resource exhaustion and environmental destruction.
This topic has been widely discussed in the literature, starting from the 1960s when the scien-
tific community engaged in discussions about waste and resource management. Nowadays,
the CE transition is a well-explored scientific domain. However, it has been approached from
a more technical perspective, such as studying the appropriate technologies for recycling
plastic. The research on the deployment of information infrastructure for accelerating the
CE transition is a relatively undiscovered domain (Rukanova et al., 2021; Zeiss et al., 2020).
For that reason, Zeiss et al. (2021) urged the IS community to concentrate its efforts in this
direction.

The project bridged the knowledge gap surfaced by Zeiss et al. by developing the CE visibility
evaluation framework. The research output is a valuable contribution to the scientific
community. According to Casino, Dasaklis, and Patsakis (2019), there is a limited number
of frameworks that evaluate blockchain-based infrastructures available in the literature.
Moreover, as far as the thesis is concerned, this is the first one that assesses the extent to
which blockchain-based applications can serve the CE transition by enforcing compliance.
Whereas exploring the role of blockchain technology in the CE context is a novel scientific
domain with a small number of available studies (Shojaei et al., 2021).

The evaluation framework contributed to the academic community by expanding the do-
main model developed by Hofman et al. (illustrated in Figure 4.1). The domain model
depicts the flows of the supply chain entities from a place of acceptance to a destination,
focusing solely on the logistic part. However, the CE visibility evaluation framework went
beyond this level, showing the flows of supply chain entities in the CE context. It is important
to underline that it also dived deeper into the supply chain entity hierarchy of the domain
model by capturing the journey of ingredients (raw materials).

Equally essential for the academic society is the research conducted on expanding data
pipelines to enforce compliance with the CE policy instruments. This idea has been formu-
lated initially by Rukanova et al. (2021). The thesis implemented this suggestion and proved
that data pipelines need to offer visibility in the entire flows of materials and products in a
closed-loop supply chain. In other words, they need to cover their journey from materials
sourcing to consumption and their reintroduction to the market through value retention
strategies (e.g., reuse, recycling). Furthermore, data pipelines should be extended to enforce
compliance at national borders, considering that the materials and products could cross
several jurisdictions in the CE context.

Another scientific contribution is the concrete evidence provided about the need to work
towards blockchain interoperability to enforce CE compliance. The analysis of the three
blockchain platforms highlighted that none of them monitors the full path of materials
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and products. Every platform covers parts of the closed-loop supply chain. It is also safe
to conclude that there is no system available in today’s world that can fully serve CE. This
observation emphasizes the imperative need to enable different blockchain platforms to
communicate and exchange information with each other without the involvement of any
intermediates (Hardjono et al., 2020; Monika & Bhatia, 2020; Schulte et al., 2019). Blockchain
interoperability is a new scientific area, discussed by the thesis, which is worth exploring
further since it can unleash the potential of both blockchain and business data.

Additionally, the thesis defined CE visibility by expanding Francis’s definition of supply
chain visibility. Francis defines supply chain visibility as “the identity, location, and status of
entities moving in the supply chain, captured in timely messages about events, along with the
planned and actual dates/times for these events” (Francis, 2008, p. 182). The thesis claimed
that in the CE context this definition needs to be expanded by pointing out the need to have
additional insights into the condition of entities moving in the supply chain. Condition plays
a central role in deciding the suitable value retention strategy (e.g., recycling) for a product
after consumption. Damages, changes in chemical composition, or other alterations may
affect the potential of a product for recycling or direct reuse (Jayaraman et al., 2008; NEN,
2007). Thereby, information systems should also monitor this aspect.

The project also suggested that the supply chain entity hierarchy (Figure 3.1), as described
by Francis, should be expanded since CE also involves the movement of raw materials
(ingredients). The use of this extended hierarchy clarified the level of visibility needed for CE
compliance. According to the thesis, the CE auditing actors should contain insights about
the ingredients, items, packages, lading assets, and vehicles transiting the supply chain.
Finally, it was noticed that CE includes several different supply chains, with different actors
involved. That is to say, materials or products can be transported in every CE stage, such as
from materials sourcing to production and from collection and disposal to recycling. This
finding deserves further investigation since monitoring the CE flows requires visibility in
every distinct supply chain.

6.3.2. Societal Contribution

The framework assists the actors (e.g., policymakers, banks) that have launched policy
instruments to promote the transition to CE to fulfill their goals. The CE transition cannot
be realized without the active involvement of these actors. The modern world has been
designed to be linear. This business model has been optimizing for a very long time, and
now it has been established as a profitable way to carry out business. Indicatively, the
global economy was nine percent circular, in 2019 (Hartley et al., 2020). A shift in that
mindset requires an external force, and policy instruments (e.g., regulations and taxes) can
play this role. However, such instruments are prone to manipulations when the stakes are
high. For that reason, the CE auditing actors need a monitoring system, which can prevent
“greenwashing”, false claims regarding the circularity of products.

The framework enables the CE auditing actors to evaluate and, if applicable, select among
the available blockchain-based information systems the most appropriate one to serve their
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purpose. An appropriate information system should trace the path of materials and products
in a closed-supply chain, at least to some extent based on the CE auditing actors’ interests.
For example, a government may be interested in getting visibility solely in materials sourcing.
By realizing their CE agendas, the CE auditing actors will force the business world to abandon
the traditional “take-make-waste” economic model and embrace the circular one.

There is no doubt that the linear economic model is unsustainable. The growing planet
population and limited earth regenerative capacity put a strain on our planet leading to
resource depletion and environmental destruction. Consequently, the CE transition, pro-
moted by the thesis, is the only way to tackle these sustainability challenges. CE relies on
receiving the maximum value of materials and products by retaining them in circulation.
This rationale reduces the use of new materials and energy in the production systems and as
a result benefits the environment.

In addition to the environmental benefits, EMF emphasizes the economic benefits of the
CE transition. Modeling of the CE benefits for plastic packaging has proved that CE can
produce savings of 200 billion USD on an annual basis and generate 700,000 additional
employment opportunities. Dutch research discovered 810,000 jobs related to CE, including
repairing, remanufacturing, recycling, and developing CE business models (Ellen MacArthur
Foundation, 2021). Furthermore, the Dutch Organization for Applied Scientific Research
(TNO) identified that CE could yield an additional €7.3 billion, create 54,000 jobs, and grow
the GDP by an amount between €1.5 up and €8.4 billion (Deloitte, 2019).

The CE visibility evaluation framework can also contribute to IT development for CE pur-
poses. It explicates what type of information is needed to be included in information systems
to be used to enforce CE compliance. More specifically, it supports that such systems need
to cover the identity, location, status, events, and condition of the supply chain entities.
Moreover, it clarifies the black boxes, parts of the closed-loop supply not covered by the ex-
amined blockchain-based application. This contribution can be exploited by IT developers
to develop new information systems or improve further the existing ones to be able to be
used for the CE transition.

6.4. Research Limitations

The starting point of the thesis was the CE diagram by EMF (Figure 2.3), which makes
explicit the flows of materials and products in the CE context. The diagram captures the
closed-loop concept by connecting the linear economic model (presented in the central
part) with two loops, one regarding renewables (biological cycle) and one about finite
materials (technical cycle). The thesis focused on the technical cycle, which deals with finite
and non-biodegradable materials. The motivation for concentrating on these materials
stemmed from the imperative need to prolong their lifecycle and minimize their use in the
production systems due to their characteristics. The technical cycle preserves planetary
resources by suggesting four value retention strategies, namely, shared use of products,
reuse/redistribution, refurbishment/remanufacturing, and recycling. The thesis decided to
study two strategies, reuse/redistribution, and recycling.
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The abovementioned choices, not studying the biological cycle and two value retention
strategies (shared use and remanufacturing) constitute a research limitation. The CE visi-
bility evaluation framework cannot fully serve its purpose since it does not fully cover the
closed-loop concept. In other words, the CE auditing actors can use the framework when
evaluating blockchain-based information systems on their ability to monitor the flows of
finite materials and products from materials sourcing to consumption and their journey
during reuse and recycling. It should be noted that the recycling model developed in chapter
4 (see Figure 4.3) may not be generalizable to every type of product, since the recycling
process (from the collection of waste to recovery) is very product-specific. Furthermore,
this model is not exhaustive, it does not capture every information requirement due to
data limitations. The thesis did not study a blockchain-enabled application that addresses
recycling. However, it is a first attempt to identify these information requirements and
Figure 4.3 can be improved further.

The thesis decision to use TradeLens, FoodTrust and Vinturas for eliciting information
requirements could have influenced the generalizability of its output. Generalizability refers
to “the extent to which a research finding in one organizational setting can be generalized
to other settings” (Sekaran Bougie, 2016, p.22). Considering the outcome of the evaluation
phase, which proved that the produced framework fulfilled its objective, it can be concluded
that the use cases did not affect the generalizability. However, there is no doubt that the study
of more blockchain-based information systems would have increased the generalizability
and refined the generated framework. Such systems could have covered the value retention
strategies (shared use of products, maintenance, and refurbishment/remanufacturing) or
the supply chain entities (order, encasement, and shipment) not studied by the thesis. It is
worth mentioning that the selection of the use cases could have added bias to the research
output, being associated with the ease of accessing business data. Subsection 1.8.2 explained
in detail the motivation for selecting these use cases.

One more limitation arises from the research decision to rely the evaluation framework
on the domain model by Hofman et al. The domain model is a logistics model focusing
on representing the flows of goods in relationship with time. However, as proved by the
CE visibility evaluation framework, CE compliance goes beyond logistics. In simple words,
enforcing governmental control in the CE flows also requires data about non-transportation
activities. An indicative example is product design, which, as discussed in subsection 5.3.3,
does not belong in the logistics chain. The choice of the domain model as a basis in the
design efforts led the thesis to depict product design as an activity that takes place between
materials sourcing and manufacturing. This is an artificial representation that deviates from
reality since raw materials after their sourcing are transported to production facilities. The
research limitation to represent product design as part of the chain needs to be bridged by
future research.

The applicability of the CE visibility evaluation framework is also influenced by the fact
that it describes the CE flows on a high level. It depicts the fundamental processes that
materials or products go through in the CE context. However, every product has its own
peculiarities, and the framework may be unable to cover them. Indicatively, it cannot be
directly applied to electronic devices or vehicles. These products consist of multiple other
products (components) produced by parts manufacturers, not addressed by the framework.
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Similar limitations can emerge in the waste collection, which is very product-specific. For
example, electronic devices are returned by consumers to suppliers, while plastics are
placed into a curbside recycling bin, together with other recyclable products (NEN, 2007).
Undoubtedly, the produced artifact does not capture these peculiarities, but it can be used
as a basis for the development of sub-frameworks focused on different product categories.

Another limitation is associated with the research choice to focus on four aspects of the
supply chain entity hierarchy, as defined by Francis (2008). Namely, the thesis deliberately
omitted in the design phase the order, encasement, and shipment since these entities
describe specific situations that could have increased the complexity of the framework,
without enriching the reader’s understanding of CE visibility. However, this omission means
that the CE visibility framework does not cover every entity moving in the closed-loop supply
chain. Therefore, it is unable to serve specific situations. For example, it does not capture
the cases in which orders of different buyers with the same place of acceptance and delivery
are grouped and shipped together.

The thesis is also prone to limitations due to the evaluation method selected in chapter 5.
The output would have been more efficient if the thesis had opted for an ex-post evaluation.
An ex-post evaluation strategy would have implemented the framework in practice, such
as in public decision making, and it would have reached a better conclusion with regards
to its ability to serve the CE transition. Moreover, it would have avoided the occurrence of
false positives, described in subsection 5.3.1. However, it was not feasible to conduct such
an evaluation due to limited time, budget, and access to public or private organizations to
test the framework.

The applicability of the CE visibility evaluation framework may be limited because of the
interviews executed for its evaluation, which are prone to false positives. The interviewees
may have withheld criticism wanting to be polite and nice. That means that they may have
claimed that the framework is more efficient than it actually is (false positives). Furthermore,
the framework was evaluated by stakeholders with a solid background on the topic. Thereby,
it remains a matter of question whether stakeholders with less expertise in the domain can
understand its rationale and use it. Finally, a limitation results from the research decision
to interview experts in logistics and blockchain, but not experts in CE compliance. For
example, actors (policymakers, banks, institutional investors) that have launched CE policy
instruments. Consequently, it is still under discussion whether the framework serves their
interests.

6.5. Recommendations

6.5.1. Recommendations for future research

This section identifies opportunities for future research mainly based on the research limita-
tions discussed in the previous one. Undoubtedly, the CE visibility evaluation framework
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does not fully serve the CE auditing actors, actors that have launched policy instruments
to promote CE transition. The framework should enable them to evaluate the available
blockchain-enabled information systems on their potential to act as monitoring systems for
CE purposes. However, as surfaced in the previous section, it does not cover every aspect
of the closed-loop concept presented in the CE diagram by EMF (Figure 2.3). Since it has
not addressed the biological cycle and two value retention strategies, remanufacturing and
shared use of products. Moreover, the model developed for recycling (Figure 4.3) is not
exhaustive. Consequently, further research is needed to study these aspects and lead to the
development of a more elaborated CE visibility evaluation framework that can fully serve its
purpose, enforcing CE compliance.

Future research should also delve deeper into the thesis choice to use a logistics model
(the domain model by Hofman et al.) as a foundation in the design phase. As discussed
in the previous section, this decision comes with certain limitations since CE compliance
entails some fundamental issues that are unrelated to logistics. Indicatively, the framework
represented product design as a supply chain process that involves a transportation element
and raw materials go through it between their sourcing and manufacturing. However,
product design is an overarching activity that governs every process illustrated in the CE
visibility evaluation framework, such as transportation, manufacturing, reuse, and recycling.
The thesis encourages the academic society to explore further the role of product design in
CE compliance and overcome the limitations of the produced framework originating from
the deployment of a logistics model. A suggestion could be to represent product design as
the first activity in the framework, prior to materials sourcing and manufacturing.

The thesis developed a framework that describes the processes that materials and products
go through on a high level. It depicts a simple business model in which production receives
as input raw materials, transforms them into finished goods, and distributes them to re-
tailers. However, this model can become more complex by involving the manufacturing of
product parts (components) by one producer, subsequently transported to other producers
who can use them to manufacture new products. An illustrative example could be the
production of electronic devices. This gap can be bridged by further research, increasing the
applicability and useability of the framework. Furthermore, a future study could investigate
a blockchain-based application, if available, that offers visibility on the sourcing of finite ma-
terials and their use in the production system. The thesis studied a product, organic textile,
not consisting of finite materials, which were its focus. However, it should be highlighted
that this use case proved that it is technologically possible for the CE auditing actors to gain
visibility in materials sourcing and manufacturing.

An interesting aspect of the research project that can be explored further is the role of
standards in eliciting information requirements for CE compliance. Namely, chapter 4
deployed a recycling standard about plastics by NEN to identify the information needed
to be captured by IT infrastructures to trace used plastic. The standard proved to be a
valuable information source producing an elaborated version of the CE visibility evaluation
framework (see Figure 4.3). Undoubtedly, there are various such standards available in
today’s world, and the academic community can harness them to identify the types of
information requirements needed to trace materials or products in the CE context.
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Further investigation could also explore the significance of the supply chain entities not
covered by the thesis (order, encasement, and shipment) in achieving CE visibility. The
omission of these entities influences the framework applicability in some cases, such as
the combination of different clients’ orders, which may be important for the CE auditing
actors. However, to examine these entities, a research should study more blockchain-based
information systems that cover them. In general, the thesis claims that the CE visibility
evaluation framework can become more effective with the study of new information systems.
These systems can be analyzed similarly as the thesis did in chapter 4.

Future studies could also examine other criteria that can be used to evaluate blockchain-
based information systems on their ability to enforce compliance with the CE policy in-
struments. The thesis examined only the information requirements needed to be captured
by such systems. However, the CE auditing actors may need also to evaluate them based
on other aspects, such as the quality of the data stored. The research by Hofman et al.
(forthcoming 2021) could be highly insightful for such a study since it has developed a data
quality and data value evaluation framework that can be deployed by customs to assess the
value of external data sources. Namely, Hofman et al. exploit a study conducted by Strong et
al. on data quality. Strong et al. define high-quality data as “data that is fit for use by data
consumers” and group it into four categories, intrinsic data quality, accessibility data quality,
contextual data quality, and representational data quality (Strong, Lee, & Wang, 1997).

The academic community could also investigate an intriguing research finding. The thesis
discovered that it is relatively easy to develop a system that monitors the flows of materials
and products in a closed-loop supply chain from a technological perspective. However,
to receive such visibility, the active involvement of different actors is required. In other
words, multiple actors need to collaborate in an IT environment sharing their data and
dealing with the information fragmentation that besets the business world. The literature
review and the interviews conducted surfaced that supply chain actors are reluctant to share
their data hampering the development of such a solid monitoring system. Therefore, future
research could investigate the reasons influencing the parties’ willingness to share their
data (e.g., competition, mentality) and the incentives that can facilitate such data sharing
(e.g., governmental policy). It should be noted that blockchain has proved that it can be the
backbone of such a system thanks to its unique characteristics that ensure data integrity.

Another open issue is related to developing blockchain-based information systems that
cover the black boxes in CE visibility. The thesis discovered that none of the examined
information systems covers the parts after consumption. Whereas it is unknown whether
there are information systems available in today’s world that offer such visibility. Therefore,
the research project suggests that future IT development efforts should bridge this gap.
In other words, new blockchain-enabled information infrastructures should be launched
to enforce compliance in the post-consumption phase. However, it remains a matter of
question who can drive these development efforts. Various stakeholders could be this
driving force, including policymakers, IT developers, and consumers. Future research could
investigate how such information systems for CE compliance purposes can be introduced.

The thesis claimed that developing a monitoring system that covers the complete journey
of materials and products in the CE context is not feasible. For that reason, it urges the
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academic community to work towards realizing blockchain interoperability, enabling the
various blockchain-enabled information systems to communicate with each other without
the participation of intermediates. Such research should also deal with the double-counting
problem that may emerge when connecting data from various information sources. In other
words, a system may trace an ingredient or item on a container level, and another one may
trace the same ingredient or item on an ingredient- or item-level. Such double-counting
could cause issues in the monitoring of the ingredient or item.

Additional research could also be done on examining the role of national borders in enforc-
ing CE compliance. National borders are involved in the transportation aspect of the CE
when materials or products cross different jurisdictions. Due to their location, the author-
ities at national borders could inspect these flows of materials and products and realize
whether they integrate circular characteristics. Enforcing compliance at national borders
was among the framework requirements, and the thesis has stated that it has fulfilled it
partially. Therefore, it calls for further study on this concept.

Finally, further research efforts could apply the CE visibility evaluation framework in practice
to identify whether it can support the CE agendas. That is to say, policymakers could use
the framework to evaluate blockchain-based information infrastructure on their ability to
monitor the flows of materials and products in the CE context. Such activity could be con-
ducted firstly for resource-intensive products that have a higher impact on the environment.
It should be highlighted that the CE visibility evaluation framework is a general framework
applicable to various product types. However, upcoming research could adjust it to differ-
ent product types improving its effectiveness. For example, a new CE visibility evaluation
framework for electronic devices could be developed. The use of the framework by the CE
auditing actors could also help them design more effective CE policy instruments based on
the visibility that they can receive by accessing business data. As discussed in section 6.4.,
the produced framework can be refined by executing interviews with stakeholders that have
a solid background in CE compliance, such as policymakers, banks and investors or parties
with less expertise in the domain.

6.5.2. Recommendations for policymakers

The thesis has claimed that the transition to Circular Economy is a challenging task. Today’s
world has been designed to be linear. This business model has been optimizing for so long,
and now it has been established as an effective way to conduct business. Thereby, a radical
shift to everyone’s mindset cannot be realized without an external force. As highlighted
by the literature review, this driving force could be governmental policy. Public policy-
making could increase the attractiveness of the circular business model and accelerate
the transition by establishing a wide range of policy instruments, such as regulations and
taxation. Undoubtedly, policymakers have been actively involved in materializing this shift.
However, the academic literature suggests that uptake is falling behind, considering that in
2019 only nine percent of the global economy was circular (Hartley et al., 2020). This finding
urges for deeper investigation regarding the deployment of CE policy instruments.
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The CE visibility evaluation framework could play an essential role in improving policymak-
ing by making explicit the processes that are subject to regulation. So far, policymakers
have mostly concentrated their efforts on the post-consumption phase (the last part of
the framework), that is to say, waste management, reuse, and recycling. However, their
efforts have been proved insufficient, failing to yield the desired results (Hartley et al., 2020;
European Environment Agency, 2017). Therefore, they may also need to steer their policy
measures towards other aspects of the CE visibility evaluation framework.

The thesis urges policymakers to direct their CE agendas also towards product design and
manufacturing, the processes that decide the circularity of products. Product design ex-
presses the principles adopted in the engineering of products, such as dismantlability,
recyclability, repairability, durability, etc. In simple words, it determines the product lifecy-
cle. For that reason, policy measures focused on this business process could force businesses
to abandon the strategy “planned obsolescence” and develop products with a prolonged
lifecycle. Equally conducive for the CE transition could be the policy focus on production.
Production constitutes the place that transforms raw materials into finished goods. To
ensure the manufacturing of circular products, policymakers should regulate this process,
forcing producers to use raw materials originating from value retention strategies (e.g.,
recycling) and generally adopt sustainable practices.

CE policymaking should also follow the principle “the power of the inner circle” described
by the EMF and discussed in subsection 2.1.1. In other words, they should favor the inner
circles of the CE diagram (see Figure 2.3), starting with firstly stimulating repair, subsequently
reuse and remanufacturing. Recycling should be their last resort since it is an intensive
process that discards the value contained in products, such as labor, energy, and capital.
An interesting policy instrument is the one initiated by Sweden in January 2017. Sweden
decreased the value-added tax on repairing bicycles, clothes, and shoes from 25% to 12%
to boost the implementation of this disposition option. Moreover, it enabled consumers to
request a refunding of half of the labor cost for repairing electric appliances through income
tax (European Environment Agency, 2017). Similar policy measures can be launched at
an EU level stimulating the markets for repair, reuse, and remanufacturing. The produced
evaluation framework can enable it to monitor the implementation of such policies.

An over-discussed topic in the thesis is the need for policymakers to reap the benefits of
the data stored in various information systems available in the supply chain to enforce CE
compliance. The thesis discovered that the examined blockchain-based information systems
can play a key role in CE compliance by offering visibility in different parts of the closed-
loop supply chain. However, only TradeLens currently enables authorities to access the
stored data for serving their interests. This means that policymakers should incentivize the
ecosystem of FoodTrust, Vinturas, or other platforms to share their business data voluntarily
to support the CE transition. Furthermore, legislators should develop close relationships
with IT developers urging them to design new information systems or expand the existing
ones to cover the black boxes in CE visibility pointed out by the thesis. Legislators could
strengthen such collaboration and facilitate the development of CE monitoring systems by
funding IT companies.

The CE transition is an interdisciplinary challenge. It will be realized only with the active
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participation of all the actors involved in the journey of materials and products in the closed
supply chain. These actors need to constantly feed their business data in information
systems enabling the auditing actors to obtain the craved visibility. Nonetheless, to make
this scenario a reality, policymakers need to figure out the appropriate incentives for these
actors. In other words, they need to give them benefits in return for communicating this
information. Such benefits could be tax reduction or relaxation of the bureaucratic barriers
currently imposed on them. As far as the thesis is concerned, several stakeholders (e.g.,
collectors, recyclers, waste management companies, waste buyers, etc.) are not currently
involved in such information systems. This calls for further governmental action in helping
them perceive the benefits of participating in such systems.

A valuable source of CE-related information is consumers, involved in the consumption or
use of products. They are not part of the examined blockchain-based platforms, whereas it
seems impossible to motivate them to participate in such platforms. Materials passports
aspire to encourage them to communicate information about the use of products, enabling
policymakers to get visibility in that aspect. Nevertheless, it remains a matter of question
whether such visibility can become a reality since it depends on consumers’ willingness
to feed their data in the system continuously. The thesis advises policymakers to devise
policy measures that can stimulate this data sharing. Additionally, consumers should be
incentivized to alter their behavior, keeping the products in circulation (e.g., recycling) and
opting for products integrating circular characteristics.

The flows of materials and products in the CE context can cross several national borders.
This cross-border element emphasizes the vital role that customs can play in enforcing
compliance with CE policy instruments. The evaluation workshop pointed out that the
customs currently have a limited role in promoting CE transition. Customs administrations
do not engage in launching CE policy instruments, but they can contribute to this scope as
a means of enforcement. The thesis advises policymakers to upgrade the role of customs
in CE compliance, enabling them to monitor whether products crossing national borders
have circular characteristics. This cross-border element also calls for intergovernmental
collaboration (especially at the international level). Various governments should collaborate
exchanging information about the transported goods.

Finally, the thesis recommends EU develop blockchain-enabled materials passports to
overcome some barriers regarding their adoption. Materials passports want to cover any
CE-related information about the products, components, or materials used in buildings.
However, such information may be confidential, making stakeholders reluctant to share it
due to competing interests or other factors. Blockchain can address such confidentiality
issues by enabling participants to retain ownership of their data and decide to whom they
want to make their data available. Moreover, it can increase data recipients’ confidence in
the data quality thanks to its unique capabilities. Therefore, the thesis argues that blockchain
can increase the attractiveness of materials passports and accelerate their adoption.
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6.5.3. Recommendations for IT providers

The CE visibility evaluation framework can serve the IT providers’ interests by informing
them about the information needed to be captured by blockchain-based information in-
frastructure to serve the CE purposes. Such infrastructures need to monitor the journey
of materials and products in a closed-loop supply chain. To do so, they need to store data
about the identity, location, status, events, and condition of the supply chain entities. The
insights offered by the framework can be used by the IT developers interested in supporting
the CE transition to develop new information systems or improve the existing ones.

The framework (see Figure 6.2) shows that the platforms examined can cover mainly the parts
before consumption. TradeLens monitors the shipment of containers from a seller to a buyer.
FoodTrust (or BTS) offers visibility in materials sourcing, product design, manufacturing,
and sales. While Vinturas focuses on the supply chain of finished vehicles covering mostly
inland transportation. Seemingly, every platform addresses separate parts of the closed-loop
supply chain. For that reason, the thesis urges IS community to work towards materializing
blockchain interoperability, enabling the platforms to communicate with each other without
the involvement of intermediates.

The abovementioned advice could be valuable for IBM, which owns two of the examined
platforms (TradeLens and FoodTrust). IBM can develop a powerful CE monitoring system
that covers almost the complete flows of materials and products from materials sourcing
to sales by realizing such communication. Furthermore, it would be beneficial for it to
extract the core idea behind Vinturas (connecting LSPs in one network) and develop a new
blockchain-enabled platform that provides visibility in the inland transportation of materials
or products. Such a development can give IBM a leading role in CE compliance since it will
be able to equip the CE auditing actors with complete visibility from materials sourcing to
sales.

A connection between TradeLens and FoodTrust could also play a vital role in enforcing
compliance at national borders. Customs, when carrying out their risk assessment, access
data stored in TradeLens. TradeLens provides visibility on a container level, storing shipment
data and documents. In other words, it does not contain detailed information about the
products stored in a container. This deteriorates the authorities’ mission, who have to
evaluate the suitability of the products to enter the national territories based on insufficient
information. However, the information that authorities need, such as evidence about the
sustainability of the products, is captured by FoodTrust. Thereby, IBM can become an
essential partner for customs and increase its market reach by linking the two systems.

CE places particular attention on finite and non-biodegradable materials, aiming at pro-
longing their technical life by keeping them in circulation through value retention strategies.
To ensure this circulation, the CE auditing actors need visibility in materials sourcing, prod-
uct design, and manufacturing, that is to say, the aspects covered by FoodTrust. However,
FoodTrust deals with food products and cannot satisfy the CE auditing actors’ needs. This
role can be played by BTS, which can be implemented to more product types. Recognizing
the great potential of BTS in CE compliance, the thesis recommends IBM develop it further.
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BTS needs to shed light on the production process (sustainability and ethical aspects), the
flows of materials entering the production systems (especially when originating from value
retention strategies), and the product design principles. IBM could firstly apply BTS to
resource-intensive products. EC prioritizes electronics, ICT, textiles, furniture, and high-
impact intermediary products, like steel, cement, and chemicals (European Commission,
2020a).

The thesis also suggests IT companies develop information systems that deal with the
flows of products upon consumption. None of the examined systems offers such visibility.
However, the thesis has examined a negligible number of systems. They could start providing
visibility from the collection of products since it may not be possible or necessary to get
insights during consumption. The elaborated model developed in chapter 4 for recycling
could contribute to these development efforts. It presents the fundamental processes
that products go through during recycling, the actors involved, and some key events and
documents needed to be captured.

Moreover, IT companies should get the benefits providing by the available information
sources, such as databases and product passports, to expand the reach of their systems.
For example, IBM could close the loop to a great extent by connecting FoodTrust with
a database possessed by waste collectors. Waste collectors may attach an identification
number to collected products (e.g., glass bottles) and feed this information into a database
to track the products during their transportation to producers. Equally useful could be to
link blockchain-based information systems with materials passports, if applied to practice,
since they are the only tool aspiring to cover the use of products by consumers.

Finally, the thesis recommends FoodTrust (or BTS) and Vinturas embrace the rationale of
TradeLens regarding data sharing with authorities to increase their potential to serve the CE
transition. TradeLens enables authorities to access its data without requesting permission.
Participants when joining the platform agree to share their data with them voluntarily to
experience benefits in return. This aspect facilitates B2G data sharing and makes TradeLens
a powerful information tool for governmental control. The thesis argues that FoodTrust and
Vinturas can expand their capabilities by implementing this design choice.

6.6. Relevance to MoT program

The research conducted on this topic completely aligns with the objectives of the master’s
program in Management of Technology (MoT). MoT aims at teaching students how to use
abundant technological opportunities to tackle grand societal challenges. The CE visibility
evaluation framework enables the CE auditing actors to enforce compliance with their policy
instruments and consequently accelerate the CE transition. Such a development will bring
considerable environmental and economic benefits. Apart from dealing with the wicked
problem of resource depletion and environmental destruction, it will benefit the economy
by creating additional employment opportunities and increasing GDP. Thereby, there is no
doubt regarding the relevance of the thesis to the MoT program.
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The outcome of the research relates also to the knowledge acquired throughout the master’s
program. As surfaced by the literature review, the analysis of the use cases, and interviews,
blockchain has the potential to facilitate the CE transition. Thanks to its unique characteris-
tics, it satisfies the need of CE auditing actors for trust in the data shared with them and its
quality. Furthermore, it can address the information fragmentation that prevents the devel-
opment of a solid CE monitoring system. The technology provides a safe environment that
incentivizes actors operating in trustless environments to share their data and collaborate.
Undeniably, the supply chain domain constitutes such an environment involving various
geographically dispersed actors with competing interests, different policies, and cultures.

The thesis, by providing evidence that blockchain can indeed catalyze the CE transition,
proved that the technology is not at the phase “peak of inflated expectations” of the hype
cycle, described in the course “Emerging and Breakthrough Technologies”. The hype cy-
cle illustrates the maturity and adoption of technologies and explores their potential to
tackle real-world problems. It describes that a technology goes through five distinct phases,
“technology trigger”, “peak of inflated expectations”, “trough of disillusionment”, “slope of
enlightenment”, and “plateau of productivity” (Dedehayir & Steinert, 2016).

Finally, the research project was benefited from the courses “Logistics and Supply Chain
Innovations” and “Supply Chain Gaming”, which equip students with a solid background
on the basic thesis concepts. Apart from enriching their understanding of supply chain
management and international trade, the courses familiarize them with the fundamentals
of CE, data pipeline, and blockchain. More specifically, these courses introduce the students
to the crucial problems that beset international trade and the potential of the latest digital
innovations to eliminate them. This perspective was relevant to this thesis, which focused
on addressing sustainability issues by exploiting data produced in the supply chain.
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A
List of interviews

[1] N. Kouwenhoven, EU Solutions Leader and Member of TradeLens (Customs and
Authorities Lead), IBM, February 10, 2021, June 21, 2021 & June 30, 2021, Microsoft
Teams Interview

[2] M. Bahurel, Client Technical Advisor and Member of FoodTrust, IBM, May 7, 2021,
Microsoft Teams Interview

[3] J. Kuiper, CEO, Vinturas, May 20, 2021 & June 22, 2021, Microsoft Teams Interview
[4] R. Hamerlinck, Team Leader on Economic and Fiscal Policy, Dutch Ministry of Infras-

tructure and Water Management, June 30, 2021, Microsoft Teams Interview
[5] F. Heijmann, Director National Committee on Trade Facilitation and Head of Trade

Relations, Customs Administration of the Netherlands, June 30, 2021, Microsoft Teams
Interview

[6] M. Sies, Business Development Executive and Member of TradeLens, IBM, June 30,
2021, Microsoft Teams Interview

[7] S. Jeacocke, Associate Partner, Global Customs Lead and Member of TradeLens, IBM,
June 30, 2021, Microsoft Teams Interview
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B
Evaluation Form

Date

Interviewer: Angelos Kofos, TU Delft

Interviewee:

This document is for the evaluation of the CE visibility evaluation framework produced dur-
ing the research project “Accelerating the transition to Circular Economy: The development
of a CE visibility evaluation framework for blockchain-enabled data pipeline solutions”. The
purpose of the interview is to evaluate the effectiveness of the framework and the fulfillment
of the identified requirements.

Please evaluate whether the requirements and the research objective presented in the
following table are addressed sufficiently by the CE visibility evaluation framework. The
requirements are classified into two categories:

• Functional requirements (FRQ): the functions that the framework should provide.

• Non-functional requirements (NFRQ): general qualities that the framework should
have.

Objective and Requirements
Response

Yes No Partially

FRQ.1
The CE visibility evaluation framework should capture the supply
chain entity hierarchy.

FRQ.2
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the identities of the supply chain entities.

FRQ.3
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the location of the supply chain entities.

FRQ.4
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the status of the supply chain entities.

Continued on next page
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B. Evaluation Form

FRQ.5
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the events of the supply chain entities.

FRQ.6
The CE visibility evaluation framework should extend the supply
chain entity hierarchy by including ingredients.

FRQ.7
The CE visibility evaluation framework should assess the
blockchain-enabled data pipelines based on their ability to capture
the condition of ingredients or items.

FRQ.8

The CE visibility evaluation framework should assess blockchain-
enabled data pipelines based on their ability to provide visibility
from the seller in the exporting country to the buyer in the import-
ing country.

FRQ.9
The CE visibility evaluation framework should assess blockchain-
enabled data pipelines based on their ability to shed light in pro-
duction (including product design).

FRQ.10
The CE visibility evaluation framework should assess blockchain-
enabled data pipelines based on their ability to shed light in the
flows of secondary raw materials.

FRQ.11
The CE visibility evaluation framework should provide assess
blockchain-enabled data pipeline solutions based on their ability
to enforce compliance at national borders.

FRQ.12
The CE visibility evaluation framework should highlight the need
for blockchain interoperability.

FRQ.13
The CE visibility evaluation framework should explicate the im-
portance of identifying the participants of blockchain-based data
pipeline solutions.

FRQ.14
The CE visibility evaluation framework should reap the benefits of
available CE information tools.

NFRQ.1
The CE visibility evaluation framework should be able to illustrate
the visibility offered by the blockchain-enabled data pipeline solu-
tions in a simple way.

NFRQ.2
The CE visibility evaluation framework should contain standard-
ized terminology.

NFRQ.3
The CE visibility evaluation framework should illustrate the extent
to which a blockchain-based data pipeline serves CE purposes.

Goal
The development of a framework that evaluates the potential of
available blockchain-based information systems to enforce compli-
ance with CE policy instruments by acting as monitoring systems.

Please write below if you have any suggestions to improve the CE visibility evaluation frame-
work (e.g., missing elements, better design).

Thank you for your participation,

Angelos Kofos

145



C
Key documents stored by the platforms

This chapter contains examples of some of the documents discussed in Chapter 4. The
documents can play an important role in the CE context by acting as information sources for
the CE auditing actors (e.g., policymakers, customs authorities, banks). Section C.1 contains
some shipping documents stored by TradeLens, namely, commercial invoice, packing list,
bill of lading, and dangerous goods declaration (DGD). Section C.2 presents two certificates
related to organic cotton stored by FoodTrust, the GOTS certificate, and the OEKO-TEX
standard 100 certificate. The former certificate denotes that each phase of manufacturing
satisfies strict regulations, while the latter one is awarded to textiles that do not contain
harmful substances. Finally, section C.3 shows two key documents captured by Vinturas,
the CMR and the CVO.
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C.1. Documents stored by TradeLens C. Key documents stored by the platforms

C.1. Documents stored by TradeLens

Figure C.1: Commercial invoice (Rukanova & Tan, forthcoming 2021)
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C.1. Documents stored by TradeLens C. Key documents stored by the platforms

Figure C.2: Packing list (Rukanova & Tan, forthcoming 2021)
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C.1. Documents stored by TradeLens C. Key documents stored by the platforms

Figure C.3: Bill of lading (Rukanova & Tan, forthcoming 2021)
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C.1. Documents stored by TradeLens C. Key documents stored by the platforms

Figure C.4: DGD document (DHL, 2021)
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C.2. Documents stored by FoodTrust C. Key documents stored by the platforms

C.2. Documents stored by FoodTrust

Figure C.5: GOTS certificate (Carrefour, 2021b)
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C.2. Documents stored by FoodTrust C. Key documents stored by the platforms

Figure C.6: OEKO-TEX certificate (Carrefour, 2021b)
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C.3. Documents stored by Vinturas C. Key documents stored by the platforms

C.3. Documents stored by Vinturas

Figure C.7: CMR document (Vervo, 2021)
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C.3. Documents stored by Vinturas C. Key documents stored by the platforms

Figure C.8: CVO document (KVK, 2021)
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D
Outcomes in DSR

Table D.1 summarizes the main research outputs of DSR and their definitions.

DSR Output Definition

Construct
A conceptualization used to describe problems and

identify solutions.

Model
A set of propositions or statements expressing

relationships among constructs.
Method A set of steps used to perform a task.

Instantiations The realization of an artifact in its environment.

Table D.1: Research outputs in DSR, taken from Brady et al. (2013)

The following tables present the sub-categories of the above-described main categories.

DSR Output Definition

Language
A set of concepts or symbols, rules for combining them,

and rules for interpreting combinations.

Meta-model
A set of concepts graphically represented, with rules for

combining them.

Concept
A new construct added to an extant language or

meta-model.

Table D.2: Artifacts in construct category, taken from Sangupamba Mwilu et al. (2016)
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D. Outcomes in DSR

Artifact Definition
System design A structure or behavior-related description of a system.

Ontology
An explicit formal specification of a shared

conceptualization.

Taxonomy
A classification of objects in a domain of interest, based

on common characteristics.
Framework A logical structure for organizing complex information.
Architecture High-level structures of systems.

Requirement
A condition or capability that must be possessed by a

system.

Table D.3: Artifacts in models category, taken from Sangupamba Mwilu et al. (2016)

Artifact Definition

Methodology
A predefined set of steps and guidelines, with associated

techniques and tools.
Guideline A suggestion regarding behavior in a particular situation.

Algorithm
An executable sequence of operations for performing a

specific task.
Method

fragment
A method component that can be treated as a separate

unit and reused in a different context.

Metric
A function that assigns a number or symbol to an entity to

characterize an attribute or a group of attributes.

Table D.4: Artifacts in methods category, taken from Sangupamba Mwilu et al. (2016)
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