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ABSTRACT

The digital product passport has been introduced as a policy instrument to enable
traceability throughout the product life cycle and to support a circular economy. Any-
how, as a relatively new concept, there are a lot of uncertainties throughout the
industrial landscape regarding the challenges and opportunities it brings. One such
branch of industry is the furniture sector. In this paper, we present a DPP solution for
furniture industry based on blockchain technology and inspired by a design thinking
mindset. Through a prototype implementation, we highlight the key aspects such as
data governance, stakeholder constellation, data interoperability, and data integrity
that have significant research potential. Furthermore, we discuss these key concepts
of DPP through the lens of eco-design principles in order to promote sustainability,
improve energy efficiency, and protect the environment.
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INTRODUCTION AND BACKGROUND

In the current business landscape, organizations are actively striving to
enhance competitiveness via the adoption of two transformational strategies:
circular transformation and digital transformation (Ingemarsdotter et al.,
2020). Despite exhibiting unique value potentials, there is a growing body of
research that establishes a connection between the two goals (Chauhan et al.,
2022), sometimes referred to as the notion of a smart circular economy. The
emerging concept of the circular economy is increasingly receiving attention
and prominence among policymakers and business stakeholders. The signifi-
cance of the circular economy for companies is supported by several sources,
such as the recent Circular Economy Action Plan of the European Union
(EU, 2020) and an expanding corpus of research (Korhonen et al., 2018;
Hohmrich et al., 2018). Nevertheless, it is important to acknowledge that
the global economy does not currently exhibit circular characteristics. This
may be attributed to several factors, such as inadequate levels of transparency,
standardisation, and data exchange (Kirchherr et al., 2023).

Emerging digital technologies possess the primary capability of effectively
monitoring and tracing items over their entire life cycle. As a result, these
technologies contribute significantly to the improvement of supply-chain
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transparency and the collection of data, thereby enhancing the adoption
of a circular economy (Neligan et al., 2022). In this context, in order to
make sustainable products the norm in a more resilient single market (EU,
2022), Digital Product Passport (DPP) has emerged as a next step. Digital
product passports primarily have been proposed as policy instruments to
enable decision-making throughout product life cycles in favour of a circu-
lar economy (Jansen et al. 2023). Anyhow, despite the great idea, the lack
of conceptualization, and the relatively weak connection towards industries,
the DPP brings uncertainties and challenges across the industrial landscape.
One such industry that is facing uncertainties regarding the development and
implementation of DPP is also the furniture sector.

The implementation of a product passport for furniture has significant
promise in facilitating the advancement of circular production, fostering
more resource-efficient value chains, and enhancing global competitiveness
(King et al., 2023). This aligns with some of the global objectives outlined
in Agenda 2030. Primarily, the aforementioned statement pertains to the
achievement of Sustainable Development Goal 12, which focuses on sustain-
able consumption and production, as well as Goal 13, which aims to combat
climate change. The achievement of these objectives is heavily reliant on the
incorporation of sustainable new production methods, enhanced resource
efficiency, and the establishment of circular flows.

The EU aims to make it mandatory that DPP be implemented in the fur-
niture sector, which implies an advanced digitalization of the sector. The
furniture sector represents a typical manufacturing industry characterized by
a standardized value chain, and all manufacturing branches could benefit
from the knowledge of the DPP. Although we concentrate on the furniture
industry in this work, the knowledge and expertise gained from it will be use-
ful for any other manufacturing value chain that the aforementioned figure
can represent.

The rest of the paper is structured as follows, in the next section, we
position our work within the scope of the current state of the art of DPP.
After, we present our prototype depicted through a design thinking mindset.
This is followed by discussions and analysis of the key concepts of DPP, and
then we conclude with a critical discussion regarding these concepts from the
eco-design lens.

PROPOSED APPROACH

We consider the design thinking mindset as a methodology in the develop-
ment of the digital product passport prototype. Design thinking resides in
the intersection and balancing between desirability, feasibility, and viability
(Menold et al., 2016). In this respect, desirability is defined as needs and
requirements from a human point of view; feasibility is what is possible using
existing or within-reach technology; and viability considers the economic
sustainability within the ecosystem.

Design thinking is also characterized by concrete phases that facilitate
the innovation process, from early inception, when the issue at hand is
poorly defined, until a solution is proposed and evaluated. These four phases
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(Empathize, Define, Ideate and Prototype, and Iterate and Test) are fur-
ther combined with two more phases (Sustainability and Collaboration, and
New Sustainability Practices) as depicted in Figure 1. Inspired by the work
of Lewrick et al. (2018), we describe each phase below:

Figure 1: Design thinking and the DPP lifecycle.

• Empathizing with users: The aim of this initial phase is to develop a
comprehensive understanding of needs and anticipations of individuals
who will engage with DPP, which will contribute to the development of a
user-friendly interface.

• Problem definition: Based on users’ needs, the problem is defined, which is
aimed to be solved through the implementation of the DPP. Additionally,
this phase aims to identify the environmental and sustainability challenges
it should address by means of merging practical empirical data with
research-based evidence.

• Ideation and Prototyping: Once we understand the problem, the next
phase is to generate innovative ideas for the features and functionalities
that should be embedded into the DPP. Initially, by brainstorming several
ideas as potential solutions and then prototyping a selection of such ideas
into a prototype, we will aim to create a tangible outcome to be tested
for a proof of concept validation. Following the principle of software
independence, by utilizing XML, we can represent structured informa-
tion, documents, and data in a format that can be used independently of a
particular software. This ensures that the data identifiers of a product and
DPP information are transferable from one software system to another.
The use of verified data would function as a sort of certification, ensuring
the reliability and credibility of information on its source and the circum-
stances under which it was produced. In relation to intellectual property
(IP) protection, in accordance with (Berg et al. 2022), we will consider that
data providers should maintain direct control over the data they provide,
ensuring data sovereignty, and take measures to securely preserve the data
to prevent illegal access.
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• Testing and iteration: By means of various testing methods, we will gain
user feedback to ensure that the passport provides accurate and real-
time information about a product’s environmental impact. Adopting an
iterative approach in this phase, but also on the entire cycle, the aim
is to continuously improve the solution. Additionally, aspects of ensur-
ing the usability of DPP and compliance with national and international
regulations, will be central to this phase.

• Collaboration: Collaboration is crucial in ensuring the success of the
passport in promoting sustainability. This involves engaging with many
stakeholders across the supply chain, such as producers, consumers, and
regulators.

• Sustainability Integration: The objective of this phase is to conduct sus-
tainability integration by incorporating measurements and data related to
sustainability into the DPP, aligning it with the principles of the circular
economy (Westerlund, 2023).

• Continuous Improvement: Continuous improvement is a crucial aspect
that should be maintained in order to foster development and enhance
and refine various processes and practices. It is essential to continually
update the passport in order to include evolving sustainability criteria and
practices.

The pre-sale phase in Figure 1 corresponds with data entry and the cre-
ation of the DPP. Relevant actors in this phase include authorities, product
producers, and parts producers. The after-sale phase is related to sustainabil-
ity integration and collaboration, where a change of owner and repairs can
also take place. Actors relevant to this phase include resellers, owners, repair-
ers, etc. Lastly, the after-life phase deals with life-cycle data, such as the sales
volume of a product, which can be used to anticipate how much waste to
expect at any given time and the amount of resources that could be recycled.
Actors relevant to this phase include authorities, owners, and recyclers.

Figure 2: Blockchain as an enabler for DPP.
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As presented in Figure 2, a model incorporating blockchain technology
and related principles has been proposed with the aim of enhancing the sup-
ply chain ecosystem within the furniture sector. Blockchain technology is
characterised by its decentralised nature. Decentralisation signifies that the
entire supply chain ecosystemwill not be under the authority of a single entity
(Xia et al., 2023). Without the need for intermediaries, any entity on the
network is capable of communicating with any other entity. Each piece of
information will be decentralised for storage. Even if a portion of the systems
are offline, the network’s efficacy will not be impacted. Every transaction is
readily observable by all relevant parties. Additionally, historical data is pre-
served within the blockchain, enabling the client to readily authenticate the
product’s origin. Our proposed model, APPEND, employs blockchain tech-
nology to ensure the security of digital documents uploaded by supply chain
stakeholders, including parts data and more. This is achieved through the use
of the Ethereum blockchain and the interplanetary file system (IPFS).

In Figure 2, we present a typical value chain depiction across all the stages.
The figures identify both stakeholders and their involvement across differ-
ent stages of the value chain. Furthermore, it also represents the data stream
needed for increased interoperability between different providers in the value
chain. The main components of the proposed model comprise (1) digital doc-
uments, (2) the Ethereum blockchain, (3) an IPFS, and (4) system users as its
primary components. Every component is incorporated in order to facilitate
the exchange of information between them. IPFS facilitates the storage and
retrieval of data, including documents, websites, and applications. By means
of a content addressing scheme, the address of a specific file is determined by
its content. When a file is saved on IPFS, it generates a unique cryptographic
hash. This hash serves as the file’s identifier or address (Saurabh and Dey,
2021). In the proposed model, digital documents would be securely saved in
an encrypted format on the IPFS.

The proposed solution is seen as a socio-technical system, as it includes
both the human and the technical sides. Therefore, a values-based systems
engineering requirements process is adopted that prioritises a design for
systemic change (IEEE, 2021).

DISCUSSION AND IMPLICATIONS

The DPP system comprises multiple actors, organisations, processes, and
technical systems that need to interoperate to achieve the overarching capa-
bility. Thus, data interoperability in the DPP system is required for cross-
company information exchange between stakeholders. The European Com-
mission seems to propose a decentralized approach to data governance for
DPPs (Ducuing and Reich, 2023). However, there is a lack of clarity over how
the many stakeholders would coordinate their efforts, including updates on
diversity and inclusion, quality assurance, and interoperability. In our case,
the European Interoperability Framework (EIF) principles of the European
Commission are followed (National Interoperability Framework Observa-
tory, 2022), which cover legal, organizational, semantic, and technical aspects
of interoperability. Regarding the technical requirements for interoperability,
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data formats and schemes describing the product will be standardized (Berg
et al., 2022) so that data from a particular DPP system can be processed by
different DPPs.

Data governance is an integral aspect of DPPs, primarily aimed at address-
ing the challenges related to ownership, trust, stakeholder coordination, and
competing interests. Although recognition of the importance of data gov-
ernance is widespread, there has not been a comprehensive examination of
the specific goals and limitations that influence the alignment between DPPs
and the many governance alternatives that are now accessible (Ducuing and
Reich, 2023). Governance of data flow on the input side of DPPs is crucial,
particularly due to the lack of alignment between the data life cycles (cre-
ation, integration, and consumption) and the underlying product life cycle.
The generation of data is a prerequisite for the assembly of the product, and it
is possible that the information may need to persist even after the product has
been destroyed. The governance of the DPP, including many components like
systems, databases, and registries, can be seen as a purposeful infrastructure
facilitating the transition to the circular economy.

Nowadays, there are a range of technological approaches and solutions
that enable the traceability and consistency of data. When it comes to trace-
ability, blockchain is considered a promising solution to improve certain
data quality dimensions, including data consistency, traceability, and avail-
ability. We aim to use blockchain for data storage and also for tracing the
origin of the product components, along with the ownership of the prod-
uct. Secure data immutability will be ensured with e-signatures. Traceability
and immutability will enable supplier verification, product history, owner
history, and data protection. Having in mind the challenges identified in
blockchain and data compliance (Agrawal et al., 2021), through this work
we intend to demonstrate some examples of data traceability and ownership
and investigate these potentials for improving overall sustainability.

Increased traceability of the entire value chain within the furniture sec-
tor brings the possibility of innovating data-driven business models within
a traditional branch such as the furniture sector. Through new data-driven
business models, we’ll be investigating the transformation potential of the
existing products to be offered as services as well as improving the main-
tenance, circularity, and sustainability of products within the furniture
sector.

CONCLUSION AND FUTURE WORK

Recently, the EU has placed significant emphasis on the adoption of eco-
design principles in order to promote sustainability, improve energy effi-
ciency, and protect the environment. The principal aim of the eco-design
legislation is to address and minimize the negative environmental impacts
that are linked to products throughout their entire life cycle (EU, 2022). In
this context, the concept of the DPP is becoming a requirement for manufac-
turers and is now receiving significant interest as a transformational concept
within the framework of a green and circular economy. For this purpose, we
propose the idea of developing a DPP system in the furniture industry.
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We consider the design thinking mindset as a methodology in the devel-
opment of the blockchain-enabled digital product passport prototype in
the furniture sector. The use of blockchain technology is considered due
to its potential to greatly facilitate the creation of secure digital product
passports. The use of blockchain technology in digital product passports is
advantageous due to its fundamental characteristics, including immutabil-
ity, transparency, and decentralisation. These aspects contribute to increased
levels of security and dependability, enhanced authenticity, and circularity.
Thus, organisations can improve trust and transparency by using public
blockchain technology to construct passports that facilitate the establish-
ment of immutable records pertaining to ownership, origin, and use, thereby
increasing trust and transparency. The integration of a digital product
passport and the transparency offered by blockchain technology present
crucial information on the life cycle of a product, hence providing a safe
and transparent solution. The potential that DPP holds to revolutionise
supply chains and enhance consumer trust in the furniture industry is
undeniable. It has recently catalysed positive change and empowered the
research community to explore innovative approaches that elevate the entire
industry.

As a future work, our target is to provide a demonstratible solution to
the DPP while validating the data traceability, integrity, ownership, and
governance as underlying concepts for a successful and sustainable imple-
mentation of the DPP. Therefore, the novelties that this work aims to bring
are the following: 1) novel implementation of the DPP system within the
furniture sector; 2) harnessing state-of-the-art research related to data trace-
ability, ownership, and governance and their adoption in the design process;
3) testing and validation of DPP implementation across the full value chain
in the furniture sector, from pre-sale until after life
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