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Abstract: The wood industry faces challenges from multiple angles, markedly from rapidly
changing market environments, policy and compliance demands, and, in general, the digitalisation
of its core processes. A particularly challenging area is the transition to digitalised, cross-domain
supply chain management. Thus, this paper addresses the furniture industry’s transition from
analogue to Digital Product Passports (DPPs) following the EC’s initiative to promote circularity,
foster innovative business models, and assist in sustainable product management. This paper
provides a blueprint DPP for the furniture industry that explores not only what requirements can
be expected from the upcoming regulations but also how existing data management practices can

be adapted to meet these requirements.
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1. INTRODUCTION

In recent years, digitalisation has shown its impact on
many sectors, especially when considering its potential
and side effects with regard to major societal challenges
such as sustainability (Lampoltshammer et al., 2021).
The paradigm shift resulting from digitalisation directly
impacts the operational aspects of companies and hence
also redefines their market position (Busch et al., 2015).
This effect becomes apparent when looking closely at the
changes within internal processes, the required technical
infrastructure, and the increased and changed qualification
requirements for employees (Miiller-Jentsch, 2007). These
changed requirements redefine the efficiency and effective-
ness of a business, which directly manifests in its com-
petitiveness (Peneder et al., 2016). That being said, many
businesses still struggle due to the aforementioned plethora
of challenges to identify their individual perspective on
the innovation potential of digitalisation in relation to the
increased efforts during the transition period (Parviainen
et al., 2017).

One sector that suffers from the before-described situa-
tion is the wood industry. This situation is of particular
interest, as the wood industry faces challenges due to the
economic decline of the sector and, hence, the increasing
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and the German Federal Ministry for Economic Affairs and Climate
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pressure for innovation and new business models (Nayh4,
2020; Ranacher et al., 2023; Gallina et al., 2023). While
research has demonstrated the benefits of digitalisation in
the form of Industry 4.0 applications for the wood industry
(Miiller et al., 2019), the sector still faces a huge, untapped
potential (Ranacher et al., 2023). This is particularly
true for enhanced networking and on-demand services to
increase customer focus and reach new customer groups
(Kies et al., 2018). A domain where these aspects are of
high importance is supply chain management. Here, inter-
connectivity and data, in general, play a crucial role (Liu
et al., 2018), yet the wood industry remains within the role
of slow adaptors (Figorilli et al., 2018) and faces constant
challenges regarding the topic of data governance (Santos
et al., 2019).

Some businesses in the wood industry, especially the fur-
niture industry, which has a significant share in the wood
industry, currently provide limited information on their
products through analogue product passports (APP) or
product folders, designed mostly for customers, reflecting
a conventional approach to data governance. Given the
limitations of analogue formats, the Digital Product Pass-
port (DPP) proposed by the European Commission (EC)
emerges as a crucial catalyst for overcoming obstacles to
a circular economy and enhancing environmental sustain-
ability in the wood industry. The DPP represents a trans-
formative tool for various stakeholders, offering extensive
benefits that transcend mere legal compliance (WBCSD
and BCG, 2023). For businesses, the DPP facilitates sus-
tainable growth through improved environmental perfor-

2405-8963 Copyright © 2024 The Authors. This is an open access article under the CC BY-NC-ND license.
Peer review under responsibility of International Federation of Automatic Control.

10.1016/j.ifacol.2024.09.175



230 Arko Steinwender et al. / IFAC PapersOnLine 58-19 (2024) 229-234

mance, allows the development of new business models,
and provides competitive advantages among eco-conscious
consumers. Customers benefit from transparent informa-
tion about product origins, promoting loyalty and enabling
value-aligned purchasing decisions. Public entities gain a
streamlined instrument for regulatory checks. Craftsmen
and repair professionals receive detailed product handling
information, while recyclers obtain critical data for eco-
friendly practices. Overall, the DPP is a cornerstone for
sustainability, efficiency and customer engagement across
the product life-cycle.

Our paper addresses the necessary steps and challenges
in the transition from APP to DPP in the wood industry
using the example of furniture production. The paper is
structured as follows: Section 2 presents ongoing activities
concerning cross-company data sharing in the wood indus-
try as well as the DPP. Section 3 discusses the activities
using a specific use case from the furniture industry, where
the transition from an APP to a digital equivalent is
underway. Section 4 presents a furniture DPP blueprint,
and section 5 completes the paper with conclusions and
recommendations for future work.

2. DATA SHARING AND THE DPP IN THE WOOD
INDUSTRY

2.1 Digitalisation Maturity in the Wood Industry

The wood industry is as diverse as its stakeholders, ap-
plication areas, and resulting products. Hence, providing
a comprehensive overview of all aspects of digitalisation
is beyond this paper. However, the authors would like
to provide a basic guideline of aspects and dimensions
to be considered when analyzing digitalisation within the
wood industry. For this purpose, the authors refer to the
work of Ranacher et al. (2023), who differentiate, based
on the work of Saam et al. (2016), three distinct levels of
digitalisation that can be used to categorise development
within the wood industry. Each of these levels, in turn, is
divided into external digitalisation aspects, internal digi-
talisation aspects, and the aspect of knowledge basis. On
the first maturity level, an example of external digitalisa-
tion is the website of the organisation. Internal digitali-
sation would refer to, e.g., Enterprise Resource Planning
(ERP) systems and the knowledge basis would cover basic
knowledge about digitalisation as such. On the second
maturity level, the use of external social media or internet-
based applications, in general, would represent external
digitalisation factors, while big data analysis or cloud
computing scenarios would cover internal digitalisation
examples. On the third maturity level, external digitali-
sation would cover, e.g., business models based on digital
products and services, while the internal digitalisation
aspect would focus around, e.g., industry 4.0 applications.
Using this maturity system, studies, e.g.,Ranacher et al.
(2023), have demonstrated that within the SME sector,
digitalisation is embraced as a chance for an increase in
value creation. However, the technological aspect is often
in the foreground, and comprehensive digitalisation strate-
gies, together with the associated competence increase, fall
behind.

2.2 DPP initiatives

One of the biggest obstacles to a more circular economy
and higher environmental sustainability of products is the

lack of relevant information for various actors along the
value chain (Rusch et al., 2022). With the DPP, the EC
aims to tackle this issue by introducing unique identi-
fiers on products to facilitate the collection, storage and
stakeholder-specific data sharing throughout their life cy-
cle. Anchored in the Ecodesign Regulation for Sustainable
Products (ESPR), the DPP aims to promote circular-
ity, foster innovative business models, assist consumers in
making sustainable choices, and aid authorities in com-
pliance verification (FEuropean Commission, 2022). The
ESPR, in turn, seeks to mitigate negative environmental
impacts throughout the product life cycle, enhance the
internal market’s efficiency, and drive the circular econ-
omy forward. Consequently, the DPP is recognized as an
enabler of the circular economy.

At the European level, a categorical differentiation is es-
tablished between the DPP system and DPP data. DPP
system concerns the question of "How?” - i.e. how a DPP
must be structured in order to fulfil all requirements. In
contrast, DPP data deals with the question of "What?” -
i.e. what data is stored in the DPP. This will be defined
in delegated acts under the ESPR for individual product
groups. Noteworthy information encompasses recyclabil-
ity, sustainability metrics, and value retention aspects such
as reuse and recycling. Batteries are the first product
group for which the use of a DPP will be a legal require-
ment as of 2027 through the recently adopted Battery
Regulation (European Commission, 2020). Among other
products — such as textiles, toys, electronics, tires and
cosmetics — furniture regulation is highly prioritised at the
European level. This paper focuses on the DPP data for
furniture.

Several scientific works try to explore the potential of DPP
data in various fields. Berger et al. (2023) address the data
requirements for the digital battery passport in sustainable
battery management. They analyse data availability and
criticality for all actors in the supply chain and for both the
design and end-of-life phases. Situated in the mechatronics
context, Jensen et al. (2023) analyse the data needs of
different stakeholders for DPPs and identify seven data
clusters. The paper emphasises the differences among the
stakeholders and encourages the exploration of the use
of the DPP for decision-making in different industries.
Reich et al. (2023) contribute to the goal definition of
the DPP by circular product strategies and conclude that
the DPP can enhance several R-strategies for electronics.
Szaller et al. (2023) deal with quantified benefits of the
DPP and show in industrial use cases how the DPP can
reduce uncertainties and increase efficiency in case of re-
manufacturing.

Turning our focus on the furniture DPP, several initiatives
can be mentioned. Mdbelfakta is a sustainability label for
furniture. It is a general reference system open to all and
conforms to the specifications delineated by ISO Standard
14024, meaning that the products meet environmental
requirements set by an independent third party and get
continuously tightened and that they are developed from
a life cycle perspective (Mobelfakta Sverige AB, 2024).
The Nordic Blockchain Alliance explores the potential of
a DPP building on a common Nordic blockchain by draw-
ing on knowledge sources from various North European
countries focusing on the furniture, fashion and design
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sectors. (Sedin, 2023). The initiative of the Chalmers In-
dustriteknik focuses on furniture DPP data, specifically
related to circularity (Linden, 2021).

To the best of the authors’ knowledge, no scientific pa-
per deals with the possible content of a furniture DPP.
Therefore, this paper sets out to provide a first version
of a blueprint for furniture DPP data requirements and
thus addresses the following research question: ”What kind
of data does a furniture DPP have to offer to support
furniture value chain actors in their sustainability-oriented
product management?”

3. INTRODUCING A DPP IN THE FURNITURE
INDUSTRY - A USE CASE

3.1 Owverview of the Use Case

In furniture production, numerous questions arise in con-
nection with the transition from an APP to a digital one.
Traditionally, (analogue) product passports in this sector
have been primarily designed for end consumers, focusing
mainly on the material wood. Essential information such as
the original location of the tree and the date of felling have
been of particular interest to customers. The envisioned
digital transformation of this product passport draws in-
spiration from the most advanced concepts at the Euro-
pean level, notably the DPP for batteries. This adaptation
aims to broaden the circle of stakeholders from forest
owners and foresters to sawmills, furniture manufacturers
and distribution platforms through to end consumers and
beyond.

3.2 Context and Scope

The furniture industry’s shift towards a DPP is driven
by the need for more efficient data generation, storage
and retrieval processes. Currently, customer-relevant data,
including production details, are accessible only upon re-
quest through conventional communication channels. The
transformation of the product passport into a digital for-
mat aligns with the EC’s requirements for DPPs, em-
phasizing not only customer-centric information but also
data reflecting the product’s environmental impact or con-
taining information regarding durability, reusability, etc.
The DPP’s extended scope is anticipated to cover various
stages of the product life-cycle, including various stake-
holders, thereby facilitating strategies for repair, refurbish-
ment, recycling and other circular economy practices.

3.8 Actors and their Roles

The stakeholder spectrum in this use case encompasses
forest owners, foresters, sawmill operators, furniture man-
ufacturers and online distribution platforms, extending up
to the end consumer. Each actor plays a critical role in
the furniture life cycle, from the sourcing of wood to the
final product delivery. The transformation from an APP
to a DPP necessitates a collaborative effort among these
stakeholders to ensure accurate and timely data record-
ing and updating. The DPP initiative seeks to provide a
comprehensive, accessible and (near)real-time data repos-
itory beneficial for all involved parties, thus enhancing
transparency and traceability in the furniture production
process. In addition, the framework should also offer the

opportunity to consider and include other stakeholders
across the entire product life cycle as well as system
providers and regulatory bodies in DPP-based data service
ecosystems. Figure 1 gives an overview of the stakeholders.

8.4 APP in the Furniture Industry

In the high-end furniture and wood industry, current con-
cepts based on an APP are tailored towards consumers
who are both price-conscious and place a high value on sus-
tainability. Beyond sourcing information, additional data
is collected throughout the value chain, which, although
not included in the APP, can be accessed "manually” upon
request. Presently, the APP serves as an ancillary service
to premium furniture pieces. However, the inception of
the APP has sparked a notion that user-relevant data
already being gathered could be amalgamated with other
value-adding information generated across the production
chain. This integration could further be enhanced with sus-
tainability indicators required by regulatory authorities,
thereby enriching the data spectrum beyond the tradi-
tional scope of the APP. This evolution from an analogue
to a more comprehensive DPP in the furniture industry
reflects a growing interest in leveraging existing data for
broader value creation and compliance with sustainability
standards. By embracing the DPP, companies can not
only comply with evolving EU regulations but also drive
innovation, enhance sustainability and strengthen their
market position. However, successful implementation will
require concerted efforts across technology, collaboration,
and education to overcome challenges and maximize the
benefits of the DPP initiative.

4. FURNITURE DPP BLUEPRINT: SUGGESTION
FOR A FURNITURE DPP

Transforming from an APP to a DPP entails a compre-
hensive transformation process that necessitates meticu-
lous planning, stakeholder engagement, and technological
adaptation. The following aspects have to be studied be-
fore starting with digitization and DPP introduction.

Based on existing frameworks (Kebede et al., 2023), sev-
eral considerations emerge as essential in facilitating this
transition effectively (University of Cambridge Institute
for Sustainability Leadership (CISL) and the Wuppertal
Institute, 2022). The necessity of a holistic and inclusive
approach (Gunnarsson and Mignot, 2023) emphasizes ac-
tive stakeholder involvement from manufacturers, suppli-
ers, regulators and consumers. This engagement is crucial
for gathering diverse perspectives on data requirements
and ensuring that the DPP meets the varied needs of
all stakeholders. To ensure efficacy and compliance, the
transition must be in strict alignment with regulatory
frameworks, particularly the ESPR introduced by the EU,
which sets the groundwork for sustainable product life-
cycle management and market access. In the use case
examined in this paper, prior insights from various battery
passport projects (e.g., CIRPASS) constitute the essential
basis for the required data sets in relation to European
regulations, which is necessary also for furniture DPP.

The initial phase of this transformation journey involves
defining the essential data sets to be incorporated into
the DPP. These data sets should encompass regulatory
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Fig. 1. Stakeholder overview

requirements, ensuring compliance with regulations re-
garding material composition, energy efficiency and recy-
clability, among others. The structured approach of the
battery passport, with its emphasis on regulatory adher-
ence and life-cycle tracking, offers a valuable blueprint for
this purpose. Additionally, integrating customer-centric
sustainability indicators, such as durability, repairability,
and carbon footprint, will further enrich the DPP’s value
proposition, aligning it with consumer expectations and
sustainability goals (Stratmann et al., 2023; Gunnarsson
and Mignot, 2023).

The subsequent implementation phase focuses on estab-
lishing efficient data collection and integration mecha-
nisms, capturing information across the product lifecycle,
from manufacturing to end-of-use. Leveraging advanced
technologies will automate this process, enhancing data
integrity and making the DPP readily accessible to users.
Providing comprehensive training and support to stake-
holders, especially small and medium companies, is vital
in facilitating the transition and maximizing the DPP’s
utility. Lastly, a commitment to continuous improvement,
through regular feedback and updates, will ensure that the
DPP remains adaptive to evolving regulatory landscapes,
market trends and technological advancements, thereby
sustaining its relevance and efficacy in promoting product
sustainability and transparency.

This paper focuses on data to address the aforementioned
aspects of regulations, customer information, manufac-
turer data, etc. The current information available in the
form of an APP is summarized in Table 1 and investigated
in the DPP context with the first approved DPP-related
regulatory text for a particular product group, namely
batteries (European Commission, 2020).

5. CONCLUSION

Professionals in the wood and furniture industry must
acquire a diverse skill set to navigate the digital transfor-
mation. Key skills include digital competency, awareness
of data security, technological proficiency, and ICT profi-
ciency (CENFIM, 2019). The shift to digital processes ne-
cessitates integrating technical knowledge with cognitive,
social, and behavioural competencies, emphasizing adapt-

L Carpentry
sends data to»] [Organisation]

ability to changes and a proactive mindset for continuous
learning and improvement.

Technological implementation of the DPP in the furniture
industry remains uncertain. Thus, it is fundamental to
explore diverse technological solutions (e.g. data service
ecosystems, blockchain etc.), ensure interoperability, and
assess the integration of DPP into existing I'T systems and
business processes. Issues such as differentiated access lev-
els for stakeholders, data security, privacy, and measures
against manipulation demand a thorough investigation
as part of the overarching requirement to enhance the
DPP’s effectiveness. Additionally, examining data verifi-
cation methods, such as assurance mechanisms, is crucial
for maintaining information integrity within the DPP.

As the investigated use case partner already has an APP,
the question for them:”How should the already ezisting
data management be modified to be well-prepared for the
upcoming furniture regulations and DPP?”

Despite the implementation challenges, the DPP presents
significant innovation potential. In concluding, the initial
phase of implementing Digital Product Passports (DPPs)
in the furniture industry, as detailed within this paper,
underscores the paramount importance of stakeholder en-
gagement and regulatory compliance, setting a robust
foundation for sustainable product management. As a next
step, a Technology Assessment remains a critical area
for future exploration, vital for identifying and bridging
digital capabilities essential for the seamless integration of
DPPs. A further phase needs to focus on the development
and pilot testing of the DPP framework. This phase is
crucial for validating the proposed structure, refining data
standards, and ensuring the system’s adaptability and ef-
fectiveness across varied product lines within the industry.
Looking ahead, the expansion of our horizon to encompass
full-scale implementation, meticulous integration of supply
chains, and the nurturing of consumer engagement signifies
a transformative journey towards a circular economy. This
trajectory not only underscores the potential of Digital
Product Passports (DPPs) to revolutionize the furniture
industry by enhancing sustainability and generating value
for all stakeholders but also positions DPPs as a catalyst
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Table 1. Information and data requirements in the analogue (APP) and digital product passport
(DPP) for furniture based on the current status of the battery pass

Access Category Data DPP APP
(a) information specified in Part A of Annex VI manufacturers identification X x
product category b'q X
product identification X ?
manufacturing place X X
manufacturing date X X
weight X X
capacity chemistry - -
hazardous substances X -
usable extinguishing agent - -
critical raw materials X -
(b) material composition chemistry x -
hazardous substances x -
critical raw materials X -
(f) carbon footprint differentiated per life cycle product CO9 X -
(g) responsible sourcing X x
(h) recycled content information x -
(ha) share of renewable content x -
public (i) rated capacity (in Ah) - -
(j) voltage, with temperature ranges - -
(k) orig. power capability (W) - -
(1) expected lifetime ? -
(m) capacity threshold for exhaustion - -
(n) withstand temperature X -
(o) warranty period X X
(p) energy efficiency - -
(q) internal resistance - -
(r) C-rate of relevant cycle-life test - -
(s) labelling requirements ”separate collection” or more X X
marking symbol for metal concerned X X
(t) EU declaration of conformity X x
(u) waste prevention and management information on prevention X -
(a) detailed composition X -
(b) component part numbers with contact details X X
(c¢) Dismantling information showing the location of battery cells X X
disassembly sequences X X
restr.’ fastening techniques to be unlocked - -
tools required for disassembly X
amount and layout of cells - -
(d) safety measures X -
restr.% (a) results of test reports proving compliance X -
(a) performance and durability parameters - -
restr.’®®  (aa) state of health of the product - -
(b) status of the product - -
(c) usage data - -
water consumption X -
energy consumption x -
tbd specific for furniture fair work conditions X -
logistic data X -

restr.’: product model-related information accessible only to interested persons and the commission;

restr.?: product model-related inform. accessible only to notified bodies, market surveillance authorities and the commission;
p y ) tl

restr.””*: information related to an individual product and accessible only to interested persons;

for redefining business models. Through providing compre-  the dynamic capabilities and requirements introduced by
hensive data on products, manufacturing processes, supply  the DPP, marking a transformative technological and eco-
chains, and consumer insights, DPPs embody the capacity logical shift in the furniture industry.

to fundamentally transform existing industry paradigms.

By offering diverse and extensive data on products, pro- 6. ACKNOWLEDGEMENT
duction processes, supply chains, and consumers, the DPP
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234 Arko Steinwender et al. / IFAC PapersOnLine 58-19 (2024) 229-234

REFERENCES

Berger, K., Baumgartner, R.J., Weinzerl, M., Bachler, J.,
Preston, K., and Schoggl, J.P. (2023). Data require-
ments and availabilities for a digital battery passport
— a value chain actor perspective. Cleaner Production
Letters, 4, 100032. doi:10.1016/j.clpl.2023.100032.

Busch, J., Soukup, A., Dutzler, H., Loinig, M., and
Gorholt, A. (2015). Industrie 4.0-6sterreichs industrie

im wandel. Hg. PwC Osterreich GmbH Wirtschaft-
sprifungsgesellschaft. Wien.

CENFIM (2019). DIGIT-FUR: Impacts of the digital
transformation in the wood furniture industry.

European Commission (2020). Proposal for a regulation of
the european parliament and of the council concerning
batteries and waste batteries repealing directive 2006/
66/ec and amending regulation (eu) no 2019/1020.

European Commission (2022). Proposal for a regulation of
the european parliament and of the council establishing
a framework for setting ecodesign requirements for sus-
tainable products and repealing directive2009/125/ec.

Figorilli, S., Antonucci, F., Costa, C., Pallottino, F., Raso,
L., Castiglione, M., Pinci, E., Del Vecchio, D., Colle, G.,
Proto, A.R., et al. (2018). A blockchain implementation
prototype for the electronic open source traceability of
wood along the whole supply chain. Sensors, 18(9),
3133.

Gallina, V., Steinwender, A., Zudor, E., Preuveneers, D.,
and Schlund, S. (2023). Business model development
concept for smes in the era of twin transition. Interna-
tional Conference on Industry 4.0 and Smart Manufac-
turing, Lisabon, Portugal, in print.

Gunnarsson, K. and Mignot, N. (2023). Adaption of the
digital product passport. a qualitative study within smes
in the swedish furniture sector. Technical report, Degree
Work, Linnaeus University, Sweden.

Jensen, S.F., Kristensen, J.H., Adamsen, S., Christensen,
A., and Waehrens, B.V. (2023). Digital product pass-
ports for a circular economy: Data needs for product life
cycle decision-making. Sustainable Production and Con-
sumption, 37, 242-255. doi:10.1016/j.spc.2023.02.021.

Kebede, R., Moscati, A., Tan, H., and Johanson, P. (2023).
Circular economy in the built environment: A frame-
work for implementing digital product passports with
knowledge graphs. European Confernce on Computin in
Construction, 40th International CIB W78 Conerence,
Heraklion, Crete, Greece.

Kies, U., von Lengefeld, A.K., and du Bois, C. (2018).
Digitisation in the forest-based sector. State of technol-
ogy and opportunities for innovation. Club du Bois at
the European Parliament, Brussels.

Lampoltshammer, T.J., Albrecht, V., and Raith, C.
(2021). Teaching digital sustainability in higher educa-
tion from a transdisciplinary perspective. Sustainability,
13(21), 12039.

Linden, H. (2021). Product passport as an enabler for
circular flows of furniture. URL https://www.ri.se/
en/what-we-do/projects/product-passport-as-
an-enabler-for-circular-flows-of-furniture.

Liu, S., Chen, H., and yu Hu, Z. (2018). Re-
search on logistics time management decision based
on supply chain. IOP Conference Series: Materi-
als Science and FEngineering, 394. URL https://
api.semanticscholar.org/CorpusID:170059204.

Miiller, F., Jaeger, D., and Hanewinkel, M. (2019). Dig-
itization in wood supply—a review on how industry 4.0
will change the forest value chain. Computers and
Electronics in Agriculture, 162, 206—218.

Miiller-Jentsch, W. (2007). Strukturwandel der indus-
triellen Beziehungen. Springer.

Mobelfakta Sverige AB (2024). Mdébelfakta sustainaibility
label for furniture. URL https://www.mobelfakta.se/
about.html.

Néyhé, A. (2020). Finnish forest-based companies in tran-
sition to the circular bioeconomy-drivers, organizational
resources and innovations. Forest Policy and Economics,
110, 101936.

Parviainen, P., Tihinen, M., Kéaaridinen, J., and Teppola,
S. (2017). Tackling the digitalization challenge: how
to benefit from digitalization in practice. International
journal of information systems and project manage-
ment, 5(1), 63-77.

Peneder, M., Bock-Schappelwein, J., Firgo, M., Fritz, O.,
and Streicher, G. (2016). Osterreich im wandel der
digitalisierung. WIFO Studies.

Ranacher, L., Stocker, R., Riegler, M., Schwarzbauer, P.,
and Hesser, F. (2023). Digitalization of small and
medium sized sawmills in austria: a survey about busi-
ness processes. Furopean Journal of Wood and Wood
Products, 81(1), 267-280.

Reich, R.H., Ayan, J., Alaerts, L., and van Acker, K.
(2023). Defining the goals of product passports by
circular product strategies. Procedia CIRP, 116, 257—
262. doi:10.1016/j.procir.2023.02.044.

Rusch, M., Schoggl, J.P., and Baumgartner, R.J. (2022).
Application of digital technologies for sustainable prod-
uct management in a circular economy: A review. Busi-
ness Strategy and the Environment, 1159-1174.

Saam, M., Viete, S., and Schiel, S. (2016). Digitalisierung
im mittelstand: Status quo, aktuelle entwicklungen und
herausforderungen. Technical report, ZEW-Gutachten
und Forschungsberichte.

Santos, A., Carvalho, A., Barbosa-Pévoa, A.P., Marques,
A., and Amorim, P. (2019). Assessment and optimiza-
tion of sustainable forest wood supply chains—a system-
atic literature review. Forest Policy and Economics, 105,
112-135.

Sedin, E. (2023). How nordic brands’ early blockchain
adaption prepare them for coming eu regulations.

Stratmann, L., Hoeborn, G., Pahl, C.; and Schuh, G.
(2023). Classification of product data for a digital prod-
uct passport in the manufacturing industry. Conference
on production systems and logistics.

Szaller, A., Gallina, V., Gal, B., Gaal, A., and Fries, C.
(2023). Quantitative benefits of the digital product
passport and data sharing in remanufacturing. Procedia
CIRP, 120, 928-933. do0i:10.1016/j.procir.2023.09.102.

University of Cambridge Institute for Sustainability Lead-
ership (CISL) and the Wuppertal Institute (2022). Dig-
ital product passport: The ticket to achieving a climate
neutral and circular european economy? Technical re-
port, Cambridge, UK: CLG Europe.

WBCSD and BCG (2023). Navigating uncertainties of the
EU Digital Product Passport (DPP): How to prepare
now as a company.



