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ARTICLE INFO ABSTRACT

Handling Editor: Mingzhou Jin This paper contributes new knowledge and understanding about the role that Product Passports might play in
advancing sustainable business practices towards a Circular Economy. The significance of this research is the
proposed universal definition of a Digital Product Passport Ecosystem (DPPE) for international policy, industrial
and technical communities. The novelty of this research lies in the systems thinking approach, coupled with
systems engineering, to define and model a DPPE as a System of Systems to derive a definition. Stakeholder
Fcosystems perspectives and requirements concerning Product Passports were synthesised using data and analysis from the
Digitalisation European Commission’s (EC) open consultation on the Sustainable Products Initiative (SPI). Nine high-level
Data capabilities of a DPPE have been identified, and each is explored by mapping a list of information re-
quirements discussed within the consultation. It is shown that different Product Passport applications benefit (or
detriment) different stakeholder groups.

Findings suggest that DPPE solutions must be systemic, providing interoperability across multiple product life
cycles, organisations, supply chains, and value chains in order to operate across international borders: thus
realising benefits for world (circular) economies and the planet. Furthermore, it is proposed that if stakeholders
utilise a universal definition of a DPPE in conjunction with a set of agreed ethical principles to underpin
legislation, there would be fewer contradictions and ambiguity between stakeholders regarding the purpose of a
Product Passport and the reasons for sharing data. Finally, the authors conclude that more research is needed on
incentives for producers to share data and integrate their existing production systems with the broader ecosystem
architectures to allow for maximum interoperability with minimal duplication. In addition, future research
should determine specific DPP information requirements on a product-by-product basis, along with opportunities
that a DPPE will enable towards industrial symbiosis.

Keywords:
Product passport
Circular economy
Systems approach

1. Introduction

Product Passports have been proposed and advocated as a policy
concept by the United Kingdom (UK) Government in its waste and
resource strategy (HM Government, 2018) and explored more rigorously
by the European Commission (EC) in both product-agnostic (draft)
product sustainability regulations (2022) (European Commission,
2022a) and product-specific battery regulations (European Commission,
2020a). Product Passports are generally seen as a mechanism to influ-
ence consumer behaviour in relation to sustainable purchasing and
responsible product ownership by making apparent sustainability
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aspects of a product life cycle (Munaro and Tavares, 2021), and by
measuring and closing material, energy, and resource loops (Jabbour,
2019; Langley, 2022). Furthermore, Product Passports are often framed
as a solution to “the lack of consistent and precise information flow
about resources, products, and processes” (Walden et al., 2021) and for
life cycle assessments acting as ‘track and trace’ instruments for unique
and pooled product information (Adisorn et al., 2021; Romph and
Cramer, 2020). Fundamentally, they are seen as enablers of circular
business models (Jabbour, 2019; Tokazhanov et al., 2022).

Although the concept is just emerging in policy circles, there are
many real-world implementations of a variety of Product Passport type

E-mail addresses: m.r.n.king@lboro.ac.uk (M.R.N. King), research@paultimms.co.uk (P.D. Timms), s.mountney@shu.ac.uk (S. Mountney).

L Co-First Authors.

https://doi.org/10.1016/j.jclepro.2022.135538

Received 10 August 2022; Received in revised form 14 November 2022; Accepted 4 December 2022

Available online 10 December 2022

0959-6526,/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).



M.R.N. King et al.

systems across many industry sectors, both in voluntary and regulatory
contexts (Adisorn et al., 2021; Walden et al., 2021). See Appendix Afor a
non-exhaustive list generated as part of this research. A variety of
naming conventions and technologies are adopted, including Material
Passports (BAMB, 2020), Cradle-to-Cradle® passports (Maersk, 2011),
Eco-labels, Smart labelling, Asset Administration Shells (or Digital
Twins) (Adisorn et al., 2021), and the EC’s adoption of the term Digital
Product Passports (DPP). While all could be considered examples of
types of Product Passports, there is a significant difference in scope and
application because each type of Product Passport system was designed
to solve different problems. Therefore, they collect and manipulate
different data types for various end goals, even if many of the same terms
are used. Researchers agree that there is a lack of understanding about
what specific data should be included within a Product Passport for a
given application (Adisorn et al., 2021; Berger et al., 2022).

The assortment of ways to describe the purpose of a Product Passport
not only conflates understanding of the benefits between stakeholders
but, more significantly, puts constraints on the ability to specify tech-
nical and semantic standards for implementation or information con-
tained within them. This variation is sub-optimal in a global regulatory
context. Indeed, given the cross-border and international distribution of
many products, the same Product Passport may need to serve the ob-
jectives of multiple regulatory regimes. This study determines the extent
of a common understanding between stakeholders of what a Product
Passport system is, the purpose and focus of such a system, and how it
should work to make technical recommendations for developing a uni-
versal data model, platform and technologies. In addition, the research
tests the hypothesis (and the EC’s assumption) that a Digital Product
Passport (DPP) is one technical system and that regulatory stakeholder
requirements are the priority.

This research demonstrates that the EC’s fundamental assumption is
wrong; a DPP is a complex System of Systems (SoS). A SoS is charac-
terised by the operational and managerial independence of constituent
systems (Maier, 1998), and the authors propose the term DPP Ecosystem
(DPPE) is used to describe this network of organisations and technolo-
gies. From detailed analysis, the research shows the DPPE requires nine
discrete capabilities at the SoS level, which will need to be delivered by
multiple constituent independent technical systems and disparate or-
ganisations. The integration of these systems should be architected for
legal, organisation, semantic and technical interoperability. From this
holistic systems analysis, the authors argue that a DPPE should be
framed as a socio-technical system, engineered using a values-based
process that prioritises design for systemic change. DPPE solutions
must be systemic, providing interoperability across multiple product life
cycles, organisations, supply chains, and value chains, fulfilling the UK’s
and EC’s vision and operating across international borders, thus realis-
ing benefits for world (circular) economies and the planet. It is proposed
that if stakeholders utilised a universal definition of a DPPE in
conjunction with a set of agreed ethical principles to underpin the
legislation, there would be fewer contradictions and ambiguity between
stakeholders regarding the purpose of a DPP and the reasons for sharing
data. Finally, the authors conclude that more research is needed on in-
centives for producers to share data and integrate their existing pro-
duction systems with the broader ecosystem architectures to allow for
maximum interoperability with minimal duplication. In addition,
research to determine specific DPP information requirements on a
product-by-product basis, along with opportunities that a DPPE will
enable towards industrial symbiosis (Neves et al., 2019).

The novelty of this research lies in its holistic systems approach.
However, while recent academic papers provide a valuable contribution
to the conceptual development of DPPs, they are primarily reductionist
in their approach, breaking the ecosystem and information requirements
down into the needs of different actors, different product elements, or
different lifecycle phases. A selection of recent papers outlining either
top-down or, more commonly, bottom-up approaches to the realisation
and specification of Digital Product Passports is shown in Appendix B.
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Reductionist approaches introduce unnecessary boundaries to circular
economy objectives that are measured across the whole ecosystem.
Furthermore, when this reductionist approach focuses on a functional
subset (such as a focus solely on manufacture or on policy), biases are
introduced that frustrate later expansion of concepts across the whole
ecosystem, as architectures have been developed without the critical
foresight for a more comprehensive capability set.

The remainder of this paper is structured as follows. First, the EC’s
legislative context (section 2) and related policy impact evaluation
process was used as a basis for this research. Next, the research design
and systems methods are described (section 3), showing the process by
which stakeholder data was extracted from different phases of the public
consultation. From the analysis, a series of world views about the pur-
pose of a DPP system (section 4.1) and root definitions were derived for
nine distinct functional viewpoints on DPPs (section 4.2). Each view-
point is explored by mapping a list of DPP system capabilities and in-
formation requirements articulated by stakeholders (section 4.3). It is
shown that different DPP applications benefit (or detriment) different
stakeholder groups (section 4.4), and thus the barriers and enablers to
implementation for each application can be characterised. From this
systems analysis, recommendations are made (section 5), discussing the
completeness of the EC’s proposed SPI regulation and the likelihood that
DPPs may enable greater industrial symbiosis in their current form
(section 5.2). Finally, the paper concludes with areas of future research
and a proposed universal definition of a DPPE (section 6).

2. Background

The EC’s Sustainable Products Initiative (SPI) responds to the ob-
jectives of the European Union Green Deal (European Commission,
2019) and Circular Economy Action Plan (CEAP) (European Commis-
sion, 2020b). It aims to make products fit for a climate-neutral,
resource-efficient circular economy. The SPI is a legislative-oriented
proposal that intends to widen the scope of the EcoDesign Directive
beyond energy-related products. The initiative focuses on perceived
‘high-impact’ value chains, including electronics & ICT equipment,
textiles, furniture, steel, cement, and chemicals. Still, outcomes from the
initiative are expected to apply to all types of products (that the EC
defines as both goods and services). By leveraging the emerging po-
tential for product information digitalisation, including “solutions such
as digital passports and tagging”, the EC hopes to improve
sustainability-related concerns, including waste reduction, resource ef-
ficiency, environmental impact, product durability and repairability,
premature obsolescence, hazardous chemicals, and recycling and recy-
cled content.

On September 14, 2020, the Commission published its SPI roadmap
for new and revised legislation to solicit “views on the Commission’s
understanding of the problem and possible solutions and to make
available any relevant information that they may have, including on
possible impacts of the different options” through a public consultation
(European Commission, 2020c) via an ‘Inception Impact Assessment’
(ITA) (European Commission, 2020d). Three consultation phases have
followed to “ensure that the views from different organisations and
stakeholder types [are] presented and considered” (European Commis-
sion, 2022b), with a fourth consultation on the draft regulatory text
ongoing at the time of writing, a process described in Appendix C.

The SPI is a legislative requirement for any regulated product placed
on the EU market. The legislation has global significance for worldwide
supply chains; thus, respondents to the policy consultation included
international stakeholders such as Amazon and eBay. The breadth of
stakeholder perspectives within the consultation processes offers a
platform upon which a diverse analysis of viewpoints can be extracted.

3. Methodology

This study adopts a mixed-methods systems approach, beginning
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with Soft Systems Methodology (Checkland and Poulter, 2007) and
thematic analysis, then developed using Systems Engineering, specif-
ically, a combination of requirements engineering and system modelling
techniques. System Engineering is “a transdisciplinary and integrative
approach to enable the successful realisation, use, and retirement of
engineered systems, using systems principles and concepts, and scien-
tific, technological, and management methods.” (INCOSE, n.d.)

A four-stage research process (phases A to D) was followed that
paralleled the consultation activities of the EC (Fig. 1). The rationale
behind each stage of the process is set out in Table 1.

3.1. Data collection and sampling

Data collection and sampling were conducted to extract only the
passport-related information from a much larger dataset. In phase 1 of
the EC consultation process, stakeholders provided feedback in two
forms: (1) in a free text response field within the EC’s initial data
collection process and (2) within any attached documentation. Addi-
tionally, metadata was submitted (or generated by the system),
including unique ID, submission date, name of the submitter, organi-
sation type, organisation name, organisation size, and country of origin.
Three records (F1149883, F1233210, F1234362) were found to be
duplicate (free text and attached documentation) responses from the
same organisation but with missing metadata. These duplicates were
removed from the dataset, meaning there were 190 unique respondents.
In total, 71 respondents (n = 71) were found to reference ‘passport’ in
either their free-text response or the attached documentation. A com-
plete list of these organisations can be seen in Appendix D. These were
extracted to form the sample dataset for further analysis. Of these, 11
records were missing organisation names and types. In ten of these cases
(F554580, F584020, F598079, F797976, F807361, F892370, F907598,

Opened: 17" Mar 21
Closed: 9" Jun ‘21
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F1221639, F1234362, F1235244, excl. F1170319), the name and nature
of the organisation was clear from the response text (or attached files)
and was confirmed by the authors using publicly available company
information. Two organisations identified as ‘trade unions’ (F1110583,
F959443) and one recognised as a ‘company/business organisation’
(F1235211) were business trade associations. One organisation identi-
fied as a ‘company/business organisation’ (F1151835) was an NGO.

3.2. Approach to respondent coding

The EC has adopted multiple terms for similar stakeholder and actor
groups within its consultation documentation. These terms were map-
ped within a circularity lifecycle to rationalise for greater synthesis
(Fig. 2) and categorised as either stakeholders of products or stake-
holders of regulation. Table 2 shows the generalised stakeholder defi-
nitions used throughout this paper to refer to the many types of
stakeholders who took part in the consultation.

4. Results
4.1. Respondent worldviews of the purpose of a DPP

CATWOE is a technique used in soft systems methodology to model
human activity systems and to expose a variety of actors’ (A) worldviews
(W) (Checkland and Poulter, 2007). For example, if DPPs act as the
transforming process (T), then customers (C) are those who are affected
by the transformation, owners (O) are those who could stop or block the
process, and the Environment (E) are aspects that constrain the trans-
formation. Stakeholder comments were analysed to extract perspectives
on the purpose of a DPP and the worldview (or assumptions) under-
pinning the success of such a system. The analysis resulted in 15 distinct

Opened: 14" Sep ‘20 2: Open

Published: 30" Mar 22 Opened: 3" Apr<22

Published: 14" Sep 20 Closed: 16" Nov ‘20 Stakeholder 2b: Will Close: 22° Jun ‘22
- 0: SPI 28 Consultation 4a: Impact 5: Commission
Inception Impact | 1: Stakeholder RERRETO Propos.ed Pesesswent > Adoption
Assessment Feedback on IIA EcoDeS{gn REREE Consultation
Regulation |
193 responses 3: Targeted
Stakeholder

(see note)

332 responses

35 responses

136 responses

Feedback

3a: 7 Workshops

3b: SME Survey 1

3c: SME Survey 2

3d: Targeted

First: 15" Apr 21, Last: 9" Jul 21
Opened: 26" Apr’21, Closed: 15" Jun 21
Opened: 20" Oct °21, Closed: 4" Nov 21

Opened: 20" May 21, Closed: 9*" Jun ‘21

Surveys
49 interviews =E: Expert» First: Unknown, Last: Unknown
Interviews
A: Extrac.tlon & B: Candidate C:Extraction of DPP-Related D: Revised
Analysis of . DPP _ Regulati dvi - _ DPP
DPP-Related o Viewpoint o esu aclon al ; ewpan o Viewpoint
Comments Definitions S mEtAty Definitions

Note: 460 participants registered for Workshop #1 (Introduction to Impact Assessment Work on the SPI), 78 stakeholders attended Workshop #2 (Policy support for Circular Business
Models), 180 stakeholders attended Workshop #3 (Digital Product Passport), “around 75" participants attended Workshop #4 (Social Aspects), “around 180" participants attended
Workshop #5 (Revision of Ecodesign Rules), 109 participants registered for Workshop #6 (EU Member State Ecodesign practitioners), and 73 participants registered for Workshop #7 (EU
Member State workshop on SPI)

Fig. 1. The integration between the research process of this paper and the consultation activities of the EC.
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Table 1
Research approach.

Research Phase Summative Description

A: Extraction & Analysis of DPP-
Related Comments (on the SPI's
Inception Impact Assessment) — Raw
Data from individual respondents

The SPI IAA (European Commission,
2020d) positioned DPPs as a potential
solution to improve product sustainability
and circularity, but the concept was not
articulated in any detail at this stage.
Given the absence of a widely understood
conceptualisation for DPPs, a qualitative
thematic analysis was used on stakeholder
feedback on the IIA (1, Fig. 1) to explore
the variety of stakeholder opinions on the
purpose and form of a DPP. Coding was
conducted without any preconceived
themes or frameworks.

Interpreting the extracted dataset was
conducted using systems thinking
techniques concerned with understanding
and intervening in complex problem
situations based on the principles and
concepts of the systems paradigm. It
enables a big picture understanding of a
system of interest from viewpoints outside
a defined system of interest (Hitchins,
2003) (being the EC’s DPP). Using
CATWOE, part of the Soft Systems Method
(SSM) (Checkland and Poulter, 2007), 15
different worldviews were identified.

The EC’s report (and draft regulation) (4a
information from the EC’s proposed & 4 b, Fig. 1) provides a broad
regulation and Impact Assessment characterisation of the DPP problem space
report and intended DPP solution; however, it
fails to make explicit the discrete purposes
for which a DPP should exist. While
individual respondent-level feedback
from phases 2 and 3 (Fig. 1) was
unavailable, a wide range of summary
findings (and implicit benefits) are
included in the ECs phase 4 literature.
These were extracted to create a
complementary dataset characterising
both problem-space applications and
possible solutions. Coding was based on
the worldviews identified in phase B (
Fig. 1).

By associating opinions, benefits and
capabilities extracted in phase C with the
worldviews developed in phase B, the
robustness of the 15 perspectives could be
tested, and whether the segregation was
correct and valid. Through this process,
the 15 worldviews were rationalised
down to nine final DPP perspectives
(section 3.1), as it became clear that some
previously differentiated viewpoints
existed within common clusters of
functional capability.

B: Development of stakeholder
worldviews on the purpose of a DPP

C: Extraction of DPP-related

D: Revision of the candidate DPP
viewpoint definitions

worldviews, shown in Table 3, broken down by % of respondents who
shared that worldview. Stakeholder categories were used to indicate
who the blockers within each worldview would be, and a
non-exhaustive list of constraints was generated for each. Further
analysis of stakeholder concerns is reported in section 4.4.

From the analysis, respondents view DPPs predominantly as a
mechanism to first effect behaviour change in businesses, then con-
sumers. This finding reflects the premise for the SPI, that regulation will
positively encourage sustainable business practice through mandatory
information disclosure and enable consumers to make more sustainable
product decisions. However, the variety of worldviews about the pur-
pose of a DPP suggests that many stakeholders can foresee several
‘bigger picture’ holistic benefits for society and economies as a conse-
quence of collecting and collating information about a product
throughout its lifecycle. Furthermore, this variety hints at multiple
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systems working together to realise the full benefits of the legislation.
Therefore, to begin to specify what a Digital Product Passport must and
should do, it was necessary to functionally break down the DPP
‘ecosystem’ to define the core functions of sub-systems or constituent
systems.

4.2. Nine functional viewpoints of a digital product passport ecosystem

A functional viewpoint is a way of describing a system’s purpose at a
high level. Nine discrete functional ecosystem viewpoints on DPPs were
developed (Table 4) with root definitions, using the 15 worldviews as a
starting point. A root definition is created in a sentence-like structure to
describe the operational goal (what) and functionality (how) with
stakeholder high-level requirements (why). The root definitions are
constructed thus, “A DPP is a system for [a specific operational purpose]
that [delivers an overall capability] by [fulfilling a functional require-
ment] in order to [meet stakeholder needs]”. Each viewpoint has been
generated from a multi-stakeholder perspective.

4.3. Capability requirements for a digital product passport ecosystem

Stakeholder discussion of capability often takes a solution-oriented
view (how will the system do it) rather than a problem-oriented one
(why does the system need to do it). The solution-domain view manifests as
statements regarding the nature of the information to be collected and
how the system might function. Each constituent system definition’s
“by..” component (Table 4) was further expanded and characterised.

Figs. 3-11 show information and system requirements (or capabil-
ities) required by stakeholders for the DPP depicted as hierarchies of
requirements within grouped themes. Most interestingly, the authors
have differentiated the requirements articulated during the consultation
but not included in the final draft legislation. These are shown using
dashed and dotted borders around the requirement statements in each
figure.

4.3.1. A system for identification and information exchange between actors
(viewpoint A)

This viewpoint (Fig. 3) addresses how a chosen product ecosystem is
modelled and how information exchange across the ecosystem is
standardised. Information modelling includes describing things
uniquely, using commonly understood approaches, with human and
machine-readable information and rules for information exchange be-
tween actors. Viewpoint A requires the unique identification of orga-
nisations (that the EU DPP terms ‘economic operators’ and refers to
manufacturers, importers, and others), in relation to a role and industry,
for example, automotive or farming. This viewpoint also requires the
unique identification of products and product types, classified by
controlled vocabularies (or taxonomies) in relation to a category or class
of product so that regulations, rules, and requirements are positively
associated with that given product type.

Specific standards and taxonomies are not explicit in the draft
legislation, but some stakeholders make suggestions, for example, the
EU Customs Tariff Database (TARIC) (European Commission, n.d.).
Other information requirements related to read and write access rules,
and the technical requirements concerning access speed and interoper-
ability, referring to open standards. Unique ‘data carrier’ IDs are
required, distinct from unique product identifiers. The term data carrier
here describes a scannable label on the product, like a QR barcode,
which would link to the data in the DPP and associated information,
such as pre-sales information for buyers.

4.3.2. A system for evaluating comparable aspects of products (viewpoint
B)

This viewpoint (Fig. 4) facilitates the comparison of a range of
product options (within a given type of product) at any procurement
stage. This system requires information points to distinguish between
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Organisations acting on
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Governance Stakeholders

Policy Makers ©

Business Analysts ©

Private (Service Provider) Actors ¢
European Commission ¢
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SMEs ¢ Companies ¢
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Economic Operators Company /
Business

Societal Stakeholders
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Academic Institutions ¢

Consumer Associations ©
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Consumer Organisations ©

Public Interest Organisations ¢

Information Authors (legal or physical persons) ¢
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Standardisation Actors ©

ﬁu& Production t

Environmental Organisations €
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Third-Party (Information Back-Up) Actors ¢
Third-Party (information Consumers) ¢
CSOs (Consumer Service Organisations) ©
Designated External Auditors ¢

Independent Parties (for Trustworthiness ) ¢

Upgraders ©

product existence
. Remanufacturers ¢ 9
%0 &y i
]

&
b

Recyclers @b ¢

| &>

Disposal E

biological and technical nutrients

Authorities ¢
Public Authorities %< ©

(a) Annex 18, Table 99 (b) Annex 18, Figure 1 (c) Annex 18, ‘Potential stakeholders’ benefits, pg 592-596 (d) Annex 18, ‘Roles’, Table 101

(e) Annex 18, pg 617-621

(f) Feedback Organisations (to Impact Assessment, Open Public Consultation) (g) COM(2022)142 Ch.llI

Fig. 2. A variety of stakeholder names used within the EC consultation literature mapped to analysis categories.

Table 2
Generalised stakeholder definitions used in this paper.
Stakeholder Description
Type
Stakeholders of Products
Resource Stakeholders that represent the interests of the environment and
environmental resources but are not involved in the active
consumption of those resources.
Producer Stakeholders that transform raw material resources into finished
useable products.
User Stakeholders that sell, acquire, use, and maintain products are not
involved in creating and manufacturing those products.
Disposer Stakeholders that handle a product once it has been disposed of

either return that product to use or decide the best way to derive
additional value from it.
Stakeholders of Product Regulation

Societal Stakeholders with predominantly a social interest in the
regulation of products.

Economic Stakeholders with predominantly an economic interest in the
regulation of products.

Governance Stakeholders with predominantly a governance interest in the
regulation of products.

Solution Stakeholders that have an active operational role in the design,

utilisation, and disposal, of product passport system solution but
do not have a stake in the product lifecycle.

each product’s benefits, capabilities, features, and performance (model,
batch, or item, as appropriate) within that range. That range is likely to
be defined by the product type identification described in viewpoint A
(see Fig. 3). This view also requires information searching within and
between product information sets. This viewpoint is predominantly for
the benefit of retailers and buyers/consumers. Note that performance
scores include sustainability claims or impact scores based on a range of

suggested assessment methods and metrics but not explicitly specified in
the proposed legislation.

4.3.3. A system for demonstrating responsible business practices (viewpoint
@)

This viewpoint (Fig. 5) evidences the different sustainability claims
(be they regulatory, marketing, or otherwise) of various organisations
within a supply chain: those operators responsible for a commitment
back to some form of underlying evidence, possibly with some external
verification. In this viewpoint, the entire range of product commitments
(performance claims, green claims, regulatory and standards compli-
ance) are traceable to the operators responsible for those claims and the
underlying evidence required to support those claims. At its most
transparent, this system could link individual claims within inter-
stakeholder communications, for example, product website informa-
tion claiming compliance with a standard, back to the responsible
operator that can validate that claim. This functionality requires tracing
responsibility for compliance across specific operators in the supply
chain and the level of aggregation to which that responsibility is
demonstrated; it can ascertain whether a claim has been made against a
particular product, a set of products, or a company-wide policy.

4.3.4. A system for the oversight of industrial circularity performance
(viewpoint D)

This viewpoint (Fig. 6) is necessary to monitor, oversee, and
harmonise the analysis of different product sectors and define good
progress towards circularity across an industry or industries. This
viewpoint characterises the shift from a linear to a circular production
and consumption pattern and is recognised, but not yet explicitly
defined, by the EC: “Identification of the most relevant and valuable data
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Table 3

Stakeholder worldviews on the purpose of a DPP, with blockers and constraints
in fulfilling that purpose.

% DPP Purpose Worldview Blockers Constraints
(Assumptions)

44  To enable Consumers will User Lack of
sustainable make better stakeholders, consensus on
consumer product choices if  particularly what
decision- provided with consumers sustainability
making comparable information to

sustainability include for
information at the comparison
point of sale. purposes.

41  To demonstrate Regulation will Producers and Intellectual
a sustainable positively economic property and
business encourage stakeholders commercial
practice sustainable interests;

business practices interoperable
through technical
mandatory systems; data
information quality;
disclosure identification of
actors along the
value chain

30  To explain how Better quality Producers Lack of
to handle/ product handling capability and
operate the information will inclination of
product change user and users and

disposer disposers.
behaviour.

18 To demonstrate A product’s entire  Producers All products can
sustainable circularity impact be assessed
product design can be assessed using the same
values and criteria; Access

communicated to skills and

simply to knowledge to

consumers. design products
sustainably.

18  To demonstrate Information made  Producers, Quantifying
sustainable public via a DPP governance consumer trust is
processes and will provide a stakeholders complex.
policy mechanism for

quality assurance
which ensures
greater public
trust in products
and producers.

17  To facilitate Standardised Producers, Competitive
collaborative sustainability users business models;
multi- information (particularly lock-in to closed-
stakeholder shared between value-chain loop
sustainability economic actors actors) consortiums.
efforts will result in more

significant
collective efforts.

17  To monitor Information on Disposer, Current waste
value extraction  the recyclability producer management
from resources of materials will provision and

enable more capacity;

materials to be forecasting

recycled at end- waste

of-life. availability;
viability of
circular business
models

15  To document Capturing the Users Privacy; data
the whole life entirety of real- ownership; data
cycle of the time events with a quality;
product product lifecycle commercial

will provide interests;
better interoperable
transparency of technical
information systems
related to

sustainability.

14  To itemise the Information about ~ Producers Intellectual
resources a product’s property and

Table 3 (continued)

Journal of Cleaner Production 384 (2023) 135538

% DPP Purpose Worldview Blockers Constraints
(Assumptions)
contained material commercial
within a composition and interests
product sources can be
easily
determined.

14  To classify the Product Producers Lack of
source of declarations of consensus on the
resources used hazardous information
within a substances and required per
product recycled content product type.

will encourage
using non-toxic
and recyclable
materials in
production.

13  To explain how Detailed guides to  Disposer Limited
to reuse, product disposal provision and
dismantle, and will enable better, capacity to
dispose of the safer and more recycle a wide
product efficient waste variety of

management. materials and
resources.

13  To monitor Tracking Governance The complexity
resource use materials of stakeholders of information
and (total) concern within systems,
availability the economy will timeliness and

benefit all data accuracy;
markets. political will.

13  To describe a Complex Producers Translating
product’s sustainability complex data
performance data requires into summary
against criteria rationalising into insights;

criteria that industry-wide
consumers readily agreement on
understand. criteria.

11  To classify a Product Producers, The quantifying
product’s information about  users, of an ecological
ecological its ecological particularly footprint in
footprint footprint will consumers various contexts

educate users and and use-based
encourage them situations.
to consume less.

11  To explain how Users having Producers, Consumers’
to maintain, access to quality users, willingness to
repair, and operational particularly make-do and
refurbish the information will consumers mend or
product maximise the purchase

product’s second-hand
longevity. products.

will take place in consultation between the Commission, stakeholders
and authorities, driven by the SPI sustainability and circularity objec-
tives” (European Commission, 2022b, p. 589). This requirement infers a
system that can document, compare, and assess how different operators
and types of products compare against other lifecycle models with
different performance metrics. These metrics inform the decision
criteria for good product procurement (viewpoint B). For governing
organisations, this is the system that would, for example, show where
investments are needed to improve industry performance and enable
policy evaluation of the effects of the SPI.

4.3.5. A system for evaluating product design performance (viewpoint E)
This viewpoint (Fig. 7) traces the different performance character-
istics of the product in design, manufacture, and use. The notion of
circularity and sustainability principles between purpose D and purpose
E should not be confused; D focuses on the performance of industries,
while E focuses on the performance of products. The identified metrics
are mainly discussed from the perspective of the production phase of a
product lifecycle; however, retesting those metrics later in the lifecycle
should not be discounted. Some metrics also imply split abstraction,
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Table 4
“What is a Digital Product Passport?” Nine synthesised discrete functional viewpoints as root definitions.
Viewpoint ADPPisa... That ... By ... In order to ...
(A)ID & System for identification and Increases the value of product- Providing a mechanism for uniquely e Enable downstream product
Information information exchange between  related data identifying, describing, and exchanging lifecycle activities.
exchange actors product and actor data o Increase the efficiency of

(B) Product
comparison

(C) Business
transparency

(D) Measuring
industry
performance

(E) Product design

System for evaluating
comparable products

System for demonstrating
responsible business practices

System for the oversight of
Industrial circularity
performance

System for evaluating product
design performance

Ensures adequate and reliable
sustainability information is
available

Increases the incentive to create
sustainable products

Facilitates a transition towards a
sustainable, circular economy

Encourages manufacturers to
create and maintain sustainable
products

Providing a comparable set of attributes
of uniquely identifiable product designs

Requiring evidence to support the claims
made by actors

Defining the metrics for sustainability
and circularity across product lifecycles

Defining essential sustainability and
circularity performance requirements for
a given product type

information sharing between
enterprises.

Enable sustainable consumer
decision-making

Enable green public procurement
activities

Facilitate tailored product
comparison and advice services
Demonstrate compliance with
standards, rules, and regulations
Demonstrate sustainable decision-
making and the avoidance of
greenwashing

Better response to supply-chain
risks

o Target investment and innovation
at the most opportune areas for
improvement

Measure the impact of sustainable
business models

Encourage products that are more
reusable, repairable, upgradeable,
recyclable, etc.

“What is a Digital Product Passport?” Nine synthesised discrete viewpoints and root definitions of PPE capability

ADPPisa...

That ...

Viewpoint

By ...

In order to ...

(F) Product-life
tracking

System for tracking product
origin, possession, and event
history

Increases transparency of post-
sale product life

(G) Product
operation

Increases the useful lifespan of
products and ensures maximum
value recovery at end-of-life

System for communicating
operational information
about a product

(H) Product System for whole-life It makes the total impact of a

impact assessment of a product’s product transparent
assessment impact

(I) Material & part  System for identifying Enables traceability of a product’s
identification materials & resources in material composition

products

Capturing evidence of a transparent
chain of custody of the product, its parts,
and associated events.

Providing information necessary to
maintain the product’s useful life and
how to dispose of the product optimally.

Requiring a whole-life assessment
against social and environmental impact
performance metrics

Identifying hazardous, problematic, and
valuable materials contained within a
product

Demonstrate product authenticity and
fight counterfeits

Guarantee second-hand product qual-
ity and improve the capability for
second-life applications

Provide post-sale manufacturer (war-
rantied & unwarranted) services &
support, including product recall

Use post-sale customer feedback to
improve product designs

Improve user product handling
Improve product maintenance
capability

Improve availability and cost of spare
parts and repair services

Encourage successful uptake of closed-
loop product recovery schemes and
other product recycling initiatives
Encourage a reduction in the most-
impactful products

Improve material reclamation
Penalise and reward manufacturers
based on the types of materials

included
e Trace stock and flow

being measurable at both product and part levels, and possibly requiring
unique identification of the functional and physical decomposition of a
product (viewpoint I) and an interlinking of DPP (data carrier) unique
IDs (viewpoint A). Finally, the product performance factors reflect
metrics for each product (or part within a product); claims that can be
evidenced through viewpoint C, used to generate performance scores for
comparison purposes for buyers in viewpoint B, relating to lifecycle
models described in viewpoint D.

4.3.6. A system for tracking product origin, possession, and event history
(viewpoint F)

This viewpoint (Fig. 8) traces events, including possession or
ownership of a product from the moment it acquires a DPP until the end
of a product’s life. This viewpoint requires the ability to uniquely
identify each steward (viewpoint A) of a product across its lifespan

(tracing ownership and possession) and the work done by each possessor
on the product (tracing product manipulation or adaptation). Notably,
the EU DPP proposal only considers possession until a product is
dismantled. However, this could be extended into the waste-
management phase of a product to deliver full circular product trace-
ability at an auditable level. At its most traceable, the possession
traceability recorded here is the granular form of the abstracted enter-
prise roles described in viewpoint A (provided that roles are also defined
for the product in use, such as customers, maintainers, refurbishers, and
recyclers). After viewpoint D, this viewpoint is the least defined in the
draft legislation. However, it is potentially the most complex system, as
rules on recording and accessing data about product events throughout
its life are required in the DPP.
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Read-Only Access | Who should have accessto

It Exchaag s Control which info? [Art. 8(2)(f]]

_____________ =
|_ Data Sovereignty _lrlnform ation reuse conditions |

Authentication 1 [Rep.Ann XV ll{pg601)]

Control 1 [Rep.Ann XVIII{pg599)] I
______________ R
Read-Write Access | | Who should introduce &
Control update info? [Art.8(2)(g)]
L [ “information Author |
nformation Author I
Auth !
uther — Authentication I
I
I

Access Longevity

Access standards must be stable over a long period, 1[
: backwards compatible, and enable access to products over |
| their entire life [Rep.Ann XV I1I{pg601)] !

r Accessto the relevant information along the value chain !
Access Speed I
| should be fast and accurate [Rep. Ann XV1I{pg602)] I
- Open standards and interoperability information
Interopera bility

Manufacturer [Ann.1li{g)]

Enterprise Roles &

Registered Information ey [

Enterprise Id entification

Other [Ann_lli{h)]

Unique Facility Identifiers [Ann_11{i)]

Product Identification Unigque Product Identifier [Ann.lli{b)]

LI Global Trade Identification Number [Ann_lil{c]]

Product Type Identification Unique product-type identification

|—| Commodity Codes |—| TARIC [Ann.lI{d)] |

Rules by Product Types —l DPP Info. req. for different prod. Cats. [Art.8(2)(a)] I

1
r Info required for other product passport initiatives |
1 [RepAnn XV III{pg520)] 1

Storage Longevity How long should info remain available [Art.8(2)(h)] |

Storage Medium What storage medium [Art.8(2)(b)] I

Layout and positioning of storage medium
[Art.8(2)(b]]

The DPP of the final product contains unique I
identifiers of all parts in a cascading / recursive I
manner [Rep.Ann. XVIli{pg 590)] :

Product Embeddedness Level
(product breakdown structure)

S
Product Data Carrier Unique Data Carrier ID (Rep.Ann XVIl(pgs00)) I

How the DPP should be made available pre-sale

Pre-Sale Access [Art 8(2)(e]]

Digital Copies Digital copies of the data carrier [Art.9(3)] I

Fig. 3. System capability and information requirements within viewpoint A.



M.R.N. King et al.

Journal of Cleaner Production 384 (2023) 135538

Leve| of product uniqueness (model, batch, or item)
[Ann.lik]]

1
|
|
|
1
1
|
|
1
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|

Information to meet requirements |
[Rep.AnnXVIIl{pg599,618)] I

linking to info via data carrier 1
[Rep.Ann XV III(pg598)(12]] |

EcolLabel, Repairability Scores / Indexes, System
Energy Performance, Sustainability Score, Planet
Score, Alternatives Awareness Label

-I; Information _: Structured Ontology |
Structure | [Rep.AnnXVil(pgs90)] |

hin 1A Consult. Responses

Fig. 4. System capability and information requirements within viewpoint B.

4.3.7. A system for communicating operational information about a
product (viewpoint G)

This viewpoint (Fig. 9) provides manufacturer information on the
operational aspects of a product; how they have designed a product to be
used, upgraded, maintained, disposed of or recycled. In addition, inte-
gration and association with the product breakdown structure are also
required due to the possibility of changing and replacing product parts
during its life (viewpoint A).

4.3.8. A system for the evaluation of environmental impact (viewpoint H)

This viewpoint (Fig. 10) provides the traceable relationship between
the activity of different economic operators and their impact on the
planet, being the topic of Lifecycle Assessments (LCA). Based on critical
assumptions, LCA is traditionally performed at a fixed point in the
product life cycle. However, the DPP’s proposed cascading/recursive
capability suggests that those within product supply chains could feed
their local assessment information directly via the DPP. This viewpoint
can be split into two main capabilities; the ability to characterise the
scope of assessment and, thus, the ability to inform how to integrate
multiple assessments and characterise the impacts (both environmental
and social) modelled within such assessments.

4.3.9. A system for identifying materials & resources in products (viewpoint
D

This viewpoint (Fig. 11) identifies materials and resources used
within (and used in creating) a product to enable traceability. This
viewpoint concerns resources, whether raw materials or more complex
components, parts, substances, and mixtures. Most of the DPP’s focus is
on the capability to describe resources contained within a product (at
the level defined by the product breakdown structure in viewpoint A)
and how much of that product is made up of reused and reusable com-
ponents. However, there is also the requirement to describe the pro-
duction resources, those used in the manufacture of the product. If
unique material identifiers are used, this will leverage additional capa-
bility to trace material resources within the economy and better manage
material waste.

4.4. Stakeholder perspectives on functional viewpoints

Stakeholder sentiment was extracted and collated against each
viewpoint to understand better the consensus for support of DPPs,
concerns and foreseeable issues.

4.4.1. Perspectives on a system for information exchange between actors
A

DPPs can generate new value for economic stakeholders within a
given product ecosystem, which may not benefit all enterprises. A sys-
tem that enables data sharing throughout the value chain along the
product lifecycle shifts value away from producers, who are unsurpris-
ingly concerned about the low, competitive advantage and the sensi-
tivity of intellectual property, and the value of data, encouraging data
hoarding. Users and disposers, by contrast, are worried about the cost and
competitiveness of repairing and reusing products versus the cost of
buying new, with the value shift operating in their favour, excepting
retailers, who anticipate limited direct benefit for consumers. Gover-
nance stakeholders see a positive opportunity for increased circular ac-
tivity. If implemented correctly, DPP systems can offer trading
efficiencies (marketing costs, compliance costs, trade barriers) and
technical efficiencies (investment costs, stranded assets, coherency of
implementation) for economic and producer stakeholders. Creating an
additional administrative burden with costs likely to pass on to
consumers.

The requirement to provide information on a product within a DPP
was “very well accepted across all stakeholder groups” (European
Commission, 2022b, p. 88). With increased data sharing, resource and
governance stakeholders hope to benefit from products’ reduced envi-
ronmental and social impact. Information controls are called for to
address the commercial sensitivity of IP. Economic stakeholders are
willing to make some data available, even without direct benefit, if the
public interest objectives and utility are clear. A diverse set of stake-
holders should be consulted, including SMEs, IP Rights Holders, EU
Verification Bodies, IT Developers and Database Experts. Stakeholders
already involved in the digitalisation of information along value chains
recommended a technically decentralised/distributed system, given “it
would be very difficult to manage a centralised database with such a
wide scope” (European Commission, 2022¢, p. 596). Those solution
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Product Commitments

Green Claims

Claims made about the .product e

Performance Claims

Applicable Regs [ —-‘ Sustainable Products Legislation

Standards

ECODESIgr‘IDIrECtNE
—* ) Energy Labelling Directive i
Em— Product Safety Directive

EACH / RoH5 / Other Hazardous Substance Rules

Unique ID of operators responsible for compliance
with safety regs, or other EU legislation [Ann.llI(k]].

Responsible Operators

Information on the org. responsible for defined
regulatory activities [Ann.11I(k)]

r - - i A 1
Responsibility for Compliance Information |
| [Rep.AnnXVIII(pg597]] |

Related upstream supplier data relationships |
| [Rep AnnXVIII(pg590)] |

compliance documentation and information required
Product Evidence under this regulation or any other union law
applicable to the product [Art.8{ 2)]

Information remains available accessible as long asthe }
product it refers to, and the materials that this product is |
I made of, are present in significant numbers on the |
: territory of the European Union [Rep. Ann XVIII{pg&00)]

Access Longevity

Viewpoint C: A system for demonsitrating responsible business practices

Avoidance of solutions detrimental to re-use,
Process Evidence upgrading, repair, maintenance, refurbishment,
remanufacturing, recycling [Art. 7(2)(b)(i) =Ann.lle]]

Due Diligence Evidence

Quality Standards

Third Party
Verification

Key: | Within draft SPI Legislation llWithin EC report discussing SP1 I Within 114 Consult. Responses

Fig. 5. System capability and information requirements within viewpoint C.

stakeholders also recommend that EU DPP needs an international value chains (ibid).

perspective because the value chain will cover partners outside the EU;

therefore, the DPP should be based on open-source systems and ensure 4.4.2. Perspectives on a system for product comparison (B)
interoperability and access for everybody (ibid). The greatest challenge Stakeholders generally agree that there is a lack of adequate and
identified in implementing the DPP is related to the complexity of the reliable product sustainability information and that user, societal,

10
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Adoption of Circular Business Models
I [Rep.Ann XV 1Ilipg633, 634]] |

Product Circularity / Sustainability Criteria
] [Rep.Ann.IX| pg255]] |

r Desired product circularity and sustainability flows .:
(by industry) [Rep.Ann. XVIll{pg589)] _,I

¥
|
______________ -

~'Within 1A Consult. Responses |
e T P PR T

Fig. 6. System capability and information requirements within viewpoint D.

Product Performance Factors

Effect of physical factors on performance
[Art.7(2)({b)(i) »Ann.l(g)]

Dematerialisation I

Packaging

Weight and volume of product and packaging, and
product-to-packaging ratio [Art. 7(2)(b)(i) =Ann.I{i)]

Durability / Reliability

Durability and reliability info of the product and its

components [Art. 7(2)(b)(i) = Ann.l{a)]

Feature Availability

1
The avoidance of loss of functionality (e.g. due to |

________________________ 4

upgrade) [Rep AnnXVIl{pg583)] I

Repairability & Maintainability info of the product

and its components [Art. 7{2)(b){i}) =Ann.l{b)]

Waste Reduction

ir evelueting product design performance

Amount of waste generated, and ease of waste reuse

[Art.7(2)(b){i] »Ann.lip]]

m f

Reusability /
Repurposability /
refurbishability /

remanufacturability

Ease of upgrade, re-use, remanufacturing and
refurbishment [Art.7(2)(b)(i) =Ann.){c)]

Dismantlability /

Ease and quality of recycling [Art.7(2)(b)(i) =Ann.i(d)] |

Recyclability

Viewpoint E: &

Dismant le-ability

Fig. 7. System capability and information requirements within viewpoint E.

governance, and resource stakeholders could be better informed. A system
that enables consumers to make better decisions by comparing products
will generally benefit users, but a proliferation of information may also
confuse them. All stakeholders generally supported the setting of per-
formance classes. However, there was a lack of support from economic
stakeholders for repairability scores. Governance and economic stake-
holders will benefit from this system by enabling Greener Public Pro-
curement (GPP) activities. However, governance stakeholders highlight
that a lack of adequately trained personnel may limit effective pro-
curement policies.

As this system enables comparison between products of a specific
type, a “strong need for uniform requirements regarding the nature of

11

the data collected” was noted. However, different sectors and products
require different types of information, with producers calling for sector-
specific approaches. It is implicit that the DPP system will overcome the
limited packaging space for information communication on products.

4.4.3. Perspectives on a system for business transparency (C)
Stakeholders generally describe a commercial and regulatory land-
scape that does not encourage sustainable decision-making. The lack of
coherence between regulatory initiatives is flagged. However, gover-
nance stakeholders expect that the SPI regulation should address this
fact. An expansion in regulation and oversight was generally accepted,
but for different reasons. Governance, users and resource stakeholders
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7 |
Performance data on the functionality and efficiency |
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creation to product end-of-life

History & Transfer of Ownership I
[RepAnn XV III[pg590)] I
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Key: [ Within draft SPI Legislation || EVTI_I:IEHZEC_rEp_orE discussing SPI :

Fig. 8. System capability and information requirements within viewpoint F.

think voluntary approaches to product sustainability do not work,
contrasting the general opinion of economic and producer stakeholders.
However, mandating sustainability would provide a more level playing
field for conscientious economic stakeholders and overcome a concern
that not enough consumers are willing to pay more for sustainable
products. This system enables economic stakeholders to demonstrate
compliance and appropriate due diligence. It is generally well accepted,
although regarding providing information on the social conditions along
the value chain, only 31% of producers (business associations) agreed,
compared to most resource stakeholders (88% of NGOs and 100% of
environmental organisations) (European Commission, 2022b, p. 88).
DPPs could provide greater transparency for users; however, this senti-
ment conflicts with IP concerns from producers. Economic and governance
stakeholders caution that governance resource constraints could hinder
progress and enforcement, although DPPs could enable faster screening
methods for non-compliance. This system has the capability for busi-
nesses to demonstrate sustainable practices over and above regulatory
obligation, providing users and societal stakeholders with trusted infor-
mation and the avoidance of greenwashing.

This system is also concerned with how evidence is delivered. Sup-
port for mandatory third-party certification or inspection comes from
social and governance. However, economic stakeholders do not support
this due to the cost of verifying claims along the value chain (a concern
specifically highlighted by NGOs).

4.4.4. Perspectives on a system for measuring industry performance (D)

Stakeholders generally agree that product lifecycles could be more
circular and support the intent of the SPI in taking a holistic approach to
measuring industries’ progress towards sustainability. Governance
stakeholders see the benefits of reduced emissions and improved
circularity efficiencies across all sectors. Societal stakeholders see the
benefits of increased product lifespan, consumer empowerment and
access to more sustainable products. Resource stakeholders see an
improvement in feasible, holistic, circular pathways and the ability to
address overconsumption, while producers see the benefits of consoli-
dated data. This system aims to aid governance stakeholders’ decision-
making concerning targeted investment and innovation where there is
the most potential for the public good and environmental sustainability.
Economic stakeholders, producers and disposers see the benefit of that
investment. Resource stakeholders describe the benefit of increased
technological innovation. The promotion of more sustainable business
models allows economic stakeholders to increase the value that can be
extracted from their materials and products. For producers, this is via the
adoption of Circular Business Models (CBMs) that enable new services to
be provided while users benefit from lower costs and increased product
guarantees. However, a lack of circularity knowledge and skills may
hinder development.

The system’s capability to have defined sustainability metrics is well
supported by stakeholders, with calls for clarity on how circularity and
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sustainability are measured. Economic stakeholders would benefit from
developing better indicators and applying a systemic, interoperable
approach. Producers support gathering data on reuse, sorting, recycling
and CBMs, while resource stakeholders support the collection of product
expected lifespans.

4.4.5. Perspectives on a system for evaluating product design (E)

Stakeholders generally agree that products could be designed to be
more sustainable. Both governance and resource stakeholders agree that
“products are more and more complex and difficult to recycle” (Euro-
pean Commission, 2022b, p. 90). The goal of this system is to encourage
a shift in design thinking addressing a universally agreed-upon con-
sumer opinion that “products are not currently designed to be easily
repaired or upgraded” (European Commission, 2022b, pp. 89-90).
However, how this is assessed in practice sees less agreement. Within
responses from economic and resource stakeholders, 32% of business
associations (vs 88% of NGOs and 91% of Environmental Organisations)
supported the focus on “actions to be taken by producers to improve
durability, re-useability, upgradability and reparability” (European
Commission, 2022b, p. 88). Still, only 18% (vs 38% NGOs, 36% Env.
Org.) supported “producers/importers to publish information on how
they have prioritised materials that are safe and sustainable-by-design
and have substituted chemicals of concern with safer ones whenever
possible” (ibid). However, SMEs suspect that early negative impacts will
be offset by “reduced material use and expenditure; increased customer
loyalty; better access to the market for greener products; reputational
benefits etc.” (European Commission, 2022b, p. 96).

4.4.6. Perspectives on a system for product-life tracking (F)

For economic stakeholders and producers, product origin information
brings better supply chain knowledge through increased transparency,
and societal stakeholders achieve increased trust. This system aims to
enable economic stakeholders and producers to combat counterfeiting,
levelling the playing field against unscrupulous suppliers. At the same
time, users benefit from increased confidence in the authenticity and
ability to resell. A guarantee of second-hand product quality seeks to
discourage planned obsolescence, a feature resource stakeholders argue
products are designed to do, while economic stakeholders disagree.
Similarly, economic stakeholders argue that second-hand product quality
is difficult to assess, while resource stakeholders disagree. Economic
stakeholders are more optimistic about the capability to dynamically
evaluate the performance of products and ensure a managed second-life
product application. This system allows economic stakeholders and
producers to provide post-sale services to users and administer warranties
and recalls. Post-sale customer feedback works opposite, providing
users’ data back to producers and economic stakeholders, allowing them
to improve their product offerings. Similarly, the system enables greater
supply-chain oversight for producers and economic stakeholders’ ability to
assess and respond to risk.
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Fig. 9. System capability and information requirements within viewpoint G.

4.4.7. Perspectives on a system for product operation (G)

Perspective G encompasses all operational information to extend a
product’s service life and optimal disposal. A system that improves user
product handling is generally well-supported by all groups, supplying
users with the information they need to best operate, maintain and safely
service the product (be they consumers or maintenance-focused orga-
nisations). However, the exact information to be provided is less clear,
and metrics such as availability of spares and expected product lifetime
are considered hard to assess by expert stakeholders. A system that
improves the availability and cost of spare parts is targeted at spares
availability. Some user stakeholders express that they may benefit from
the ability to remanufacture spare parts of products no longer supported
by Original Equipment Manufacturers (OEM). Still, again producers feel
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that IP rights are an issue. A system that encourages successful uptake of
recycling schemes through better access to product information benefits
producers by recovering resources for remanufacturing. Disposers benefit
from the operationalisation of recovery schemes. However, it is noted in
expert interviews that these are only successful if the relevant infra-
structure is built and operating effectively.

4.4.8. Perspectives on a system for product impact assessment (H)

All stakeholders agree that products do not sufficiently address their
environmental impact. For governance stakeholders, a product impact
assessment system aims to encourage a reduction in the most impactful
products. The aim is to decouple economic growth from climate,
biodiversity, and pollution impacts. While for economic stakeholders and
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Fig. 10. System capability and information requirements within viewpoint H.

producers, product impact assessment aims to reduce greenhouse gas
emissions, improve working conditions, and reduce environmental
crime. Economic stakeholders consider environmental and social infor-
mation a high effort for low advantage, with some benefit to users but an
increased benefit to resource stakeholders. Nevertheless, all stakeholder
groups supported the requirement to provide information about a
product’s environmental performance. In contrast, social performance
information saw significantly more support from resource and governance
stakeholders than economic stakeholders, with stakeholder opinion split
on whether addressing social aspects is feasible.

Product and Organisational Environmental Footprint Assessments
(PEF/OEF) are considered appropriate by many resource stakeholders
and, to a lesser extent, by other stakeholders. Most stakeholders support
a lifecycle assessment approach. However, the EC has surmised that a
greater range of aspects must be identified “to properly execute financial
and environmental calculations on the product’s impacts” (European
Commission, 2022c, p. 598).

14

4.4.9. Perspectives on a system for material resource management (I)

DPPs facilitate monitoring and oversight of the flow of materials
within their jurisdiction through increased knowledge of the materials
contained within products. However, the provision of this type of in-
formation has significantly less support from economic stakeholders than
from resource stakeholders. For governance stakeholders, improving
material reclamation will result in greater strategic autonomy, while the
DPP will simplify waste management reporting. Disposers will be able to
identify valuable resources better and automate their sorting and sepa-
ration processes. A system that penalises and rewards manufacturers
enables rules on hazardous/critical materials and minimum recycled
content levels in products. Governance, resource and user stakeholders
support banning materials that inhibit recyclability. Economic stake-
holders saw some negative short-term impact of minimum recyclability
requirements but generally considered these offset over time and saw
the benefit of phasing out harmful materials.
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5. Discussion and recommendations

The EC’s Regulatory Scrutiny Board has met twice during the SPI
consultation to provide feedback and opinion on the proposal. The
Board’s overall view at the first meeting in September 2021 was nega-
tive (European Commission, 2022d), and the revised proposal in
December 2021 was positive with reservations. Three of the Board’s
main recommendations are key considerations in moving forward, (1)
DPP objectives made more explicit, (2) keeping admin costs for busi-
nesses to the minimum necessary, and (3) requirements must be
generated on a product-by-product basis.

5.1. DPP’s objectives made more explicit

The Scrutiny Board’s December requirement to make DPPs objec-
tives more explicit, has resulted in a leap from a description of the DPP
concept and legislative goals to ‘solutionism’ of the technical purpose of
a DPP and how the system might be implemented — Annex 18 of the
Impact Assessment (European Commission, 2022c). Inevitably, the
technological solution is beginning to be specified from this regulatory
stance without the context of existing technologies and passport systems
already being used by various industries (see Appendix A), or from
expert technical involvement. Furthermore, this focus on the delivery
instrument fails to properly consider the appropriate role and scope of

the DPP system that requires behaviour change in consumers and
businesses: responding to the Scrutiny Board’s commentary with ‘the
system can do XYZ, so its role and scope is XYZ’, rather than ‘we need a
system to fulfil ABC roles within the wider scope of SPI, and thus its
capability needs to be DEF’. A systems engineering approach aims to
articulate why product passports should do what they do: the antithesis
of the EU’s current strategy.

Unsurprisingly, the EC perceives the DPP system as a techno-social
mechanism for compliance (viewpoint C - Business Transparency) and
sees the DPP solution through this lens. As such, the objectives of reg-
ulatory governance (to provide specific evidence demonstrating
compliance) are conflated with the purpose of the regulation, that is, to
influence changes in behaviour within the regulated ecosystems, sug-
gesting that this should be considered a socio-technical system. How-
ever, product Eco-design is only one part of a ‘sustainable product’
solution. The EC needs to articulate the context and scope in which their
product sustainability principles (termed ‘product parameters’ in Annex
I of the regulations) fit into a broader set of sustainability objectives or
ethical principles and, more importantly, to determine what these are.
Figs. 3-11 show that while the information points highlighted
contribute to some sustainability objectives, they are not a complete set
of overarching sustainability goals. A clear sustainability framework,
underpinned by ethical principles in which information requirements
can be set, would enable a more comprehensive and shared vision of

15



M.R.N. King et al.

sustainability between economic actors. This clarity would also future-
proof legislation, setting the horizontal sustainability objectives
against principles rather than specific information points (set out in
vertical legislation) that could be expanded and updated over time
without the need to update the horizontal framework.

Recommendation #1 — The overarching sustainability goals or
ethical principles that underpin the legislation and the Digital Product
Passport Ecosystem should be articulated.

Recommendation #2 — A Digital Product Passport Ecosystem should
be seen as a socio-technical system; therefore, a values-based systems
engineering requirements process (IEEE, 2021) should be adopted that
prioritises design for systemic change.

One of the key outputs of this research is the identification of 9
discrete ecosystem capabilities that make up a Digital Product Passport
Ecosystem, along with specific definitions for each (Table 4). Therefore,
current thinking needs to change from a DPP being a single wholly
directed or managed compliance system to a more complex Digital
Product Passport Ecosystem (DPPE) that requires architecting as such. It
is worth noting that not only is the Ecosystem a SoS, but each constituent
system is also a SoS comprised of multiple actors, organisations, pro-
cesses, and technical systems that need to interoperate to achieve the
overarching capability. It is recommended that the EC’s European
Interoperability Framework (EIF) principles are followed (National
Interoperability Framework Observatory, 2022) that cover aspects of
legal, organisational, semantic as well as technical interoperability.
Once it is acknowledged that the ecosystem needs to be engineered to
deliver nine capabilities, decisions can be made on how best to design,
develop and manage the SoS to achieve these. A decision on the type of
SoS is also needed; either directed, acknowledged, collaborative or
virtual (‘ISO/IEC/IEEE International Standard — Systems and software
engineering — System of systems (SoS) considerations in life cycle stages
of a system’, 2019).

Recommendation #3 — The Digital Product Passport Ecosystem is a
complex System of Systems that should be architected for legal, organ-
isational, semantic and technical interoperability to deliver the nine
ecosystem capabilities and achieve the overarching sustainability goals.

Systems Engineering requires two types of systems checks or tests:
systems verification (did we build the system right?) and validation (did
we build the right system?). Technical systems verification can be easily
done if system requirements are specified. However, validation is more
complex as it requires testing against original stakeholder or capability
objectives. From policy conception to systems implementation, the EC
needs to plan how and when to evaluate whether any DPP system meets
its policy and fundamental sustainability objectives. Mechanisms for
DPP validation could be aligned to functional viewpoint D — A system for
the oversight of Industrial circularity performance - but additional op-
portunities exist to evaluate policy objectives immediately. Realist
Evaluation is a theory-driven approach to generate evidence of ‘what
works, for whom in which contexts, and why’ (Pawson, 2013) and can
be used in ex-ante policy impact evaluation for complex initiatives. The
stakeholder assumptions, derived from the authors’ CATWOE analysis
(Table 3), are the assumptions that underpin the success of the legisla-
tion, and these can be tested to see in which contexts they are correct
and where they are less likely to work due to constraints.

Recommendation #4 — The stakeholder policy assumptions gener-
ated through this research should be used as candidate theories within a
Policy Impact Realist Evaluation of the SPI legislation and future DPPE
stakeholder validation activities.

5.2. Incentives for businesses towards adoption and keeping costs down

From the CATWOE analysis, the overwhelming assumptions are that
regulation will positively encourage sustainable business practices.
Consequently, consumers will make better product choices if provided
with comparable sustainability information at the point of sale — even if
the cost of implementing these changes is passed on to the consumer in
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the short term. The circular economy has been framed as a strategy that
reconciles continued economic growth in a world with finite resources
(Korhonen et al., 2018). Most of these discrete systems within the DPPE
rely on the producers to do more (spend more) for their business and
products to be regulated with sustainability in mind. However, some
significant barriers and issues must be overcome to incentivise invest-
ment in changing business practices and data sharing with competitors
and new economic operators building new business models along the
value chain. A view supported by existing research (Adisorn et al.,
2021).

For the producers, interactions with a system purely for compliance
will only ever frame it as an administrative burden. To minimise such
burden, the EC should not see product passports as a new system but
rather as an interface to existing systems and a tool to improve opera-
tional efficiencies. For greatest producer success, the EC should ask what
systems and processes currently exist for each top-level sustainability
goal and how a DPP solution might modernise and reduce the admin-
istrative burden on economic operators. The EC acknowledge this,
saying that the data architecture needs careful consideration “with the
objective of achieving the highest degree of interoperability with the
minimum degree of changes to existing systems.” (European Commis-
sion, 2022c, p. 589).

Recommendation #5 - Future research should investigate the in-
centives for producer stakeholders to adopt open architectures, share
more data and integrate their existing solutions within a wider
ecosystem.

5.3. Specifying DPP requirements on a system-by-system and product-by-
product basis

Technical and solution stakeholders state a preference for distrib-
uted/decentralised systems in the consultation. From the authors’
research into existing bespoke systems that demonstrate some DPP
capability (Appendix A), many utilise decentralised technologies
(Blockchain) but with a centralised governance model dependent upon
business needs. By distinguishing capability into the nine discrete
functional viewpoints within the ecosystem, it becomes evident that
different capabilities and information types require different system
features. Each discrete system in the ecosystem could adopt different
types of technology architecture, such as event-driven software archi-
tectures and IoT hardware for product-life tracking and desktop appli-
cations with interoperable features for life cycle assessments.

Recommendation #6 - Future research should investigate system
architectures in existing DPP systems (and those that provide similar
capability) to model common Enterprise Architectures and Solution
Architectures for the DPPE, particularly at key integration points.

As well as generic requirements for products linked to a DPP
Ecosystem capability, there is a need to accommodate the specifics of
various products, where detail and complexity are required for some but
not all products. There already exists a wealth of systems and ap-
proaches to asset management and tracking but dependent on the
context, solutions are very different. In the case of safety-critical sys-
tems, additional granularity and context are essential, for example,
tracking life-limiting parts and ‘back-to-birth’ traceability within the
aviation industry (IATA, 2020). In this case, a specified traceability
process is integral to aviation regulation that must be complied with by
the OEM and the MRO (Maintenance, Repair and Overhaul) involved in
the design and manufacturing, operation or repair of the individual part.

As the EC develops specific legislation for EV Batteries and Battery
Passports, due to come into force ahead of the SPI, researchers (Berger
et al., 2022) and commercially led project consortiums (Circular Econ-
omy Initiative, 2022) are developing specific use cases and requirements
for EV Battery Passports focusing solely on the EV battery value-chain.
Therefore, there is a danger of adding to ecosystem complexity if
interoperability between systems is not considered in this context.

Recommendation #7 - Future research should seek to establish
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information and process requirements on a product-by-product basis in
the context of integration within a wider PPE architecture.

5.4. A DPPE as an enabler of industrial symbiosis

Industry Symbiosis (IS), in the traditional sense, focuses on a sym-
biotic material or energy relationship between the waste of one industry
becoming the valuable input of another (Neves et al., 2019).

Explicit association between DPPs and the prospect for material/
energy symbiosis is infrequent, but some opportunities for IS are
evident. At the resource level, the SPI regulation sets out the need to
specify materials used in the production process and those that are waste
materials from the product in/after use. If this information was freely
available to other manufacturers, additional symbiotic opportunities
could be identified. Viewpoint H (Fig. 10) includes a consumption re-
cord (of energy, water, and other resources). Matching these consump-
tion needs with knowledge of waste created elsewhere (identified in
Viewpoint I) could enable IS matchmaking between parties. At the
product level, viewpoint F enables the tracing of product possession and
manipulation. While not explicitly mentioned, it is not too far outside
the current system’s scope to be able to identify products that are no
longer in active use by their current owners. Combining this with in-
formation from viewpoint B, those looking for new products could be
connected to those who already possess them but do not need them.

Suppose the definition of IS is expanded to include mutual benefits
regarding the extraction of value from data (informational symbiosis)
and the supply and acquisition of operational data (operational symbi-
osis). In that case, a more comprehensive range of opportunities is
evident. Viewpoint A describes an improved efficiency of information
transfer between parties. While most supply chains already have some
product information transfer mechanisms, a well-designed and inter-
operable PPE may enhance these interfaces for other economic opera-
tors. Given the various calls to harmonise and standardise information
sharing, these synergies are not realised. Adopting an operational
perspective, an open system for tracking products means that supply
chains can better tackle counterfeit goods, manage post-sale issues such
as warranty claims and product recalls, and respond to supply chain
risks. Suppose this system can guarantee the quality of goods at any
stage of life. In that case, this should maximise re-sale value for second-
hand ownership and establish markets for second-life applications for
products that may currently be considered waste by the current owner,
like the use of electric vehicle batteries for energy storage (Zhu et al.,
2021). An open system for communicating operational information
about a product, if well designed, can help producers improve how their
products are cared for while the users of those products see longer
product lifespans. Finally, open data concerning disassembly and ma-
terial extraction may act as an enabler for the shift towards increased IS
(in both traditional and expanded definitions), given that IS is one way
of achieving increased circularity efficiencies.

Recommendation #8 - More research is needed on opportunities for
industry symbiosis and new business models built on open data along
the value chain enabled by a DPPE.

6. Conclusion

The novelty of this research lies in the systems thinking approach,
coupled with systems engineering, to rigorously define and model a
DPPE as a System of Systems to derive a universal definition. Stake-
holder perspectives and requirements concerning Product Passports
were synthesised using data and analysis from the European Commis-
sion’s (EC) open consultation on the Sustainable Products Initiative
(SPI). It is a limitation that most responses were trade associations,
NGOs, and public authorities within Europe. However, many businesses
that responded are trading globally. Another limitation is that no citi-
zens or consumer organisations commented on Product Passports, and
no responses were submitted from outside Europe or North America.
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In conclusion, the following universal definition of a Digital Product
Passport Ecosystem is proposed using the following CATWOE structure.
“A System owned by O to do W by A by means of T given the constraints of E
in order to achieve X for C.”

“A Digital Product Passport Ecosystem (DPPE) is a socio-technical
System of Systems, which is collaboratively owned by the producers,
users, and disposers of products. A DPPE evidences sustainable business
practice and product design values, encourages change in consumer and
disposer behaviour, and enables greater collective efforts towards a
circular economy by all product stakeholders (resource, producer, user,
disposers) and economic stakeholders. It does this by defining the
metrics for sustainability and circularity for a given product and across
product lifecycles, which requires a whole-life assessment against social
and environmental impact performance metrics, then translates these
into a comparable set of attributes for uniquely identifiable product
designs. The DPPE provides a mechanism for uniquely identifying,
describing, and exchanging product and actor data between actors. It
also requires evidence to support the claims made by actors and evi-
dence of a clear chain of custody of the product, its parts and associated
events. The DPPE provides the information necessary to identify haz-
ardous, problematic, and valuable materials, maintain the useful life of
the product, and how to dispose of it optimally. The DPPE operates
within acknowledged constraints (such as commercial interests, data
quality and data ownership, a variety of sustainability metrics, privacy
concerns, legacy systems, cost, skills, and current capacity) to achieve
the sustainability values and goals of societal stakeholders.”
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