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Abstract 
As Europe accelerates its shift toward a circular 

economy, digital product passports (DPPs) are being 
introduced as a central regulatory mechanism to 
standardize how product data is shared, governed, 
and leveraged across value chains. Yet, their 
implementation presents organizations with tensions 
arising from conflicting strategic, technological, and 
regulatory demands, as well as internal resource 
constraints. Drawing on twelve expert interviews 
across European manufacturing sectors, this study 
identifies key barriers and incentives shaping early 
DPP adoption. From this analysis, we inductively 
derive four paradoxes that organizations must 
navigate: organizational-level value vs ecosystem-
wide benefit, standardization vs flexibility, 
transparency vs confidentiality, and regulatory 
mandate vs innovation. Using a paradox theory lens, 
we argue that these tensions are not merely obstacles 
but interdependent contradictions requiring ongoing 
management. The study contributes to information 
systems research by theorizing how digital 
infrastructures for sustainability introduce 
institutional complexity and offers practical guidance 
for navigating competing demands through adaptive 
governance and cross-sector collaboration.  

 
Keywords: Digital Product Passports, Circular 
Economy, Paradox Theory, Digital Infrastructure, 
Sustainability Transitions 

1. Introduction  

The ambition of achieving a circular economy has 
been strengthened over the last years, led by increasing 
environmental concerns, regulatory interventions, and 
stakeholder expectations for sustainable business 
practices. Through systemic innovation in industrial 
ecosystems, economic growth is supposed to be 

decoupled from resource consumption (Bocken et al., 
2016; Melville, 2010). One such innovation is the 
digital product passport (DPP), a data-driven 
mechanism introduced within the European Union’s 
Ecodesign for Sustainable Products Regulation 
(ESPR) to enhance product lifecycle transparency, 
traceability, and sustainability (European 
Commission, 2024). As DPPs rely on the integration 
of diverse data sources, standards, and IT interfaces 
across organizational boundaries, they function as 
emerging digital infrastructures that support 
information flows in circular value chains (Langley et 
al., 2023). 

The circular economy transition requires digital 
infrastructures that support interoperability, data 
integration, and stakeholder coordination 
(Henfridsson & Bygstad, 2013; Yoo et al., 2012). 
While DPPs offer transformative potential in this 
regard, adoption remains uneven across 
manufacturing organizations (Jansen et al., 2023; 
Jensen et al., 2024). Barriers persist not only in 
technological implementation but in managing the 
systemic tensions between organizational and 
ecosystem goals. These tensions often take the form of 
paradoxes, representing “contradictory yet interrelated 
elements that exist simultaneously and persist over 
time” (Smith & Lewis, 2011, p. 382), which cannot be 
resolved outright but must be continuously navigated. 
They are particularly pronounced in organizations 
with limited digital capabilities,  institutional leverage, 
or access to innovation ecosystems (Hinings et al., 
2018; Vial, 2019). Additionally, fragmented 
information asymmetries across value chains hinder 
accountability, trust, and effective coordination 
(Janssen et al., 2012). If unaddressed, such tensions 
risk undermining the role of DPPs in achieving 
circular economy goals such as resource efficiency 
and lifecycle transparency.  

Recent research in information systems (IS) has 
begun to explore how digital infrastructures support 

Proceedings of the 59th Hawaii International Conference on System Sciences | 2026

Page 4109
URI: https://hdl.handle.net/10125/111889
978-0-9981331-9-5
(CC BY-NC-ND 4.0)



sustainability transitions, particularly in terms of 
coordination, data exchange, and ecosystem 
governance (Eaton et al., 2015; Melville, 2010; Seidel 
et al., 2013). Prior studies have examined how digital 
platforms facilitate circular practices (Antikainen et 
al., 2018; Fraccascia et al., 2019; Kristoffersen et al., 
2020) and how tensions in digital transformation are 
shaped by architectural and governance design 
(Constantinides & Barrett, 2015; Henfridsson & 
Bygstad, 2013). However, few studies provide 
empirical insights into the paradoxical tensions that 
arise when strategic, technological, and regulatory 
drivers intersect in emerging systems like DPPs 
(Majchrzak et al., 2016; Vial, 2019). While strategic 
motivations for DPP adoption have been explored 
(Haase et al., 2025), the implications of these tensions 
for infrastructure design and scaling within the circular 
economy remain undertheorized. Therefore, this study 
addresses this gap by examining how organizations 
navigate competing demands and institutional 
complexity, such as regulatory ambiguity, 
technological interoperability, and uneven value 
distribution, in the early-stage implementation of 
DPPs. In aid thereof, we ask the question What 
barriers and incentives shape the adoption of Digital 
Product Passports, and how do these give rise to 
paradoxical tensions in circular industrial 
ecosystems?  

Drawing on qualitative data from twelve expert 
interviews across diverse manufacturing sectors, this 
study adopts a paradox theory lens to examine the 
underlying tensions that emerge in the early adoption 
of DPPs. Through an inductive analysis of the barriers 
and incentives discussed by practitioners, we identify 
four interrelated paradoxes: organizational-level value 
vs ecosystem-level benefits, standardization vs 
flexibility, transparency vs confidentiality, and 
regulatory mandate vs innovation incentives. Rather 
than binary trade-offs or isolated barriers, we 
conceptualize these as persistent, interdependent 
dualities that must be navigated over time (Smith & 
Lewis, 2011). In doing so, we treat the DPP as a 
concrete digital infrastructure through which broader 
tensions within circular industrial ecosystems become 
visible.  

This research contributes to IS literature by 
extending paradox theory into the context of digital 
infrastructures for sustainability, with a specific focus 
on data-sharing mechanisms within circular industrial 
ecosystems. Practically, it provides guidance to 
manage paradoxical tensions in the design and 
governance of DPPs as well as actionable insights for 
designing inclusive, resilient, and innovation-friendly 
data sharing infrastructures that fulfill the promise of 
circularity at scale. 

2. Related Work 

2.1. Circular Ecosystems  

Circular ecosystems represent a systemic shift 
from linear production-consumption models towards 
regenerative, closed-loop systems that emphasize 
resource retention, reuse, and environmental 
stewardship (Geissdoerfer et al., 2017; Kirchherr et al., 
2017). Unlike traditional supply chains, circular 
ecosystems are characterized by interconnected 
stakeholders who co-create value through continuous 
material flows and collaborative service models 
(Geissdoerfer et al., 2017). These ecosystems depend 
largely on data transparency, interoperability, and trust 
to function effectively across organizational and 
technological boundaries (Lieder & Rashid, 2016). 

In IS research, circular ecosystems intersect with 
the study of digital platforms, interorganizational 
systems, and sustainability-driven transformation 
(Melville, 2010). While prior research has 
increasingly emphasized the role of digital 
technologies in enabling closed-loop value creation 
and decision-making (Bocken et al., 2016), the 
complexity of orchestrating ecosystem-wide 
coordination, particularly in industries with 
asymmetric capabilities, remains a central challenge. 
Effective circular ecosystems, therefore, demand not 
only technological innovation but governance 
structures that can accommodate diverse actor 
interests while fostering alignment around 
sustainability goals (Fraccascia et al., 2019). However, 
such alignment is often undermined by persistent 
information asymmetries such as imbalances in the 
availability, quality, and accessibility of data across 
organizations and sectors. These asymmetries hinder 
transparency, erode trust, and limit circular 
coordination across product lifecycles. To overcome 
them, stakeholders increasingly look to standardized 
digital infrastructures that ensure shared visibility and 
traceability. A promising mechanism for this, which is 
currently gaining traction, is the DPP.  

2.2. Digital Product Passports  

The DPP is a regulatory and technical mechanism 
promoted by the European Commission under the 
ESPR framework to advance sustainable product 
policies. DPPs aim to provide standardized, lifecycle-
wide information about a product’s materials, 
environmental performance, and compliance status 
(European Commission, 2024). As digital carriers of 
structured product data, DPPs are designed to improve 
transparency and traceability across the value chain, 
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thus enabling more informed decision-making in areas 
such as maintenance, recycling, and responsible 
sourcing (Jensen et al., 2023).  

From an IS perspective, DPPs can be seen as 
collaborative digital infrastructures that mediate multi-
stakeholder interactions and support the emergence of 
data-rich circular service ecosystems (Henfridsson & 
Bygstad, 2013). Their implementation involves 
integrating diverse IS, establishing data access 
controls, and coordinating governance mechanisms 
(Henfridsson & Bygstad, 2013; Jensen et al., 2023; 
Krüger et al., 2025). Despite their potential, empirical 
studies highlight significant adoption barriers, 
including data sensitivity, lack of standardization, 
interoperability challenges, and unclear regulatory 
guidance (Ducuing & Reich, 2023; Jensen et al., 
2023). Moreover, DPPs exemplify the dual nature of 
digital innovation in sustainability contexts by acting 
as both compliance tools and potential drivers of 
business model transformation (Walden et al., 2021). 
Understanding how organizations and ecosystems 
navigate this duality is critical for realizing the DPP’s 
transformative offering.  

2.3. Paradox Theory  

Paradox theory provides a conceptual lens to 
understand the persistent and interdependent tensions 
that arise in complex systems undergoing 
transformation (Smith & Lewis, 2011). Rather than 
viewing contradictions as problems to be solved, 
paradox theory emphasizes their dynamic nature and 
the need for ongoing management. Common paradox 
types include tensions between exploration and 
exploitation, flexibility and control, and short-term vs 
long-term outcomes (Jarzabkowski et al., 2013; Lewis, 
2000). These often manifest in organizational 
decision-making and strategic responses, particularly 
under conditions of change and uncertainty. Thus, 
paradox theory has been used to explain how 
organizations manage competing demands during 
digital transformation (Danneels & Viaene, 2022), 
navigate tensions between openness and control in 
platform governance (Eaton et al., 2015), and balance 
collaboration with competition between organizations, 
platforms, and technologies in digital ecosystems 
(Tiwana, 2013).  

3. Methodology 

To investigate the barriers and incentives shaping 
the adoption of DPPs and examine how they relate to 
the emergence of paradoxical tensions, we employed 
a qualitative, interview-based research design. This 
method is particularly suited for exploratory studies 

that aim to understand under-researched phenomena in 
their real-world context (Eisenhardt, 1989). 
Qualitative approaches are commonly used in IS 
research to build theory from practice and are 
especially appropriate for uncovering tensions within 
complex systems such as digital infrastructures 
(Myers & Avison, 2002).  

The empirical setting for this study is the 
European manufacturing sector, where DPPs are being 
introduced as part of the EU’s sustainable product 
regulation agenda, with implementation beginning in 
2026 for industrial batteries under the Battery 
Regulation (European Parliament and Council, 2023). 
DPPs are intended to serve as shared digital 
infrastructures across industries, which makes their 
implementation institutionally and operationally 
complex and inherently cross-organizational.  

To explore this phenomenon, we conducted 
twelve semi-structured interviews with experts 
directly involved in DPP-related initiatives. Interviews 
were carried out between March and April 2025 using 
purposive sampling to ensure the inclusion of diverse 
roles and perspectives. Participants were drawn from 
a range of organizational contexts, including SMEs, 
multinational manufacturers, recycling firms, digital 
solution providers, and policy-affiliated organizations. 
This variety enabled us to understand both 
organization-specific and ecosystem-wide 
perspectives on DPP adoption. Table 1 provides an 
overview of the interview participants, including their 
sector affiliation, organization type, and role within 
the DPP initiative.  

Each interview lasted between 32 and 45 minutes, 
focusing on organizational experiences with DPP 
design, implementation, and ecosystem collaboration. 
We placed particular emphasis on challenges, 
contradictions, and organizational responses to 
regulatory and technological uncertainty. All 
interviews were recorded with participant consent and 
transcribed using BluedotHQ. In line with theoretical 
sampling principles (Glaser & Strauss, 1967), insights 
from early interviews informed the refinement of 
subsequent questions, allowing us to probe more 
deeply into emerging themes. 

Our data analysis followed the Gioia 
methodology (Gioia et al., 2013), which offers a 
structured approach to inductive theory development 
by progressing from empirically grounded 
observations in participants’ language to higher-level 
theoretical constructs. In developing our initial coding 
categories, we drew on insights from prior literature 
that outline common barriers and incentives in circular 
economy data infrastructures and DPP initiatives 
(Adisorn et al., 2021; Ducuing & Reich, 2023; 
Wagner, 2025). These studies served as sensitizing 
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concepts to inform our preliminary understanding of 
regulatory, technological, and strategic conditions, 
while remaining open to novel themes emerging from 
the empirical data.  
 

Table 1. Overview of interviews 

ID Sector Organization 
Type Role 

P1 Consumer 
Electronics  

Large 
Enterprise 

Product 
Manager 

P2 Automotive Large 
Enterprise 

Senior 
Executive 

P3 Industrial 
Equipment 

SME CEO 

P4 Manufacturing 
Software  

Large 
Enterprise 

Digitalization 
Lead 

P5 Industrial 
Design  

SME Circularity 
Program 
Manager 

P6 Sustainability 
Policy 

Public Sector Policy 
Consultant 

P7 Engineering 
Standards 

Standards 
Organization 

Standards 
Developer 

P8 Digital 
Infrastructure 

Technology 
Provider 

Infrastructure 
Architect 

P9 Manufacturing  Large 
Enterprise 

Compliance 
Expert  

P10 Textiles SME Supply Chain 
Lead 

P11 Plastics 
Packaging 

Large 
Enterprise 

Head of 
Traceability  

P12 Automotive 
Supply Chain  

SME Digital 
Strategist 

 
In the first step, we conducted open coding to 

identify first-order concepts using the participants’ 
language. This involved closely examining interview 
transcripts for specific statements describing 
organizational experiences with DPPs, including 
practical challenges such as unclear compliance 
expectations or difficulty aligning internal systems 
with external data formats. For example, one 
participant described needing “more clarity around 
what is expected and by when”, while another 
mentioned “too many pilots with no unifying 
direction”. These were coded under regulatory 
ambiguity and lack of standardization, respectively.  

In the second step, we grouped related first-order 
concepts into second-order themes representing key 
strategic, regulatory, and technological conditions 
influencing DPP adoption, each comprising both 
incentives and barriers that shape organizational 
engagement with DPPs. 

In the final step, we analyzed the relationships and 
tensions across these themes and identified a set of 
higher-order constructs that exhibited characteristics 
of paradoxes, which are persistent contradictions 
rooted in competing organizational logics (Smith & 
Lewis, 2011). Unlike dilemmas, trade-offs, or 
dialectics, which imply resolution through choice, 
compromise, or synthesis, paradoxes persist over time 
and must be managed simultaneously (Lewis, 2000). 
While our data does not allow for full longitudinal 
tracing, we draw on Smith and Lewis’s (2011) 
dynamic equilibrium model to sensitize our coding to 
how tensions were experienced, escalated, or 
addressed. 

4. Results 

The analysis of expert interviews revealed how 
organizations across the manufacturing ecosystem 
experience the evolving requirements of DPPs in the 
context of the circular economy transition. These 
barriers and incentives form the foundation for the 
paradoxes discussed later. The findings are structured 
around three dimensions: strategic, technological, and 
regulatory, each encompassing both barriers and 
incentives to DPP adoption. In addition, resource 
constraints emerged as a cross-cutting factor 
influencing all three dimensions.  

4.1. Barriers and Incentives to DPP adoption  

Barriers and incentives to DPP adoption emerged 
around recurring strategic, technological, and 
regulatory challenges, each shaped by organizational 
roles, capacities, and positions within the 
manufacturing ecosystem. While distinct in focus, 
these factors were interdependent and frequently 
influenced by underlying resource constraints. Table 2 
provides an overview of the main factors discussed by 
participants.  

Participants identified barriers and incentives for 
DPP adoption across four dimensions. Firstly, from a 
strategic standpoint, participants reflected both 
skepticism and ambition. SMEs and downstream 
suppliers felt they carried a disproportionate 
implementation burden without influence over 
standards or returns. One SME CEO commented, 
“We’re doing a lot of compliance lifting without being 
part of the conversation” (P03). Furthermore, 
organizations found it difficult to quantify the return 
on DPP-related investments, especially when value 
creation was contingent on collective ecosystem 
uptake.  
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Table 2. Overview of barriers and incentives to 
DPP adoption 

 Barriers Incentives 

St
ra

te
gi

c 
 

- Disproportionate 
burden on SMEs 

- Unclear value 
capture and ROI 

- Limited influence in 
standard-setting  

- Potential for 
improved 
transparency and 
market trust 

- First-mover 
advantage and 
standard-setting 
opportunity  

Te
ch

no
lo

gi
ca

l 

- Fragmented IT 
systems 

- Lack of harmonized 
data models 

- Compatibility issues 
with legacy systems 

- Cybersecurity and 
IP concerns 

- Potential for 
ecosystem-wide 
interoperability (if 
implemented 
effectively) 

Re
gu

la
to

ry
  

- Ambiguity of 
timelines and 
enforcement 
mechanisms 

- Lack of sector-
specific guidelines 

- Anticipated 
compliance 
obligations  

- Legitimacy 
through alignment 
with EU 
sustainability 
agendas 

Re
so

ur
ce

 
Co

ns
tra

in
ts 

 - Limited internal 
resources (time, 
budget, skills) 

- Reluctance to share 
proprietary data   

– 

 
Despite these concerns, strategic opportunities 

were also cited. Participants highlighted the potential 
for DPPs to boost transparency, strengthen stakeholder 
trust, and differentiate themselves in sustainability-
conscious markets. A compliance expert noted, “If we 
do it right, it’s a differentiator” (P09). Multinational 
organizations saw early engagement as a chance to 
shape standards and influence regulation and 
ecosystem governance. Nevertheless, these incentives 
were weakened by the absence of clear mechanisms to 
capture or distribute the value generated.  

Secondly, the integration of DPPs into existing 
technological infrastructures presented significant 
operational challenges. Organizations described 
complex, fragmented IT systems, a lack of harmonized 
models, and incompatibilities between legacy systems 
and new digital infrastructure requirements. An 
infrastructure architect summarized, “We need 
common protocols, but every sector thinks their 
context is unique” (P08). Participants worried that 

increased data sharing could compromise intellectual 
property or strategic positioning, especially in 
competitive markets. 

Nevertheless, some participants saw DPPs as an 
opportunity to streamline data practices and 
harmonize digital infrastructures across supply chains. 
If implemented effectively, standardized protocols 
could improve interoperability and reduce duplicated 
data efforts. It was suggested that “DPPs could push 
us to finally clean up our internal systems and get rid 
of our currently fragmented data flows” (P08). 

Thirdly, regulatory dynamics played a dual role. 
On the one hand, participants expressed concern over 
regulatory ambiguity, such as uncertainty about 
timelines, enforcement mechanisms, and technical 
requirements. One executive serving as Head of 
Traceability described the policy context as “building 
the plane while flying it” (P11), capturing the risks of 
advancing amid shifting rules. The absence of sector-
specific guidelines left organizations unsure about 
which product data to prioritize or disclose. On the 
other hand, regulation also acted as a motivator, 
particularly among organizations with cross-border 
operations in the EU. A senior executive (P02) noted, 
“If we don’t prepare now, we’ll scramble when it’s too 
late”, indicating how anticipated compliance 
obligations encouraged early action despite 
uncertainty. For many, compliance was not merely 
about avoiding penalties but about positioning 
themselves as responsible actors in anticipation of 
mandatory frameworks.  

Lastly, organizations pointed to resource 
limitations as a practical barrier to DPP 
implementation. This was especially critical for 
smaller organizations lacking specialized compliance 
or IT personnel. Time, budget, and digital capability 
constraints were frequently cited as reasons for 
delayed or minimal engagement with DPP initiatives. 
Additionally, legal and cultural reluctance to disclose 
sensitive data created friction, even in organizations 
that otherwise supported circular economy goals. A 
product manager remarked, “We would like to be 
transparent, but we have been burned by sharing too 
much in the past” (P01), while a supply chain lead 
emphasized, “Even sharing recycling rates feels risky 
when it reveals inefficiencies” (P10). Importantly, 
resource constraints are not confined to a single 
dimension but across strategic, technological, and 
regulatory barriers and act as a cross-cutting condition 
that impacts the other tensions.  

4.2. Emergent Paradoxes  

 While the preceding analysis distinguishes 
between barriers and incentives, closer examination 
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reveals that these dynamics are not merely opposing 
forces but reflect underlying tensions that are 
simultaneously present and mutually reinforcing. 
Barriers often amplify the visibility of such tensions, 
while incentives shape how organizations respond to 
them. In turn, these responses can generate new or 
recurring tensions, underscoring the recursive nature 
of DPP implementation. Rather than constituting 
isolated problems with straightforward solutions, 
these tensions manifest as paradoxes, where efforts to 
resolve one side often intensify the other. Drawing on 
participant narratives, we identify four such paradoxes 
that cut across strategic, technological, organizational, 
and regulatory dimensions of DPP implementation, 
illustrated in Figure 1.  

 

 
Figure 1. Paradoxes in DPP adoption 

  
4.2.1. Strategic Incentives and the Value 
Distribution Paradox. Many participants perceived 
strategic opportunities in DPPs, especially related to 
customer transparency and alignment with 
sustainability goals. Larger companies highlighted 
their interest in leveraging DPPs to lead in standard-
setting and reinforce their market leadership. Yet, this 
optimism was overshadowed by concerns over the 
uneven distribution of costs and benefits. An SME 
CEO (P03) remarked, “The big manufacturers have 
the resources to drive this, but we’re left figuring 
things out alone”. Smaller organizations described 
feeling pressured to adopt DPPs to remain in large 
customers’ supply chains without having access to the 
same innovation budgets or influence over standard 
development. A digital strategist (P12) added, 
“Everyone talks about shared value, but most of the 
value is hypothetical unless there’s alignment.” This 
paradox reveals a structural misalignment in the 
ecosystem: although DPPs rely on interdependent 
participation to deliver circularity benefits, the 
perceived risks and tangible investments remain 

concentrated on less resourceful stakeholders. The 
tension lies in asking individual organizations to 
contribute to a collective vision without a fair or 
guaranteed share in its outcomes. 
 
4.2.2. Technological Challenges and the 
Standardization-Flexibility Paradox. The 
technological architecture of DPPs was a recurring 
source of concern. While most participants agreed on 
the need for standardized protocols to ensure data 
interoperability and traceability across complex 
supply chains, this ambition clashed with the diversity 
of sector-specific requirements. One participant 
explained, “We all want interoperability, but if you try 
to put everyone in the same data box, things start 
breaking down” (P05). This view illustrates the 
difficulty of aligning general technical norms with 
heterogeneous business contexts. In sectors with 
highly specialized or complex products, overly 
prescriptive standards were seen as restrictive and 
impractical. At the same time, flexible standards were 
not seen as a perfect solution.  A digitalization lead 
noted, “The current proposals don’t fit our 
architecture, and adapting it feels like rebuilding from 
scratch” (P04), underlining the cost of ambiguity 
when guidelines are not concrete enough to support 
implementation. The paradox centers on the challenge 
of designing digital infrastructures that are 
simultaneously unified and adaptive. If standards are 
too open-ended, alignment and interoperability fail, 
while if they are too strict, relevance suffers. This 
creates friction in implementation and increases the 
burden on organizations to bridge the gap.  
 
4.2.3. Resource Constraints and the Transparency-
Confidentiality Paradox. Organizations also 
struggled with internal constraints, especially related 
to data sharing. While participants acknowledged the 
importance of openness to enable traceability and 
compliance, they expressed concern about exposing 
sensitive operational or commercial information. An 
interviewee emphasized, “Even sharing basic batch 
data can give away our process know-how” (P06). 
This reluctance was compounded by limited internal 
capacity. A Head of Traceability explained, “There’s 
no one whose job is to manage DPPs. It’s added onto 
whatever else we’re already doing” (P11). In such 
contexts, decisions about what data to disclose and 
through which channels were often ad hoc and 
constrained by uncertainty. Participants reported 
experimenting with anonymization, metadata 
abstraction, or tiered access to limit exposure. 
However, these solutions were inconsistently 
implemented and often perceived as inadequate. The 
paradox is acute: achieving traceability and 
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accountability in circular ecosystems depends on data 
openness, yet that very openness can threaten 
intellectual property, reputation, or negotiation 
leverage. As such, this tension is unlikely to be 
resolved through technical solutions alone. It calls for 
new norms and governance models that clarify 
responsibilities, establish trust, and guide acceptable 
data practices across diverse stakeholders. 

4.2.4. Regulatory Drivers and the Mandate-
Innovation Paradox. Participants described 
regulation as both a trigger for action and a source of 
confusion. One senior executive (P02) noted, “We 
wouldn’t even start exploring this if it wasn’t for the 
policy pressure, but the rules are still so fuzzy”. While 
regulatory mandates create urgency and legitimacy, 
their ambiguity limits progress. A policy consultant 
(P06) emphasized that “each member state interprets 
the technical rules differently”, which causes 
misalignment and uncertainty in cross-border 
collaboration. Some organizations began DPP 
implementation based on draft versions of upcoming 
regulations, only to later revise or stop their efforts due 
to shifting requirements. This paradox is rooted in the 
dual nature of regulatory instruments, which provide a 
shared direction and timeline for industry 
transformation but often fail to supply the stability and 
clarity that innovation efforts require. As a result, 
organizations must simultaneously comply with 
uncertain mandates and maintain room for 
experimentation, a situation that can delay or dissolve 
meaningful innovation.  

5. Discussion 

This study set out to explore how organizations 
across the European manufacturing ecosystem engage 
with the emerging requirements of DPPs. In doing so, 
it examined the perceived barriers and incentives that 
shape organizational responses and how these give rise 
to paradoxical tensions. The identified paradoxes span 
strategic, technological, and regulatory levels and 
highlight the layered nature of tensions embedded in 
the digitalization of sustainability, particularly within 
the shift toward circular economy models. Paradoxes 
persist because their contradictory elements are 
interdependent (Smith & Lewis, 2011). Effectively 
navigating the paradoxes associated with DPP 
adoption requires organizations to adopt a mindset that 
acknowledges and works with ongoing tensions, rather 
than attempting to resolve them through simplistic 
binary choices. Therefore, organizations navigating 
DPP-related tensions must manage these 
contradictions over time rather than eliminate them.  

 

5.1. Navigating Paradoxes in DPP adoption 
for circular economies  

The value distribution paradox highlights the 
uneven burden and benefit structures embedded in 
DPP implementation. While the strategic potential of 
DPPs, such as enhanced market positioning, 
transparency, and reputational benefits, is widely 
acknowledged, these advantages apply more to larger 
organizations with greater capacity to influence 
standard-setting and absorb costs. In contrast, smaller 
organizations often face disproportionate resource 
burdens and limited influence, enhancing pre-existing 
asymmetries within digital ecosystems. These findings 
complement existing research on strategic drivers of 
DPP implementation (Haase et al., 2025), while 
emphasizing the need to account for how such 
incentives enhance participation asymmetries across 
differently resourced actors. Moreover, this aligns 
with IS literature on digital innovation and value 
appropriation, which emphasizes how asymmetric 
capabilities can distort the realization of ecosystem-
wide benefits (Eaton et al., 2015). 

To navigate this paradox, several participants 
pointed to the importance of ecosystem coordination 
platforms, typically led by dominant players or public-
private consortia, that facilitate knowledge sharing, 
provide technical templates, and lower entry barriers 
for SMEs. These practices echo insights from 
innovation ecosystem research on orchestrated 
collaboration and shared infrastructure as a means to 
foster inclusive participation (Jacobides et al., 2018). 

The standardization-flexibility paradox reflects 
the core design dilemma of digital infrastructures: the 
need for common standards to ensure interoperability 
across sectors versus the need for adaptability to 
accommodate sector-specific processes and data 
requirements. This tension mirrors foundational IS 
debates on modularity, scalability, and generativity in 
infrastructure design (Hanseth & Lyytinen, 2010). 
Empirical observations indicated that rigid 
standardization risks excluding niche sectors and 
constraining innovation, while overly flexible designs 
can result in fragmentation and hinder system 
interoperability. To manage this tension, organizations 
adopt modular approaches that define core 
interoperability requirements while allowing for 
customization at the sector-specific organizational 
level. This reflects the broader IS literature on 
generativity, where loosely coupled systems promote 
adaptability while maintaining overall coherence (Yoo 
et al., 2012; Zittrain, 2006). Nevertheless, this kind of 
modularity requires agile governance structures 
capable of balancing standard consolidation with 
responsiveness to diverse stakeholder input.  
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The transparency-confidentiality paradox 
surfaces in organizations’ simultaneous need to 
disclose product information for traceability and 
sustainability while protecting sensitive or proprietary 
data. This reflects a persistent tension in digital 
ecosystems, where value creation through openness 
must be weighed against risks of competitive 
disadvantage, reputational harm, or IP exposure 
(Ghazawneh & Henfridsson, 2013). In line with prior 
research on platform governance and data 
stewardship, our findings show that transparency is 
not a technical outcome but a negotiated and contested 
space shaped by norms, trust, and incentives (Yoo et 
al., 2012). Organizations attempted to manage this 
paradox through selective disclosure strategies such as 
conditional access, data anonymization, and access 
tiering to limit exposure while fulfilling traceability 
obligations. However, interviewees consistently 
stressed that technical solutions alone are insufficient. 
Trust-based governance, shared norms for data usage, 
and reciprocal arrangements are essential for sustained 
ecosystem-level transparency. 

Finally, the regulation-innovation paradox 
reflects broader tensions in policy-driven digital 
transformation. Regulation can simultaneously 
promote and inhibit innovation, especially when goals 
are ambiguous or evolving (Majchrzak et al., 2016). In 
our case, DPPs are driven by EU mandates, but their 
success depends on organizations being able to 
experiment and innovate within loosely defined 
frameworks. This supports the idea that policy must 
act as both boundary and enabler, setting a direction 
while leaving space for local adaptation. Our data 
revealed divergent organizational responses 
depending on organization size and digital maturity. 
Larger companies invested in foresight capabilities 
and scenario planning to manage uncertainty, while 
smaller organizations leaned on collective resources 
via industry associations and consortia. These 
practices exemplify institutional work (i.e., the 
proactive shaping and interpretation of regulatory 
meaning) as a key strategy in navigating institutional 
ambiguity (Hinings et al., 2018). 

5.2. Implications for Theory and Practice  

This study contributes to the theoretical 
advancement of IS research and the practical 
development of strategies for implementing DPPs in 
circular industrial ecosystems. Theoretically, it 
extends IS literature on digital sustainability and 
ecosystem coordination by applying a paradox lens to 
the implementation of DPPs (Melville, 2010; Seidel et 
al., 2013; Smith & Lewis, 2011). While prior studies 
have explored how digital infrastructures enable 

transparency and innovation (Henfridsson & Bygstad, 
2013; Yoo et al., 2012), this study deepens the 
understanding of the tensions that arise when such 
infrastructures are embedded in cross-sectoral, 
institutionally complex environments. By identifying 
four paradoxes, we show that these are not just 
adoption barriers but persistent tensions rooted in the 
strategic, technological, and regulatory dynamics of 
circular ecosystems, where lifecycle transparency, 
cross-sector coordination, and compliance with 
evolving sustainability regulations highlight the 
complex, often contradictory nature of organizational 
change (Bocken et al., 2016; Farjoun, 2010; 
Fraccascia et al., 2019; Kirchherr et al., 2017). These 
insights contribute to paradox theory in IS by 
illustrating how sustainability-oriented digital 
transformation unfolds through dynamic tensions that 
must be navigated over time (Danneels & Viaene, 
2022; Jarzabkowski et al., 2013).  

In doing this, the study additionally advances 
research on digital infrastructures by emphasizing 
their dual role as technical systems and institutional 
arrangements. Our findings highlight how successful 
DPP implementation relies not only on technological 
interoperability but also on governance alignment, 
stakeholder trust, and incentive coordination, adding 
to IS literature on the interplay between infrastructure 
design and ecosystem orchestration (Hinings et al., 
2018; Jacobides et al., 2018).  

Practically, this research offers guidance for 
organizations and policymakers engaged in DPP 
implementation to support circular economies. 
Organizations should view DPP adoption as an 
iterative process of managing tensions, rather than as 
a linear technical rollout. Practices such as 
standardization, selective data sharing, and adaptive 
regulatory planning can help organizations navigate 
paradoxes. For example, layered access control or 
anonymized data reporting may address 
confidentiality concerns, while scenario planning can 
mitigate regulatory uncertainty. Furthermore, 
ecosystem coordination is essential to lowering entry 
barriers. Larger organizations and public-private 
initiatives can play enabling roles by providing 
infrastructure, training, and governance frameworks 
that support SMEs (Fraccascia et al., 2019). This kind 
of support is critical given the inconsistencies in 
digital maturity, influence, and resources across 
organizations (Jansen et al., 2023; Jensen et al., 2024).  

Finally, policymakers must recognize the dual 
nature of regulation. While it sets direction and 
urgency, it must also offer clarity and flexibility. 
Ensuring DPP policies are interpretable and adaptable 
across sectors will be key to supporting innovation 
under evolving conditions. 
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5.3. Limitations and Future Research 

While this research offers novel insights into the 
paradoxical tensions shaping DPP adoption in the 
manufacturing sector, several limitations must be 
acknowledged. First, the findings are based on a 
relatively small number of interviews conducted 
during the early phases of DPP implementation. As 
such, the perspectives captured reflect planning efforts 
rather than long-term experiential outcomes. Future 
research could build on this exploratory foundation by 
conducting longitudinal studies that track how these 
paradoxes evolve as regulatory frameworks and 
technical standards develop further, and as 
implementation becomes more widespread across 
industries.  

Second, while the study’s sample is deliberately 
diverse, it remains constrained within European 
industrial contexts and may not fully capture regional 
or sectoral nuances beyond this domain. As DPP 
initiatives expand globally and into other product 
categories (e.g., textiles or construction), future 
research should examine whether similar paradoxes 
emerge in different regulatory, cultural, or institutional 
settings. Comparative case studies could be 
particularly valuable in revealing how governance 
structures, data norms, and ecosystem dynamics shape 
the local manifestation of tensions.  

Finally, this research approaches paradoxes from 
a descriptive and interpretive standpoint, highlighting 
how organizations experience and manage tensions. 
Future research could adopt a more interventionist 
perspective, exploring how specific governance 
mechanisms or technological tools, such as data-
sharing protocols or regulatory sandboxes, mitigate or 
intensify certain paradoxes. This could further inform 
the design of more resilient and inclusive 
infrastructures for digital circularity.  

6. Conclusion  

This study examines how organizations engage 
with DPPs amid the broader transformation toward 
circular industrial ecosystems. By drawing on 
qualitative insights from expert interviews, we identify 
four paradoxes that shape DPP adoption: the value 
distribution paradox, the standardization–flexibility 
paradox, the transparency–confidentiality paradox, 
and the mandate–innovation paradox. Each reflects a 
deeper structural or institutional tension that 
organizations must navigate as they respond to 
emerging regulatory pressures, technological 
requirements, and ecosystem expectations.  

Our findings show that DPPs are not just 
compliance tools but infrastructures that require 

coordinated governance, inclusive standards, and 
trust-based data-sharing practices. Organizations 
manage these paradoxes through adaptive strategies, 
such as modular standards, selective data sharing, and 
ecosystem coordination platforms, highlighting the 
need for alignment between technical design and 
institutional support to ensure effective and equitable 
implementation.  

By uncovering the tensions inherent in DPP 
adoption, this research contributes to the IS literature 
on digital infrastructures and sustainability transitions, 
offering a paradox lens to understand the challenges of 
governing shared digital systems in complex 
ecosystems. It also offers practical implications for 
organizations and policymakers aiming to support 
digital circularity in a complex and evolving 
regulatory landscape. 
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