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Abstract. This article presents a systematic literature review (SLR) that exam-
ines the strategic role of Digital Product Passports (DPPs) in facilitating transi-
tions to Smart Circular Economies (SCE). DPPs are conceptualized as dynamic, 
interoperable digital records linked to unique product identifiers, facilitating mul-
tidimensional traceability across product lifecycles. The review synthesizes recent 
research on the conceptual foundations, regulatory drivers, technological enablers, 
life cycle integration, and organizational challenges. While European policies 
drive progress, barriers such as digital infrastructure, governance and stakeholder 
engagement persist, particularly in Global South contexts. The proposed con-
ceptual synthesis integrates technological, organizational, market, and regulatory 
dimensions, with a focus on change management and collaborative governance. 
Key research gaps include a limited focus on downstream actors and behavioral 
factors. Findings suggest that realizing the full transformative potential of DPPs 
requires the coevolution of technology, organizational culture, and inclusive pol-
icy frameworks, supported by future studies in diverse economic and institutional 
settings. 

Keywords: Digital Product Passport · Smart Circular Economy · Traceability · 
Organizational Change · Socio-Technical Systems 

1 Introduction 

The transition to a circular economy (CE) has emerged as a strategic response to the 
growing environmental, social, and economic concerns associated with the linear pro-
duction model [1, 2]. Advancing this transition requires changes in technology, struc-
ture, culture, and information management across product lifecycles [3]. Digital Product 
Passports (DPPs) gained prominence as tools to enhance traceability, support sustainable
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decisions, and enable smart circular economy (SCE) models [4]. Driven by digital inno-
vations and policies such as the CE Action Plan and the ESPR (Eco-design for Sustainable 
Products Regulation), DPPs are primarily applied in the electronics, construction, and 
textiles sectors, particularly in Europe [5, 6]. 

However, many DPP frameworks remain conceptual and disconnected from orga-
nizational and behavioral realities [7–9]. Barriers such as low digital maturity, frag-
mented governance, and institutional resistance limit their adoption, especially in emerg-
ing economies [10, 11]. Effective implementation requires a combination of technical 
infrastructure, institutional capacity, stakeholder trust, and adaptive leadership [4, 11, 
12]. 

This article asks: how can a conceptual framework integrate technical and organiza-
tional functions to position DPPs as strategic tools for the SCE? The central proposition is 
that their effectiveness depends on embedding DPP within a socio-technical ecosystem 
that encompasses infrastructure, data standards, governance, culture, and stakeholder 
roles. 

The main objective is to propose a conceptual synthesis for DPPs that represents their 
strategic role in the SCE by integrating functions, barriers, impacts, and actors across 
product life cycle stages, structured in a tabular format. Based on a systematic literature 
review (SLR), this study analyses five core contributions, encompassing conceptual foun-
dations, applications, enabling technologies, and organizational challenges. The article 
is structured as follows: Sect. 2 details the SLR methodology; Sect. 3 presents findings 
and the framework; Sect. 4 discusses applicability and limitations; Sect. 5 concludes and 
suggests future research directions. 

2 Methodology 

This is a qualitative and exploratory study aiming to understand the role of Digital 
Product Passports (DPPs) in enabling Smart Circular Economies (SCE). A systematic 
literature review (SLR) was adopted as the method, following the PRISMA protocol 
[13] to ensure rigor and reproducibility. 

Data collection was conducted in April 2025 using the Web of Science and Scopus 
databases. The search terms included: “Digital Product Passport*”, “circular econom*”, 
“smart circular econom*”, “design”, “sustainability”, and “secure design”. The publi-
cation period was limited to 2021–2025. A total of 105 records were identified, with 30 
duplicates removed, resulting in 75 documents screened. After assessing relevance and 
availability, the final sample comprised 57 articles. 

Content analysis followed the procedures of Whittemore and Knafl [14], includ-
ing: (i) exploratory reading; (ii) data extraction based on analytical units; and (iii) 
categorization and subcategorization of findings. 

Beyond theoretical and methodological criteria, the analysis focused on iden-
tifying stakeholder roles throughout the product lifecycle, organizational barriers, 
and behavioral drivers—key elements for constructing the proposed socio-technical 
framework. 

While the SLR encompassed 57 peer-reviewed studies published between 2021 and 
2025, we explored five of these contributions in greater depth, based on their theoret-
ical richness, sectoral diversity, and relevance to the research question. These studies
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offered complementary perspectives on conceptual foundations, sectoral applications, 
traceability technologies, and organizational challenges, providing a robust foundation 
for synthesis. The remaining studies are not inconsequential, but their insights are inte-
grated into the results and discussed to reinforce thematic coherence and expand contex-
tual understanding. This two-tiered strategy balances breadth and depth: while the full 
SLR informs thematic trends and general patterns, the close reading of selected studies 
allows for deeper conceptual integration. Selection criteria were grounded in relevance 
to the research question, sectoral variety, and analytical clarity, rather than subjective 
preference. 

3 Results and Discussions 

3.1  An  Overview  on  DPPs  fo  r SCE

The systematic literature review (SLR) defines DPPs as structured digital repositories 
linked to unique identifiers, containing product lifecycle data [15]. EU regulatory frame-
works are key enablers of DPP development across sectors such as textiles, batteries, 
electronics, and construction [5, 16, 17]. Wan and Jiang [9] identified four core com-
ponents: data sources, support, security, and access verification, noting that 64% of 
initiatives remain conceptual and only 20% have been implemented. Common data car-
riers include Quick Response (QR) codes and Radio-Frequency Identification (RFID), 
shaped by ESPR requirements, while blockchain is explored to ensure data integrity 
despite limitations in updating data during use. 

Significant barriers persist, especially for SMEs, due to limited IT infrastructure, 
budgets, and expertise, challenges amplified in the Global South [11]. Beyond technical 
design, DPPs foster sustainable products by embedding lifecycle criteria such as mod-
ularity and recyclability early in design [9, 18] and guiding material selection [5, 19]. 
They enhance traceability, compliance, transparency, circular business models, reverse 
logistics, and impact assessments [15, 16, 20]. However, organizational barriers remain, 
especially where SMEs face low digital maturity and institutional fragility [8, 11, 12]. 

The literature stresses the need for inclusive, interoperable infrastructures. Future 
directions include using AI to estimate product longevity and integrating social sustain-
ability indicators [21]. Addressing digital inequities [11] and broadening sustainability 
metrics supports a more inclusive DPP agenda, especially for underrepresented regions 
in the Global South. 

3.2 Application of DPP in the Electro-Electronic Sector 

DPPs have been applied in various sectors, including textiles, batteries, electronics, con-
struction, and automotive [15, 18, 22]. In electronics, Koppelaar et al. [8] proposed a 
circular supply chain using DPPs to recover critical raw materials (CRMs) from elec-
tronic waste. A key barrier is the lack of integrated CRM traceability and coordination 
systems. Using literature and CircThread project data, the authors developed an archi-
tecture with product identifiers and a secure digital repository to track lifecycle data and 
end-of-life CRM flows.
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Challenges include weak manufacturer incentives, product complexity, high costs of 
CRM technology, and a lack of standardized material declarations, reflecting technical 
and governance gaps that require validation and deeper policy analysis [5, 19, 23]. 

In countries like Brazil, where Waste of Electrical and Electronic Equipment (WEEE) 
management is evolving, existing regulations and a growing recycling sector support 
the adoption of DPP. Progress depends on actor coordination, overcoming data-sharing 
barriers, and building trust among supply chain stakeholders [11, 24]. 

3.3 Practical Implementation of DPPs 

Çetin et al. [9] developed a Material Passport (MP) framework for European social 
housing, addressing existing buildings that often lack material and circularity data. 
Through literature review, stakeholder interviews, and a Dutch case study, they created 
a stakeholder map and data template. 

The pilot revealed fragmented data, exposing challenges in retrofitting digital tools. 
To overcome this, the study proposed a digital framework that integrates Building Infor-
mation Modelling (BIM), computer vision, laser scanning, web scraping, and artificial 
intelligence (AI) to consolidate material data and assess conditions. The model sup-
ports four CE strategies: narrow (reduce resource use), slow (extend lifespan), close 
(reuse/recycle), and regenerate (restore ecosystems). 

AI plays a crucial role in enhancing data quality and traceability [4, 15, 25]. The inte-
gration of BIM and digital twins aligns with circularity trends and supports approaches 
like those by Koppelaar et al. [8]. Though only piloted, the model shows scalability. In 
contexts like Brazil, low digitization and informal construction highlight t the need for 
public investment, and organizational change. 

3.4 Challenges in the Implementation of DPPs 

DPP adoption faces significant challenges [5, 16, 20, 22]. Domskienė and Gaidule [12] 
studied the Baltic textile sector, assessing DPP familiarity, practices, and technologies. 
QR codes emerged as the most feasible entry point due to low cost and simplicity, while 
RFID, Near Field Communication (NFC), and blockchain offer greater robustness and 
scalability but still have limitations. 

Barriers include a lack of standardization and integration, fragmented policies, poor 
coordination, high implementation costs, and privacy concerns. The authors recommend 
adjusting DPP complexity by product value, at the batch level for low-value items and at 
the item level for premium products. These challenges mirror those in construction [6], 
highlighting the need for systemic coordination In emerging economies, DPP adoption 
relies heavily on trust, cultural change, and governance balancing privacy, transparency, 
and inclusion [10]. 

3.5 Traceability Technologies and Structural Barriers to DPPs 

Jakubowicz and Yarahmadi [12] reviewed traceability technologies for ABS plastic, 
a standard but hard-to-recycle material. Due to limited research, they examined both
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digital and physical tracking approaches. DPPs have emerged as promising tools for 
creating digital twins that link material composition to lifecycle data through QR codes, 
barcodes, and blockchain. Physical marking methods, such as photoluminescence, laser 
etching, and digital labels, were also considered. 

The study identified four main barriers: technological (interoperability, data stan-
dardization, data quality); governance (ownership, transparency); regulatory (gaps), eco-
nomic (high costs, limited SME resources); and cultural/organizational (low awareness, 
limited coordination, and weak cross-sector collaboration). 

Although not empirically tested, the authors proposed hybrid systems that combine 
physical and digital tools, tailored to product type, value, and regulatory context, to 
address the transparency and implementation challenges discussed by Koppelaar et al. 
[8] and Jansen et al. [5]. 

The study concludes that institutional readiness is crucial for the success of DPP. 
In developing regions like Brazil, systemic interventions are necessary to overcome 
structural limitations. 

3.6 Conceptual Framework: DPP for SCE 

Based on the synthesis of the SLR, Table 1 summarizes the conceptual dimensions that 
define DPPs as enablers of smart circular economy (SCE) ecosystems. 

The structure was built by triangulating empirical evidence, theoretical foundations, 
and gaps identified in the reviewed studies. 

The Digital Product Passport (DPP) framework highlights its role as a dynamic, inter-
operable digital record essential for the smart circular economy. The table summarizes its 
strategic functions, lifecycle scope, involved stakeholders, benefits, and implementation 
challenges. 

The DPP operates across the entire product lifecycle, engaging multiple stakehold-
ers and technologies. Organizational culture and change management are critical, espe-
cially for SMEs and in the Global South. Despite clear benefits, overcoming technical, 
regulatory, and organizational challenges is key to effective adoption. 

4 Conclusions 

This study examined the strategic role of Digital Product Passports (DPPs) in advancing 
smart circular economies (SCE) through a systematic literature review, exploring how 
DPPs have been conceptualized, applied, and challenged across sectors, institutions and 
governments, to develop a guiding theoretical framework. 

Findings indicate growing adoption despite persistent barriers in standardization, 
interoperability, governance, and stakeholder engagement. The conceptual synthesis 
(Table 1) emphasizes that DPPs ‘effectiveness depends on integration with organizational 
behavior, collaboration, and inclusive policies, beyond technical design. 

The central proposition - that DPPs act are socio-technical tools supporting circular 
practices, was confirmed. However, gaps remain in change management, the inclusion 
of downstream actors (consumers, repairers), and attention to organizational culture.
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Table 1. Conceptual Framework of the Digital Product Passport (DPP) Ecosystem 

Aspect Details 

Core Dynamic, interoperable, and accessible digital record linked to 
physical products via unique identifiers 

Strategic Functions Transparency and traceability (origin, composition, 
manufacturing) 

Support for circular practices (repair, reuse, remanufacturing, 
recycling) 

Regulatory compliance and automated reporting 

Lifecycle-informed decision-making (e.g., ecodesign) 

Standardized data for interoperability and collaboration 

Consumer engagement and trust by reducing information 
asymmetry 

Traceability Dimensions Material traceability 

Process traceability 

Environmental traceability 

Lifecycle Scope Design, raw material extraction, use, maintenance, end-of-life 

Priority Sectors Batteries, electronics, textiles, packaging, construction [15, 16, 
26–28] 

Stakeholder Roles Producers (data input), consumers (information access), 
regulators (verification/compliance), recyclers 

Contextual Layers Shared digital infrastructure (blockchain, IoT, cloud), 
interoperability, data standards 

Foundational Layer Organizational culture and change management, especially 
critical for SMEs and Global South contexts 

Expected Benefits Environmental (waste reduction, resource conservation) 

Economic (resilience, circular business models) 

Social (trust, safety, improved labor conditions) 

Feedback Loops Continuous improvement, regulatory learning, strategic 
refinement 

Implementation Challenges Technical (data standardization, platform scalability), regulatory 
(norm harmonization), organizational (governance, costs, 
training), market-related (sustainable business models)

Limitations include the qualitative nature, reliance on secondary sources, and focus 
on literature from 2021–2025, which may exclude emerging trends. Future research 
should explore empirical applications in Global South contexts, especially SMEs; assess 
governance and trust mechanisms; investigate organizational adoption; and develop 
indicators for circular and social impact measurement. 
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DPPs are not merely digital tools, but institutional enablers that require coevolution of 
technology, culture, and policy. Achieving their full potential requires interdisciplinary, 
locally adapted strategies, particularly in unequal contexts such as the Global South. 
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