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Abstract: In response to the pressing need for effective implementation of the Circular Economy
(CE), this research introduces a comprehensive theoretical framework for CE roadmapping. This
study addresses the prevalent issue of fragmented and inconsistent CE strategies that often hinder
the successful translation of long-term goals into achievable KPIs. Through a carefully designed
methodology, this framework incorporates strategic management, systems thinking, sustainability
science, and other disciplines, providing a structured approach to navigating the complexities of
long-term planning for CE. The foundation for this framework is laid through an extensive review of
the literature, which identifies theoretical gaps and guides its development. Practical insights are
gained through an examination of various CE roadmaps, including sectoral, municipal, national, and
regional strategies, thereby enhancing this framework’s applicability and robustness. This research
highlights substantial variations in current CE roadmapping methods, emphasizing the need for a
standardized approach. While acknowledging limitations due to the diverse contexts of the case
studies, this study offers significant implications for policymakers, business leaders, and sustainability
practitioners by presenting a versatile tool for strategic CE planning. Its interdisciplinary construction
mirrors the multifaceted nature of CE, rendering it exceptionally adaptable across various disciplines
and levels, reflecting the diverse reality of CE applications.

Keywords: circular economy roadmapping framework; long-range planning; strategic management;
sustainability science; systems thinking; stakeholder engagement

1. Introduction
1.1. Context and Background

The Circular Economy (CE) has emerged as a focal point in efforts to achieve sustain-
ability in various domains on a global, national, regional, and business scale. This has led
to a re-evaluation of resource management, stakeholder engagement, and policymaking,
emphasizing an interconnected and cyclical approach [1]. The concept of CE can be traced
back to sustainability-oriented ideas such as cradle-to-cradle [2], industrial ecology, and the
performance economy. These ideas emphasize not only waste reduction but also closing
the loops of production, optimizing resources, retaining value, and promoting sustainable
consumption [3–6]. Therefore, implementing CE principles at various levels of governance
offers a robust economic model to address systemic inefficiencies, market failures, and
negative externalities while simultaneously fostering environmental sustainability and
economic prosperity [7,8].

Embedding CE principles presents a challenge because of the complexity and diversity
of the levels, value chains, and ecosystems involved. It requires comprehensive and
strategic alignment with governance frameworks at the national, regional, and municipal
levels [9–13]. Understanding the workings of CE and developing responsive strategies is,
therefore, a complex task, especially considering the socio–economic, cultural, and political
differences across different geographical areas and sectors [14,15].
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In response to the challenges of implementing CE, there have been global efforts
to structure, streamline, and systematize the adoption and implementation processes
through the development of roadmaps, action plans, and policy instruments [16–23]. Since
2013, diverse types of CE roadmaps have emerged globally, indicating a shift towards
more structured and collaborative long-range planning for CE adoption [24]. These CE
roadmapping initiatives are crucial for guiding the transition to a circular paradigm. They
identify priority areas, engage stakeholders, promote collaboration, and establish clear
goals, timelines, and Key Performance Indicators (KPIs) to ensure a cohesive approach to
implementing CE principles across sectors and levels of governance despite their diverse
origins and structures [25].

1.2. Roadmapping

Roadmapping, initially developed for technology planning [26,27], has evolved, be-
coming a versatile tool for broader strategic planning applications. This evolutionary
adaptation has been instrumental in integrating sustainability principles into long-term
planning, enabling organizations and policymakers to collaboratively envision and strategi-
cally outline the essential steps toward realizing a sustainable future [28]. Moehrle et al. [29]
and Phaal [30] assert that roadmapping has transcended its origins to become a nuanced
instrument for driving multi-sectoral change. As a long-range strategic planning tool, it
has become indispensable, particularly when delineating the course toward a CE. Its utility
lies in its prescriptive nature, which not only charts a path from the current state to a
desired future but does so through a meticulously layered process [30–32]. The adoption of
roadmapping in CE planning is indicative of its robustness, providing clarity amidst the
complexity inherent to sustainable transitions. Roadmapping facilitates the delineation of
multifaceted strategy trajectories, broadens the scope of strategic management to embrace
sustainability principles, and fosters an integrated performance encompassing economic
viability, environmental stewardship, and social well-being [33].

This comprehensive approach, combining roadmap methodologies with circular im-
peratives, supports a coordinated and strategic transition towards embedding and opera-
tionalizing CE principles across various sectors and governance levels.

The necessity for a robust and adaptable CE roadmapping framework is underscored
by the multidimensional and interdisciplinary nature of CE transitions, which span techno-
logical, social, economic, regulatory, and environmental aspects. Traditional roadmapping
methods, primarily focused on technological development, fall short of addressing the
comprehensive needs of CE transitions [5,34]. The complexity and diversity of these transi-
tions, affecting various industries, regions, and stakeholders, demand a flexible framework
that can be tailored to specific contexts, promoting adaptable learning and methodological
refinement [35,36].

The proliferation of stakeholders in the CE landscape—from governments to non-
profits, industries, and consumers—requires a framework that facilitates systematic engage-
ment and coordination [37]. Despite the acknowledged importance of CE principles for
sustainable development, their application remains inconsistent, highlighting the absence
of a unified methodological framework for CE strategy development and implementa-
tion. This gap, coupled with the urgent need to tackle environmental degradation and
resource scarcity, amplifies the importance of a comprehensive CE roadmapping frame-
work that not only aligns with sustainability goals but also ensures coherent strategy across
sectors [10,38].

A CE roadmapping framework should foster a collaborative ecosystem where stake-
holders, despite varying interests, work together to share insights, strategies, and resources,
aiming for openness and shared goals. This inclusive approach enables systematic roadmap
development, aligned with diverse stakeholder interests, capabilities, and roles, facilitating
a unified transition towards a CE [39,40].
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Given these challenges, there is a clear and pressing need for a standardized CE
roadmapping framework, methodically outlining the steps and processes based on existing
principles and standards to guide the development towards a sustainable CE.

1.3. A CE Roadmapping Framework: An Imperative

The CE roadmapping framework should go beyond traditional roadmapping ap-
proaches, allowing for flexible parameter settings whilst integrating different knowledge
bases and potentially merging previously seen as incompatible theories. The framework
should establish a comprehensive foundation, develop actionable strategies, outline key
milestones, and create robust mechanisms to implement and monitor the transition pro-
cess [31]. To achieve the conceptual integrity that the CE roadmapping framework aims for,
it is crucial to assess its practical application in real-world scenarios critically. To this end,
an extensive review was conducted on more than 200 documents related to CE roadmaps
from 120 countries across all regions.

1.4. Aim and Objectives

To develop an adaptable CE roadmapping framework, this study aims to meaningfully
refine and optimize CE roadmapping processes by synthesizing best practices, knowledge
bases, theories, standards, and methodologies. The framework aims to be congruent
with the multi-dimensional facets of CE transitions, enabling effective navigation of the
complexities and variabilities inherent in operationalizing CE principles across various
sectors and governance levels.

The objectives of this study include:

A. To access and identify patterns in existing roadmapping and the long-range planning
(LRP) literature across diverse disciplines. This involves a comprehensive review of
the current state of roadmapping practices and their applications in various contexts.

B. To investigate the different processes and foundations that these roadmaps and
other LRP strategies are based on, with the view to understanding the underly-
ing principles and methodologies that inform the development and execution of
effective roadmapping.

C. To synthesize these processes and foundations into an adaptable framework, pro-
viding a cohesive approach for creating CE roadmaps that are sufficiently robust
to meet the diverse and evolving needs of CE initiatives across various sectors and
governance levels.

1.5. Organisation of This Paper

This paper is structured to facilitate a coherent and progressive unfolding of the
conceptual, methodological, theoretical, and empirical facets of this research. Initially,
a literature review surveys the concept of CE roadmaps, thematically exploring their
evolution, approaches, and challenges. This paper then articulates the development of
the CE roadmapping framework, comprising all phases from initial scope to strategic
execution and ongoing oversight. The subsequent section delineates the foundational
pillars of the CE roadmapping framework, which are rooted in established theory and
practice, unearthing theoretical, knowledge-based, and standardized cornerstones, as well
as strategic planning mechanisms. This paper concludes with a concise synthesis of this
research’s main discoveries and implications, providing a forward-looking perspective.

2. Literature Review
2.1. CE Roadmapping Concepts and Evolution

The evolution of CE roadmapping reflects a profound transformation in the approach
to sustainable development, transitioning from narrow waste-centric strategies to encom-
passing comprehensive systemic changes across various governance levels.

CE roadmaps were primarily concerned with waste management and recycling in the
early stages. This focus was largely driven by the need to address immediate environmental
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concerns associated with waste accumulation and disposal. Germany’s adoption of the
“Closed Substance Cycle and Waste Management Act” in 1996 served as a pioneering leg-
islative move [38], illustrating an early understanding of CE principles at the national policy
level. This act was instrumental in framing a systemic approach to resource management,
setting a precedent for other countries to follow. It highlighted the importance of not just
managing waste but also closing material loops and optimizing resource use, setting the
stage for more expansive CE strategies.

The integration of sustainable development into CE roadmaps necessitates a compre-
hensive approach that addresses historical, social, and economic dimensions. Sustainable
development frameworks within CE must encompass not only immediate environmental
and economic benefits but also broader socio–economic implications. This facilitates a
nuanced understanding of the systemic processes required to achieve sustainability goals,
enriching the theoretical underpinnings of CE roadmaps and enabling a robust interdisci-
plinary analysis of the dynamic processes driving sustainable development [41,42].

CE roadmapping began to embrace broader economic and environmental sustainabil-
ity goals as it evolved. This broadening of scope is captured in the comprehensive analysis
provided by Abu-Bakar et al. [24], which serves as a pivotal link between the evolving
objectives of CE roadmapping and the detailed methodologies applied across various
levels. The typological framework of CE roadmaps, as outlined by Abu-Bakar et al. [24],
demonstrates the varied approaches and strategies applied across different scales, from
national to sector-specific. This analysis reveals distinct regional patterns in CE planning,
with a predominant focus on national-level strategies and significant involvement of local
authorities in Europe and Asia. Municipal and regional roadmaps demonstrate contextual
variations, emphasizing local sustainability and regional strengths.

Addressing the complexities and interdependencies inherent in sustainable develop-
ment ensures that CE strategies are environmentally and economically sound while being
socially equitable. This balanced framework promotes long-term sustainability across
multiple dimensions. Such integration enables the development of resilient and adaptable
CE strategies, fostering systemic change and facilitating the transition towards a sustainable
economy [41].

National roadmaps such as Sitra’s [16] Finnish, French Government’s [43] French,
Acatech’s [18] German and EMF’s [44] Chilean and MIE’s [17] Netherlands roadmaps be-
came more ambitious and comprehensive, exemplifying this shift. These national roadmaps
were significant in that they entailed not only the development of policies and the setting
of national targets but also the establishment of legislative frameworks and regulations.
The role of research and development funding became increasingly recognized for sup-
porting innovation in CE, while stakeholder engagement involving government, NGOs,
industry, and academia was seen as crucial for the roadmap’s success [45]. These elements
underscored the growing maturity and complexity of CE roadmaps, reflecting a shift from
operational tactics to strategic planning.

On the municipal front, local authorities and civil society began driving CE initia-
tives, focusing on urban sustainability challenges. London’s CE Route Map [19] serves
as a notable example, where the city’s approach extended beyond waste management to
encompass urban metabolism analysis and industrial symbiosis. Amsterdam’s circular
strategy, focusing on sustainable urban development, including circular construction and
waste management, exemplified the role of cities in driving CE [46]. Glasgow’s roadmap
integrated circular principles into urban regeneration and development, showcasing the
adaptability of CE roadmapping to diverse urban contexts [22]. These roadmaps incor-
porated sustainable urban planning and design elements, integrated waste management
systems, circular procurement practices, and sustainable transportation systems. This
local-level approach was critical in addressing specific urban challenges and leveraging
local strengths. Municipal roadmaps also established platforms for local stakeholder en-
gagement, emphasizing community involvement and capacity building, supported by local
regulations and public procurement policies [47–50]. This shift indicated a growing recogni-
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tion of the importance of local contexts and the role of cities as key actors in implementing
CE principles.

At the regional level, roadmaps began to address sustainability challenges tailored to
specific regional contexts, often capitalizing on unique regional strengths and opportunities.
The “Closing the Loop—An EU Action Plan for the CE” [51] exemplifies a regional roadmap,
outlining measures for sustainable product policy and waste management across the
region, demonstrating the growing recognition of CE adoption in policymaking at the
supranational level. These roadmaps, situated between national and municipal strategies,
tended to be sector-oriented and utilized regional innovation hubs and skills development
as key implementation tools. They engaged regional governments, industry, and NGOs
and were often supported by regional regulations and financial instruments [48,49].

Sectoral roadmaps, tailored to address the sustainability challenges of specific indus-
tries, emerged as strategic frameworks for industries such as construction, plastics, and
agriculture [21,23,52–55]. These roadmaps concentrated on fostering innovative approaches
for circularity within specific industries. Sectoral regulations and subsidies became vital
policy instruments for enabling these transitions [56]. In the European policy context, the
construction sector was identified as critical due to its significant generation of construction
and demolition waste (C&DW) [23,57–59]. This strategic focus on a critical industry sector
demonstrates the adaptability and specificity of CE roadmapping in addressing particular
industry challenges.

2.2. Integrating Multidisciplinary Insights for CE Long-Range Planning

Although the literature specifically addressing CE roadmapping is sparse, this review
draws insights from various disciplines, including strategic management, systems thinking,
sustainability science, and stakeholder theory. These disciplines collectively contribute
to forming a comprehensive framework for long-range CE planning by incorporating
goal setting, collaboration, stakeholder engagement, vision articulation, success metrics,
and governance structures. These components are crucial for aligning organizational
objectives with sustainable practices, effectively managing the complexities of CE tran-
sitions, and ensuring a thorough consideration of environmental, social, and economic
sustainability dimensions.

The importance of clearly articulating the purpose and setting specific goals for long-
term planning in CE roadmapping is emphasized by Phaal et al. [31]. Building on this,
Murray et al. [60] highlight the need for specific and measurable goals to optimize ecosys-
tem functioning and human well-being within the CE framework, while Lewandowski [61]
underscores the importance of clearly defining the scope and objectives of CE initiatives, en-
suring they address the complexities of industrial ecology and cleaner production. Clearly
defined goals provide a structured foundation essential for long-range planning, ensuring
focused and coherent progress towards pre-defined KPIs.

Transitioning from goal setting, strategic scoping, and cross-functional collabora-
tion are pivotal for the adaptability and relevance of roadmaps across different contexts,
as outlined by Phaal et al. [26]. Brown et al. [62] and Danvers et al. [63] stress the ne-
cessity of collaborative strategic planning for circular-oriented innovation and systemic
approaches for transitioning from linear to circular economic models. Kettunen et al. [64]
and Ahmed et al. [65] advocate for efficient collaboration between academia and industry
to bridge knowledge gaps and foster innovation. Collaboration and strategic scoping are
critical for long-range planning as they enable the integration of diverse perspectives and
expertise, enhancing the roadmap’s applicability and effectiveness.

Stakeholder analysis and engagement play a critical role in driving CE strategies. Mar-
con Nora et al. [66] and Baah et al. [67] discuss the influence of stakeholder collaboration on
value creation and the adoption of diverse sustainability practices. Vishwakarma et al. [68]
demonstrate the critical influence of stakeholder engagement on optimizing healthcare’s
economic and environmental outcomes, catalyzing the transition towards a CE through the
implementation of sustainable supply chain methodologies. Engaging stakeholders ensures
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that the roadmap is inclusive and considers the interests and contributions of all relevant
parties, which is crucial for the successful implementation of long-term CE initiatives.

Building on the importance of stakeholder engagement, vision articulation is essential
for aligning societal efforts and policy directions toward sustainability. Hermann et al. [69]
and Calisto Friant et al. [35] illustrate the necessity for shared and inclusive visions among
stakeholders. Additionally, Diaz et al. [70], Lukkarinen et al. [71], Prendeville et al. [50],
and Lopes et al. [72] highlight the role of strategic vision in guiding urban transitions,
product development, and co-creation of CE initiatives. A well-articulated vision provides
a clear direction and inspires collective action, which is fundamental for the sustained effort
required in long-range planning.

Measuring success in CE transitions relies on sophisticated metrics and KPIs. Rincón-
Moreno et al. [73] and Moraga et al. [74] propose frameworks for comprehensive assessment
and classification of CE strategies. Saidani et al. [75] and Voukkali et al. [76] emphasize
the importance of integrating digital technologies to enhance measurement precision
and operational efficiency. Additionally„ Kanellou et al. [77] and Hristov and Chirico [78]
discuss the application of KPIs in specific sectors and broader corporate strategies. Accurate
metrics and KPIs are essential for tracking progress, identifying areas for improvement,
and ensuring accountability in long-range planning.

Digital technologies such as the Internet of Things (IoT), Big Data Analytics, and
Artificial Intelligence play pivotal roles in supporting CE by facilitating end-of-life strategies,
including reuse, remanufacture, and recycling. These technologies provide critical insights
into the condition, location, and availability of products throughout different use cycles and
production systems, thus optimizing resource use and extending product lifecycles [79].

In strategic planning, especially within public management, systems thinking is vi-
tal for grasping the complex dynamics and interdependencies that underpin long-term
organizational success. This approach, crucial for encompassing various factors affecting
organizational objectives, becomes particularly instrumental in the CE [80]. It emphasizes a
whole-system perspective, underlining the interconnected stages of the value chain—from
resource extraction through to product lifecycle end—and the pivotal relationships among
stakeholders across the entire system. Adopting this lens ensures CE practices are informed
by the resilience, diversity, and resource efficiency seen in natural ecosystems, thereby
nurturing innovative and adaptable business models within planetary boundaries [81,82].

Highlighting the importance of systems thinking, Iacovidou et al. [81] point to its
key role in identifying leverage points for significant, systemic shifts in CE. This broad
view aids in developing circular business models that drastically cut waste and boost
sustainability. A focus on managing stocks alongside flow regulation introduces a paradigm
favoring a sufficiency-based model, crucial for crafting comprehensive strategies that
respect the ecological, social, and economic aspects of sustainability. Such a paradigm
shift is indispensable for a future where economic activities harmonize with ecosystem
health [81].

Integrating sustainability science into CE roadmaps enhances strategic environmental
planning, leveraging tools such as LCA and material flow Assessment (MFA) for sustain-
able, inclusive initiatives adapted to technological and societal advancements [83]. This
holistic methodology, focusing on product environmental performance and material flow
efficiency, underlines the potential of CE in fostering economic, environmental, and social
value creation, evidenced in industries ranging from waste management to urban infras-
tructure [84]. Moreover, the emphasis on transdisciplinary collaboration and public-private
partnerships underscores the critical role of diverse stakeholder engagement in realizing CE
goals, highlighting the sector-wide applicability and strategic importance of CE principles
across varying contexts [85].

The dynamic global material flow analysis further illustrates the necessity for adapt-
able strategies in evolving sectors such as electric vehicle battery recycling, reinforcing the
significance of triple-bottom-line approaches and robust environmental governance for
sustainable remanufacturing and impact assessment [86].
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Governance plays a crucial role in CE roadmapping, especially at the National and Mu-
nicipal levels, shaping policy frameworks and fostering essential collaborations for CE [87].
National policies set strategic directions, mobilizing stakeholders, while municipal policies
cater to local challenges [88–90]. This governance extends to global scales, aligning with ob-
jectives such as the UN’s Sustainable Development Goals [91], and requires understanding
stakeholders’ perceptions for effective communication and strategy tailoring [92,93].

Governance establishes critical decision-making structures and values across all
roadmap stages, ensuring adaptability and responsiveness [60,94]. It involves balancing
governmental regulations and corporate governance for CE transition [95,96]. Address-
ing the complexities of this transition requires effective governance to manage tensions
and legal coherence while also facilitating leadership, future visioning, and stakeholder
engagement in diverse contexts [50].

To summarise, Table 1 restructures these multidisciplinary insights into the key con-
stituents of CE roadmapping, providing a clear overview of their roles and dependencies
within the roadmapping phases.

Table 1. Summary of the Thematic Constituents of CE Roadmapping.

Thematic Constituent Role in LRP Citation Dependencies Roadmapping Phase
It Inspires

Purpose and
Goal Setting

Articulates the
roadmap’s purpose

and sets specific goals
[31,60,61]

Visioning,
Goal Definition,
Roadmap Level

P1: Visioning

Strategic Scoping
and Collaboration

Ensures adaptability
and relevance,

enhances
communication

within organizations

[26,62–65]
Span, Focus Areas,

Collaboration Ecosystem,
Stakeholder Mapping

P2: Diagnostic,
P3: Engagement

Stakeholder Analysis
and Engagement

Involves various
stakeholders in

roadmap shaping
[66–68]

Collaboration Ecosystem,
Stakeholder Mapping,

Stakeholder Engagement

P2: Stakeholder,
P3: Engagement,

P4: Communication

Vision Articulation
Guides decisions

towards
sustainable outcomes

[35,50,69–72] Visioning,
Time-setting, Governance P1: Visioning

KPIs and Metrics

Measures the
effectiveness and

progress of
CE practices

[73–78]
Metrics, KPIs, Impact

Assessment,
Policy Influence

P1: Measurement,
P4: Monitoring
and Evaluation

Systems Thinking

Addresses the
complexity and

interdependencies
in CE

[80–82]
Data Gathering, Material

Flow Analysis, Life
Cycle Assessment

P2: Data,
P3: Refinement

Sustainability Science

Integrates
environmental

planning elements
into CE

[83–86]
Life Cycle Assessment,

Policy and
Regulatory Assessment

P2: Assessment,
P4: Design

Governance and
Decision-Making

Shapes policy
frameworks and
ensures effective
management of
roadmap phases

[60,87–96]
Governance, Policy

Influence, Policy and
Regulatory Assessment

P1: Visioning,
P2: Assessment,

P4: Design
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3. Materials and Methods

This research adopts a comprehensive methodology anchored in a robust theoretical
framework, emphasizing an interdisciplinary approach to developing a CE roadmapping
framework. The methodology is structured as follows:

3.1. Literature Review and Conceptual Analysis

An extensive literature review forms the foundation of this study. It investigates key
areas of sustainability science, strategic management, systems thinking, and CE practices,
drawing on seminal works with the view to identifying prevailing trends, theoretical gaps,
and practical challenges in CE roadmapping.

3.2. Extensive Review of CE Roadmaps

An exhaustive review was conducted on more than 200 documents related to CE
roadmaps from 120 countries across all regions. This review aimed to identify structures
and patterns in their methodologies and approaches, offering benchmarking insights for
the framework. This process also helped ascertain commonalities between some of the best
practice roadmaps and the developed framework, thereby reinforcing the framework’s
practical applicability and relevance in diverse global contexts.

3.3. Theoretical Framework Process

Central to this study is the development of a theoretical framework based on foun-
dational pillars, advocated by the academic guidance on creating theoretical frameworks,
which emphasize the importance of reviewing existing theories to establish a structured
guide for argument development in scholarly work [97]. The process, as illustrated in
Figure 1, begins with the identification of core themes, progressing through an extensive
literature review and identifying gaps. Relevant theories, standards, tools, and knowledge
domains are then selected, integrated, and justified.
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4. Framework Development

The proposed framework for CE roadmapping, as depicted in Figure 1 and Table 2,
exclusively draws upon the literature-led foundational pillars (FPs) discussed in the subse-
quent section. It synthesizes various elements from multiple disciplines into a versatile tool
designed to offer a systematic and adaptable approach to developing long-term strategies.
This framework applies to diverse value chains and governance tiers, thus facilitating the
transition towards a CE. It is specifically tailored to provide guidance to organizations,
municipalities, and even nations in integrating circular principles into their operations and
strategic planning. The framework is divided into four key phases:

• Phase 1: Scoping and Goal Setting (P1)—This phase establishes the direction of the
roadmapping process by helping to define the roadmap’s boundaries and setting clear
parameters. For instance, a national-level roadmap might involve setting a vision for a
country’s transition to a CE, defining key sectors for implementation, and establishing
short-term actions and long-term sustainability goals.

• Phase 2: Baseline Assessment and Processes (P2)—In this phase, a comprehensive
analysis of the current state is conducted, such as a chemical company performing an
LCA to identify environmental impact hotspots throughout its product lifecycle.

• Phase 3: Strategy Development (P3)—Strategies are developed based on the pre-
vious assessments, such as an automotive manufacturer planning a transition to a
closed-loop system for rare earth elements, aiming to minimize waste and reliance on
virgin materials.

• Phase 4: Implementation and Monitoring (P4)—This final phase involves putting
the strategies into action and monitoring their effectiveness. For instance, a city may
implement a comprehensive organic waste program and track progress KPIs.

Table 2 presents the detailed phases, layers, and processes of the proposed framework,
providing a comprehensive overview of their roles and interdependencies within the CE
roadmapping structure.

Figure 2 illustrates the sequential process of the framework, summarizing the phases,
layers, and processes involved in CE roadmapping.

Table 2. Strategic Framework Phases, layers, and processes.

Phase Layer Process Definition

P1

Visioning
Visioning Develop a strategic vision for transitioning to a circular future.

Time-setting Set a timeline for the achievement of the CE vision and goals.

Governance Establish governance structures for the CE transition.

Driver

Goal Definition Define the main goal of the strategy.

Roadmap Level Establish at which level the roadmap will be implemented.

Data Source Identify data or information sources for the roadmap.

Action

Span Define the scope of the roadmap in sectors and resources.

Focus Areas Identify key areas for CE efforts.

Action Plan Outline specific actions to achieve the CE goals.

Implementation Strategy Establish a strategy for action implementation.

Measurement

Metrics Identify metrics to measure short-term progress
towards actions.

KPIs Define KPIs aligned with the main goal and vision.

Impact Assessment Measure environmental, social, and economic impacts.

Policy Influence Evaluate the impact of policies on the CE transition.
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Table 2. Cont.

Phase Layer Process Definition

P2

Diagnostic
SWOT Analysis Evaluate factors influencing the transition to a CE.

Gap Analysis Understand the current state versus the desired circular state.

Data

Data Gathering Collect data on current resource use and waste generation.

Material Flow Analysis Understand the flow of materials through the organization.

Life Cycle Assessment Evaluate the environmental impacts of the organization’s
value chain.

Stakeholder
Collaboration Ecosystem Develop a network for multi-stakeholder engagement.

Stakeholder Mapping Identify and map key stakeholders and their interests.

Assessment
Business Model Assessment Evaluate the current business model’s alignment with

circular principles.

Policy and
Regulatory Assessment Assess the implications of policies for the circular transition.

P3

Refinement Phase 1 Refinement Revise initial vision and goals based on baseline assessment.

Engagement Stakeholder Engagement Garner support for the CE transition.

Pilot Partnership Engage partnerships to support the transition.

Pilots and Case Studies Test the feasibility of CE strategies.

Evaluation Pilot/Case Study Evaluation Identify lessons learned and best practices from pilots.

P4

Design Design Translate strategies into detailed design specifications.

Communication Publication Communicate the CE roadmap to stakeholders.

Execution Implementation Execute the outlined strategies and practices.

Monitoring Monitoring and Evaluation Monitor and evaluate the Performance against KPIs.
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5. The Foundational Pillars

The development of the CE roadmapping framework in this study hinges on integrat-
ing key foundational pillars (FPs) essential for facilitating effective long-range strategic
planning. This integration stems from an in-depth thematic exploration conducted in the
literature review, where strategic planning tools, cross-disciplinary theories, knowledge
domains, and standards converge to form the bedrock of the proposed framework. The FPs
are crucial for underpinning the framework’s structure and function, as well as providing
a robust and interdisciplinary approach that is crucial for the creation of an adaptable
roadmapping tool. The FPs, deeply entwined within the framework, collectively inform the
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strategic stages and processes of Roadmapping reinforced by academic rigor and practical
standards. This synthesis ensures adaptability and practical applicability, effectively steer-
ing organizations towards strategic foresight in long-range CE strategizing and planning.
Figure 3 illustrates the four FPs.
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The significance of these foundational pillars extends beyond their individual con-
tributions; their integration within the framework exemplifies a holistic approach to CE
roadmapping, collectively providing a structured andcomprehensive perspective on CE
transitions. This interdisciplinary amalgamation enhances the coherence and effective-
ness of CE strategies, ensuring their relevance and applicability across diverse contexts
and scales.

5.1. Strategic Planning Tools

Strategic management tools (SPTS) are crucial in shaping the roadmap for sustainabil-
ity and CE initiatives. Bryson et al. [100] present a detailed approach to strategic planning,
aligning organizational goals with sustainable practices. Research by Bingöl et al. [101]
and Afonina [102] underscores the impact of these tools on organizational performance
and competitiveness. These studies collectively illustrate the indispensable role of SPTs in
effectively navigating the complex landscape of sustainable development. Under this pillar,
Technology Roadmapping (TRM) and Benchmarking have been selected, leveraging their
cross-disciplinary elements and strengths integral for the articulation and achievement of
CE roadmapping strategic objectives.
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5.1.1. TRM

TRM is a strategic tool that aligns tech capabilities with long-term business strategies.
Highlighted by Phaal et al. [30,103], TRM encompasses scoping, setting goals, imple-
menting, monitoring, and developing strategies. It ensures that every phase of strategy
development, from the outset to execution and review, is informed by TRM components, as
shown in Table 3. This table lays out how TRM integrates into the CE roadmapping phases,
providing a clear framework for applying technology strategies effectively.

Table 3. Integration of TRM Components into the CE Roadmapping Process.

Elements of TRM Description Phase and Layer

Focus or Priority Area Selection
Identifying key areas for innovation to direct
efforts towards areas with the highest
potential impact.

P1: Scoping and Goal-Setting
(Driver layer)

Action Plan Development Creating actionable plans that integrate
strategic goals with operational activities. P1: Action (Action layer)

Implementation Strategy Orchestrating resources and activities to
achieve the roadmap’s objectives. P1: Action (Action layer)

Timeline Setting
Establishing timelines for coordinating
activities and ensuring alignment with
strategic goals.

P1: Visioning (Visioning layer)

KPIs Measuring the success of the roadmap against
its objectives using quantifiable metrics. P1: Measurement (Measurement layer)

Review and Adaptation
Ensuring the roadmap remains relevant and
aligned with evolving strategic contexts
through regular review and adaptation.

P4: Monitoring (Monitoring layer)

Stakeholder Involvement
Gathering diverse insights by involving all
relevant stakeholders in the
roadmapping process.

P3: Engagement (Engagement layer)

Cross-functional Collaboration
Promoting collaboration across different
functions within the organization to address
complex challenges.

P2: Collaboration Ecosystem
(Stakeholder layer)

5.1.2. Benchmarking

Benchmarking emerges as a fundamental strategy for enhancing an organization’s
performance by leveraging industry-leading practices for innovation and sustainable devel-
opment. Shetty [104] highlights the crucial role of benchmarking across diverse functional
areas in bolstering strategic and operational growth. Drew [105] further explores its trans-
formation from traditional learning and imitation methods to a structured management
approach, propelled by global competition and the advent of new technologies. Such ad-
vancements in benchmarking practices underscore the strategy’s importance in promoting
an adaptive and innovative organizational culture amidst rapid technological and market
transitions. The components integral to this process relevant to roadmapping are delineated
in Table 4.

Table 4. Benchmarking Components in CE Roadmapping Process.

Elements of Benchmarking Description Phase and Layer

Best Practices Identification
Identifying optimal practices in similar
contexts to aid in SWOT analyses and
highlight opportunities.

P2: Diagnostic (Diagnostic layer)

Strategic Goal Alignment
Harmonizing goals with industry
best practices to ensure relevance
and competitiveness.

P3: Refinement (Refinement layer)
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Table 4. Cont.

Elements of Benchmarking Description Phase and Layer

Continuous Improvement Enhancing processes continually through
benchmarking for performance evaluation. P4: Monitoring (Monitoring layer)

Stakeholder Expectation Management Aligning practices with benchmarks to manage
and meet stakeholder expectations effectively. P3: Engagement (Engagement layer)

5.2. Theories

Theories, distilled from the extensive thematic exploration in the literature, crys-
tallize predominantly into two core theoretical domains: Strategic Management, which
encompasses sub-theories such as Stakeholder Theory and the concept of a Collaboration
Ecosystem, and Systems Thinking. Strategic management, with its sub-theories, provides a
fundamental structure for planning elements such as vision and mission definition, goal
setting, and stakeholder analysis, which are crucial for balancing diverse interests and nur-
turing collaborative partnerships in CE roadmapping. Systems Thinking complements this
by offering a holistic lens through which the interconnectedness and dynamic interplay of
various elements within the CE landscape are comprehensively understood and addressed.
These theories collectively underlie and shape the strategic direction and efficacy of the CE
roadmapping process.

5.2.1. Strategic Management

Strategic management as a theory provides an overarching framework that is crit-
ical for the success of roadmapping in any organization. The theoretical elements vital
to roadmapping are delineated across various phases—P1 through P4—each contribut-
ing to the roadmap’s comprehensive structure. The Vision and Mission Definition in
phase P1 is instrumental in crafting an aspirational future, serving as a compass within
the ‘Visioning’ layer and providing a clear and inspiring direction for CE transitions.
Simultaneously, it contributes to setting achievable timelines and establishing robust gover-
nance structures that oversee this pivotal shift [106,107]. Table 5 details the components
of strategic management integral to the roadmapping process, highlighting their roles
across different phases and layers in enhancing strategic coherence and enabling sustained
organizational advancement.

Table 5. Components of Strategic Management in CE Roadmapping Process.

Component of Strategic Management Description Phase and Layer

Vision and Mission Definition

Sets the strategic direction, providing
inspiration for the future. Crucial for
developing an overarching vision, setting
timelines, and crafting
governance structures.

P1: Visioning (Visioning layer)

Goal Setting
Ensures objectives are specific, measurable,
achievable, relevant, and time-bound
(SMART), guiding the strategic course.

P1: Driver (Driver layer)

Stakeholder Analysis and Management
Assesses stakeholder needs and market
demands, influencing focus areas and
mapping key stakeholders’ roles.

P2: Stakeholder (Stakeholder layer)

SWOT Analysis
Evaluates internal and external factors,
offering insights for strategic planning
and execution.

P2: Diagnostic (Diagnostic layer)

Implementation Strategy Provides a blueprint for action, outlining
how the roadmap will be operationalized. P1: Action (Action layer)
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Table 5. Cont.

Component of Strategic Management Description Phase and Layer

Balanced Scorecard (BSC)
Translates visions into operational goals
and measurable KPIs within the
‘Measurement’ layer.

P1: Measurement (Measurement layer)

Strategic Planning
Refines the focus, ensuring the roadmap’s
alignment with broader objectives
post-baseline assessment.

P3: Refinement (Refinement layer)

Change Management
Facilitates organizational transition,
managing the implementation of
new strategies.

P4: Execution (Execution layer)

Performance Monitoring and Evaluation
Vital for ongoing assessment against KPIs,
maintaining roadmap accuracy
and adaptability.

P4: Monitoring (Monitoring layer)

5.2.2. Stakeholder Theory

While a sub-theory under strategic management, Stakeholder Theory is employed in
its own right due to its profound influence on roadmapping. It comprehensively delineates
stakeholder influence on an organization’s strategic direction and execution, encompassing
elements such as identification, engagement, analysis, mapping, and expectation manage-
ment. Crucially, it integrates the concept of a collaboration ecosystem, where stakeholder
value creation and continuous collaboration are pivotal [108], demonstrating the extensive
interplay of stakeholder dynamics within roadmapping. Table 6 encapsulates these core
components of Stakeholder Theory as applied in the roadmapping process, offering a struc-
tured overview of how each element contributes to strategic planning and implementation.

Table 6. Components of Stakeholder Theory in CE Roadmapping Process.

Component of Stakeholder Theory Description Phase and Layer

Identifying Key Stakeholders
The starting point in the ‘Visioning’ layer is where
stakeholders’ needs and expectations set the
foundation for vision setting.

P1: Visioning

Analysis of Stakeholders’ Interests A comprehensive analysis of stakeholders’ interests
to align the roadmap’s goals with their priorities. P1: Visioning

Stakeholder Engagement In the Stakeholder layer, engaging stakeholders in
developing and executing the action plan is crucial.

P2: Stakeholder
(Stakeholder layer)

Measuring Stakeholder Expectations
During the ‘Diagnostic’ layer, stakeholders’
expectations are measured against organizational
capabilities through SWOT analysis.

P2: Diagnostic

Communication Strategies
Essential for ensuring inclusive data collection and
understanding stakeholders’ influence and
power dynamics.

P2: Diagnostic

Value Creation for Stakeholders
Rigorous evaluation of how the roadmap creates
value for stakeholders, ensuring a robust and
inclusive business model.

P3: Refinement

Consensus-Building Building consensus among stakeholders on focus
areas to ensure roadmap cohesion. P3: Refinement

Collaboration Fostering collaboration to translate stakeholder
engagement into actionable outcomes. P3: Refinement

Feedback on Pilot Projects Stakeholders’ feedback during the ‘Evaluation’ and
‘Design’ phases informs continuous improvement. P4: Evaluation and Design
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Table 6. Cont.

Component of Stakeholder Theory Description Phase and Layer

Stakeholder-Centric Design Principles
Design principles that resonate with stakeholders’
needs guide the translation of strategies
into specifications.

P4: Evaluation and Design

Articulation of the Roadmap
In the ‘Communication’ layer, the roadmap is
articulated to cater to the informational needs of
various stakeholders.

P4: Communication

Continuous Engagement
Ensuring stakeholders are integral to the
performance evaluation process in the
M‘onitoring’ Layer.

P4: Monitoring

5.2.3. Systems Thinking

Systems Thinking emerges as a vital component within the theoretical domain of the
foundational pillars, supporting the proposed roadmapping framework. It fosters a holistic
approach to the development and implementation of strategies within organizations [109].
Highlighted in Table 7 are the core components of Systems Thinking as they apply through-
out the roadmapping process, illustrating their indispensable role in facilitating strategic
planning and execution within an organizational context.

Table 7. Components of Systems Thinking in the CE Roadmapping Process.

Component of Systems Thinking Description Phase and Layer

Holistic Understanding Encourages a comprehensive vision incorporating all system
components, which is crucial for a future-oriented roadmap. P1: Visioning

Interconnectedness Sets goals acknowledging the intricate web of relationships
within the planning system. P1: Driver

Feedback Loops Utilises sector/resource ratios to fine-tune strategies through
feedback mechanisms. P1: Action

Systems Mapping Instrumental in performing SWOT analysis, highlighting the
interplay of various factors within the larger system. P2: Diagnostic

Identifying Leverage Points Allows for strategic interventions that can induce significant
shifts within the system. P2: Stakeholder

Emergence Provides insight into evolving properties of business models
aligned with principles. P2: Assessment

System Dynamics Applied to comprehend the ripple effects of changes across
different areas. P3: Refinement

Systems Integration Advocates for cohesive solutions fostered by
cross-sectoral partnerships. P3: Collaboration

Systems Modelling Uses system-based models to gauge the impact of
pilot initiatives. P4: Evaluation

Systems Analysis Ensures developed strategies are viable when viewed through
a systemic lens. P4: Design

Adaptable Systems Provides a framework for continuous performance evaluation,
which is crucial for navigating system changes. P4: Monitoring

5.3. Knowledge Domains: Sustainability Science

The framework integrates several elements of sustainability science as the primary
knowledge domain, as summarised in Table 8 offering a holistic approach and essential
methodologies for understanding the complex human-environment interactions in CE
strategy assessment, planning, and implementation. Its significance lies in providing a
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foundation for developing strategies that balance economic viability with environmental
responsibility and social equity [110–112].

Table 8. Components of Sustainability Science in the CE Roadmapping Process.

Component of Sustainability Science Description Phase and Layer

LCA
A method for assessing environmental impacts across a
product’s lifecycle is crucial for Triple Bottom Line
impact assessment.

P2: Data

MFA Studies the flow of materials within systems, supporting
resource optimization. P2: Data

Ecological Footprint Analysis
Quantifies the environmental demands of business
activities, providing insights into
environmental impacts.

P2: Diagnostic

Social-Ecological Resilience
Focuses on the capacity of systems to absorb
disturbance and reorganize under change, ensuring
business practice resilience.

P4: Monitoring

Transdisciplinary Collaboration Involves collaborative efforts across traditional
disciplinary boundaries to develop holistic solutions. P3: Engagement

Environmental Impact Assessment Evaluates the environmental implications of proposed
projects crucial for assessing CE initiatives’ impacts. P4: Evaluation

Policy Innovation and Governance
Involves developing new policies for sustainable
practices and guiding CE initiatives in alignment with
environmental policies.

P2: Assessment

Public-Private Partnerships
Collaborative arrangements between government and
private sector entities, enhancing resource mobilization
for CE initiatives.

P3: Collaboration

Triple Bottom Line Accounting
Integrates social, environmental, and financial
performance aspects, pivotal for
sustainable decision-making.

P1: Measurement

5.4. Standards

Standards constitute the fourth foundational pillar in the framework, providing a
systematic approach to embedding CE principles and practices within organizations. They
serve as benchmarks for consistency, quality, and performance, facilitating comparability
and compatibility across various aspects of CE. The framework specifically integrates two
sets of standards: the ISO 59000 series, which is focused on CE directives, and ISO 37000,
which governs organizational management.

5.4.1. ISO 59000

The ISO 59000 series [98] represents a set of standards that delineate foundational
principles and guidelines for CE management systems, designed to assist in establishing a
systematic framework for LRP that embeds circularity at the core of business operations.
Elements of this standard are drawn from to provide support at different phases of CE
roadmapping. Illustrated in Table 9 below are these critical elements, showcasing their
application throughout the CE roadmapping process and highlighting their roles.

5.4.2. ISO 37000

As illustrated in Table 10, ISO 37000 [99] offers governance guidelines crucial for CE
roadmapping, ensuring that governance structures are strategically aligned with organiza-
tional objectives. This alignment enhances sustainable decision-making and stakeholder
engagement, which is vital for executing CE initiatives effectively.
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Table 9. Components of the ISO 59000 in the CE Roadmapping Process.

ISO 59000 Components Description Phase and Layer

Life Cycle Thinking Guides the LCA process to consider environmental
impacts throughout a product’s life. P2: Data

Stakeholder Engagement Essential for developing plans that engage all relevant
stakeholders in CE initiatives. P3: Engagement

Multi-dimensional Value Recognition Balances financial, social, and environmental factors in
Triple bottom-line impact assessment. P1: Measurement

Circular Design Principles Translates strategic aims into product design
specifications that embed circularity. P4: Design

Material Circularity Focuses on optimizing material usage according to CE
principles through MFA. P2: Data

Resource Efficiency Drives the refinement of focus areas to enhance resource
utilization within CE strategies. P3: Refinement

Circular Business Models Pivotal in implementing strategies that foster
sustainable business practices. P4: Execution

CE Metrics Provides benchmarks for assessing the effectiveness of
CE initiatives. P4: Monitoring

Policy Alignment Ensures CE strategies are in sync with the evolving
policy environment. P2: Assessment

Table 10. Components of the ISO 37000 in the CE Roadmapping Process.

ISO 37000 Components Description Phase and Layer

Governance Structures Establishes frameworks for decision-making and oversight for
CE transition. P1: Visioning

Accountability Mechanisms Critical for responsible management and transparent reporting
on CE initiatives. P4: Monitoring

Ethical Decision-Making Ensures responsible planning and governance during
Strategy Development. P3: Strategy Development

Stakeholder Engagement Ensures broad participation, informing governance with
diverse inputs in the Engagement layer. P3: Engagement

Risk Management Essential for identifying and strategizing risk mitigation in CE
within the Diagnostic layer. P2: Diagnostic

Transparency and Reporting Key to clear communication and reporting of CE efforts in the
Communication layer. P4: Communication

Values and Culture Embeds CE values into the organizational ethos, influencing the
strategic direction in the Visioning layer. P1: Visioning

Performance Evaluation Includes assessing governance effectiveness in pilot
implementations within the Evaluation layer. P4: Evaluation

Compliance and Regulation Ensures CE strategies adhere to legal and regulatory standards
in the Assessment layer. P2: Assessment

6. Discussion

This study introduces a comprehensive framework for CE roadmapping, designed
to facilitate the targeted transitioning to a CE across various governance levels and sec-
tors. Originating from a synthesis of multidisciplinary academic and practical models,
the framework aims to bridge theoretical and practical aspects of strategic CE adoption
and implementation.

The proposed framework offers a structured method for cities, nations, and sectors
to map out their long-term CE strategy, ensuring continuity and coherence throughout
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the process. The initial phase, Scoping, and Goal Setting, establishes the foundation for
long-term CE planning by defining clear visions and objectives. For example, a national
roadmap might involve setting a vision, defining key sectors for implementation, and
establishing both short-term actions and long-term goals. This phase ensures a shared
understanding among stakeholders, which is critical for coherent and coordinated efforts.
Establishing clear goals and scopes early on provides a strong directional thrust for the
subsequent phases, ensuring alignment and focus.

Following this, the Baseline Assessment and Processes phase involves a comprehen-
sive analysis of the current state, such as a city conducting an LCA across its dominant
value chain(s) to identify environmental impact hotspots [20]. This phase is essential for
gathering data, focusing on current resource utilization and waste generation, and un-
derstanding material flows within the city or sector. The diagnostic tools used here are
crucial for identifying critical opportunities for circular practices. This phase builds on the
foundation laid in the initial phase, using the established goals and scopes to direct the
assessment efforts.

In the Strategy Development phase, the initial visions and goals are refined based
on the assessments from the previous phase. This phase involves engaging stakeholders
and fostering partnerships to develop strategies for previously chosen priority areas. For
instance, a national strategy [113] might plan the transition to a closed-loop system for
critical raw materials, minimizing waste and reducing reliance on imports. Pilots and case
studies are conducted to test the feasibility of these strategies [43,114]. The engagement of
diverse stakeholders ensures the strategies are comprehensive and inclusive, building on
these data and insights gathered earlier.

Finally, the Implementation and Monitoring phase translates the developed strategies
into actionable plans and ensures their effective execution. For example, a sector-specific
roadmap in the construction industry might implement comprehensive recycling programs
for construction and demolition waste, tracking progress through key performance indica-
tors (KPIs). This approach includes preventing waste at every stage of a project’s lifecycle,
from the production of materials and products through design, specification, procurement,
and assembly to deconstruction. At the end of a building’s life, materials and components
should be recovered and reused at the highest possible level of the waste hierarchy before
recycling, ensuring minimal environmental impact [23]. The monitoring and evaluation
processes embedded in this phase ensure that the implemented strategies remain effective
and adaptable over time. This phase completes the cycle, feeding back into the initial
scoping and goal setting to refine and adjust strategies as needed.

The framework’s phased approach ensures each step is purposeful and intercon-
nected, creating a cohesive and comprehensive CE strategy. This structure is crucial for
long-range planning, providing a clear path from initial vision to implementation and
continuous improvement.

Real-world examples demonstrate the framework’s practicality and relevance. A
city might utilize this framework to transition its waste management system to a circular
model, starting with a clear vision, assessing current waste flows and impacts, develop-
ing targeted recycling and reduction strategies, and implementing these strategies with
continuous monitoring. Similarly, a national government could apply the framework to
develop a comprehensive strategy, aligning sectoral policies and actions with national
sustainability goals.

The potential outputs of this framework include detailed CE roadmaps tailored to
specific contexts, with actionable plans and clearly defined KPIs. Outcomes could be
substantial, encompassing improved resource efficiency, reduced environmental impact,
enhanced stakeholder engagement, and significant progress toward sustainability goals.
Achieving specific priority goals may collectively reduce the national material footprint,
increase material productivity, and yield significant emergent properties such as resilient
supply chains [115], green job creation [116], and enhanced economic competitiveness
through innovative circular practices. Additionally, the framework promotes societal eq-
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uity [117], ensuring the fair distribution of CE benefits that contribute to a more sustainable
and inclusive future.

6.1. Theoretical Contribution

This study represents a significant theoretical advancement in the literature on CE, ad-
dressing the notable lack of a standardized methodological framework for CE roadmapping.
Existing CE roadmaps, while incorporating elements such as priority areas, stakeholders,
strategic action plans, long-term goals, and timelines, often suffer from fragmentation
and inconsistency. These components lack a cohesive and systematic strategy that me-
thodically interconnects them with KPIs. The presented framework aims to rectify this by
systematically integrating elements from established disciplines and theories known for
their instrumental roles in forward-looking strategies. These disciplines include strategic
management, systems thinking, and sustainability science, among others, serving as the
foundation for the roadmap’s phased approach [31,109].

The phased structure systematically guides the roadmapping process. Phase 1 begins
with the development of a strategic vision, establishing a timeline based on this vision,
and setting up governance structures that are intrinsically linked to the objectives of the
roadmap. This phase concludes by defining the scope and main goals of the strategy,
determining the level of implementation, and identifying relevant data sources, thus
providing substantive content to the roadmap. Subsequent layers and processes within this
phase involve determining the scope of specific sectors and resources, identifying critical
areas for CE efforts, outlining actionable plans, and developing implementation strategies.
Importantly, this stage emphasizes the identification of metrics for short-term progress
and the definition of KPIs that are aligned with the main goals and vision. Additionally, it
involves a comprehensive assessment of environmental, social, and economic impacts, as
well as an evaluation of policy influences on the transition to CE.

Moving into Phase 2, the framework employs a diagnostic approach, utilizing SWOT
Analysis to evaluate factors that influence the transition to CE and Gap Analysis to compare
the current state with the desired circular state. This phase is crucial for gathering data,
focusing on current resource utilization and waste generation, and understanding the
flow of materials within the organization, facilitated by Material Flow Analysis and Life
Cycle Assessment. The Stakeholder layer in this phase involves developing a collaborative
ecosystem with multiple stakeholders and mapping key stakeholders, while the Assessment
layer evaluates the alignment of current business models with circular principles and
assesses the implications of policies and regulations on the transition to CE.

Phase 3 centers on refinement and engagement, where initial visions and goals are
revised based on baseline assessments from Phase 2. This phase is critical for engaging
stakeholders, garnering support for the transition to CE, and fostering partnerships to
facilitate the transition. Pilots and case studies are conducted to test the feasibility of CE
strategies, with evaluations identifying lessons learned and best practices.

Finally, Phase 4 is where the strategies outlined in the roadmap are translated into
detailed design specifications, communicated to stakeholders, and implemented. The
execution of these strategies is meticulously monitored and evaluated against the estab-
lished KPIs, ensuring the ongoing effectiveness and adaptability of the roadmap. This
holistic approach ensures that each step of the roadmapping process is purposeful and
interconnected, building on previous processes and informing subsequent ones, thereby
achieving a cohesive and comprehensive CE strategy that aligns with the defined KPIs.

6.2. Significance of the Study

This study bears significance as it endeavors to bridge the existing knowledge gaps
and inconsistencies in the current roadmapping approaches, thereby contributing to the
scholarly discourse and practical methodologies pertinent to CE transitions [118]. It as-
pires to enhance the clarity, coherence, and strategic alignment in CE initiatives’ LRP
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and implementation processes, potentially fortifying the global efforts toward sustainable
development and resource optimization [6].

The absence of such a framework has been a critical gap in the field, leading to
inconsistencies and inefficiencies in implementing CE principles across various contexts.
As Korhonen et al. [5] noted, the multifaceted nature of CE transitions, encompassing
technological, social, economic, and environmental aspects, demands a nuanced and
flexible roadmapping approach. This is further echoed by Sani et al. [34], who highlight
the interdisciplinary challenges in CE transitions. The study’s endeavor to develop a
standardized yet adaptable CE roadmapping framework is thus a timely and crucial
contribution, promising to enhance the global coherence and effectiveness of CE initiatives.
The study provides a unified and practical framework for stakeholders by integrating
diverse perspectives and methodologies, as Calisto Friant et al. [35] suggested, facilitating
more effective and coordinated implementation of CE strategies. Another critical dimension
of the framework is its potential to promote societal equity and justice. The framework
incorporates practical measures to ensure that the contributions to and benefits of a CE
are distributed fairly among all social groups, including informal sectors and households.
It mandates public consultations and continuous stakeholder engagement, ensuring that
diverse community voices, including those often overlooked, are considered. It aims to
facilitate an inclusive and just transition to a CE by encompassing all voices within the
ecosystem of collaborators and stakeholders.

Furthermore, the significance of this study extends to its potential impact on policy-
making, industry practices, and global sustainability efforts. Developing a coherent CE
roadmapping framework aligns with the calls by Wielopolski and Bulthuis [37] for efficient
stakeholder engagement and collaboration in CE initiatives. This framework will serve as a
crucial tool for policymakers and industry leaders, guiding them through the complexities
of CE implementation and ensuring alignment with broader sustainability goals. The study
also responds to the challenges identified by Schandl et al. [21] and Montag [25] regarding
the lack of consistency in current CE roadmapping efforts. The proposed CE roadmapping
framework will mitigate strategic uncertainties and bridge the disconnect between roadmap
goals and implementation strategies by offering a structured and standardized approach.
This effort is significant for advancing CE practices and is also essential in contributing to
the global pursuit of sustainable development goals, addressing systemic environmental
challenges, and promoting economic and social well-being, as outlined in the works of
Flynn et al. [13], Hartley et al. [9], and Trevisan et al. [12]. The study, therefore, stands as a
critical step towards realizing a more sustainable, efficient, and circular global economy.

7. Research Limitations

While the proposed framework offers a robust and adaptable approach for facilitating
CE transitions across various sectors and governance levels, there are inherent limitations
to this study. One major limitation is the dependency on existing case studies and the litera-
ture, which may not encompass the full diversity of global CE practices. This reliance could
lead to potential biases and a lack of representation for innovative, emerging approaches
that have not yet been extensively documented. Additionally, the framework’s applica-
bility in different cultural and regulatory contexts remains to be empirically validated.
Further empirical research and longitudinal studies are necessary to test the framework’s
effectiveness and adaptability in real-world settings, particularly in regions with differing
socio–economic dynamics. Moreover, the dynamic nature of technological advancements
and policy changes could affect the framework’s relevance over time, necessitating continu-
ous updates and refinements. Lastly, while stakeholder engagement is a core component
of the framework, the varying degrees of stakeholder influence and the challenges in
achieving genuine participatory processes could impact the successful implementation of
CE strategies.
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8. Conclusions

This study introduces a comprehensive framework for CE roadmapping, effectively
addressing the complex challenges of sustainable economic transitions through strategic
integration of management principles, systems thinking, and sustainability science. This
cohesive approach provides a robust tool for policymakers, business leaders, and sustain-
ability practitioners, guiding them through a structured, phased methodology to achieve
long-term CE goals.

The framework begins with establishing a clear vision and goals, identifying resource
inefficiencies through baseline assessments, and engaging key stakeholders to co-create
actionable strategies. Implementation and continuous monitoring follow, with real-time
data providing feedback for necessary adjustments. This structured pathway ensures that
each phase builds upon the previous one, maintaining strategic alignment and fostering
comprehensive CE strategies.

Practical applications of this framework are extensive and impactful, particularly
when targeting key value chains within various sectors. Priorities should focus on specific
stages of value chains where circular actions can be most effectively applied, favoring
the Rs at the top of the hierarchy, such as Refuse, Reduce, and Reuse, and least favoring
recycling. For example, in the construction sector, the focus could include refusing unnec-
essary materials, reducing material use through efficient design, and reusing materials
through deconstruction practices. Clear Key Performance Indicators (KPIs) such as a
50% reduction in construction waste, a 30% increase in the use of reusable materials, and
significant decreases in new material usage within five years would facilitate systematic
tracking of progress.

Engagement with a diverse array of stakeholders, including construction firms, ma-
terial suppliers, and urban planners, is vital for fostering collaborative initiatives. These
collaborations harness varied expertise and perspectives, driving innovative solutions
and enhancing the roadmap’s applicability. Collaborative efforts in the construction sector
might focus on developing advanced design techniques that minimize material use, promot-
ing modular building designs that facilitate material reuse, and establishing marketplaces
for second-hand construction materials.

In the food sector, priorities might include refusing single-use packaging, reduc-
ing food waste through improved inventory management and consumer education, and
reusing surplus food through redistribution networks. KPIs could include a 40% reduc-
tion in single-use packaging, a 50% reduction in food waste at the retail and consumer
levels, and a substantial increase in the redistribution of surplus food. Collaborating with
food producers, retailers, consumers, and waste management companies can foster in-
novations such as biodegradable packaging, smarter inventory systems, and robust food
donation networks.

Digital tools and data analytics enhance the effectiveness of CE initiatives by enabling
real-time progress monitoring and data-driven adjustments. Pilot projects, such as im-
plementing circular construction practices in specific districts or developing smart food
waste management systems, provide valuable insights and best practices that can be scaled
up across sectors. This integrative approach ensures that circular principles are deeply
embedded in operations, promoting sustainability, economic resilience, and social equity.

Future research should focus on applying and refining this framework across dif-
ferent industries, cultures, and governance models. Emphasis on integrating emerging
technologies and novel business practices in CE roadmapping is crucial. For instance,
the automotive industry could utilize IoT to track the lifecycle of rare earth elements in
electric vehicle batteries, creating closed-loop systems that reduce dependency on virgin
materials and minimize environmental impact. Sector-specific roadmaps, particularly in the
construction and food sectors, could further tailor strategies to address unique challenges
and opportunities, such as reducing material use and waste generation.

Longitudinal studies are essential to evaluate the long-term impacts of these roadmaps
on environmental, social, and economic factors. Encouraging collaborative, cross-sectoral,
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and international partnerships will be crucial for sharing best practices, thereby advancing
the global shift towards a more sustainable CE. Such partnerships allow stakeholders to
share insights and innovations, promoting a cohesive and effective transition to circular
practices globally.

This study marks a significant advancement in the CE roadmapping literature, pre-
senting a robust and adaptable framework that integrates diverse disciplinary insights.
Continued refinement of this framework, incorporating emerging technologies and fos-
tering international collaborations, will ensure the successful global transition to a CE,
ultimately achieving substantial environmental, economic, and social benefits.
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