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Abstract

The Circular Economy (CE) concept is widely promoted as a pathway to sustainability, yet
its practical realization can appear to be challenging and unclear due to divergent defini-
tions, interpretations and understanding about the implications and goals of a realized CE.
Addressing this gap, this study develops the Circular Economy Loop Strategies (CELS)
Framework, a synthesizing foundational model that defines and organizes five overarching
strategies—simplifying, narrowing, slowing, intensifying, and closing—within a material
flow perspective for durable consumer products, such as electronics and furniture. The
framework delineates how varying CE goals (e.g., recycling vs. sufficiency) can influence
material flow outcomes and, for each strategy, outlines overlaps and trade-offs while link-
ing them to CELS characteristics: trajectory, magnitude, composition, and rate of flow.
The CELS Framework was constructed through a critical review of CE literature and re-
fined via a two-round Delphi study with 17 international experts from academia, industry,
policy, and non-profit sectors. Results indicate strong consensus (89% agreement) on the
framework’s validity and usefulness for mapping CE strategies and evaluating their impli-
cations across different CE versions—from recycling-focused approaches to sufficiency-
driven models. This research contributes to CE theory by providing a clearer conceptual
foundation and vocabulary, as well as provides a foundational tool for policymakers and
practitioners to support strategic planning and alignment in CE transitions. The frame-
work highlights the need for integrated strategies to achieve environmental sustainability
and serves as a starting point for future research on operationalization, prioritization, and
social dimensions of circularity.
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Introduction

A Circular Economy (CE) promises to: “...help society reach increased sustainability and
wellbeing at low or no material, energy and environmental costs.” [1], p. 12. While some
features and objectives of the CE are generally accepted (Sect. 1.1), others are disputed
and unclear, creating barriers for the CE transition (Sect. 1.2). With burgeoning proposed
meanings of a CE (see e.g., [2]) and diverse interpretations of its goal 3, 4], we lack a flex-
ible yet concise definition of a realized state of CE. This lack of clarity can create barriers
to implementation, misalignment among stakeholders, and presents risks of greenwashing.

Existing frameworks, such as the 3Rs [5], 10Rs [2, 6, 7], and the Ellen MacArthur Foun-
dation’s Butterfly Diagram [8], provide useful starting points but fail to offer a compre-
hensive and systematic approach to defining CE loop strategies and their implications in
practice. In the current literature, terms like “loops” and “strategies” are often conflated
(e.g., different publications utilizing divergent meanings) and the overlaps and trade-offs
between strategies are sometimes overlooked (c.f. [9], vs. [10, 11]). In addition, there is a
lack of clarity regarding the effect of these strategies upon actual material flows, such as the
implications for flow characteristics of trajectory (e.g., circular vs. linear), magnitude (e.g.,
volume of materials or products), composition (e.g., content and composition of the flow),
and rate of flow (e.g., speed of movement, transition, or transformation).

Accordingly, this study investigates how a foundational and comprehensive framework
can be developed to clarify what a realized Circular Economy (CE) entails for durable con-
sumer products, using a material flow perspective. Specifically, it explores how currently
defined CE Loop Strategies (CELS)— synthesized as simplifying, narrowing, slowing,
intensifying, and closing material loops—can be systematically integrated, compared, and
clarified in terms of their implications, overlaps, and roles in achieving circularity across
different CE versions (e.g., recycling-focused vs. sufficiency or consumption-reduction
focused).

We introduce the CE Loop Strategies (CELS) Framework as a novel synthesis that extends
existing CE models by providing clear definitions, goals, and implications for durable con-
sumer products. Unlike prior frameworks, it explicitly addresses synergies and trade-offs
between loop strategies, incorporates material flow characteristics (trajectory, magnitude,
composition, and rate), and applies these concepts to a product category with significant
environmental impact. The CELS Framework was developed through a two-stage process:
first, a critical review of CE literature to identify and refine loop strategies and their impli-
cations; second, a Delphi study with 17 international CE experts from academia, industry,
policy, and non-profit sectors to validate and improve the framework. This iterative process
ensured both theoretical rigor and practical relevance. The results include a validated CELS
Framework that clarifies the definitions and roles of the five CE loop strategies, maps their
overlaps and trade-offs, and connects them to material flow characteristics and life cycle
stages. The study also outlines how different configurations of these strategies correspond
to varying CE versions, from recycling-focused approaches to sufficiency-driven models.

The implications of this work are twofold: scientifically, it contributes to the strengthen-
ing of CE theory by providing a clearer conceptual foundation and vocabulary; practically,
it offers policymakers, practitioners, and designers a tool for distinguishing and comparing
CE goals and evaluating and planning CE strategies aligned with said goals. The remainder
of this article is structured as follows: Sect. "Theoretical Context" reviews the theoretical
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context and existing terminology; Sect. "Method" details the research method; Sect. "Con-
ceptualizing a Realized Circular Economy" presents the finalized CELS Framework;
Sect. "Results & Analysis" reports the Delphi study results; Sect. "Discussion" discusses
the findings and their implications; and Sect. “Concluding Remarks” concludes with contri-
butions, limitations, and directions for future research.

Theoretical Context
The Fundamentals of a CE

In arealized Circular Economy (CE), products, components, modules, materials, substances,
and the energy embedded in the same, would all be retained as much as biophysically pos-
sible in the economic system over multiple service lives! [12, 13]. As such, a realized, opti-
mized CE would preserve, use, and value stocks of objects, components, and molecules at
their highest utility, for as long as possible, with the least amount of energy use [14]. Waste
will be “designed out” as much as possible through e.g., design of products for optimized
circulation and business models catering to consumers as “users” [11]. Waste management
will be transformed into activities that enable resource recovery and foster environmental
protection [1]. In a realized CE, a product’s end-of-use stage is distinct from its end-of-life
stage, as it (or its components or parts) is cycled through multiple service lives through a
variety of “looping” activities: reuse, repair, refurbishment, remanufacturing, and recycling
(Fig. 1).

Considering Fig. 1, “CE Loops”, also referred to as “cycles” [10], consist of flows of
product, and its components and materials in the product life cycle that contributes to its
“circularity”. Whilst organic and inorganic matters are integrated in resource flows [15], the
focus of this paper is primarily on inorganic materials. A multitude of actors are involved
in these loops (Fig. 1), such as consumers, providers and distributors — implying that “cir-
cularity” (i.e., the circular flows of materials) is not the property of individual products or
services, but of an entire system of actors and mechanisms [9].

Emerging and Divergent CE Versions

While many may envision a realized CE as a fully closed, self-sustaining system, and thus
frame the goal of a CE as being a “closed loop” system, this perspective is not universally
accepted or viable. A “closed economy” can refer to an economic system isolated from
global trade and relying on self-sufficient production, such as energy [16], or it can refer to
an economy isolated from the natural world with no environmental impact. The notion of
such a “closed system” is connected to the root of the CE concept as a “self-replenishing
economy” [17] or a “closed-loop” economy [18, 19]. However, the feasibility of a closed
economic system is heavily critiqued, primarily as being “impossible” [20, 21], due to

!For the purposes of this study, we define the “service life” as the period during which a product, component,
or material is being used and providing functionality. A “service life” may constitute a ‘cycle’ via CE loop-
ing activities, such as repair, reuse, or remanufacturing. This is differentiated from the "life cycle", which
encompasses the entire lifespan, including development, production, usage, and eventual disposal, essentially
covering all stages from conception to end-of-life.
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Fig. 1 The (Technical) Product (and its Components and Material) Loops (adapted from [1])

the Laws of Thermodynamics (i.e., the inevitability of entropy in any resource recovery
process, leading to an inevitable loss of quality and quantity of cycled resources) and
rebound effects (i.e., environmental efficiency gains leading to increased consumption and
production and thus a failure to achieve an absolute reduction in environmental impacts)
[22]. As such, the ability of an economic system to be closed should be regarded as a mat-
ter of “degree” [23]. In contrast, many suggest that a key aim of an environmentally sus-
tainable CE is to regenerate nature, such as by replenishing natural capital and restoring
ecosystems [23]. From this perspective, the goal of a CE should not be complete system
closedness, but instead, existing in harmony with nature [24]. In practice, most researchers
adopt a nuanced aspiration that accepts the reality of integrated, complex natural and eco-
nomic systems, and entropy, in which: “... the circular flow of resources is kept as closed
as possible” [10], and in which any negative environmental impacts from the economic
system are minimized.
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Beyond the fundamental material loops (Fig. 1), there are multiple emerging research
themes that may complicate a common understanding of a realized CE (Sect. "Introduc-
tion"). In addition to differing purpose-based narratives, over two hundred definitions of a
CE, divergent in scope and focus, can be found in the literature [25]. This results in diverg-
ing uses of central terms, such as “loops” and “circularity” (c.f. [9], vs. [10, 11]).

The diversity of CE versions, and the resulting definitions of key terms, can be explained
by there being no universally agreed theoretical definition of what constitutes a CE [25—
28]. As such, a CE: “... is not a theory but an emerging approach to industrial production
and consumption” [29], p. 551 or an alternative approach to the organization of access to
resources in our economy. To this point, while some find it a rather fuzzy umbrella concept
[12, 30] lacking “substance” [20], others are of the opinion that more definite, consen-
sual definitions are impossible [29]. While complete consensus may not be possible, less
ambiguous definitions and conceptualization are desirable to align efforts and/or avoid CE
becoming a catch-all term that fails to address specific issues effectively [20]. Interestingly
enough, this critique also applies to the concept of sustainability at large of which a CE
constitutes a more concrete concept [31].

Existing Terminology and Definitions of CE Loop Strategies and Implications

One conceptualization of CE Loops or “cycles” [10, 32] relates to the proximity to the user
(Fig. 1), distinguishing between ‘inner’/‘smaller’ loops (i.e., tighter, operating closest to the
consumer/user, such as reuse and repair) and ‘outer’/‘larger’ loops (i.e., entailing a return to
an earlier stage in the product life cycle, and thus inherently more technical interventions).
Smaller loops should be strategically prioritized as they require less energy and materials,
and enable the retention of a greater share of inherent value of a product’s functional form,
relative to the larger ‘loops’, such as remanufacturing and recycling (Fig. 1) [11, 13,25, 33].
For example, a repairable device would be repaired by its user before it would be recycled,
thereby retaining the device’s inherent value, functional-form, and functionality that would
otherwise be lost or degraded by recycling.

CE Loops based on proximity to the user also align, and correspond, with different con-
ceptualizations of how a CE is achieved via activities, or “CE Strategies” [34]. One example
is the “10R framework strategies” [2, 7]; Reike et al. [6] synthesized 10 so-called “resource
value retention options” as: 1) refuse (i.e., waste preventions, e.g., refuse unnecessary pack-
aging); 2) reduce (i.e., using fewer materials and products); 3) resell/reuse (i.e., bringing
products back into use); 4) repair (i.e., bringing a broken product back into working order);
5) refurbish (i.e., more comprehensive repairs of multiple malfunctions, or restorations);
6) remanufacture (i.e., disassembly, testing, and industrial restoration of components for
reintegration [13]; 7) repurpose (i.e., adapting the product for another function or utilization
than originally intended); 8) recycle materials (i.e., retaining the material in product and
production waste; 9) recover energy (i.e., incineration of waste for energy generation); and
10) re-mine (i.e., the recuperation of material of landfilled materials).

The “CE Loop Strategies” (CELS) proposed in this study constitutes a more overarch-
ing conceptualization to which the above loops (i.e., proximity to user) or resource value
retention options pertain. As such, we suggest that the CE Loop Strategies can offer a “big-
ger picture” of the goals and implications of various CE versions and thereby facilitate the
identification of their content and comparisons. A first challenge, however, is to address the
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absence of agreed definitions of the CE Loop Strategies (Sect. "Analysis of CE Loop Strate-
gies Definitions in the Literature").

Method
Overview of the Process

To approach this challenge, our method consisted of three iterative steps, in which two inter-
connected and iterative stages were used. In Stage 1, we assessed and converged insights
from a literature review of existing terminology and definitions of CE Loop Strategies
(Fig. 2, Stage 1, Step 1) into the synthesizing CELS Framework (Fig. 2, Stage 1, Step 2). In
Stage 2, the proposed CELS Framework was then tested and refined over multiple iterative
steps via a Delphi survey study of relevant expert perspectives and opinions (Fig. 2, Stage
2, Steps 3 a-c). It is important to note that Delphi surveys have been integrated into sustain-
ability and CE research in diverse ways: Where [35, 36] utilized Delphi methods to draw-
out, develop and synthesize expert insights into their resulting, more refined frameworks and
taxonomies; this work is aligned with [37] who utilized Delphi methods to test and validate
their proposed framework.

Regarding the correctness of the CELS Framework, which relates to Delphi study par-
ticipant agreement, it is important to recognize that many implications of a realized CE
remain largely untested or exist as future possibilities, particularly as contributing to, e.g.,
“slowing” or “narrowing” of material flows. According to Future Studies, the future can-
not be predicted, only explored for potential and possibilities [28, 40]. If only empirically
confirmed outcomes of a CE and the CELS were to be considered in this study, we would be
facing two shortcomings: 1) since contemporary “pockets” of a realized CE (e.g., a circular
business) does not provide information on a CE realized at the economic scale, the amount

Stage 1: Framework Development

{/ \l
Step 1. Review & N Step 2.
Analysis of Inductive . Development of
Existing analysis the Initial CELS
Terminology — Framework

Step 3.b
Incorporation of

Survey Feedback The Final CELS
into Iterations of — Framework
the CELS
Framework

Deductive Stage 2: Framework
a‘nul:si; Testing and Reﬁning

Step 3.c.Two
rounds of Delphi
Surveys with 15

CE experts

Step 3.a Pilot
Survey with 2 CE
Experts

7

Fig. 2 The iterative two-stage approach of developing and testing the CE Loop Strategies (CELS) Frame-
work (adapted from [37-39])
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of confident extrapolation from present conditions is severely limited, thus there would be
extremely few "implications" of a future state of a realized CE to study; and 2) there would
be the need to include long-winded explanations of the exact conditions under which this

outcome would occur. While it is essential to

empirically test the potentials described in CE

definitions and to identify the exact conditions under which they are realized, the primary
aim of this study was to understand what a future realized CE (i.e., at the economic scale)
might entail. Therefore, our focus was on exploring potential implication of the CELS, such
as “products are multifunctional” or “products are made of recyclables” (Table 1), rather
than evaluating their likelihood or probability. To this end, the goal of the Delphi study
consisted of assessing whether the experts found the CELS and their proposed implications

Table 1 The CE Loop Strategies (CELS) Framework: Respective Goals, and Implications for Durable
Consumer Products a Realized CE (*—Denotes a more fundamental role, however it depends on the CE

version (Fig. 5), see Sect. "Discussion")

CE Loop Strategies

For Durable Consumer Products LAl

Implications for (i.e., what happens to) Durable Consumer Products
(i.e., at the system-, product- and components level)

The Implications below are purposefully formulated to encompass needed product
design, infrastructure, and consumer behaviors

Excluding: Energy recovery, regeneration of ecosystems, and non-material efficiency (c.g.

Simplifying
Reduce the total amount of material inputs into the economic
system Reduce
(ic., shrinking the size of

the material flows)

Narrowing
Reduce the total amount of material inputs into product units

., energy and water usage)

Products that are not creating substantial value are eliminated from the
market
Products are multi-functional [1]

Physical products consist of less and/or lighter-weight materials [2] [3]
Physical products are virtualized or digitized [4] |5

Reuse

U]
Products are durable, repairable, and upgradable
Products are reused by a second (or additional) product user
(Idle) products are repurposed to a use, or application, that is different from
their original intended use or application
Products are maintained and repaired
Products are refurbished
Components are remanufactured

Maximize Product
Utilization

8119
Products are offered as a service (PSS/renting/lease)
Products are shared/loaned
Idle products are redistributed to a second (or additional) product user (i.c.,
a situation of use)

Recycle

The materials and components within products are recycled to become
feedstock materials for other products

Products are made to be recycled

Products are made of recyclables

[1] The Simplifying of loops through multi-functional products has the potential to
functions increase utilization.

DVD).

Simplifying (e.g., watching a higher number of streamed movies compared to on DVDs)

positively to (ie., of said product.

effect).

user, as well as design for durability and repair/refurbishing/remanufacturing.

ib itively to Sil as the prod

|2] The Narrowing of loops through reducing material inputs, or using lighter-weight materials, in a product can contribute negatively to Closing through diminished
recyclability of the product (e.g., when lightweight alloys or composite materials are used, which are not (yet) recyclable).

|3] The Narrowing of loops through reducing material inputs, or using lighter-weight materials, in a product can negatively contribute to Slowing by reducing durability and the
ability to e.g., repair and refurbish the product (e.g., use of aluminum, which wears down at a faster rate than heavier alternatives).

4] The Narrowing of loops through digitization of physical goods can positively contribute to Intensifying in that goods can be used simultancously (e.g., a streamed movie vs. a
5] The Narrowing of loops through the digitization of (otherwise) physical goods can lead to the use of an increased number of products, hence contributing negatively to
[6] The Slowing of loops through e.g., reuse and repair of (otherwise) idle products can ensure not only a longer product lifetime (i.c., Slowing), but can also contribute
The Slowing of loops can extend product service life or lifetime, thus limiting the need for new production and consumption, and can thereby positively impact Simplifying.
The Intensifying of loops has the potential to reduce the total number of products in the economic system, hence can contribute positively to Simplifying. However, it can

also lead to the use of an increased number of products, hence having a negative effect on Simplifying (e.g., usage of a higher number of clothing through rental) (i.c., a rebound

[9] The Intensifying of loops can be interconnected and interdependent with Slowing as increased wear and tear is likely to shorten the product’s service life and increase the
frequency of upkeep (e.g., maintenance and repair). However, products can be designed to withstand high utilization rates. In addition, the Intensifying of loops also has the
potential to positively contribute to Slowing (i.e., increasing products’ lifetimes) in that e.g., repair and refurbishing efforts are incentivized as products are passed on to the next

positively to

(i.e., Jevon’s Paradox).

The Closing loop strategy can
relatively more secondary or cycled materials.

P

of each new product may require relatively less primary material inputs and use
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to be plausible and therefore worthwhile to include in the Framework as part of the vision
of a future CE system.

Developing the Initial CELS Framework

In Stage 1, Step 1 (Fig. 2), we conducted a critical review of the CE literature on terminol-
ogy and definitions of the CE Loop Strategies, including their implication on the production
and consumption system. The review focused on seminal CE literature, such as Ghisellini et
al.,, [1] and Bocken et al., [32], in addition to searches on Google Scholar, using the search
term “circular economy ‘Loop Strategies’”. The findings on CE Loop Strategies, terminol-
ogy, and definitions were analyzed for complementarities, overlaps, and distinctions (see
Sect. "Analysis of CE Loop Strategies Definitions in the Literature" for the results). In Step
2 (Fig. 2), these findings were applied and modified to the context of durable consumer
products and formulated to be as distinct as possible, according to the literature. The durable
consumer products category was selected as the application for the CELS Framework due to
the relatively more substantial environmental impact that results from such products [41];
In addition, the processes of acquisition and usage of such products in a realized CE are
expected to impact product users (e.g., having to repair a durable product), thus enabling a
research contribution to this less examined dimension within CE literature [42].

To develop the CELS Framework, we adopted a perspective and focus on material
flows, and from this perspective propose a comprehensive definition for the five CE Loop
Strategies (CELS), that includes: 1) their respective implications when it comes to durable
consumer products (e.g., digitization of goods), and; 2) the CELSs’ overlaps in terms of
synergies, interconnections, and contradictions [43], denoted in bracketed numbers in Table
1. The resulting initial CELS Framework can be found in the Supplementary File.

Testing and Refining the Framework

The initial Framework was submitted for critique and testing via a Delphi study (Fig. 2,
Stage 2); A methodology deemed appropriate for two primary reasons. First, given the mul-
titudes of CE definitions and frameworks, we posit that a key part of the problem lies in the
lack of consensus on what a CE entails, requiring the involvement of a wide range of actors
and experts (Delphi survey participants). Second, given that conceptual frameworks run the
risk of being biased, expert assessments and refinements were utilized to ensure suitable val-
idation for the Framework (e.g., [44—46]). Two groups of participant experts were involved
in the Delphi study: experts in CE theory and/or practice, and experts in Sufficiency (i.e., an
alternative economic model focused on reduced consumption).

The Expert Groups

The CE & Sufficiency experts were selected based on the following individual eligibility
criteria: (1) internationally recognized CE expertise (i.e., group affiliations and publica-
tions); and (2) familiarity with material flows (i.e., products, components and materials),
and not simply resource conservation (e.g., energy-efficiency). To ensure that the CE expert
group composition was appropriate for the task, additional considerations were incorpo-
rated into recruitment: (1) representativeness (i.e., experts with both system perspective
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and specific system area expertise, such as business models and consumer behaviors, with a
history of adopting both a “macro” and “micro” perspectives); and (2) coverage of the EU,
UK and US [47]. Also, sufficiency (i.e., consumption reduction) experts with CE expertise
were invited, based on the same criteria, to complement the insights from “traditional” CE
experts (i.e., decoupled growth) to also cover more sustainable versions of a CE. Identified
experts were invited to participate via direct email.

To ensure that specific CELS were not overrepresented in the mix of CE experts, recruit-
ment targeted general practitioners who could speak to, and had familiarity with, more than
one CELS. As such, practitioners working only with, e.g., repair, or a particular circular busi-
ness model were deemed inappropriate for the study. Instead, practitioners in the form of busi-
ness consultants with CE expertise—thus able to speak to a wider perspective—were invited.

In total, 17 experts located in the US, UK and EU, with backgrounds primarily in aca-
demia, business/industry, non-profit and policy/government (Fig. 3), took part in a two-
round Delphi survey that ran over 30 days in total (Step 3; Fig. 2) (see the Supplementary
File for the survey document).

Data Collection and Analysis

In accordance with Stage 2, Step 3.a (Fig. 2), a pilot survey was conducted with two CE
experts to test the initial CELS Framework, and the survey as such to ensure clarity [39]. All
feedback from this pilot round was implemented in the Framework and survey document if
it did not counter the intention of the same (Fig. 2, Step 3.b). Next, per Step 3.c (Fig. 2) a

@
g 0% %/

41%

Academia Academia & Business
Academia & Non-Profit Business/Industry
z Business/Industry & Non-profit Policy/Government & Academia

z Non-Profit

Fig. 3 The primary background of the 17 Delphi survey participants
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Delphi survey, consisting of two rounds, was used to gather feedback, test, and validate the
CELS Framework.

In the first survey round the Initial CELS Framework was presented with narratives [45]
(i.e., each CELS and their implication, presented one by one). In Delphi studies used to
verify and modify conceptual models, the panelists are commonly asked to assess the model
by having them: 1) rate their level of agreement, 2) explain their standpoint, and; 3) suggest
modifications, such as additions and removals (see e.g., [48]). As such, in a separate survey
document, consisting of a Word document, consensus measurement and data were collected
from the participants in these three forms.

Using a 7-point Likert Scale for responses, the participants were first asked to indicate
their level of agreement with the CELS Framework, from “Strongly Disagree” (i.e., “1”)
to “Strongly Agree” (i.e., “7”) [38, 49]. Second, if they indicated any agreement less than
“strongly agree”, they were asked to make general comments on their lack of agreement.
In terms of any lacking clarity in comments, the researchers contacted each participant to
obtain clarifications.

Unlike traditional Delphi processes that involve co-creation from the outset (i.e., prob-
lem or content identification; e.g., [50]), this study adopts a more deductive approach in
alignment with [37]: the Initial CELS Framework was developed by the research team
based on literature and then presented for evaluation to the Delphi participants [47] in Stage
1 (Fig. 2). As such, the “open-ended questions” commonly used in Delphi questionnaires
(e.g., [39]) consisted of the presentation of assumptions about a realized state of a CE, inher-
ent in the Framework. This method saved participants’ time and encouraged engagement.
It also limited their ability to influence the framework’s foundational structure, which was
explicitly derived from the literature, intentionally, to avoid introducing further ‘new’ itera-
tions and nuances regarding CE conceptualization.

During the study, the primary task of the expert group was to provide critical feedback
and commentary about: a) the (correctness of the) Initial CELS Framework content; and b)
the level of detail included. Importantly, the purpose of the Delphi was not to test whether
the outcome (i.e., a feature of a realized CE) was deemed likely, but to assess whether the
Delphi study participants could accept the proposed implications as a potential outcome of
arealized CE (See Sect. "Overview of the Process").

General and specific comments from expert participants was coded, first, by the area
of the CELS Framework it pertained to (i.e., which part of the Framework), and second,
according to the type of alternation it required. Alternation-related feedback from partici-
pants was coded and assigned to one of three categories:

o C(larification feedback consisted of expert comments requesting alterations to the
Framework that served to increase understanding of existing framework elements. Clar-
ifications were incorporated into the CELS Framework unless they necessitated adding
significant new details, in which case all expert participants were then asked to vote on
inclusion/exclusion (majority decision).

e A remedy was feedback from experts that required alterations to address an identified
omission or misrepresentation. Remedies were always incorporated into the CELS
Framework.

® A change consisted of feedback necessitating alterations to the main idea of the Initial
CELs Framework. Changes that were suggested by>50% of participants (all partici-
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pating independently) were automatically incorporated into the Framework; changes
suggested by >25% of participants would go to a participant vote and be decided by the
majority.

The second survey round (Fig. 2, Step 3.c) constituted: 1) a presentation of the refined
CELS Framework, based on the feedback from survey round 1, and; 2) final consensus-
measurement regarding the Framework, which was defined as over 75% of the participants
agreeing with the model’s accuracy (i.e., representativeness) (see e.g., [S1]). For the consen-
sus data, the Likert Scale questions from round 2 were analyzed as an average percentage of
participant ratings. This captures the spread of expert input and resulted in a more conserva-
tive agreement rating compared to, e.g., median ratings.

For clarity, the evolution and final version of the CELS Framework is presented in
Sect. "Conceptualizing a Realized Circular Economy", and the analysis of the literature and
the Delphi study results are included in Sect. "Results & Analysis".

Conceptualizing a Realized Circular Economy
CE Product Loops and Strategies

Insights from the literature review (Step 1; Fig. 2) revealed that, despite commonalities,
multiple versions or narratives of a CE exist [25, 26], with disagreement regarding: the
ultimate goal of a CE, e.g., [27, 52]; what the CE loops (Fig. 1) consist of; and what
is included in the CE concept (e.g., PSS models [22]). This disagreement extends to
whether a CE realized at the economic scale entails a closed system or not (see Sect. "The
Fundamentals of a CE"). The most common aspiration consists of keeping the system
“as closed as possible” [10] and minimizing negative environmental impacts from the
economic system.

Irrespective of differences in the goal and framing of a realized CE, we introduce the
notion of "Aggregate CE Product Loop”, as a way to consider the flow of all products in the
economic system, including their inherent components and materials (Fig. 4).

Considering the Aggregated CE Product Loop (Fig. 4), the wide range of existing CE
versions, definitions, or narratives, can be regarded as a span of increasing complexity, from
less environmentally sustainable (i.e., a more open system, with more negative environmen-
tal impact) to more sustainable (i.e., a more closed system, with less negative environmental
impact) (Fig. 5).

On this span, it becomes clear that some view a CE as only consisting of a circular tra-
jectory of material flows brought about through recycling (Fig. 5.a), entailing a more open
system (e.g., relatively greater waste and resource use). A relatively more environmentally
sustainable version of CE (Fig. 5.b), perhaps the most accepted, is that of a CE which leads
to relatively reduced negative environmental impact as a result of decoupling economic
growth from resource consumption ( e.g., [1, 34]). The third CE version calls for a CE to
be wholly sustainable [53] by designing and operating the economy to maintain circular
flows over time, to stay within planetary boundaries [23]. For such a more closed economic
system (i.e., with minimized negative environmental impact) (Fig. 5.c), sufficiency (i.e.,
degrowth in consumption and production levels) is necessary (e.g., [22, 53]). Hence, while
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Fig. 4 The Aggregated CE Product Loop, incorporating the flow of all products in the economic system,
including their inherent components and materials, from one life cycle stage to the next (i.e., grey circle);
Resource inputs and outputs are represented with blue and red arrows respectively
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Fig. 5 Divergent Versions (goals) of a CE captured as a span ranging from “CE as recycling”, or Least
Environmentally Sustainable CE (5.a), to “CE as Decoupled Growth” (More Environmentally Sustain-
able CE) (5.b), and “Most Environmentally Sustainable CE” (5.c) (adapted from [10, 23, 257)

some see sufficiency “...as a missing link towards sustainability...” in CE theory [54], suf-
ficiency strategies are typically seen as counterproductive to economic growth priorities
established by economic actors (Fig. 5.b). In this context, it is important to note that a CE
can be regarded as a steppingstone, or a process, towards sustainability, rather than an end-
state [4].

In all, a realized CE can take on a wide range of characteristics and accomplish diverse
goals and outcomes. The potential for such diversity, and lack of clarity and certainty regard-
ing what a CE includes and is capable of accomplishing, is breeding tension, misconcep-
tions, and disagreement; all of which can create and amplify barriers to its implementation
[20, 55, 56].
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The definition of a CE, its end goal and implications are crucial for supporting the dis-
tinction of what is indeed “circular”, as well as weak vs. strong circularity [57, 58], par-
ticularly given the prevalence of “greenwashing” [59 ], p. 10f; enhanced understanding and
alignment can allow for the identification of desirable vs. undesirable aspects, and better
planning [18], otherwise, there is a risk that current efforts will miss their mark and give rise
to negative unintended, long-term consequences [2, 23]. Moreover, increased understand-
ing and clarity about the implications of a CE may help to increase market predictability,
and facilitate citizen buy-in and political support for the CE transition. Lastly, an improved
understanding of what a CE entails would facilitate necessary systemic approaches for suc-
cessful CE adoption at multiple points of the system, e.g., the most superior recycling col-
lection systems will ultimately fail if there is no market for recyclable materials and/or no
designers integrating secondary material into products. A clearer definition and understand-
ing of CE might help with that system-wide thinking and adoption.

To begin to address this knowledge gap, there was a need to develop a basic, minimal
definition and aligned versions of what a realized state of a CE may entail, particularly as
research indicates that a combination of CE versions (i.e., efficiency and sufficiency) is pre-
sumably most effective [60]. For this, we must be able to clearly define what each potential
CE version (Fig. 5) entails, to reveal synergies and contradictions.

If we start from a realized CE as a resource-centric system in which materials are moved
through economic and industrial systems [22, 61], then we must focus on understanding the
resource flow implications of a CE, particularly for materials [15, 23, 31], before we can
understand social aspects (e.g., [62]). Accordingly, we start with a material flow perspective
(Fig. 4) to discern the implications of different versions of a realized CE (Fig. 5).

So-called “CE Loop Strategies”, such as slowing (e.g., repair) and closing (e.g., recy-
cling), are often mentioned as overarching strategies of “... the cycling of goods” [8, 32].
However, the very concept of “loops” and “circularity” are often unclear; “loops” in CE
theory sometimes stand for keeping materials in the system, distinguishing it from, e.g.,
virtualization and sharing of goods [8]. Moreover, CE “loop” and "strategy” are sometimes
erroneously used interchangeably (e.g., [63]). As a result, the CE loop strategies, their
names, and definitions are described differently throughout the literature (Sect. "Analysis of
CE Loop Strategies Definitions in the Literature").

The Circular Economy Loop Strategies (CELS) Framework

Building upon current-state definitions and explorations of CE strategies and pathways,
as part of Step 2 (Fig. 2), we propose an inclusive, expansive framework with a primary
objective that it must cover the minimal conditions and operations of a realized CE. Using
durable consumer products (e.g., clothing, electronics and furniture) as the applied example,
we propose “the CE Loop Strategies Framework” (CELS Framework) (Table 1) as a model,
method, and tool for systematically and comprehensively capturing the implications of dif-
ferent versions of a realized CE (Fig. 5). As such, the Framework provides a method for
adapting a material flow perspective to develop a common understanding of what a realized
CE entails, onto which additional aspects (e.g., social aspects and human needs; [24, 27])
can be added via future research.

Table 1presents the final CELS Framework, consisting of the five CE Loop Strategies
(CELS) (Table 1, column 1), their respective goals (Table 1, column 2) and their implica-
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tions for durable consumer products (Table 1, column 3), considering only material man-
agement (i.e., delimiting energy recovery, regeneration of ecosystems, and non-material
efficiency of products). In the CELS Framework, an asterisk (*) included for the “Clos-
ing” and “Slowing” strategies denotes how the presence of this loop was considered more
“foundational” (i.e., their presence constitutes a minimum level for what is to be considered
a CE). However, this assumption also inherently depends on the CE versions (Fig. 5), as
discussed in Sect. "Discussion".

The CELS implications listed in column 3 (Table 1) are intentionally formulated to be
broad and flexible, encompassing any necessary product design, infrastructure, and con-
sumer behaviors, without prescribing specific system arrangements or solutions. Each
implication is organized under the CELS to which it most directly relates. For instance, the
virtualization or digitalization of products (e.g., converting a paper book into an eBook) is
placed in the row of the Narrowing CELS in Table 1, since digitization reduces the material
input going into each product unit. However, it is important to note that both the implications
and—per extension—the CELS themselves may overlap, such as by yielding contradictory
or synergistic effects. For example, digitization also pertains to the Intensifying CELS, since
digital products can be used simultaneously by product users. In the CELS Framework
(Table 1), these overlaps are clearly indicated next to relevant implications with bracketed
numbers that are color-coded to correspond to the relevant overlapping (secondary) CELS,
for instance, blue for the Intensifying CELS. The ten areas of overlap (or trade-offs) are
explained at the bottom of Table 1; while not exhaustive, these were considered the most
relevant for the Framework’s intended level of detail. The CELS Framework, presented in
Table 1, constitutes the validated and final Framework resulting from the completion of
Steps 1 —3 in Fig. 2.

Distinguishing the CELS Framework from other CE Models

The proposed CELS Framework does not constitute “just another” CE definition or
framework. Rather, it integrates and builds upon established CE frameworks, includ-
ing the EMF’s Butterfly Diagram, the 3Rs Framework e.g., [5], and the 10Rs [6, 7,
25], and existing definitions of CE ‘loops’ [18] while also extending and deepening
understanding via a comprehensive set of defined, relevant CELS and their implica-
tions for durable consumer products. Ongoing debates about the nature and purpose of
CELS—e.g., whether a “slowing” CELS is strictly circular, because it can take the form
of “slow tourism” that is not “circular” [56]—is partially due to mismatched perceptions
of scope. Our narrower and applied focus on durable consumer products offers a com-
mon understanding of the specific implications of CELS for these products, and thus a
common paradigm.

Unlike existing models, the CELS Framework systematically (although not exhaus-
tively) accounts for overlaps that can exist between CELS (i.e., synergies and trade-offs),
thereby presenting a common starting point for future operationalization of circularity, i.e.,
by generating insights regarding such trade-offs that can inform and potentially benefit
policy makers and practitioners. Given the many proposed definitions of CE [2], and the
diverse ways in which CE is being implemented within policy [3], the CELS Framework
also constitutes a tool for discerning and comparing the implications of different versions of
a realized CE in the context of durable consumer products, primarily by shedding light on
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the characteristics of circularity, beyond just the traditional trajectory of ‘circular’ material
flows. In application, this can offer a clearer distinction between the possible versions and
goals of a realized CE (Fig. 3), thus benefiting CE researchers as a foundation for further CE
explorations. To this end, the CELS serves as both a scoping tool and a boundary condition
[37] in defining the potential content of a realized CE.

Results & Analysis

In this section, the analysis of the literature on CE Loop Strategies is presented, followed by
the results of the Delphi study, organized by: (1) the alterations that were incorporated into
the CELS Framework (i.e., refinement) (Sect. "The Main Participant Feedback Implemented
into the CELS Framework"; and (2) participants’ feedback on Framework’s usefulness,
implications, and limitations (Sect. "The CELS Framework’s Usefulness and Limitations").

Analysis of CE Loop Strategies Definitions in the Literature

Clarifying Reduction Loops for the Framework: In the CELS Framework (Table 1) the goal
of “reduce” is expressed in two of the loop strategies. One reduction CELS is “Simplifying”
[1], which in our application implies that products that are not creating substantial value are
eliminated from the market (i.e., avoidance of excess consumption and production). This
is commonly referred to as “reduce”, “refuse” and “rethink” [6, 7] and entails a reduction
to the overall volume of materials in the economic system—corresponding to sufficiency.
Simplifying (i.e., sufficiency) is tentatively brought up by Ghisellini et al. [1], referencing
“a simpler lifestyle” in a CE. The limited attention to the Simplifying CELS can explain by
it consisting of “pseudo-loops” [63] in that they: “... [do] not address the cycling of goods”
[32]. However, as the decoupling of economic growth from resource use has been debunked
[64], it is becoming increasingly clear that a CE without Simplifying CELS (i.e., absolute
reductions to consumption and production levels) is unlikely to be environmentally sustain-
able, which makes the inclusion of this CELS in the CE definition gaining traction in aca-
demia (e.g., [23, 53, 65-67]) and policy making. Nevertheless, the inclusion of Simplifying
CELS represents a key departure from the core of CE theory, which traditionally focuses
on efficiency and decoupled economic growth [2, 34, 63]. However, in terms of circularity,
simplifying CELS addresses the magnitude of loops, which we return to in the discussion
(Sect. "Discussion").

The second, more traditional reduction CELS is “Narrowing”, which (from a material
management perspective) seeks to decrease the amount of material inputs into individual
product units (i.e., less materials in the design or the offering of a digitized product in
place of a physical one) [1, 31, 32, 68], p. 110. This approach is sometimes distinguished
from the CE concept altogether as “operational eco-efficiency” [60], presumably because
it does not give rise to circularity on its own. Geissdoerfer et al. [31] define narrowing in
the form of “dematerialization”—the substitution of physical products for services (i.e.,
performance and capacity), which overlaps with our definition of “intensifying” (i.e. PSS
models, renting and sharing) (Table 1). Similarly, Konietzko et al., [9] defines narrowing
as “maximizing user capacity” from having fewer products in operation at the same time
(i.e., Table 1, Intensifying).
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A second controversial CELS is “intensifying” (i.e., avoiding idle products, such as
PSS models), which according to some, do not pertain to circularity, or sustainability [22].
However, it can reduce systemic material inputs and outputs [34] (Fig. 5) and is therefore
included in the CELS Framework.

Importantly, a CE without a simplifying CELS may give rise to rebound effects, such
as when money saved by repairing (i.e. slowing) instead of buying new is used to acquire
another product that cancels out the lessened environmental impact and is not compatible
with a more closed system [22, 69] (Fig. 5). On this note, for narrowing (Table 1) to have
a positive net effect, it also requires slowing (i.e., a time consideration): the net benefits of
material reductions achieved as a result of product dematerialization (e.g., designed elimi-
nation of material weight) may not be realized if accompanied by an increase in the manu-
facturing rates of such products see [32]. Moreover, to make recycling (a closing CELS)
environmentally feasible, overall reductions (i.e., those that can be achieved via simplifying
CELS) are also necessary, given the high energy demand and inevitable value loss in recy-
cling processes [69].

Overlaps & Distinctions Between the CE Loop Strategies’ Implications: Not only are
the types of CELSs discussed in the literature somewhat different, but different implica-
tions are also assigned, due to the many overlaps. “Intensifying” as access-based consump-
tion (i.e., the product user is not assuming ownership) is sometimes grouped under both
“reduce” strategies (i.e., simplifying and narrowing) as it allows for the use of less material
in the economic system by increasing the utility of already existing products [67], p. 110,
[70]. Another overlap can be seen in how the Intensifying CELS in the form of PSS mod-
els—renting and sharing—also can contribute to “slowing” since the passing of products
between different users can extend products’ lifetimes [70]. Acknowledging this, Bocken et
al. [32] organized “intensifying” under “slowing”, while Geissdoerfer et al. [31] separate the
two—a distinction majority of the experts in this study agree with since their implementa-
tion, or operationalizing, are different (e.g., reuse vs. sharing).

Geissdoerfer et al. [31] separate “Intensifying” (e.g., absence of ownership) from “dema-
terializing” (our Narrowing, see Table 1) and organize the implications of renting and leas-
ing (i.e., some PSS models) under “dematerializing”, as it is not a physical product that is
sold, instead the “product” is the performance or capacity provided by the product (i.e., de-
materialized). “Intensifying”, in their definition, consists only of sharing. The result of this
study shows that the experts do not agree with this as we are focusing on the implications of
the CE Loop Strategies (Table 1, column 3).

The Importance of System-Level Perspective: The definition of the CELS implications
can vary depending on the system-level perspective taken (e.g., household vs. business v.
entire economic system). Using the example of PSS models, from the product provider
perspective, PSS models ideally incentivize the employment of Slowing CELS (e.g., design
products for durability and ensure that their products are repaired and maintained) e.g., [9].
At the larger system level, however, PSS models entail utilization maximization (i.e., inten-
sifying) since they are thought to disincentivize households from keeping idle products, due
to the recurring fee for continued usage; users are thereby incentivized to return underused
or unused products—as opposed when a product is already bought and paid for. The return
of an idle product to the PSS provider, and the subsequent opportunity for someone else to
use the product can lead to simplifying (i.e., fewer products in the economic system), as well
as intensifying (i.e., fewer idle products)—both at the system and household level. As such,
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PSS business models could arguably constitute an implication of intensifying, simplifying,
and slowing loop strategies—depending on the system-level perspective. In this paper, we
favor a systems view (Fig. 4), meaning that PSS models and sharing are organized under
primarily the Intensifying CELS, while the Narrowing CELS consist of designing products
with less or no material (i.e., excluding the provision of a physical product as a service,
which in our definition pertains to “Intensifying”). These overlaps across the Loop Strate-
gies and system levels are, however, important to note and consider (see Overlaps in colored
bracketed numbers, defined at the bottom of Table 1).

Under “reduce”, Henry & Kirchherr [67], p. 110 include: (1) minimizing the use of haz-
ardous materials and substances that can hamper recycling (i.e., closing) and reuse (i.e.,
slowing), as well as; (2) incorporating as little primary material as possible in product
design (i.e., closing). However, these applications are different from both dematerializing
and narrowing as they entail the reduction of certain types of materials, not materials over-
all. More importantly, these applications pertain to “closing” as they enable the transition
of what is traditionally considered waste into a secondary material [32]—and are therefore
organized as such in Table 1.

As shown in this section, the CELS Framework (Table 1) brings enhanced clarity to
the existing CE literature regarding the name, number, goal and implications of CE Loop
Strategies.

The Main Participant Feedback Implemented into the CELS Framework

The (final) CELS Framework received an average acceptance rate of 89.3% (measured
using a Likert scale of 1—7) from the group of 17 experts.

Remedies Implemented

Two remedies (i.e., perceived misrepresentation; Sect. "Testing and Refining the Frame-
work") in the initial Framework were identified.

Remedy#1: The Foundational Nature of Slowing and Closing

One participant identified the perceived illusion from the CELS Framework that the CE
Loop Strategies were “equal” and that the implementation of each one, individually and in
isolation, could be considered a CE. For example, narrowing can be implemented in a linear
economy, but on its own, cannot make a CE [56]. To acknowledge this, asterisks were intro-
duced next to “Slowing” and “Closing” in the Framework to denote their foundational role
in a CE. Following this refinement of the CELS Framework introduced in round 2, a second
participant commented that:

“[all] these strategies are as foundational for any circular economy as slowing and
closing are. Why would even a growing economy need to take up unnecessary vol-
umes of stuff that cause issues that they then have to resolve? These economies may
as well be designed “narrower” in a material sense from the get-go.”

Similarly, a third participant pointed out how Simplifying is on a different “level” compared

to the other CE Loop strategies; “Simplifying is the goals of all the other strategies, i.e. that
is the overall goal of a circular economy.” This potential contribution of the other loop strat-
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egies to Simplifying is exemplified in Overlaps 7 and 10 in Table 1, albeit not exhaustively.
Importantly, both of these comments speak to the assumption of an as-much-as-possible
“closed loop”—a sustainable CE (Fig. 5). This is discussed more in Sect. "Discussion".

Remedy #2: Changing Product Lifetime to Service Life in Overlap 9

The second remedy was related to Overlap 9 in Table 1, which originally stated that the
Intensifying of loops can interact negatively with Slowing since intensified usage of prod-
uct leads to increased wear and tear, and thereby shortening the product’s “lifetime” (see
Supplementary File Introduction for the survey document). A participant pointed out how
“lifetime” was erroneous; the correct term is “service life.” This was remedied in the refined
Framework (Table 1).

This feedback relates to Overlap 6 (Table 1), which states that:

“The Slowing of loops through, e.g., reuse and repair of (otherwise) idle products,
can ensure not only a longer product lifetime (i.e., Slowing), but can also contribute
positively to Intensifying (i.e., maximized utilization) of said product.”

The above overlap captures how Slowing CELS plays a role in maximizing product utility
(e.g., taking an unusable, broken product out of storage to instead have it be repaired for
ensuing use). To this point, two participants commented that slowing is necessary for inten-
sifying to be relevant in CELS and that the implications of “Idle products are distributed to
a situation of use”, listed as an implication for Intensifying (Table 1), also pertains to Slow-
ing. To this, two other participants questioned whether repair, refurbishing, and repurposing
are characterized as contributing to intensifying; in that case, all slowing loop implications
contribute to intensification, which—they argued—begs the question of why Slowing and
Intensifying are even different CELS. To this end, although the two CELS are intercon-
nected and interrelated, they can also differ; as brought up by another participant, Intensify-
ing shortens, or ideally eliminates, a product’s idle time and thereby maximizes utilization
by increasing the intensity of usage—some of which is done through the Slowing CELS.
These efforts can shorten the product’s service life (rather than lifetime—the refinement
implemented to Overlap 9 outlined above). Slowing, on the other hand, increases value uti-
lization by lengthening the products lifetime (i.e., the overall time that the product is used),
regardless of frequency of use. Importantly, as Overlap 9 (Table 1) states, these two strate-
gies are not mutually exclusive as products can be made to be highly durable to withstand
both more intense and longer uses. As such, while different, these two CELS share some of
the implications, but not the goal nor stakeholder agencies, and should therefore be distin-
guished for the CELS Framework to be meaningful.

Alterations Implemented Through Voting

Voting was used to make decisions about, and changes to, content and details in the second
survey round.

Voting #1 The Loop Strategy name “Simplifying”

According to over 25% of the respondents, the Loop name “Simplifying” was found less
suitable because its implications (i.e., multifunctional products necessitate products being
more complex) did not fit with the name. Instead, “refusing” or “limiting” was proposed,
among others. These alternatives were put up for voting in round 2.
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Although several of the other participants, who had not commented on the loop name,
agreed with the criticism, Simplifying gained the majority votes as the other loop names
were considered too narrow, as well as having negative connotations (i.e., that products
fulfilling needed functions would be excluded), such as feeling “restrictive”. To this, one
participant suggested adding the following to the definition of Simplifying: ... without
limiting the functionality and utility achieved”. One participant commented that: “In a way,
it is sort of “Maximizing” or “Optimizing” as the same amount of ‘value’ could be available
with less material by eliminating non-valuable products and more efficiently using mate-
rial to create products providing more value per material unit.” This speaks to the overlap
between Simplifying and Narrowing. Also, one respondent found “Limiting” too close to
the other CELS “Narrowing” (Table 1).

Next, addition of Overlaps 7 and 10 were deemed “clarifications”, but since their addi-
tions added significant details, they were subject to voting in round 2.

Voting #2 Overlap 7

Overlap 7, stating that: “The Slowing of loops can extend product service life or lifetime,
thus limiting the need for new production and consumption, and can thereby positively
impact Simplifying” was added in response to feedback on the role of slowing in simplifica-
tion. In feedback to this voting, three participants brought up how this holds true only in the
absence of rebound effects (i.e., given that slowing replaces the acquisition of an additional
product).

Voting #3 Overlap 10

One participant suggested that the minimization of the use of primary materials and
the use of recycled materials in products (i.e., pertaining to the Closing CELS) should be
moved to “Simplifying”. In response, the research team proposed Overlap 10, saying that
“The Closing loop strategy can contribute positively to Simplifying as the production of
each new product may require relatively less primary material inputs and use relatively
more secondary or cycled materials.” Its inclusion was approved, finding that less primary
material is needed to enter the economic system (two participants) although the relation
between closing and simplifying was found to be non-causal, but rather indirect. Also, one
participant pointed at the need for absolute consumption reductions for recycling to be able
to play this role, hence the role of simplifying for recycling to be able to lead to (i.e., sup-
port) simplifying.

Clarifications Introduced Without Voting

Several clarifications (i.e., to increase understanding of what was already in the material) in
terms of the wording of the Implications, as well as the Overlaps and examples were intro-
duced in round 2 (cf., Supplementary File).

The implication of Simplifying was originally worded “Unnecessary/Excess consump-
tion and production is avoided” to denote the system level of this CELS (Supplementary
File, Sect. "Introduction"). However, several suggestions for adjusted formulations were
proposed, such as: “non-essential products are not consumed”, and the “need for material
inputs is reduced”. As such, in round 2, a clarification was introduced with the implications:
“Products that are not creating substantial value are eliminated from the market”. This was
selected by the research team to be consistent with the product focus of the remaining Loop
Strategy Implications in the Framework (see Table 1). However, in round 2, one participant
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reacted to this clarification by pointing out the inconsistencies with the use of the word
“value” with the Framework's restricted considerations for material flow. As such, it con-
stituted a breach of the framework’s underlying delimitations and assumptions (i.e., model
“defensibility") [71]. Also, the term “value” is debated in the sustainable consumption lit-
erature and remains undefined, thereby introducing complexity (one participant). As such,
this clarification should perhaps have been subject to voting.

Participant disagreements and underrepresented views are summarized in the Supple-
mentary File. These diverging views show the need for a common CE framework.

The CELS Framework’s Usefulness and Limitations

The participants’ thoughts on the usefulness and limitations (i.e., areas of less usefulness) of
the CELS Framework is presented in Table 2.

General Usefulness

Given the diverse areas of expertise and practice of people who are tasked with operation-
alizing CE strategies, the CELS Framework was considered by participants to be “very
valuable” as an educational tool (i.e., for stakeholders with less CE knowledge) and as
a communication tool that can support improved alignment and understanding amongst
diverse expert groups and areas of expertise (Table 2). The proliferation of CE-related defi-
nitions and terminology is increasingly problematic. For example, the slowing and closing
implications are often inappropriately “lumped together and mis-used” (one participant).
This need for a common vocabulary could also be seen in another example of divergent
opinions about whether it is “products” or “components” that are subject to remanufactur-
ing. In the remanufacturing process, products are disassembled into their components’ parts.
These components may, themselves, be remanufactured, and placed into an inventory of
components to be used as part of repair or maintenance activities (e.g., component remanu-

Tifb'? 2 .Areas of Usefulness & Relative usefulness of Framework Comments
Limitations of the Framework, as Received from
Identified by the Participants Participants

(not summative®)

Useful (with specific uses proposed)

Product Design and Manufacturers/Product 4
providers
Policymakers 3
Education & Academia 1
All of the Above 6
Useful (general) 1
No/Limited Usefulness (specific)
Participants are counted Product Design and Manufacturers/Product 2
once for each stakeholder providers
they mentioned. For example, Policymakers 1
if someone mentioned both Education & Academia 0
businesses and policymakers, Products Users 5
they appear on each of these
table rows No/Limited Usefulness (general) 2
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facturing), or these components may, themselves, be remanufactured and then reintegrated
back into the same original product (e.g., product remanufacturing). That remanufactur-
ing can be performed at different levels (component vs. product) can cause terminology
confusion, as evidenced by 3 out of 17 experts wanting the CELS Framework to say that
it is products that are remanufactured, while 14 felt that component remanufacturing was
appropriate. This distinction matters because it highlights how different perceptions and
depth of knowledge regarding practical systems (e.g., industrial operations or supply chain
configuration) can affect the degree of (mis)alignment. In summary, to establish a common
understanding and agreement, the CELS Framework can serve to clarify the terms, what is
meant, and what the implications are for durable products (one participant).

The Framework was found to be: “... useful to understand the spectrum of strategies
that are available to use materials more sustainably.” (one participant, echoed by a sec-
ond participant). Another participant found that: “A well-defined Framework for [CE] Loop
Strategies constitutes the basis of analysis of CE solutions, therefore it is extremely useful
for understanding, designing and implementing CE strategies.”. On this note, the CELS
Overlaps were mentioned the most in terms of the CELS Framework’s usefulness (four par-
ticipants), presumably because it helps to: ... see the connections between the various [CE
loop] strategies, and how they affect one another”. As such, the Framework showcased how
the achievement of the synergies between the CE Loop Strategies will require policies and
strategic planning to ensure that each actor does their share (one participant).

Theoretical and Managerial Implications

In terms of managerial implications of this work, the CELS Framework provides managers,
policymakers, and product designers with a practical, foundational tool for planning and
aligning CE strategies with implementation. By clarifying the goals, overlaps, and trade-offs
among five key strategies for durable products (c.f., [6, 12, 13, 15, 20, 22, 25, 43, 54-56,
62, 63, 65, 72]), the CELS Framework can support more informed decision-making about
which strategies to prioritize based on organizational objectives and resource constraints.
The framework also helps identify the most relevant life cycle stages and system scales
for implementation, supporting integrated approaches that minimize rebound effects and
optimize material flows.

From a theoretical perspective, this study advances CE theory by synthesizing diverse
and numerous CE representations and concepts into a single coherent framework that con-
nects loop strategies to material flow characteristics and establishes common vocabulary for
CE research (c.f.,, [1-7, 9—11, 25]). By reducing ambiguity and enabling comparative analy-
sis of different CE versions (e.g., recycling-focused vs. sufficiency-driven) (see Sect. "Dis-
cussion" for more on this), and by incorporating expert consensus through a Delphi method
[37, 48, 49], the CELS Framework strengthens conceptual clarity and offers a foundation for
future research on operationalization, prioritization, and integration of social and economic
dimensions within CE transitions [66, 69, 73].

Limitations

The key criticism of the CELS Framework itself consisted of how it adds marginal newness
in an already crowded space in CE research of various definitions and frameworks (four par-
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ticipants); one participant claimed that: “... there is a clear definition of CE loop strategies
(slowing, narrowing, closing and regenerating) that are well accepted. What is proposed is
a marginal change...” This statement is against the findings of the literature review which
could not identify any comprehensive definitions of the CE Loop Strategies (Sect. ""Analysis
of CE Loop Strategies Definitions in the Literature"). Also, this participant overlooks sim-
plifying and intensifying loop strategies. While some participants pointed out the need to
move away from theoretical definitions and focus on applications of a CE, others noted the
ability of the CELS Framework to accomplish just that—speaking to how a CE is frequently
defined, but lacks consensus [25].

The remaining weakness of the CELS Framework can be seen as areas of develop-
ment for future iterations of the Framework. Foremost, the Framework does not support
the prioritization of goals and design-tradeoffs, such as what is environmentally optimal
(e.g., a product that is long-lived vs. made from recycled content vs. made from bio-
based material)(two participants). Similarly, an e-book (i.e., Table 1; Intensifying) is not
necessarily more environmentally preferable compared to a printed book, due to how
material intensive e-readers are (one participant). Similarly, the Framework does not
consider maximal value retention options (three participants). For example, the repur-
posing (or downcycling) of a window frame into wall art is not truly circular, it is just
keeping something out of the landfill (one participant). This, of course, has to do with the
delimitation of environmental aspects from the CELS Framework and the strict focus on
material flows in a realized CE.

In terms of the level of details, while some found the CELS Framework to be overcom-
plicated, some pointed out that “reality is more complex than this” (one participant). For
usefulness, the Framework need to be simplified (i.e., reduce the level of detail) or at least
change the graphic representation, with the overlaps, e.g., organized on the side of the CELS
Descriptions, or use a causal loop diagram as a companion (three participants). As such, a
Table is perhaps not the ideal vehicle for conveying these ideas. One participant found that
the CELS Framework “... doesn’t translate easily into accessible language for conversa-
tions about behaviour change in a wide sense including in households, business operations
and strategies, and policy”, indicating that it is more suitable for product designers and
manufacturers and policymakers (Table 2). However, the purpose of the CELS Framework
is not primarily to be a tool for transition, but for evaluating different CE versions (Fig. 5;
Sect. "Discussion").

Importantly, the CELS Framework depicts potential or possibilities of a CE. Taking an
example that one participant raised of multifunctional products (e.g., a cell phone with
a built-in camera); a realized CE may lead to fewer products being acquired (i.e., sim-
plifying) due to products being multi-functional, or it might not, depending on the spe-
cific circumstances (e.g., the product user might decide to buy a camera with additional
capabilities, compared to the built-in camera). However, according to the contemporary
understanding of how a realized CE would function, a multifunctional product has the
potential to reduce the number of products in the system (i.e., simplifying). As such, due
to this potential, "multifunctional products" are included as a CELS implication under
Simplifying (Table 1). The difficulties in feeling confident in making estimations on the
potentials of a future state was reflected in another participant's comment: “I don’t have
further comments, which is why I ‘strongly agree’, but I do not exclude that this view
could change in the future”.
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Discussion

The following sections present evaluation and reflections of the main authors based upon
insights, challenges, and research extension opportunities revealed through the development
and multiple-round testing of the CELS Framework, from the advancement of a common
vocabulary to the implications of CELS for diverse CE goals (versions, e.g., recycling-
focused, vs. sufficiency-focused; Fig. 5).

A Common “Loop” Vocabulary

To support the development of a common vocabulary there is a need to increase the clarity
of the distinct concepts of loops and circularity, and related terms.

CE Loop Characteristics

Like many of the visual representations of CE in the literature, CE Loops can be said to have
four critical characteristics (Fig. 6).

A first, key characteristic of CE Loops (i.e., the flows of products, components and mate-
rials in the economic system that contributes to circularity) is their trajectory (or direc-
tion of flow), which within a CE should be ‘circular’, reflecting the various CELS as they

Q
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Fig. 6 The Four Characteristics of CE Loops

(i.e., speed at which the flow
of products, components,
and/or materials are moved,
transformed, and consumed
within the CE system)

S
==t e
> ~
1 .
' e
' .
Vomay o

e’

Composition of flow
(i.e., content and types of
products, components, and/or
materials that make up the
physical life cycle system of
configuration flow)



57 Page 24 of 33 Circular Economy and Sustainability (2026) 6:57

affect the physical flow of materials, components and products. First, the primarily circular
shape can come from the employment of recycling (“closing”) at the end-of-life (EOL)
stage (Fig. 4)—the primary loop. However, recycling only closes the loop for materials,
not products and components; as such, it may not be the best or primary desired pathwayto
more advanced circularity (Fig. 5). To this point, a second type of loop can be referred as
“connecting” as it ties a product’s end of service life (or EOU) to the start of its subsequent
(next) service life cycle, thereby closing the loops at the product and component level (i.e.,
achieve enhanced circularity). This connecting form of circular “trajectory” can be enabled
via multiple CELS, which we return to below.

Where the goal of a CE also encompasses enhanced environmental sustainability (Fig. 5),
CE Loops possess relevant characteristics in addition to (circular) trajectory (Fig. 6). The
magnitude of the flows (i.e., the volume or quantity of materials and products) describes
the physical size of each CE Loop’s trajectory that constitutes the economic system (Fig. 4).
The composition of the flows refers to their content (e.g., types and proportions of materials
that comprise the flow), while rate of flow refers to the speed at which the products, compo-
nents, and/or materials flow through the system (Fig. 6).

Connecting the CE Loop Strategies to the Loop Characteristics

As indicated in the CELS Framework (Table 1), CE Loop Strategies are diverse; however,
they can be organized based on the characteristics (Fig. 6) of the CE Loops that may be
targeted (or affected) by the adoption of a CELS (Fig. 7.a). For example, the adoption of a
slowing CELS will primarily affect the CE Loop characteristic, rate of flow, which would—
if successful—be decreased. Changes to these CE Loop characteristics are brought about
through specific CE Loop “activities” (i.e., reuse and sharing), which, in turn, result in CE
Loop “implications” (i.e., what is happening to/in the Loop for the loop activities to be pos-

(a) The nature of the flow (b) What is happening within the flow
v{ \» f \1
| | | |
CE Loop Activitie. The CE Loop Implication
CE Loop Strategy P .
The Activity that i The outcome that results from the
The overarching loop - perfmmed‘:;ythe u:,p activity being performed by the
strategy (e.g., slowing) (e.g., reuse) loop (e.g., products are reused

when no longer wanted or needed)

Affected CE Loop
Characteristics

Characteristics affected
by the adoption of the
CE Loop Strategy (e.g.,
rate of flow is
decreased)

Fig.7 The connection between CE Loop Strategies (CELSs) (Table 1) and CE Loop Characteristics (Fig.
6), reflected as the nature of the flow (i.e., outcome), 7(a); and the distinction between CE Loop Activity
and CE Loop Implications, reflected as what is happening in the flow (i.e., process to get to the outcome),
7(b)
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sible) (e.g., products are reused) (Fig. 7.b). These implications are listed in column 3 in the
CELS Framework (Table 1).

These terms and their distinction are important for creating common understanding,
aligned expectations, and thus more effective adoption of CELS.

Accordingly, CELS should be adopted based on the desired outcome (e.g., the impact
upon the CE Loop characteristics) (Figs. 7.a and 8). Figure 8 demonstrates that multiple,
diverse, and parallel CELS are needed to comprehensively address the trajectory, magni-
tude, composition, and rate of flow of materials and products within a realized CE (i.e., CE
Loop characteristics).

For example, the adoption of a Simplifying CELS may lead to shifts in the magnitude
and composition of material and product flows within a CE, but alone, will not meaning-
fully affect the trajectory or rate of flows of products and materials within a CE. Importantly,
the CELS and its corresponding effect upon the CE Loop characteristics (Fig. 8) can have
varying relevance and implications for “the degree” of circularity achieved (i.e., degree of
system closedness and harmony with nature; Sect. "The Fundamentals of a CE" and Fig. 5).

The CE Loop Strategies at Different System Levels

The pursuit of CE Loop Strategies can have varied implications at different levels of the
economic system and at different product life cycle stages (Fig. 9). For example, a sSim-
plifying CELS is a relatively higher-order strategy that requires system-level interventions.
Implementation is largely limited to actors and decision-makers involved at the ‘sourcing &
manufacturing’, and ‘use’ stages of the life cycle (Fig. 9).

Considering higher levels of environmental sustainability, as shown in Figs. 8 and 9, the
reductions to the total amount of material input to, and output from, the economic system
(i.e., degree of system closedness) may come—over time—out of a combination of sim-
plifying (i.e., reducing the quantity of products by systemically lowering production and
consumption levels), narrowing (i.e., using less materials per product units by changing the

Simplifying (i.e., eliminatior
of s that t

Intensifying (i.e., reduced
qty. of products in the system,
with demand fulfilment via
fewer products used more

Closing (i.e., recycling)

CE Loop Strategies

intensely)

Intensifying (i.e., renting and  Slowing (i.e., reduced qty. o

sharing, making the product p

“loop” between the Use and
EOU stage)

Closing (i.e., recycled
materials)

\

affects
S

Trajectory Magnitude Composition Rate of flow

CE Loop
Characteristics
affects

Fig. 8 Categorization of CE Loop Strategies, based upon the CE Loop characteristic(s) that are most af-
fected by the associated CE Loop activity and CE Loop implications of the CELS

@ Springer



57 Page 26 of 33 Circular Economy and Sustainability (2026) 6:57

~
- System Simplifying
2 Level (e.g., reducing)
8
g Simplifying
=] OWer o Slowing
2
& Intensifying PRI Tosoney)
E Product Sl sifying
5 favel Slowing (e.g., products are shared, loaned Intensifying
2 ST CSae or rented) (e.g., directed to another
& Closing Slowing ‘ service life cycle)
g (e.g., design for recyclability) .
3 Narrowing
53]
O Component
5] Level Slowing
E (e.g., remanufacturing) (e.g., directed to another service
3 life cycle)
@
o
5
= Material Closing
& Level Closing (i.e., recycling)
(e.g., using recycled materials)
N
>

Q\/ ~
ol Y
Sourcing & Use End-of-use (EOU) End-of-life (EOL)

manufacturing - v

~ .- -

CE Loop Product Life Cycle Stages & Trajectories of Flows

Fig.9 The relative scales (y-axis), and the corresponding product life cycle stage (x-axis) at which the CE
Loop Strategies are most optimally implemented (Fig. 4). While some consider that parts or components
can still be salvaged at the EOL [74], EOL typically implies that there is no value left in the product or
component form, only the material; hence that is what flows to “Sourcing & Manufacturing” from the
EOL stage in Fig. 9. If there is any value left in the product or components, it is at EOU (not EOL), and
those components or the whole product can be reused, repaired, refurbished, remanufactured, etc.—hence
the components flow to the sourcing & (re)manufacturing stage while the product goes to the use stage
(Fig. 9). While the intensifying CELS primarily takes place at component and product levels, it can also
take place and be measured at material and system levels, i.e., material intensity of an economy [75, 76].
For durable consumer products, intensifying at the materials-level, is operationalized as a closing (e.g.,
recycling) CELS, as depicted in Fig. 9.). Inspired by [37]

product’s design), slowing (i.e., prolonging product lifetimes—meaning increasing the time
spent in the system, preferably at their highest value), intensifying (i.e., avoid idle materials
or assets and instead optimize the utilization rates of products)’, and closing (i.e., returning
materials to the system as secondary materials). To this point, poor implementation of one
CELS can negatively affect other loop strategies (see e.g., Overlap 5 in Table 1). This shows
how the configuration of CELSs determines the environmental impact from the economic
system (Fig. 8).

The CELS in Different CE Versions

The selection and implementation of CELS will differ, depending on the predominant CE
version in play (Fig. 10). A CE that is primarily focused on the Closing CELS (via recy-
cling) will be less effective at achieving desired changes in the magnitude, composition, and
rate of flow within a CE (Fig. 10.A). In contrast, the strategic integration of multiple diverse
CE Loop Strategies of intensifying, narrowing, and slowing (Fig. 10.B) and the addition
of simplifying (Fig. 10.C) can increasingly contribute to the achievement of diverse and
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Fig. 10 The CELS in each CE version (c.f. Figure 5)

important shifts in the characteristics of a realized CE that may also lead to sustainability
and greater harmony with nature (Figs. 10.B and 10.C, respectively).

Importantly, as captured in the CELS Framework, some of the CELS can be considered
more “foundational”, such as Closing and Slowing, while the others might be considered
more “additional” or at least complementary for enhanced system “closedness” depending
on the CE version (Fig. 10). However, the Narrowing CELS (e.g., using less materials in a
product), if adopted on its own, will not address the linearity of an economy [56]. Figure 10
also captures how, in the context of durable consumer products, “CE Loops” can be defined
as the configuration of flows into CE relevant systems or cascades in primary loops (i.e., the
closing in gray main circle; Fig. 10) and connecting loops (i.e., arrows within the gray main
circle; Fig. 10.B-C).

Fundamentally, Fig. 10 captures how the CELS Framework can function as a tool for
discerning and comparing the implications and inherent limitations of different CE versions,
depending on which CELSs and CE Loop characteristics that are relevant for said goal.

Concluding Remarks

The proliferation of CE-related definitions and terminology constitutes an increasing prob-
lem for establishing common understanding and agreement. As stated by one Delphi survey
participant in our study: “... a realized CE cannot materialize without a well-established
framework and understanding of what a CE transition entails.” A fully implemented CE can
be configured in multiple ways, under various goals (i.e., “CE versions”), such as one based
on decoupled growth vs. post-growth/degrowth (i.e., the trajectory of economic growth).
The implications of these goals, or end-states, need to be better understood to ensure a stra-
tegic transition efforts and desirable CE transition outcomes.

To improve foundational alignment of what a realized CE entails when it comes to mate-
rial flows of durable consumer products, we introduced and tested the CE Loop Strategies
(CELS) Framework, achieving 89% agreement among 17 participating experts.

Building on these findings, we also outline the characteristics of CE loops (i.e., trajec-
tory, magnitude, composition, and rate of flow). We propose that although the trajectory
of the material flow is circular, such a flow is not necessarily environmentally sustainable;
such an outcome requires additional characteristics beyond the loop trajectory in the form
of the rate, magnitude, and composition—determining the nature and conditions of material
inputs and outputs to the economic system (i.e., degree of system “closedness”) and degree
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of harmony with nature. Accordingly, CELS that do not bring about circular trajectory of
flows can still be essential, and, therefore, should be combined as parallel and aligned strate-
gies for advancing toward a sustainable CE (Fig. 10.C). The system scales and stage of the
product life cycle at which these loops can be most optimally implemented are also outlined.
Lastly, the CELS Framework is used as a tool for evaluating and comparing the implications
of material flows in different versions of a CE (i.e., with differing goals) (Fig. 10).

In terms of scientific contributions, this paper presents a framework for CE Loop Strate-
gies that builds on previous scattered notions of simplifying, narrowing, slowing, intensi-
fying, and closing, and applies them to an important sector — consumer durables. We also
extend our understanding of the CE concept by elaborating the characteristics of CE loops
(i.e., trajectory, magnitude, composition, and rate of flow), system scales and relevant prod-
uct life cycle stages. Together, these proposed concepts offer a clearer distinction between,
and implications of, CE versions (Fig. 10)—strengthening the CE concept.

According to the Delphi study participants, the CELS Frameworks’ main strength lies in
how it maps the CE strategies available, whilst also acknowledging the overlaps (i.e., syner-
gies and contradictions), and thereby the trade-offs, between the CELSs. As such, the CELS
Framework can be used as a tool for designing strategic implementation of CELS —given
the goal of a CE, such as decoupled growth vs. sufficiency (Fig. 10).

In terms of practical or societal implications, the CELS Framework constitutes a start-
ing point for developing policies and strategic planning to ensure that each actor can fulfill
their share in achieving the CELS synergies and avoiding, or mitigating, contradictions.
This is particularly important given that there is a consumption and production side to each
CELS, which must be coordinated within (i.e., intra-CELS), in addition to across other
Loop Strategies (i.e., inter-CELSs) to optimize material flows in a realized CE across the
economic system (Fig. 8). As such, the concepts proposed in this paper have the capacity
to help policymakers and practitioners design and implement more optimal strategies for
circularity. Also, enhanced insights into the implications of a CE that this can generate may
help to increase market predictability, and facilitate citizen buy-in and political support for
the CE transition. However, further operationalization of the Framework is needed to dem-
onstrate these benefits.

The material flow perspective adopted in this paper—with the purpose of developing a
common understanding of what a realized CE entails—can be expanded in future research
by adding, for example, social aspects and human needs [24, 27]. To this end, the Frame-
work’s weaknesses, as identified by the experts, can be remedied in future research, such
as missing considerations for priorities between CELSs and implications in terms of degree
of value-retention and environmental impact. Although normative, the CELS Framework
should be explored for its potential to contribute to positivistic, practical CE theory develop-
ment [76], such as how and when (i.e., under what specific conditions) reuse contributes to
slowing, intensifying and/or simplifying. The CELS Framework can also be used to expand
knowledge on different actor roles, such as the in the research underrepresented role and
experience of consumers [42, 77] in a realized CE, considering activities and decisions
expected from these individuals in the different loop activities and implications (Fig. 7).

It is important to acknowledge that the Delphi study results could have been different had
the participants had more access to each other's feedback (i.e., a modified Delphi). Also, fol-
low-up interviews could have resulted in more depth. As such, the CELS Framework is to be
regarded as a basic conceptual framework for future research to further develop and validate.
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While a majority of the participants found the CELS Framework useful, some pointed out
the lack of newness of the CELS Framework, with one participant commenting that there
are already too many CE frameworks and definitions. Still, the concept of a CE remains
unclear—speaking to a lack of consensus that could partly been seen in this study. As such,
there is a need to develop common and agreeable definitions as “translations” between the
vast number of stakeholders involved in the CE arena.

The CELS Framework offers managers and policymakers a practical tool for aligning
CE strategies by clarifying goals, overlaps, and trade-offs, enabling informed decisions on
prioritization and implementation across life cycle stages. Theoretically, it consolidates
fragmented CE concepts into a coherent framework linked to material flow characteristics,
establishes a common vocabulary, and provides a foundation for future research on opera-
tionalization, prioritization, and integration of social and economic dimensions.
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