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Abstract: Industrial production contributes significantly to ecological sustainability challenges. One
guiding approach to address these challenges is the circular economy. Slowing down resource flows is
one of the main strategies of the circular economy. This involves extending the lifespan of products
within and across multiple life cycles and increasing their utilization intensity. Various tools have been
developed to support companies in adopting circular economy practices. This study examines how
these tools facilitate designing for product longevity.

Specifically, the study analyzes 10 tools — five recent tools identified in academic literature and five
first emerging through internet scraping. These tools are annotated and coded to reveal qualitative
insights regarding the level of longevity they address (theoretical and methodological insights) and how
these tools help handling longevity-related aspects (practical and applied insights). The findings
highlight how these tools contribute to extending product lifespans and identify the extent to which they

could support slowing down resource flows.

Introduction

Industrial production contributes significantly to
ecological sustainability challenges, including
waste management, pollution, CO2 emissions,
and resources shortage. In Europe a
substantial amount of waste is generated from
durable goods, an average of 16.6 kg of e-
waste alone (excluding all other durables) per
person was recorded in 2016), highlighting the
urgent need to reduce production and
consumption levels (Baldé et al., 2017; Cooper,
2020). The circular economy (CE) offers a
potential approach to tackle ecological
sustainability problems by focusing on closing,
elongating, and narrowing resource flows (N.
M. P. Bocken et al., 2016).

CE is gaining popularity among companies.
However, despite its popularity the influx of
virgin materials into the market remains
unabated (Fraser et al, 2024). Product
longevity is a critical yet fundamental element
of the circular economy. Longevity entails
extending the use of products in one lifecycle
and across multiple lifecycles (over multiple
users). It prevents new products entering the
economy, thus slowing down resource flows
which helps to counter waste generation and

resource depletion (lraldo et al, 2017).
Companies have multiple motivations to
engage with longevity such as: higher up mark
for high quality products, reducing costs, future
revenue from circular business models etc.
(Cooper, 2020; Gnanapragasam et al., 2017;
Lgvbak Berg & Hebrok, 2024; Oguchi et al.,
2016; Salvia et al.,, 2015). Companies may
avoid engaging with longevity due to high cost
of changing business models, customer
rejection, high price points of long-lasting
products and other reasons (Alzaydi, 2024;
Cooper, 2020; Gnanapragasam et al., 2017;
Jensen, 2023; Jensen, Laursen, et al., 2021;
Laitala & Berg, 2023; Oguchi et al., 2016).
Companies might not see the potential or might
not know how to start applying CE strategies.

The longevity of a product is defined by
technical factors (e.g., design choices affecting
usability and relevance over time), business
models (e.g., services to extend product
lifespans), user interactions, and contextual
influences such as legislation, norms, and
beliefs (C. A. Bakker et al.,, 2021; N. M. P.
Bocken et al.,, 2016; Gnanapragasam et al.,
2017; Haase & Lythje, 2022; Jensen, 2023;
Jensen, Haase, et al., 2021; Jensen, Laursen,
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et al.,, 2021; Legvbak Berg & Hebrok, 2024;
Salvia et al., 2015, 2021). Consequently, many
stakeholders impact longevity. Given this, the
role of companies and designers is significant,
as they make key decisions regarding function,
design, material selection, repairability, and
upgradeability. These key decisions influence
how the use phase evolves. Thus, companies
share responsibility when potential changes,
defects and (mis)uses in the multiple lifecycles
of the product lead to a decrease in lifespan
(Cooper, 2020; Cooper et al.,, 2010; Jensen,
2023; van Nes & Cramer, 2005).

Numerous tools have been developed to
support circular design practices., Bocken et al.
(2019) and Rexfelt & Selvefors (2024) gathered
and analysed circular economy tools. Yet,
these papers did not describe if these tools
were slowing down resource flows. Royo et al.
(2023) analyzed circular tools to see what
parameters of life-extension were discussed in
circular economy tools and found that only 14
out of 70 tools discussed some parameters of
life-extension. This paper will extend this
research, by revealing qualitive insights into
how the most recent and most findable tools
tackle life-extension aspects.

State of the art

Longevity and obsolescence

Longevity refers to “the lifespan of consumer
products” (Cooper et al., 2010, p.3). Longevity
is the time between acquisition by the first user
and disposal by the last user, synonyms of
longevity are (product) lifespan, life, life cycle,
cycles and lifetimes (C. A. Bakker et al., 2021;
Cooper et al., 2010; Eisenriegler et al., 2020;
Hummen et al., 2023; Jensen, Laursen, et al.,
2021; Park, 2009; van Hinte, 2004).

Factors impacting longevity

Product longevity is influenced by a multitude of
aspects on product- (micro), consumer- (meso)
and socio/economic - (macro) level (Cooper et
al., 2010; van Nes & Cramer, 2005). These
factors include product specifications, curative
actions of the company, use context, etc. A list
of factors can be found in Table 1.

Factors impacting longevity
Curative actions of the company: the
service and product support the company
provides after sales (Nystrom et al., 2021)
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Use context: the environment in which the
product is used (natural elements as well as
social elements (e.g. public space)) (Cooper et
al., 2010; Den Hollander, 2018; Jensen, 2023;
Ostuzzi, 2017)

Technological advancement: technological
advancement of the product compared to or
compatible with other products on the market
(Cooper et al., 2010; Den Hollander, 2018;
Jensen, 2023; Nystrém et al., 2021).

Economic aspects: financial cost to keep a
product in use compared to buying new product
(Cooper et al., 2010).

Product’s appearance: the wear and tear
and what is considered fashion and style
(Bridgens & Lilley, 2017; Lilley et al., 2019)

Emotional aspects of the product: (e.g. the
memories coupled with the product).

User behavior: the attitude and behavior of
users in relation to product lifespans (Cooper et
al., 2010; Jensen, 2023; Park, 2009; Shi et al.,
2022; Wastling et al., 2018)

Consumer/ user preferences, needs and
identity: match between the product features
and the user needs and user identity (Alzaydi,
2024; Cooper et al., 2010; Haines-Gadd et al.,
2018; Jensen, 2023; Jensen, Laursen, et al.,
2021; Nystrom et al., 2021)

Social aspects: social norms, trends and fads
(Cooper et al., 2010; Nystrom et al., 2021)

Legislation: legislative changes (Cooper et al.,

2010; Nystrém et al., 2021)

Table 1: Factors impacting longevity
Design for longevity

Multiple academics describe how to engage
with longevity (C. Bakker et al., 2014; Den
Hollander, 2018; Haase et al., 2023; Jensen,
2023; Jensen et al., 2023; Jensen, Laursen, et
al., 2021; Legvbak Berg & Hebrok, 2024;
Nystrom et al., 2021, 2023; Park, 2009; Van
Den Berg & Bakker, 2015).

Various circular economy strategies address
(sub-)aspects of longevity, such as design for
durability, reliability, performance, emotional
durable design, attachment and trust, (ease) of
maintenance and repair, upgradability and
future  expansion, anticipate legislation,
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roadmap fit, refurbishment (N. M. P. Bocken et
al., 2016; Chapman, 2005, 2009; Haines-Gadd
et al., 2018; Kasarda et al., 2007; Nystrom et
al., 2021, 2023; Park, 2009; Van Den Berg &
Bakker, 2015; Van Den Berge, 2024).

Method

A literature search and internet scraping
approach were conducted to identify relevant
circular economy tools. Following, a systematic
coding analysis examined how these tools
address longevity. Figure 1 provides an
overview of the method used.

Data collection

A literature search on Web of Science was
conducted on 12 November 2024. The
following key string was used TI= (((circular®
AND (econom* OR design* OR product* OR
business* OR innovation* OR future*)) OR
circularity) AND (“design method” OR "design
methods" OR “design methodology” OR guid*
OR design support* OR tool* OR game* OR
roadmap* OR "design process” OR software*
OR canvas* OR map*)) — limited to 2024.

In addition, the most accessible tools, methods
and guides (further referred to as tools) were
identified through an internet scraping
approach, which simulates how companies
might search for tools using Google. The
search was conducted using Serper with the
query ‘circular economy tool’ using the date
range ‘last year’ (Serper, n.d.). The search was
repeated for 4 countries in the north, east, south
and west of Europe (Belgium, Sweden, Poland,
Greece). Tools were ranked in order of
appearance (tools listed first in Serper ended
up first) and tools listed by multiple (from the 4
European countries) searches ended higher up
in the ranking (last executed on 21 November
2024).

Scientific articles and websites were selected
based on their explicit focus on supporting
circular economy principles (e.g., general
sustainability design tools were excluded). Only
English tools accessible to researchers and
applicable in an industrial-product-design
context (e.g. excluding food and building
industries or monitoring the circularity of
regions) were considered. Papers and blogs
listing multiple tools of third parties were
excluded. The analysis included the five most
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recent tools identified in literature and the five
most accessible tools from the internet
scraping, resulting in a total of 10 tools for
analysis.

Data analysis
Theoretical framework analysis

In the first round of analysis, each tool was
examined using the guiding question “Does the
tool mention or contain elements that link to
slowing down resource flows?”. Text and visual
elements referring to this concept were
highlighted, and coded, following the annotated
portfolio technique (Gaver, 2012; Sauerwein et
al., 2018). These codes were then categorized
into the following groups: (1) Broad circular
economy concepts that inherently include
slowing down resource flows (e.g.,
"environmental impacts of the organizations
value chain"), (2) Direct references to slowing
down resource flows (e.g., "All services relating
to material or products after they have been
used or while in use that help keep materials in
the economy or that help keep the product in
use for longer"), (3) Indirect mentions of
longevity, further divided into keeping products
in a loop for longer within one lifespan, closing
loops over multiple lifespans, Intensifying
product use and other emerging aspects of
longevity.

The frequency of codes within each category
was recorded and visualized in a graph,
providing an indication of the depth at which
each tool addresses longevity. This allowed for
distinctions between tools that discussed
circular economy in a broad sense (potentially
encompassing longevity) and those that
engaged more explicitly with specific aspects of
longevity.

Practical support for longevity

In the second round of analysis, the tools were
examined for content providing practical
guidelines, advice or exercises aimed at
extending product lifespans. Any instructions or
recommendations supporting the slowing down
of resource flows were identified, marked, and
coded using the guiding question "what tangible
support (example: advice, guideline, exercise,
etc.) does the tool give to slow down resource
flows?".
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Figure 1: The applied method
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Practical support for elements influencing
longevity

The third round of analysis systematically
scanned for support towards elements
influencing slowing down resource flows. These
influencing elements were based on categories
found in the state-of-the-art (see Table 1). The
guiding question of “practical support for
longevity” was further narrowed down based on
the categories. To illustrate, for the category
“product specifications” the question was
narrowed down towards "what tangible support
(example: advice, guideline, exercise, efc.)
does the tool give towards managing product
specifications (that  influence  product
longevity)?” All identified elements were coded
and categorized.

Results

Analyzed tools

Table 2 depicts an overview of the found and
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4 Literature | Circularity (ljassi et
design al., 2024)
methodology for
urban factories

5 Literature Modularity and (Machado
circular etal,,
economy tool 2024)
(MCE-tool)

6 Internet The circular (Foundatio

scraping design guide n, Ellen
MacArthur
,n.d.)
7 Internet Circulytics (Foundatio
scraping n, Ellen
MacArthur
, h.d.)
8 Internet CTI tool (1Q,
scraping Circular,
n.d.)
9 Internet The circular (Das et al.,
scraping rebound tool 2023)
10 | Internet Circulab (circulab
scraping academy — the academy,
value chain n.d.)
canvas

Table 2: The 10 tools analyzed in this study

analyzed tools.

Literature | Name tool Author
or
internet
scraping
1 Literature | Circular (Abu-
economy Bakar &
roadmapping Charnley,
2024)
2 Literature | Cradle-to-cradle | (Hoang &
business model | Bockel,
tool 2024)
3 Literature | Circular design (Dagiliené
tool (CD-tool) etal,
2024)

Theoretical Framework Analysis

Figure 2 shows notable variations in how tools
address theoretical aspects. On one hand, 5
tools mention explicitly slowing down resource
flows (Tools 5, 6, 7, 8 and 9). To illustrate, Tool
7 mentions “Keep products and materials in
use. All services relating to material or products
after they have been used or while in use that
keep materials in the economy, or that help
keep the product in use for longer.” On the other
hand, some tools barely speak about aspects of
slowing down resource flows (Tools 1, 3, 4).

3

21
15
9
1 5 1
“o3Q3, 2I 24 4 o
lunlns Il 4 B 11 A
6 7

8

12
> I >4 g 2 L3 43,
Nl B 00 lo izl Tomalo
I.“"'““ I“. - I""l”l R LR | I
2

1 3 4 5
TOOLNUMBER

m Broad CE concepts that inherently include slowing down resource flows m Direct references to slowing down resource flows

u Indirect mention of longewvity: Extend within one lifespan m Indirect mention of longevity: Intensify

u |ndirect mention of longevity: Closing loops over multiple lifespans m Indirect mention of longevity: Other
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8 tools mention at least one longevity aspect
(Tool 2,3,5,6,7,8,9,10). Among them “closing
loops for longer lifespans” is more emphasized,
compared to "keeping products in the loop for
longer within one cycle" and "intensifying
product use". Tools 1, 3, 4, 8 and 10 don’t
mention any aspects of intensifying product
use. Tool 1, 3 does not mention any longevity
aspect about “extend within one lifespan”.

Practical Support for Longevity

The tools offer varied practical support for
increasing longevity including brief inquiries,
scoring mechanisms that assess the current
circularity state of the company, scoring the
circularity of a product, theoretical explanations,
mapping the lifecycle or value chain exercises,
specific questions integrated in a business

model canvas and illustrative cards
demonstrating concepts, examples and
rebound effects of strategies such as

repurposing and remanufacturing.

The tools barely mention longevity aspects
(Tool 1, 3, 4) don’t provide specific help for
longevity. In one of the tools (tool 8) longevity
aspects are explained, yet the tool provides
barely practical support besides the
theoretical explanation. Tool 8 assesses the
current circularity of a product similar to a
simplified life cycle analysis. Longevity aspects
are important in a life cycle assessment, yet the
tool ignores aspects such as the real lifespan of
a product in its calculations.

The support provided is sometimes
superficial. For example, tools might ask broad
inspiring guiding questions, yet limits tool-users
in answering these questions. To demonstrate,
in tool 2 tool-users need to sketch multiple
elements to answer a broad question yet limit
the user to a single Excel box to sketch this
complex content. Tool 6 shows another
example, the tool asks, in the context of
prolonging product life, if the product can
become a service in some way, yet the tool-
user only needs to answer Yes or No and list a
possible barrier. A similar example can be
found in Tool 7, where tool users only need to
input percentage of mass that for example get
reused or redistributed.

Remarkably, strategies intended to intensify
product use such as "product-service-systems"
are mentioned in some tools, without
questioning if this results in slowing down
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of resource flows. For example, in tool 2,
following code emerged “Can costs be avoided,
reduced or distributed, e.g. by product-service-
systems, renting or other options”. The tool
speaks about avoiding costs for the company
(or user) and does not refer to reducing
ecological impact. Similar can be observed in a
worksheet of tool 6, where the tool-user is
asked to describe the user needs and how
these needs can be met without owning the
product. No reflection is made if this then
reduces the flow of products.

It can be observed that questions are posed
from the companies’ point of view, leading to an
ideal or hypothetical point of view. To
illustrate, in Tool 6, the tool-user sketches what
happens in the multiple uses of the product.
Which triggers the tool-user to think in multiple
lifecycles. Yet, likely preferred/ideal scenarios
will be sketched rather than scenarios that
happen in reality. Similar in Tool 2, the tool-user
is asked “How can they [technical nutrients] be
returned to their cycle”. Tool 8 asks the
“recovery potential” of reuse. Both examples
illustrate the hypothetical nature of the
questions.

Practical Support for Elements Influencing
Longevity

A further analysis highlights gaps in the tools
regarding elements influencing longevity.
Several factors remain unaddressed, including
the use context, technological advancements,
product appearance, emotional attributes, and
social considerations.

Interestingly, Tools can indirectly provide
support for factors that influence the slowing
down of resource flows without explicitly
referencing this concept (Tool 3). To illustrate,
tool 3 asks to systematically map user-, usage-
and after usage- ecosystems. Although
longevity is not specifically mentioned, the
mapping of the users and usage might aid in
detecting for example use behavior impacting
longevity.

New categories that influence longevity
emerged from the analysis, including consumer
and user knowledge on longevity, corporate
marketing strategies, and the accessibility of
product and material information related to
longevity.
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Discussion and conclusions

The analysis of the tools does not give an
answer whether the tools can be a useful tool to
transition to a circular economy, nor was this
the scope of the study. Yet, one of the main
strategies for circularity (slowing down resource
flows by elongating lifespans in one and over
multiple lifespans) was barely mentioned in
three of the analyzed tools. In the tools that
mention and provide support for longevity, the
focus is on closing loops rather than elongating
the lifespan within one loop or intensifying use.

Strategies to intensify product use such as
"product-service-systems" can be expected to
be used as a means to slow down resource
flows, yet in the tools it is sometimes decoupled
from resource flows. Similar can be observed
for the closing of loops.

Tools that do tackle (indirect) aspects of
elongation within and over multiple lifespans
and tackle aspects of intensifying use, have the
potential to reduce ecological impact using
longevity strategies. Yet, the tools use guiding
questions, giga mapping exercises and lifecycle
mapping exercises with a hypothetical/abstract
starting point often aiming for initial ideation of
ideas. Reality aspects impacting longevity such
as how users really behave, how products and
their context change over time, are barely
touched upon.

Thus, even though the analyzed tools (7 out of
10) speak about longevity aspects and 6 out of
10 provide practical support for longevity. The
tools support in slowing down resource flows is
somehow superficial.

The emerging new categories influencing
longevity can be further analyzed to consider in
the development of comprehensive tools for
supporting the slowing down of resource flows.

Future studies can do a more extensive and in-
depth analysis of the tools on longevity aspects
and observe tools and methods companies
indicate to use.
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