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Abstract: Understanding consumer preferences in the circular economy can help producers develop
profitable strategies, lowering the risk involved in transitioning to circular business models and
circular product design. This study uses a choice experiment to identify customer segments for
mobile phones and robot vacuum cleaners at different levels of circularity. The experiment observes
how a product’s theoretical Circular Economy Score (ranging from 0 to 100) influences consumer
preferences as compared to other product attributes like price, appearance, warranty, battery life,
reseller type, or ease of repair. Drawing from 800 UK respondents, the results indicate the presence
of three customer segments that are sensitive to a product’s Circular Economy Score, including two
that appear willing to purchase recirculated items and one that expresses a preference against them.
The results offer initial evidence that a market for recirculated consumer electronics exists and that
circularity labeling is a marketable option. The results also present a strong rationale for further
research that probes a greater variety of products and contexts.

Keywords: circular economy; customer segments; latent demand; consumer demand; circularity metrics

1. Introduction

The circular economy (CE) encompasses a knowledge community interested in reduc-
ing the extraction of Earth’s finite resources and the generation of waste. While the precise
definition of the CE and of “circularity” remain topics of ongoing debate, inquiry about the
CE coalesces around resource life extension strategies that contribute to a transition away
from unsustainable resource-intensive production and consumption [1,2]. This includes
prolonging the life of products and their components through reuse, remanufacturing, and
access-based consumption models, and closing material loops through recycling [3]. As
such, circular products can be understood as products designed in ways that encourage
longevity, reuse, and the recirculation of resources [4].

Multiple publications highlight the theoretical importance of production- and
consumption-centered strategies in the CE [5–7]. Yet, as interest in the CE has surged
in the past decade, published research appears to have marginalized consumption-centered
strategies. A recent literature review estimates that only 10 percent of peer-reviewed articles
associated with the CE focus on “consumption”, “consumers”, or “users” [8]. Kirchherr
and colleagues [9] find a similar lack of attention to consumption in definitions of the
CE. This represents an important knowledge gap, especially given the abundant social–
psychological factors that preclude individuals from spontaneously deciding to purchase
recirculated items in the marketplace. Just as producers are bound to a certain extent by
the internal logic of their business models [10], so too are consumers constrained by layers
of cognitive biases that favor the purchase of never-used-before goods [11].

There is a possibility, however, that offering consumers information about the recir-
culated content of products can stimulate the purchase of circular goods. As we detail
below, consumers remain generally unaware of the extent to which products are composed
of material sourced from prior use phases. This study tests for the existence of customer
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segments for products with an explicit circular economy label, and how preferences for
a product with high circularity cluster with preferences for other product attributes such
as price, battery life, appearance, warranty, etc. This is achieved through a choice experi-
ment (adaptive choice-based conjoint) in which mobile phones and robot vacuum cleaners
are assigned a series of attributes, including a hypothetical Circular Economy Score (CE
Score). Our analysis reveals customer segments that assign high importance to the relative
circularity of a product, including two that appear inclined to purchase circular products.

The article proceeds as follows. Section 1 discusses existing research on consumer
preferences for circular products. Section 2 describes data collection and analytical meth-
ods. Section 3 details results. Section 4 discusses theoretical and practical implications.
Concluding thoughts are offered in Section 5.

2. Materials and Methods

The following section reviews existing literature and describes research methods.

2.1. Literature Review: Who Prefers Circular Products?

Existing research offers an incomplete understanding of the types of consumers most
likely to purchase products associated with the CE. This is due to the relative scarcity
of consumer-focused studies confounded by a variety of product types, recirculation
pathways, contexts, and theoretical frameworks that apply to the issue. The review that
follows encompasses scholarship related to products broadly associated with the CE—e.g.,
refurbished, reused, recycled content, products designed for durability, or access-based
business models. The review also draws from literature on “sustainable” product labeling
for purposes of comparison.

Multiple studies show that consumer awareness of circular options (both their ex-
istence and their benefits) is low, and that transparency about a product’s recirculation
status can stimulate consumers’ intention to purchase or willingness to pay [12–17]. Similar
findings apply to “green” consumer products outside the specific context of the CE [18,19].

In multiple studies, women, more than men, favor or somehow express their intentions
to purchase products associated with the CE [14,20]. Mugge et al. [13] divide respondents
into six clusters with different attitudes about smartphone refurbishment. While most
clusters have a gender balance resembling the larger respondent pool, one of three “pro-
refurbishment” clusters includes a disproportionately large number of female respondents,
while one of three “anti-refurbishment” clusters includes disproportionately more male
respondents.

Younger respondents also tend to favor CE product options more than older respon-
dents, although with some inconsistency. Hirschl et al. [16] find that the respondents
most open to shared-access product systems are younger on average than the surveyed
population. Mugge et al. [13] also find that the cluster least interested in refurbished prod-
ucts are considerably older than average. Among ecolabel studies, [21] and [22] find that
willingness to pay for eco-products decreases with age; however, [23] find the opposite.

There is also evidence that preferences for circular products vary by country and culture,
which both have a strong influences on individuals’ perception of product value [11,12].
Several studies probe how environmental attitudes and knowledge influence preferences
for circular products. Harms and Linton [14] find that pro-environmental attitudes are
associated with higher willingness to pay for refurbished products, but environmental
knowledge is not. Atlason and colleagues [20] find that interest in design for end-of-
life is highest amongst respondents with some higher education, and that interest in
disposal methods is highest among those with many years of higher education. Hirschl
and colleagues [16] find that educated respondents show more interest in shared-access
products.

Studies that employ cluster analysis present a nuanced portrait of the customer seg-
ments interested in circular products, distinguishing consumers that express strong inten-
tions of purchasing recirculated products from consumers who—for different reasons—have
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no or negative interest in them. Drawing from a representative sample of 1000 German
respondents, Ref. [16] evaluates respondents’ willingness to accept non-ownership options
for consumer products, for example shared use, borrowing, or rental options. Among
other clusters, the authors identify “open-minded users” (20.4 percent) who find private
bartering and rent-on-demand interesting and meaningful.

Mugge and colleagues [13] use cluster analysis to identify customer segments in-
terested in purchasing refurbished smartphones. The authors administer a survey to a
multinational convenience sample recruited over social media to evaluate different so-
cial, economic, and technological incentives for purchasing a refurbished smartphone.
The study isolates six different customer segments, including three clusters (representing
46 percent of the sample population) that appear willing to purchase a refurbished option.

This study overlaps considerably with [13], employing a choice experiment to identify
customer segments for recirculated consumer electronics. We deviate in several important
ways, however, recruiting 846 random adult respondents from a single country (the UK),
while testing two product varieties and two pricing structures. The following section
outlines the methods, data collection and experimental setup.

2.2. Methods
2.2.1. Choice-Based Conjoint

Choice experiments, conjoint analysis or choice-based conjoint are methods used
to quantitatively elicit market preferences in experimental settings. The three terms are
sometimes used interchangeably, although according to [24] this equivalency is not correct,
as only choice experiments rest on the assumptions of an economic demand theory [25,26].
The term choice-based conjoint (CBC) has become popular in North America through
applied market research, and it is used also in this paper [27]. The reasoning for this
practice is that CBC inherits the structure from conjoint analysis (product attributes and
levels), but arrives at the discrete choices consumers make, rather than numerical rankings
of products’ features. The CBC methods belong to the category of stated preference
methods (SP), because consumers are asked, directly or indirectly, to make a (hypothetical)
decision, unlike in revealed preference methods (RP) where purchase decisions are gleaned
from decisions that have already been made, such as from existing market data [28].

Choice-based conjoint attempts to emulate real-life purchases, where consumers
choose the most preferred option among available alternatives, given their budget and
other constraints, in line with the Random Utility Theory (RUT) [25,26,29]. RUT posits that
consumers would choose the most preferred option in repeated choices (maximization of
utility) and any variation in this behavior is due to random factors. The random element in
RUT represents stochastic, unexplainable and unobservable factors influencing choice.

Consequently, in a CBC experiment, respondents are asked to repeatedly choose
the most preferred alternative from a choice set made of offers or products with varying
levels of several predefined attributes, such as price, color or brand. The utility of a given
product is expressed as the sum of marginal utilities of the levels of attributes present in
that product profile and an unexplained, stochastic part.

2.2.2. Circular Economy Score

The Circular Economy Score attribute applied in this study is inspired by the c-metric,
developed by Linder, Sarasini, and Van Loon [30]. The c-metric is 1 of nearly 100 product-
level circularity metrics developed in recent years [31]. It is expressed as a ratio of the
economic value of all recirculated content in a product (e.g., reused, remanufactured,
or recycled content) divided by the product’s total economic value. The c-metric offers
several practical and theoretical advantages as an attribute in a consumer preference study.
Firstly, the c-metric is concisely expressed as a ratio, where 0 represents a product whose
economic value is composed entirely of virgin content and 1 represents a product made
entirely of content recovered from a prior use phase. Secondly, whereas multiple product-
level circularity metrics apply to specific industries, the c-metric is designed to apply to
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any product or sub-assembly thereof. Thirdly, the metric has been applied by multiple
companies and validated in a comparison of 18 real-world products [32].

Finally, the c-metric effectively collapses all material recirculation pathways into a
single “circularity” category by conceiving of circularity as value retained from all prior
use phases. This allows for the study of “circular” products rather than separating reuse,
refurbishment, remanufacturing, recycling, etc.

Study participants were introduced to the CE Score in the following prompt:
Imagine you are in a shop where a measure of circular economy, a Circular Economy Score,

is displayed next to each product. The score tells us how much of the product is made of reused or
refurbished parts. Some products are new and some are used.

Five CE Score levels were listed:

• 0% circular—everything in the product comes from new materials;
• 25% circular—the product contains recycled materials;
• 50% circular—half of the product is made of refurbished/reused parts;
• 75% circular—most of the product is made of refurbished parts;
• 100% circular—the whole product is reused or made of refurbished parts.

Descriptions of products at each level of circularity are assigned different combina-
tions of recirculation pathway labels, e.g., “recycled”, “refurbished”, “reused”, as rough
descriptions of what a consumer might encounter on a product label in a physical store.
As such, the descriptions above provide necessarily incomplete information. Such labels
reflect the succinct if sometimes incomplete nature of information about product attributes
in the marketplace. The different levels of other attributes, such as “appearance” and “ease
of repair”, must also be described succinctly and somewhat subjectively.

2.2.3. Data Collection

Data were collected in November and December 2019 via Prolific Academic (https:
//www.prolific.co/, accessed on 3 November 2021), which is an on-line research participants
recruitment platform. Respondents were remunerated for their time at GBP 6.80 per hour.
Out of 846 initial participants, 800 returned valid responses. Participants were informed about
the purpose of the study and could withdraw their consent at any point. Prior to fielding,
the study was piloted with 24 colleagues at RISE Research Institutes of Sweden. The goal
of the pilot was to establish whether the experiment was easy to understand and engaging.
Another goal was to establish which products and product attributes would be tested in the
final experiment. The project team also searched relevant literature and successfully sold
listings on eBay.co.uk to determine a suitable list of attributes for different types of recirculated
products. Findings in several studies suggest that perceived inferior quality of recirculated
products is an obstacle to their emergence in the marketplace [15,17,33–35]. We attempt to
control for perceptions of product quality by including elements such as appearance, battery
life, and warranty as explicit attributes in the choice experiment.

After the pilot study, two products were selected for the final experiment: a mobile
phone and a robot vacuum cleaner. Respondents were randomly divided further into two
sub-groups: the first group was presented with fixed-level prices and the second group
was shown prices randomly drawn from the same interval (GBP 259-629), rounded to
the nearest 9. This resulted in four experiment scenarios with identical attributes (two
scenarios for each product). Table 1 lists the demographics of the sample collected in the
experiment. Sub-samples are separated by product type.

https://www.prolific.co/
https://www.prolific.co/
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Table 1. Sample Demographics.

Mobile Phone
(N = 400)

Robot Vacuum Cleaner
(N = 400)

Mean Age (range) 37.98 (18, 74) 38.28 (18, 82)

Sex

male 112 139
female 288 261

Location in the UK

England 348 354
Scotland 27 25

Wales 17 17
Northern Ireland 8 4

Employment Status

Full-time employed 197 239
Part-time employed 112 94

Not paid work (e.g., homemaker) 79 63
Job-seeking 6 4

Other 6 0

Student Status

Yes 62 57
No 338 343

Highest education level attained

Secondary (GCSE) 39 57
Technical/community college 44 26
High school diploma/A-levels 87 70
Undergraduate (BA, BSc, other) 126 136

Graduate (MA, MSc, Mphil, other) 48 62
Doctorate 11 9

No formal qualifications 1 1
No information provided 44 39

Income (GBP)

Below 15,999 51 51
16,000–29,999 82 90
30,000–49,999 115 125
50,000–99,999 81 88
Above 100,000 9 10

would rather not say 62 36

Respondents who took part in answering the survey on one product were automat-
ically excluded from taking part in the other. The products both belong to the group of
home/personal electronic equipment and are similar enough to share the same attributes,
including average retail prices. They are different enough, however, to yield hypothetically
interesting comparisons, including to existing literature. For example, previous studies
suggest that the perceived quality of refurbished mobile phones was affected by attributes
such as battery life or warranty length [13], two attributes also included in this study. The
base retail price for both products was established at GBP 499, which was the average price
for both product categories (premium brand mobile phones and robot vacuum cleaners)
referenced on the website pricerunner.uk (accessed on 3 November 2019). Other attributes,
such as the DIY-friendly repairability and type of customer service, were elicited from
the aforementioned qualitative pilot study. In total, eight product attributes were used in
the survey, as described in Table 2. Figure 1 presents a screen shot of the online survey
interface in which participants were instructed to choose their most preferred product with
attributes at variable levels.

pricerunner.uk
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Table 2. Description of attributes and their respective levels.

Attribute Levels (Description as Appearing in the Survey)

Circular economy score

• 0% circular—everything in the product comes from new
materials

• 25% circular—the product contains recycled materials
• 50% circular—half of the product is made of

refurbished/reused parts
• 75% circular—most of the product is made of

refurbished parts
• 100% circular—the whole product is reused or made of

refurbished parts

Easy to fix

• Device can be taken apart and easily repaired at home
• Critical parts (e.g., battery, display) can be replaced at

home
• Device is sealed and only software/firmware updates

are available

Appearance
• Looks used (scratches, etc.)
• Looks brand-new

Battery life
• As new
• 80% of new
• 50% of new

Customer service
• A drop-in service point
• Only online support

Reseller type
• Authorized dealer
• Third-party shop
• Shop on eBay

Warranty

• Extended to 3 years
• 2 years
• 6 months
• No warranty

Price (variant 1, in GBP)

• 259
• 379
• 499
• 629

Price (variant 2, in GBP) Random prices were drawn from 259–629 range, rounded up
to the nearest 9



Sustainability 2021, 13, 12348 7 of 18

Sustainability 2021, 13, x FOR PEER REVIEW 7 of 17 
 

• Third-party shop 
• Shop on eBay 

Warranty 

• Extended to 3 years 
• 2 years 
• 6 months 
• No warranty 

Price (variant 
1, in GBP) 

• 259 
• 379 
• 499 
• 629 

Price (variant 
2, in GBP) 

Random prices were drawn from 259–629 range, rounded up to the 
nearest 9 

 
Figure 1. A screenshot of the online survey. Respondents were presented a series of product options with attributes at 
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in gray to simplify respondents’ choice. 

  

Figure 1. A screenshot of the online survey. Respondents were presented a series of product options with attributes at
varying levels. Respondents selected the product they most preferred. Attributes with equivalent levels are highlighted in
gray to simplify respondents’ choice.

The final survey employs a variation of CBC, an Adaptive Choice-Based Conjoint
(ACBC), which is a tool developed by Sawtooth Software and used both in commercial and
academic research [36–40]. A detailed description of ACBC and the comparison between a
traditional CBC and ACBC can be found in Orme [41] and Chapman et al. [42]. Lighthouse
Studio, a commercial software developed by Sawtooth Software, was used to design, test,
host and statistically analyze the data. A detailed overview of the method, experimental
design and the underlying multinomial logit model can be found in [43]. Additionally,
the authors have published detailed results related to respondents’ willingness to pay for
products at different levels of circularity [44], which is conceptually and methodological
distinct from the customer segmentation reported below.

Originally, choice experiments and CBCs reported utilities aggregated across all
respondents, resulting in an average model of choice [45]. With the emergence of more
powerful computational technologies it has become possible, thanks to Bayesian methods,
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to calculate individual marginal utilities and to arrive at the probability of choosing a
given product profile for each respondent. This further allows for computing clusters of
respondents sharing similar preferences, i.e., groups of people choosing similar alternatives
from the given choice set. Details and pioneering implementations of Bayesian methods
for CBC studies can be found in Allenby and Ginter [46] and Allenby et al. [47].

2.2.4. Cluster Analysis

Cluster analysis is used to assign objects to dissimilar groups, i.e., objects in one
group are similar but share as little as possible with objects from other groups. A common
measure of similarity between objects is distance, for instance the length of the straight line
between two data points (Euclidean distance). It is important to note that clustering is not
the same as classification. The latter involves grouping objects on the basis of known labels.
The assumptions behind clustering are that the data are not labeled and the clustering
algorithm uncovers similarities within data—this approach is also called “unsupervised”
data analysis [48]. The most common clustering method is k-means clustering, which uses
distance between data points and a mean point (centroid) of each cluster as a datapoint
defining a given cluster [49]. Another common clustering method based on distance
between observations is hierarchical clustering, which either starts with treating each data
point as a single cluster and merges these clusters into pairs in subsequent steps, or starts
with a single cluster of all data points that is subsequently split into two at every following
step [48,50].

This paper employs Convergent Cluster and Ensemble Analysis (CCEA) developed
by Sawtooth Software. The method uses clustering algorithms, starting with k-means
clustering, to achieve a consensus solution based on more than one clustering method. The
final solution maximizes between-group dissimilarity, expressed as both distance between
cluster means and an F-ratio (variance between clusters/variance within clusters), for each
product attribute. A detailed overview of CCEA can be found in Orme and Johnson [51]
and Retzer et al. [52].

The outcome of cluster analysis, as an unsupervised data analysis method, combines
a quantitative analysis (similarity and dissimilarity based on distance between data points)
and a qualitative interpretation—it is up to the researcher to choose a cluster solution that
has the highest interpretative value. In this paper, 4 cluster solutions have been selected for
all experimental scenarios.

3. Results

Table 3 presents the mean utilities of clusters in all four experiments and corresponding
F-ratios for each attribute level. The marginal utility values entered into the cluster analysis
were standardized (zero-centre differences) to make it possible to compare utility values
across different attributes. For each experiment, the research team generated as few as two
and as many as six clusters, and for each experiment, the scenario with four clusters was
judged to present the best balance of variation between clusters and cluster size. Given a
sample of approximately 200 respondents per experiment, scenarios with more than four
clusters resulted in clusters with a very small number of respondents, whereas scenarios
with fewer than four clusters did not result in segments with interesting variation. The
research team also settled on four clusters due to the number of meaningful attributes, as
determined by F-ratios. An F-ratio is the ratio of variation between groups to variation
within groups. An attribute level with a higher F-ratio has a higher impact on the formation
of a cluster. As is evident in Table 3, a small number of variables had rather dominant
F-ratios. In each experiment, the variables CE Score and Price were critical to the formation
of clusters, while length of warranty and scratched vs. unscratched appearance displayed
high F-ratios in some experiments, but not others. F-ratios for the remaining attributes—
ease of repair, battery life, customer service, and reseller type—were consistently in the
single digits, and thus relatively unimportant to the determination of clusters.



Sustainability 2021, 13, 12348 9 of 18

Table 3. Group means and F-ratios.

Experiment 1. Mobile Phones, Fixed Prices

Group Means
Attributes Levels 1 2 3 4 F-Ratio

Aesthetic Shoppers Price-Sensitive, Open to
Circular Newest Model Circular Enthusiast

CE Score (% recirculated
content)

0 (brand new) 22.89 −21.04 85.79 −72.80 116.75
25 8.79 2.61 57.87 −10.78 31.63
50 6.56 8.35 0.72 18.95 4.14
75 −19.83 6.12 −66.65 23.12 67.48

100 (total reuse) −18.41 3.96 −77.73 41.50 60.25

Easy to fix
fully reparable 1.73 14.57 4.22 16.74 8.54

critical parts 9.68 10.79 9.3 17.86 2.48
not reparable −11.42 −25.35 −13.52 −34.59 6.93

Appearance scratches −96.91 −40.08 −49.91 −25.52 57.69
looks new 96.91 40.08 49.91 25.52 57.69

Battery life
100% 85.01 53.68 43.51 55.57 11.16

80% 10.35 19.76 −8.41 17.23 7.03
50% −95.35 −73.43 −35.1 −72.8 8.66

Customer Service
shop 5.31 5.97 6.97 9.84 1.05

email −5.31 −5.97 −6.97 −9.84 1.05

Reseller type
dealer 40.82 22.56 44.13 46.47 10.26

third-party −8.28 −4.88 −12.3 −6.29 0.48
auction −32.53 −17.68 −31.84 −40.18 4.14

Warranty (months)

36 41.33 37.89 45.29 45.80 0.9
24 42.03 38.87 43.66 44.53 0.58

6 −8.63 −2.61 −14.1 −18.51 4.32
0 −74.73 −74.14 −74.85 −71.82 0.05

Price (GBP)

259 30.75 107.4 37.54 49.25 106.41
379 18 59.75 30.9 27.55 62.54
499 −0.63 −14.42 5.36 −4.26 9.03
629 −48.12 −152.73 −73.81 −72.54 110.26

Group Cluster Size 66 76 17 44 33.16
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Table 3. Cont.

Experiment 2. Mobile Phones, Variable Prices

Group Means
Attributes Levels 1 2 3 4 F-Ratio

Price-Sensitive Aesthetic shoppers Price-Sensitive, Open to
Circular Circular Enthusiast

CE Score (% recirculated
content)

0 (brand new) −11.26 38.59 −41.88 −133.60 55.85
25 1.21 17.22 −6.19 −47.11 29.48
50 6.70 2.14 10.84 23.87 7.19
75 4.51 −17.99 16.44 56.38 35.28

100 (total reuse) −1.16 −39.97 20.79 100.46 51.26

Easy to fix
fully reparable 8.56 2.77 13.66 17.19 4.16

critical parts 7.24 4.87 9.89 10.61 1.25
not reparable −15.80 −7.64 −23.54 −27.8 5.40

Appearance scratches −45.14 −78.08 −45.30 −5.75 14.56
looks new 45.14 78.08 45.30 5.75 14.56

Battery life
100% 38.54 79.35 53.61 13.26 23.03

80% 15.40 12.18 23.44 16.78 2.93
50% −53.94 −91.52 −77.05 −30.05 13.75

Customer Service
shop 4.41 6.16 6.72 7.16 0.23

email −4.41 −6.16 −6.72 −7.16 0.23

Reseller type
dealer 22.47 37.39 31.30 33.07 3.51

third-party −4.74 −5.66 −3.79 9.64 2.53
auction −17.73 −31.73 −27.51 −42.72 4.03

Warranty (months)

36 16.79 47.06 52.88 38.33 32.68
24 25.82 41.84 50.67 27.01 16.87

6 2.75 −8.16 −9.48 0.11 4.28
0 −45.36 −80.74 −94.07 −65.45 22.14

Price (GBP)

259 134.88 30.48 76.23 36.79 95.30
379 76.36 20.78 34.85 33.00 69.93
499 −16.85 5.03 0.33 19.33 21.82
629 −194.39 −56.29 −111.41 −89.13 132.68

Group Cluster Size 78 55 55 9 37.11
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Table 3. Cont.

Experiment 3. Robot Vacuum Cleaner, Fixed Prices

Group Means
Attributes Levels 1 2 3 4 F-Ratio

Price-Sensitive Risk-Averse Price-Sensitive, Open to
Circular Circular Enthusiast

CE Score (% recirculated
content)

0 (brand new) −9.64 21.83 −91.05 −128.09 84.79
25 0.81 12.92 −33.9 −16.82 27.58
50 9.14 13.17 22.66 41.27 13.04
75 0.71 −20.58 41.92 47.15 57.2

100 (total reuse) −1.02 −27.34 60.37 56.48 55.46

Easy to fix
fully reparable 20.41 28.14 35.4 52.22 9.08

critical parts 9.75 5.74 8.75 15.83 2.18
not reparable −30.16 −33.88 −44.15 −68.05 7.68

Appearance scratches −25.36 −56.88 −12.67 −12.22 29.39
looks new 25.36 56.88 12.67 12.22 29.39

Battery life
100% 49.69 52.05 36.64 48.92 2.46

80% 12.5 16.99 16.93 13.18 0.97
50% −62.19 −69.04 −53.57 −62.1 1.27

Customer Service
shop 1.38 5.10 −0.84 6.82 1.64

email −1.38 −5.10 0.84 −6.82 1.64

Reseller type
dealer 23.64 40.09 7.98 14.89 13.1

third-party −6.2 −16.14 −2.08 −11.45 4.59
auction −17.44 −23.95 −5.9 −3.45 5.2

Warranty (months)

36 47.26 61.14 34.5 46.8 6.75
24 39.37 43.49 30.14 51.02 2.54

6 −14.15 −18.63 −6.8 3.27 4.86
0 −72.48 −86.00 −57.84 −101.09 5

Price (GBP)

259 134.15 23.83 114.11 45.11 96.13
379 77.01 18.53 63.55 10.47 82.09
499 −27.13 2.81 −13.93 7.05 13.03
629 −184.03 −45.18 −163.73 −62.62 139.89

Group Cluster Size 111 44 42 9 39.33
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Table 3. Cont.

Experiment 4. Robot Vacuum Cleaner, Variable Prices

Group Means
Attributes Levels 1 2 3 4 F-Ratio

Price-Sensitive, Open to
Circular Risk-Averse Circular Enthusiast Price-Sensitive

CE Score (% recirculated
content)

0 (brand new) −23.67 51.12 −105.01 −18.79 74.20
25 −1.14 13.73 −58.98 0.98 47.62
50 4.75 −7.21 20.59 8.63 10.91
75 6.12 −27.87 60.99 −1.18 49.16

100 (total reuse) 13.94 −29.77 82.41 10.36 53.34

Easy to fix
fully reparable 25.57 20.23 23.81 27.80 1.61

critical parts 4.03 −5.16 6.73 10.72 8.15
not reparable −29.60 −15.07 −30.55 −38.52 8.09

Appearance scratches −15.71 −37.86 −16.31 −16.70 10.14
looks new 15.71 37.86 16.31 16.70 10.14

Battery life
100% 25.68 54.15 38.78 41.23 9.93

80% 10.60 3.87 19.99 13.90 6.43
50% −36.28 −58.02 −58.77 −55.13 5.81

Customer Service
shop 0.27 9.78 0.80 8.62 4.68

email −0.27 −9.78 −0.80 −8.62 4.68

Reseller type
dealer 13.20 41.43 16.75 16.63 9.37

third-party 3.65 −5.35 3.26 −0.40 3.50
auction −16.85 −36.09 −20 −16.23 5.43

Warranty (months)

36 25.31 57.18 27.35 58.11 27.35
24 29.26 40.48 30.35 51.01 12.15

6 −2.72 −9.85 −11.41 −8.96 2.82
0 −51.84 −87.80 −46.3 −100.16 23.93

Price (GBP)

259 175.54 41.94 80.57 114.74 128.96
379 92.10 39.09 51.57 62.12 41.07
499 −41.69 11.52 2.95 −0.33 44.22
629 −225.95 −92.54 −135.08 −176.52 132.21

Group Cluster Size 75 39 27 53 43.10
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3.1. Customer Segments

Circular Enthusiasts. From each experiment emerged a cluster that assigned rela-
tively high utility to circular products: Cluster 4 (Experiment 1), Cluster 4 (Experiment 2),
Cluster 4 (Experiment 3), and Cluster 3 (Experiment 4) constitute categories we label
Circular Enthusiasts. On average, respondents in this cluster assigned higher utility to
items with high CE Scores and relatively low absolute utility to price, suggesting that
CE Score motivated their choice heavily. Importantly, they assigned comparatively lower
utility to brand new (0% circular) items than they did high utility to completely reused
(100% circular) items, suggesting that respondents may be repelled by the prospect of
brand-new items more than they are attracted to the prospect of a completely recirculated
one. For example, Cluster 4 (Exp 1) assigned “0% circular” products a utility score of
−72.80 while assigning the 100% circular attribute level a utility score of 41.50. A similar
pattern appeared in Cluster 4 (Exp 2) with −133.60 vs. 100.46, respectively; in Cluster 4
(Exp 3) with −128.09 vs. 56.48, respectively; and in Cluster 3 (Exp 4) with −105.01 vs. 82.41,
respectively. Respondents in this cluster also assigned relatively low absolute utility to
price as an attribute. In every cluster of this study, subjects responded “rationally”, in the
sense that no cluster preferred a high-cost item to a low-cost item (all other things equal);
however, some clusters appeared to assign higher absolute utility to the price attribute
than others. The Circular Enthusiasts assigned relatively low absolute utility to the price
variable as compared to other clusters and compared to the CE score within its own cluster.
In short, members of this cluster appeared to care less about price than about CE Score, and
less about price than respondents in other clusters. This cluster also tended to be rather
small in terms of respondents. It is the smallest cluster in Experiments 2, 3, and 4, and the
third-largest in Experiment 1.

Price-Sensitive, Open to Circular. Each experiment also contained a separate cate-
gory in which respondents assigned comparatively high absolute utility to price (e.g., very
high utility to cheap items and very low utility to expensive items), while also preferring
circular options over brand new options somewhat, but to a lesser degree than Circular
Enthusiasts. We labeled these clusters Price-Sensitive, Open to Circular, which includes
Cluster 2 (Exp 1), Cluster 3 (Exp 2),Cluster 3 (Exp 3), and Cluster 1 (Exp 1). We interpret
these data to mean that individuals in this cluster are foremost interested in purchasing an
inexpensive product, but will purchase a circular product when available and inexpensive.
This cluster varied in size across experiments. It was the largest cluster in both Experiment 1
(n = 76) and Experiment 4 (n = 75), the second-largest in Experiment 2 (n = 55), and the
third-largest in Experiment 3 (n = 42).

Several other clusters emerged, although inconsistently across the four experiments.
We labeled Cluster 1 (Exp. 2), Cluster 1 (Exp. 3), and Cluster 4 (Exp. 4) as Price-

Sensitive. This cluster expresses very high preference for the least expensive product and
very weak preferences for all other attributes. The average utility scores for CE Score in this
cluster are relatively low in magnitude and defy the relatively smooth linear relationships
of this attribute in other clusters. These consumers appear driven almost exclusively by
price.

Aesthetic Shoppers assigned high absolute utilities to the appearance attribute, and
comparatively low absolute utilities to the CE Score and price attributes. This cluster
emerged in both mobile phone experiments—Cluster 1 (Exp. 1), Cluster 1 (Exp 2)—but
not at all in the robot vacuum cleaner experiments. We interpret this to mean that some
consumers are very sensitive to whether or not a mobile phone—a highly personalized
item—shows visible signs of use, and that this attribute supersedes price and circularity
in importance. Consumers are not as concerned about the appearance of robot vacuum
cleaners. Neither of these clusters expressed preferences for circular items over brand-new
items.

A Risk-Averse category emerged in both robot vacuum cleaner experiments—Cluster 2
(Exp. 3) and Cluster 2 (Exp. 4). These respondents assigned high utility to the warranty
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attribute, as well as the highest utilities to appearance, in their respective experiments.
Meanwhile, they appeared comparatively less sensitive to CE Score or price.

In Cluster 3 (Exp. 1), respondents assigned the highest absolute utility to the CE Score
attribute, and expressed strong preferences for the 0% circular (brand-new) option. We
labeled this cluster Newest Model. This cluster appears relatively unconcerned about
appearance, warranty, or price. We interpret this to mean that respondents in this category
are primarily interested in purchasing the most up-to-date model of mobile phones. It is
worth noting that a rather small proportion of respondents in the robot vacuum cleaner
experiments preferred a brand-new product. In both Experiment 3 and Experiment 4, three
out of four clusters assigned the lowest utility to 0% circular (brand-new) products. This
was less prevalent in the mobile phone experiments, however.

Figure 2 contains an overview of the (in total) six customer segments identified and
their defining characteristics.
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3.2. Demographics

Chi-square tests of homogeneity failed to reveal statistically significant (p < 0.05)
differences among clusters in gender balance, employment status, educational attainment,
household income, or age. Thus, these data cannot confirm that preferences for circular
mobile phones or robot vacuum cleaners vary by isolated demographic categories. This
finding may be the consequence of relatively small clusters, and future research (with
larger samples) may reveal otherwise. It is also partially the result of a large proportion of
respondents declining to provide information about education and income level. This, too,
can be resolved by a larger sample size in future studies.

4. Discussion

The six clusters that emerged from this study appear to confirm the existence of at
least two customer segments interested in purchasing circular products. These two clusters
shed light on how businesses can position circular business offerings to their customers.
Interestingly, the clusters identified in this study suggest that the CE Score has a strong
impact on customer preferences. However, it appears that firms will need to make clear
strategic decisions when deciding how to market circular products, because the results
show that members of these clusters view circular products in different ways.

The identification of Circular Enthusiasts indicates there is a market segment willing
to pay for products of higher circularity. This resembles the “Sustainability Enthusiasts”
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in [13] and “Open-Minded Users” in [16], who prefer “greener” options despite possible
increases in price. However, while offering circular products at a premium would likely
resonate with customers in this cluster, it is expected to repel customers in the Price-
Sensitive, Open to Circular cluster. These customers value circularity but prioritize low
prices, thus most likely responding best to an offering that emphasizes a low price and
its circular nature. From the data, it appears companies should use such an offering if
they desire to address the greatest number of customers through a single circular offering.
This is likely to attract not only Circular Enthusiasts and Price-Sensitive, Open to Circular
customers, but also Price-Sensitive customers, because respondents in this cluster were
found to have a weak preference for anything but price.

Additional testing is needed to gain further data and insight. For example, using a
circularity label on a lower priced product could result in missed revenue from Circular
Enthusiasts. Moreover, different aesthetic preferences identified for the mobile phone
in comparison to the robot vacuum cleaner suggest firms should also adjust offerings
according to product type. Visible signs of wear may be more acceptable for circular
products that are not used daily and publicly.

Firms can use the clusters to provide inspiration and input for their business model
innovation process. Within such processes, firms are encouraged to find situations and
potential customers along the product’s lifecycle, where the product and/or components
can have a second life (or more) [3]. The clusters identified in this paper can help firms
design this circular flow. For example, one possible solution based on the results could
be a three-tier distribution system where one product is sold three times, each to a new
customer segment. First, the newly manufactured product is distributed to Newest Model
and Risk-Averse customers. After this first use, the product is returned and prepared for
reuse or remanufacturing. It is then sold to Circular Enthusiasts at a premium, before a final
collection and resale to Price-Sensitive, Open to Circular and Price-Sensitive customers.
Many firms have already adopted similar approaches (i.e., buyback, deposit-refunds,
trade-in credit, etc.) to obtain products back after first sale in order to be sold again [53].

The identified customer preference for new products is of particular interest for cir-
cular economy researchers. The findings corroborate previous research that has similarly
distinguished customer segments interested in circular options from customers that are
particularly focused on purchasing the newest technology [13,16,54]. As circular economy
ultimately aims to decouple production from consumption, the production of new products
with virgin materials directly contradicts this goal. Firms must find ways to incorporate
circularity into their business model while still aligning with customer preferences. Dis-
tributing products through product-service system could help ensure new products are
returned and cascaded to other customers after first use.

The limitations of the study offer opportunities for follow-up research. First, the
relatively small sample sizes for each of the four experiments likely preclude additional
insight into the demographic characteristics of consumers who prefer circular products
(i.e., sex, age, income). Moreover, some of the clusters identified in the study are small, and
therefore, future experiments with larger respondent groups are necessary to substantiate
how products labeled “circular” will perform in the market. Second, given that this
study only focused on respondents in one country (the UK), its salience in other contexts
is uncertain. Previous studies suggest variance between countries and cultures [11,12],
particularly as UK consumers have been found to express greater preference for products
containing sustainably sourced materials for certain products [12].

Third, aspects of the research design may have encouraged the respondents to have a
positive association with circularity. For example, brand-new products were represented
as 0% circular and reused products as 100% circular. It is possible that respondents find
“0%” to be an unattractive offer, perhaps believing they were receiving less of something.
Future studies could address this through randomized framing of the circularity scale,
for example, prompting some respondents to a scale in which 100% represents a product
made entirely of virgin material rather than entirely of recirculated material. Moreover,
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participants in each experiment assigned high absolute utility to both CE Score and price.
It is possible this is the result of response bias, especially as some respondents likely first
learned about the concept of circularity from the study prompt. Moreover, the findings
on social desirability bias in research on pro-environmental attitudes are inconsistent, and
at best show only a weak direct effect of socially desirable responses on self-reported
environmental friendliness [55]. Future research could address this through an intake
questionnaire designed to gauge respondents’ previous exposure to such concepts. It could
also be interesting to investigate how consumers’ preferences change with and without
using the terminology related to “Circular Economy”, instead using terminology associated
with specific recirculation pathways such as recycling, refurbishment, and reuse.

5. Conclusions

This study has examined whether and which types of consumers express preferences
for electronic products at different levels of circularity. Two relevant customer segments
emerged. In the cases of both mobile phones and robot vacuum cleaners, one rather small
segment appeared interested in circular products regardless of higher price. A second
much larger segment appeared open-minded to circular products, but remained primarily
motivated by low prices. An additional segment responded strongly to the CE Score,
expressing a preference against circular mobile phones; however, no such segment emerged
in the case of robot vacuum cleaners. Further research will clarify whether these results
apply to consumers outside the United Kingdom and beyond the two products tested here.
Unfortunately, the rather small study size precludes any conclusions regarding isolated
demographic variables such as sex, age, education, or income.

In addition to the presence of these customer segments, a critical finding in this study
was the salience of the CE Score as a product attribute. To date, no product label for
the circular economy exists, and consumers remain generally unaware of the Circular
Economy and individual products’ level of recirculation. The findings here suggest that
the development of a labeling and certification system of circular products is a worthwhile
undertaking.

Consumer-centered research in Circular Economy literature is still relatively uncom-
mon, yet it is an essential dimension of a broader societal transition. Armed with a nuanced
understanding of the market for products made from recirculated material, producers
can abandon antiquated and environmentally unsustainable linear business models with
higher confidence that a potentially risky innovation will be met with reward.
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