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Abstract

Business model experimentation has been identified as a key driver for business competitiveness but is underexplored in the sustainability and circular economy spheres.
What is business model experimentation for the circular economy? This study follows
a two-step approach: a literature analysis followed by a qualitative practitioner study.
Based on these, circular business model experimentation is defined as an iterative
approach to develop and test circular value propositions in a real-life context with
customers and stakeholders, starting with a shared goal. It involves rapid learning based
on empirical data to provide evidence on the viability of circular value propositions.
Iterations involve increased complexity of experiments. There is a learning focus on
initiating wider transitions, such as transforming consumer behaviours for the circular
economy. We visualise the emerging research landscape, including research streams from
business, transitions, engineering, and design. Practically, we illuminate how practitioners
view the concept and current experimentation tools and approaches.
Keywords Sustainability . Circular business model . Sustainable business model . Sustainable
business model experiment . Circular economy transition . Circular business model experiment

Introduction
The circular economy concept has been adopted by business as a powerful paradigm to
address increasing sustainability issues [1, 2]. The circular economy focuses on slowing,
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closing, narrowing, and regenerating resource loops to address pressing issues around manmade climate change, biodiversity, and resource strains [3–5]. Large established businesses are
vocal about the potential of circular business models to save resources while safeguarding
future competitiveness [6], but the operationalization of the circular economy in practice is
lagging behind [7–9], and sustainability outcomes of innovating business models are uncertain
[10]. Echoing the work by Blomsma and Brennan [11], Baldassarre et al. [12], and Kirchherr
et al. [2], we argue that the circular economy concept is in need for action and validation.
Experimentation is needed not only to trial the viability of options in a business context but
also to initiate transitions within existing companies.
This research investigates the emerging concept of business model experimentation within
the circular economy, and tools, methods, and approaches, based on literature analysis and a
practice study to provide novel insight into this emerging and necessary research agenda.
Below, we set out the four reasons for this study: (1) the pressing need to address climate and
resource issues and role of business, (2) the interest in experimentation in sustainability and
circular economy research and practice, (3) the tradition of experimentation in field of
transitions studies and recent recognition of the business model as a source of inertia, and
(4) the popularity of the experimentation concept and its divergent applications in business
studies.
First, due to the increased resource and climate pressures [13, 14], companies face the need
for changing the way they do business dramatically. The circular economy is a potential
avenue for change which has received significant business interest [6], which has translated
into company commitments to the circular economy transition (e.g. [15]). However, knowledge and methods on how to transition to a circular economy from a business perspective are
only emerging [7, 16, 17], despite a long tradition of sustainability research and the role of
business (e.g. [18, 19]). More clarity in this emerging research field of the circular economy
and future research directions are needed, building on knowledge in different disciplines.
Second, while business model experimentation is helpful to test the marketplace acceptance
of new products and services [20], in the field of sustainability, experimentation can also
ensure positive impacts on society and the environment [21]. It has been identified as an
emerging theme in newer circular business research (e.g. [22]) and practice [23, 24]. Experimentation can kick-start transitions in business by demonstrating the potential of circular
business models in practice and starting the internal change processes [17] but also wider
industry and societal transitions towards a circular economy, where the dominant linear
business model is seen as a key barrier [8, 25].
Third, as asserted by Fischer and Pascucci [8] and Sarasini and Linder [25], experimentation has long been featured in transitions research, where experiments help to challenge the
dominant institutions and economic paradigms of society [26, 27]. It has been described as a
potential approach for accelerating sustainable innovations in transitions literature (e.g. [21,
28]). Moreover, in transitions research, dominant unsustainable business models (e.g. the
linear take-make-dispose model) have recently been described as inertia in sustainability
transitions [25]. Besides transitions research, experimentation is a core concept in engineering,
economics, natural sciences, and the medical sciences [29, 30], with different meanings, which
suggests the need for more conceptual clarity.
Finally, business model experimentation is addressed as an important concept in mainstream business literature [31–33]. Business model innovation requires significant trial and
error and ongoing business model adaptation [20]. Hence, it comes to no surprise that
experimentation has been increasingly adopted in business practice [30, 34]. Experimentation
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with new business models has been linked to popular tools and approaches. These include the
Business Model Canvas [35], a visual representation of a business model; the Lean Startup, an
approach focused on building, measuring and learning through a structured innovation process
[36]; and effectuation, which is about ‘using available knowledge, means, and resources within
iterative business innovation processes’ ([12] p. 2, based on [37, 38]). While experimentation
has been described as an approach to business model innovation (e.g. [31, 39]), it is also a
research method within management research (e.g. [40]). Hence, in the business studies
context, experimentation has multiple interpretations.
This study explores the role of business model experimentation and its opportunities for
accelerating and facilitating the implementation of circular business models in companies. It
seeks to answer the question and sub-questions:
What is circular business model experimentation (CBME)?

&
&
&
&

How can CBME be defined?
What are the main characteristics of CBME?
What are the literature streams that underpin CBME?
What tools and methods may be used for CBME?

Next, the two-step method is explained in more detail, followed by the results with focus on
the evolving landscape and research streams, definition, tools, and methods as well as the
practitioner perspective. Finally, contributions to research and practice are presented.

Method
This research method is twofold. The first step is the literature analysis to investigate the
emerging research landscape. The second step is an empirical investigation among practitioners involved in business model experimentation for the circular economy.

Step 1: Literature Analysis
Table 1 summarizes the steps of the literature analysis, which consisted of two stages.
Table 1 Literature review1 details
Stage Details

Number of
studies

1

20

2

1 The

Systematic database search for journal articles with search string in Web of Science,
Scopus, and Google scholar (search string: ‘business model’ AND ‘experiment*’
AND ‘circular economy’) after removing duplicates
Number of papers after applying inclusion and exclusion criteria
Systematic database search for journal articles with search string in Web of Science,
Scopus, and Google scholar (search string: ‘business model’ AND ‘experiment*’
AND ‘sustainability’) after removing duplicates
Number of papers after applying inclusion and exclusion criteria
Total number of circular business model experimentation papers
Total number of sustainable business model experimentation papers
Total number of papers analysed
literature search was completed at the end of September 2020

17
122

22
17
22
39
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To establish the theoretical grounding, we examined literature on business model experimentation for the circular economy or, in short, circular business model experimentation
(CBME) in stage one. The following search string was used to systematically review article
titles, abstracts, and keywords: ‘business model' AND ‘experiment*’ AND ‘circular economy’
(results in Table 1). Web of Science, Scopus, and Google Scholar databases were selected to
review literature written in English. These databases are complementary for management
research purposes and the search focused on management, engineering, and social sciences.
Solely journal articles were included. Books, conference papers, and book chapters were
excluded because the rigour of the academic peer review of these sources varies greatly.
The abstracts were examined to identify the initial literature sample. Inclusion criteria were as
follows: The studies must be about business model experiments, the circular economy concept,
and have a business focus. Studies were excluded if they formed no or a negligible part of the
theoretical underpinning or research contribution (Appendix A Table 4 shows the included
literature).
In the second stage of the literature analysis, we explored sustainability-oriented business
model experimentation (SBME) because sustainable business model research pre-dates the
newer circular economy concept [5]. Moreover, the search for CBME papers generated a
limited number of papers. The search string for stage two was ‘business model’ AND
‘experiment* AND ‘sustainability’. The same selection criteria and databases were applied
as in the initial literature search (Appendix B Table 5 shows the included literature).
Finally, the identified studies were investigated in detail to develop a comprehensive
definition. This development was based on characteristics of CBME uncovered from the
articles, the identified tools and approaches for CBME, and the dominant research streams.

Step 2: Empirical Analysis—Understanding of CBME Among Practitioners
The empirical analysis consisted of querying practitioners in the area CBME. The aim was to
illuminate how CBME involved in practice view the topic and whether this differs from the
analysed literature. The following single question was asked: ‘What does “circular business
model experimentation” mean to you?’ Sampling consisted of identifying practitioners with
recent experience in the field of circular business model experimentation, whether this was in a
guiding, implementing, or funding role. Respondents consisted of international group of
practitioners in the direct network of the authors, who were contacted via email or phone,
and the group was further expanded by looking for relevant expertise in the authors’ networks
through the LinkedIn network. While 34 practitioners were contacted, a total of 30 respondents
were included in the analysis. There were four non-responses: two due to indirect contact (the
query being forwarded), one due to long-term leave, and one with outdated contact details.
Appendix C Table 6 includes an overview of the respondents, covering multiple types of
companies and sectors (e.g. fashion, banking, retail) and roles (e.g. innovation consultant,
sustainability manager, venture leader, director innovation, and sustainability).

Results
The results are split in the outcomes of Step 1 (literature analysis) followed by Step 2
(insights from practitioners) and the overall analysis of both analyses. The results of
Step 1 start with an overview of the publications followed by definitions and
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characteristics, literature streams, and tools and methods, in line with the sub-questions. Step 2 focuses on validating the definitions and characteristics of CBME based
on the practitioner study.

Step 1: Overview of Publications
The literature search led to a total number 17 core journal papers on circular business
model experimentation (Appendix A Table 4) plus 22 additional papers to understand the
broader sustainable business model experimentation field that pre-dated the circular
business model experimentation concept (Appendix B Table 5). The review confirmed
that this is an emerging research field as all publications were dated between 2011 and
2020. In the circular economy selection, all except two papers [41, 42] included
empirical work, predominantly based on cases. The sustainability selection included
only one conceptual paper [43]. Whereas in the older SBME work, fewer tools and
processes were developed (4 out of 22 publications), in the newer CBME, 8 out of the 17
publications included a tool or process. This suggests that the circular economy concept
lends itself for practical implementation. Furthermore, the empirical work through cases,
workshops, and direct experiments with business and other organisations demonstrates
the practical focus of the circular economy.
The literature search also identified diverse business contexts, e.g. grassroots organizations [44], startup [45], social businesses [46], and large established businesses [22].
Some of the longstanding and ongoing areas of research in this review focus on (electric)
mobility (e.g. [47, 48]) and solar PV in different contexts (e.g. [49]), suggesting that these
might be sectors where experimentation is becoming more commonplace and where
business model innovations are gaining traction. Other pockets of research relate to
business experimentation in city contexts [47, 50, 51], buildings [52, 53], clothing (e.g.
[22, 54]), and farming [44, 55, 56]. Rather specialized, washing machines were represented with three papers [16, 57, 58]. Sector-specific studies included online education [59],
university campuses [60], travel [61], water filtration [62], electric motors [58], and fastmoving consumer goods [63]. Areas of technical innovation include Internet of Things
(IoT) [16], smart grids [47], smart cities [50], and smart collection [51], suggesting the
need to experiment at the intersection of technology and business models (see also [20,
64]).
Finally, different types of circular business models are addressed. For example, Danso
et al. [55] and Yazan et al. [56] refer to closing the loop through ‘creating value from
waste’ in biological resource cycles, and Xue et al. [51] investigate recycling and smart
collection. Others highlight slowing the loop: Bashir et al. [63] look at refill and reuse;
Lieder et al. [57] compare buy-back, leasing, and pay-per-use; Weissbrod and Bocken
[22] refer to slowing the loop for fashion; and Torrieri et al. [53] refer to repurposing
monastery buildings as a way of direct reuse. Most papers have an environmental focus,
whereas Täuscher and Abdelkafi [59] also consider the economic viability of the
business model, and Dobson et al. [61] integrate social aspects. Specifically, the payper-use business model [65] seems to be popular and is addressed in Lieder et al. [57],
Sousa-Zomer et al. [62], and [16, 66]). Service models in general, like mobility as a
service (e.g. [48, 67]), are popular, which is not surprising as this is one of the more
established research fields in the sustainable and circular business model sphere (e.g. [65,
68]).
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Defining and Characterising Circular Business Model Experimentation
The literature review results confirm the lack of conceptual clarity on circular business model
experimentation. Table 2 shows different literature assertions identified on SBME and CBME.
The literature offers no unifying definition on CBME, but there are clear common
characteristics of the concept. We identified ten key characteristics based on analysing
dominant characteristics among the articles (Appendix A Table 4):
Table 2 Literature descriptions on business model experimentation
Source

Descriptions of CBME

Guldmann and Huulgaard, [69] ‘the complex nature of the [CBME] process is best dealt with via internal and
external experimentation […] and through this experimentation, the
company can explore different possibilities for value creation, delivery and
recapture and for offering customers an extended value proposition’
Konietzko et al. [70]
‘circular business model experimentation can help stimulate innovation and
action towards circularity in organizations. It has the potential to promote an
iterative ‘getting things done’ attitude among the participants […]
experiments are situated between fast learning (e.g., paper sketches,
interviews) and slow learning (e.g., business plans, pilots, market studies)’
Fleischmann [60]
‘Circular Economy lends itself to the use of design-led innovation methods (…)
Design-led innovation offers methods to drive radical innovation and business model transformation based on customer-centricity’ (p. 384). ‘[It]
involves rapid prototype testing and using a co-creation experience process
because it is impossible to understand the whole ecosystem upfront’ (p. 388)
Sousa-Zomer et al. [62]
‘Business experimentation is essential for sustainable business model
implementation’
Source
Descriptions of SBME
Aagaard et al. [45]
‘[We define] six types, namely network business experimentation, selling
business experimentation through trial and error, technology scope business
experimentation, specialist business experimentation, customer-driven business experimentation, and sustainable value-driven business
experimentation, are used by all of our case companies and as a continuum.
[…] [L]earning is an inherent role of experimentation’
Bashir et al. [63]
‘[Business experimentation for sustainability] can enable companies’ transition
from an existing business model to a new and more sustainable business
model. This requires a reiterative approach to design, experimentation and
analysis that can generate actionable insights on barriers for the adoption of
such solutions, and interventions to overcome them’
Dobson et al. [61]
‘[B]usiness model experimentation involves actively learning about the
environment and incorporating new information and feedback to refine the
initial proposition into a viable business model. At the core of this
experimentation and exploration is organizational learning’
‘[B]uilding upon the knowledge accumulated from incorporating feedback
from repeated successive experiments improves an organizations
experiential knowledge and in turn, reduces the uncertainty of operating in a
new environment (…) when the results of an experiment are negative, the
business model will be adjusted and another experiment will begin’
Ortega et al. [46]
‘Rather than spend an inordinate amount of time and resources on planning
what is inherently unknown and uncertain, [organizations] quickly map out
their assumptions and then run experiments to test those assumptions. They
can then adjust their plans based on what they have learned from their
experiments’
Huijben and Verbong [71]
‘Business model experiments can take place both within and between firms. By
performing business model experiments new business opportunities can be
found or even created’
Note. Newest publications on top
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1. Designing and testing new circular value propositions
The aim of experimentation is to test propositions (product/service offerings) with
customers or other stakeholders to test their viability from a customer perspective and
circular economy perspective.
2. Testing in a real-life context, with stakeholders
Tangible evidence is needed to create evidence to convince stakeholders inside and
outside the business about the viability of new propositions. Testing takes place with
customers and other stakeholders.
3. Generating and analysing empirical data
Data are generated and analysed, e.g. through experimentation as a research method
or using methods such as Lean Startup [36].
4. Iteration and rapid learning
Iteration and rapid learning are recognised in practitioner work (e.g. [24, 35]), and this
was referred to in several studies.
5. Exploration and creating options
Experimentation is about finding out what works under which conditions and identifying and creating options, in the transition from a linear to a circular economy.
6. Reducing uncertainty, risk, and cost
Experimentation helps to reduce uncertainty and associated risk and cost.
7. Overcoming organizational inertia (in large established firms)
Organizational inertia hinders circular business model innovation in large established
firms, and experimentation can help large firms overcome these.
8. Vision and purpose and/or goals
Through experimentation, companies work towards a shared vision and goal.
9. Partnering with others
This involves collaboration with others whether these are businesses, (local) governments, nongovernmental organizations (NGOs), or citizens.
10. Contribution to a wider transition
The aim is to contribute to a wider transition towards the circular economy and
sustainable development.
Nine out of the 17 articles covered all ten criteria, and a further five at least 70% of all
criteria (Appendix A Table 4). Criteria 8 and 9 on a shared vision and partnering with
others were missing in some of the studies anchored in engineering, namely, the studies by
Yazan et al. [56] which included modelling and computational experiments of the biogas
supply chain and Marconi et al. [58] on a model for effective disassembly times for home
appliances.

Literature Steams for Circular Business Model Experimentation: an Evolving Landscape
The literature review identified diverging, yet complimentary perspectives on the concept of
circular business model experimentation (Fig. 1, Appendix D Table 7). Figure 1 illustrates how
the reviewed literature in this article has evolved since 2011—as this is the date when the first
articles explicitly at the intersection of experimentation in a business and sustainability context
appeared to have emerged. For example, some authors used the Business Model Canvas in a
sustainability context (e.g. [44, 71]), whereas others evolved the canvas (e.g. [12]) or referred
to the Lean Startup (e.g. [46]). While most studies described business experiments as an
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innovation activity in companies (e.g. [72, 73]), some studies use experimentation as a
research method (e.g. [48, 75]) similar to the earliest work identified [49]. Three
studies use both business experimentation as an innovation case and experimentation
as a research method [16, 57, 63]. Four dominant research streams emerged from the
literature review: literature anchored in business studies, engineering studies, transitions research, and design. Nearly half of the studies (18 out of 37) took a multidisciplinary perspective. Seven studies took a transitions’ and a business perspective, but
only three studies integrated three disciplines. The different streams will be discussed
next.

Literature Anchored in Business Studies The first set of articles are the ones anchored
in business studies (37 out of 39 papers), mostly include business experiments as an
innovation case, followed by experiments as a research method, and three conceptual
papers.
Studies typically used the term experimentation in a rather lose fashion, not applying
strict ‘scientific rules’ as recommended in work on experimentation as a research method
[40]. Only Bashir et al. [63] and Yoon et al. [75] used a control group, as typical element
of design of experiments as perused in the natural sciences. Aspects like randomization
and a control group are typically not referred to; however, in Bocken et al. [16], the lack of
a control group is described as a limitation. The literature review results are aligned with
the comparison of the experimentation approach in the natural sciences and the corporate
experimentation process by Weissbrod [30], who describes that control groups are not part
to the experimentation process for sustainable innovation due to the complexity of
sustainable innovation processes. Thus, most identified literature sources use the term
experiment, when in fact ‘quasi experiments’ are described [40]. This means that the term
experimentation is used when referring to approaches or processes that lack critical aspects
of a ‘real experiment’. It has been argued that a scientific approach to innovation can be
beneficial to the success of innovations in organizations, especially through the formulation and testing of hypotheses during establishing new organizations [79]. The question,
however, remains to what extent aspects of experimental designs, more common in natural
and physical sciences, would apply within the business context and to what extent this is
even desirable [29]. For example, some of the reviewed papers [12] use a more effectual
approach building on ‘what is available’ [38], which seems to contrast the more structured
Lean Startup approach, although other cases started off with using the Lean Startup, but
ended up taking a more effectual approach [54].
Using experimentation as an approach to innovation, some articles used an action-oriented
research approach with a variation of techniques [12, 44, 54, 69]. Bocken et al. [54] draw on
Ries’ [36] and Blank’s [80] interpretations of an experimental learning approach. This
approach consists of formulating hypotheses, gathering data to test these, and developing
conclusions based on the gathered data over a limited time period [36]. Guldmann and
Huulgaard [69] use the interactions with companies to formulate barriers to circular business
model innovation. Ramos-Mejía and Balanzo [44] used a mix of qualitative methods (interviews, focus groups, direct observation, and ethnographic work) within a socio-technical
experiment to understand how grassroots ecopreneurs developed sustainable business models
in Colombia. Baldassarre et al. [12] used qualitative and action research techniques, coupled
with design science research, to support sustainable startups in prototyping while developing a
tool to develop future startups with sustainable business model innovation. Finally, recent
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work used a straightforward survey as choice experiment to test food provisioning practices in
CBMs [78] or thought experiments to generate insights on future circular business models
[41].

Literature Anchored in Design The most popular intersection between disciplines lies
between design and business studies: Ten studies combine these perspectives (Fig. 1).
Studies at the intersection of design thinking, business model innovation, and experimentation already started with the work by Ortega et al. [46], who were experimenting
with social impact innovation. Yet with three studies at the start of 2020, it appears that this is
a new and popular research area. Guldmann and Huulgaard [69] regard experimentations as a
solid part of circular business model innovation, making a distinction of internal and external
experimentations (e.g. testing a prototype together with a supplier). Baldassarre et al. [12] tackle
the challenge they refer to as the ‘design-implementation gap’ and design an organizational tool
(SBM Pilot Canvas) to plan and execute small-scale pilots for implementing sustainable
business models. Konietzko et al. [67] propose a set of principles for circular ecosystem
innovation in which experimentation plays one part. Thus, from the viewpoint of the crossroads
of design thinking for business model innovation and experimentation, relevant themes for
further research include the following: frameworks and processes for innovation and implementation of business models, which is also naturally interconnected with the area of practical
tool and method development [66, 81].
Literature Anchored in Engineering Studies Eight studies are anchored in engineering
studies (Fig. 1). Most papers in the field of engineering studies (except Xue et al. [51] and
Torrieri et al. [53]) used experiments as a method.
Different types of experimental methods are used. Lieder et al. [57] used a simulation
model to run an optimization experiment to find the most cost-effective combination of
reused, remanufactured, and recycled components for a business model for a washing
machine manufacturer; Torrieri et al. [53] developed an evaluation model based on
multicriteria analysis and a financial model to support the choice of an alternative reuse
of an ancient monastery in Italy. Their approach, similar to the tool in Lieder et al. [57], is
suggested as a future decision support tool (Torrieri et al. [53]). Täuscher and Abdelkafi
([59], p. 654) developed a simulation based on the ‘learning sector’ by running a simulation
for Coursera.
Other researchers developed knowledge more generally to inform business model
development for future decision-makers. Yoon et al. [75] calculated the willingness to
pay for solar lanterns in India and found that this is low, despite a trial period and
postponed payment to increase sales. Kendel and Lazaric [50] installed smart meters in
consumers’ homes with a control group. In addition to monitoring in this experiment,
questionnaires were used. The findings suggest that any interventions that motivate
households to change their energy habits would help, which would have implications
for future business model development [50]. Xue et al. [51] also used qualitative research
with an open questionnaire and interviews to assess intelligent collection companies. They
show the potential for integration of the informal waste collection into the more formal
intelligent collection companies using internet and communication technologies [51].
Marconi et al. [58] developed a method based on datamining to develop disassembly
planning for a washing machine and coffee machine. Yazan et al. [56] developed an
enterprise input-output approach to model physical and monetary flows of the manure-

Data mining (DM) techniques applied to disassembly sequence planning (DSP)
Enterprise input-output approach (from [90])
Simulation methods [91]
Simulation techniques [92]

Based on Osterwalder et al. [35]
Based on Osterwalder and Pigneur [86]
Derived from
Inspired by Lean Startup [36] and 10 steps to a Circular Business
in Kraaijenhagen et al. [24]
Inspired by Lean Startup [36] but with effectual elements [38]
Typical innovation funnel (e.g., [93]) triple bottom line by Elkington [94] and
Lean Startup [36]
Includes vision, empathy and model map, and overall approach
builds on design thinking [95]
Typical innovation funnel (e.g. [93])
Derived from
Based on Osterwalder and Pigneur [86]
Osterwalder and Pigneur [86]
Sustainable business model framework in Bocken and Short [87]
Osterwalder and Pigneur [86]

Marconi et al. [58]*
Yazan et al. [56]*
Täuscher and Abdelkafi [59]
Lieder et al. [57]*

Bocken et al. [54]*
Bocken et al. [54]*
Source
Bocken et al. [17]*

Weissbrod and Bocken [54]*

Chesbrough [72]
Source
Bocken et al. [17]*
Ramos-Mejía and Balanzo [44]
Sousa-Zomer et al. [62]
Huijben and Verbong [71]

Ecomagination Review Process
Strategy templates
Sustainable Business Model Canvas
Business Model Canvas
Sustainable business model components/framework
Business Model Canvas

Note. An asterisk (*) shows that the study is circular economy specific

Ortega et al. [46]

Bocken et al. [54]*

Stepwise process of business model
experimentation
Triple bottom line value creation driving
corporate experimentation
Social Impact Model

Bocken et al. [66]

Based on Osterwalder and Pigneur [86] and effectual logic [38]
Foresight process framework [88] and scenarios
Psychological constructs on purchasing behaviour [89]
Novel Approach to Imprecise Assessment and Decision
Environments (NAIADE) method, a social multicriteria method [42, 66].
Inspired by Lean Startup [36]

Baldassarre et al. [12]
Bauwens et al. [41]*
Borrello et al. [78]*
Torrieri et al. [53]

SBM Pilot Canvas tool
Future scenarios
Consumer survey, discrete choice experiment
Integrated evaluation model, based on
multicriteria analysis, and a financial model
Ecology of Business Models Experimentation
(EBME) experimentation map
Approach for calculating disassembly times
Monetary and physical input-output for
manure-based biogas chain
System dynamics simulation model
Quantitative analysis tool to explore design
and circular business model combinations
and optimize design to fit to a model
of preference or choice
Experiment cards
Experiment canvas
Processes
Circular business model experimentation cycle

Derived from

Source

Tools

Table 3 Tools, processes, and templates and origin
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based biogas supply chain. Computational experiments highlighted under which conditions; cooperation is beneficial for all actors [56].

Literature Anchored in Transitions Studies Seven studies combine a business with a
transitions research perspective (Fig. 1). Huijben and Verbong [71] describe business model
innovation in relation to a transition to solar photovoltaics (PV) as part of a wider renewable
energy transition, citing Geels [82, 83] on transitions and Geels and Raven [84] on niche
developments in transitions. Jolly et al. [73] refer to the work by Kemp et al. [26] on niche
developments in their study on business model experiments for off-grid PV solar energy in
India. Ramos-Mejía and Balanzo [44] refer to the work by Kemp et al. [26] and Smith and
Raven [85] on niches in transitions to sustainability in their work on grassroots ecopreneurs.
Xue et al. [51] do not specifically cite the transitions literature stream but rather refer to the
need for wider economic transitions processes in China. Bauwens et al. [41] refer to the
transition to the circular economy and the potential of scenarios to inform strategies and
policies.
Multidisciplinary Perspectives The ‘most multidisciplinary’ studies are the three studies
by Lieder et al. [57], Xue et al. [51], and Bocken et al. [66] (Fig. 1). Lieder et al. [57]
position themselves in both business and engineering studies but also bring in knowledge
from design thinking in their study on future business models for washing machine
manufacturing. Similarly, Xue et al. [51] take a business and engineering perspective but
also bring in the wider transitions’ lens for sectorial transformation in China. Bocken
et al. [66] make the connection between business models and transitions research, but
also design thinking when supporting the ‘design’ of a new pay-per-use business model.
The CBME field is diverse in itself, and recent studies also draw on multiple disciplines
simultaneously.

Tools and Approaches for Circular Business Model Experimentation
Different tools and processes for circular business model experimentation have been developed. Table 3 provides the overview of tools and processes.
The articles show close ties to the existing practitioner tools such as the Business Model
Canvas and Lean Startup method (see also, [34]). Ramos-Mejía and Balanzo [44] and
Huijben and Verbong [71] both use the Business Model Canvas as part of their studies.
Others like Baldassarre et al. [12] and Bocken et al. [17] adapt the Business Model Canvas
for sustainability or circularity purposes. Chesbrough [20] in his work on business model
experimentation already mentioned potential approaches to experimentation, including a
more structured Lean Startup style approach using hypothesis testing [36], versus a more
emergent effectual approach to business model experimentation, focused on ‘what is
available’ [38]. Some articles identify this more effectual approach in addition to the more
structured Lean Startup being adopted by business (e.g. [12, 54]), but the dominant
sources for inspiration appear to be the Lean Startup, as well as the Business Model
Canvas by Osterwalder and Pigneur [86]. Chesbrough [20] also notes the importance of an
iterative approach, in line with design thinking, which is also being adopted in some
articles (e.g. [12, 46, 57, 69]). Some articles also build on more traditional new product
development innovation funnels (e.g. [22, 72]).
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In studies in the engineering research stream, decision support tools have been developed,
such as the work by Marconi et al. [58] that calculates disassembly times in a future circular
economy and the model by Yazan et al. [56] to assess the potential for collaboration. Torrieri
et al. ([53]) use multicriteria analysis to support the decision on redevelopment of a monastery.
Lieder et al. [57] and Täuscher and Abdelkafi [59] use forms of simulation to support future
business model development.
Recent work embeds insight from psychology to understand possible consumer
behaviour shifts [78] and insights from scenario analysis to develop circular economy
pathways [41].

Step 2: the Practitioner Study
The practitioner study was conducted to investigate how the CBME field emerged compared
to literature. Thirty practitioners answered the question: ‘What does “circular business model
experimentation” mean to you?’
Appendix C Table 6 shows the coded version of the responses by the practitioners
against the criteria in Section 3.1.2 to identify similarities and differences. Two out of the
thirty practitioners referred to all ten criteria from our definition in Section 3.1.2. This
small number is not surprising as we asked for the practitioners’ viewpoints and not a
comprehensive definition. Some points were more prominent in the practitioner responses
than in the reviewed studies. In particular, the practitioner data sample showed an
emphasis on the customer, using and balancing metrics, systemic change, and scaling
up. The focus on the customer and balancing financial, with societal and environmental
metrics was expected, seeing the business context of the respondents. The focus on scaling
up and systemic change is, however, noteworthy as it shows that the CBME concept is
seen as a lever for change by practitioners.
Two out of the thirty practitioners with a science background mentioned a controlled lab
type of experimentation environment, although most referred to the rather practical setting of
experimentation in collaboration with customers, suppliers, and other stakeholders. As for
tools and methods, the Lean Startup approach was named once. One participant, however,
mentioned ‘build-test-learn’, and three others refer to hypotheses testing. Design thinking was
mentioned once.

Characteristics and Definition
While the literature analysis gave comprehensive insights, the practitioner study gave
enriched perspectives to the CBME perspective. These related to the customer and
transforming consumer behaviour, using and balancing metrics, systemic change, and
scaling up. Based on the practitioner perspectives, we evolved the original 10 CBME
characteristics (new in italics):
1. Designing and testing new circular value propositions. The aim of experimentation is
to trial propositions (product/service offerings) with customers and other stakeholders to
test their viability from a customer perspective, circular economy, and systemic
perspective.
2. Testing in a real-life context, with stakeholders. Tangible evidence is needed
to create evidence to convince stakeholders inside and outside the business about
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3.

4.

5.

6.

7.

8.
9.
10.

the viability of new propositions. Testing takes place with customers and other
stakeholders.
Generating and analysing empirical data. Data are generated and analysed, e.g.
through experimentation as a research method or using methods such as Lean
Startup.
Iteration, rapid learning, and moving from experiment to scaling. The process is
iterative (e.g. build-measure-learn) and the complexity of experiments build up over
time, towards scaling up from a small-scale towards expansion within and across
markets.
Exploration and creating options. Experimentation is about finding out what works
under which conditions and identifying and creating options, in the transition from a
linear to a circular economy.
Developing the business case while balancing societal and environmental impact.
Experimentation helps to reduce uncertainty and associated risk and cost about future
propositions, but various criteria (e.g. business case, circularity, sustainability) need to be
balanced during the experimentation process.
Overcoming organizational inertia (in large established firms). Organizational inertia
hinders circular business model innovation in large established firms, and experimentation can help large firms overcome these.
Vision and purpose and/or goals. Through experimentation, companies work towards
a (shared) vision and goal.
Partnering with others. This involves collaboration with others whether these are
businesses, (local) governments, NGOs, or citizens.
Contribution to a wider transition. The aim is to contribute to a wider transition
towards the circular economy and transforming consumer behaviours.

Based on these ten characteristics, we assert that CBME is
An iterative approach to develop and test circular value propositions in a real-life
context with customers and stakeholders, starting with a shared goal. It involves rapid
learning based on empirical data to provide evidence on the viability of circular value
propositions. Iterations involve increased complexity of experiments. There is a learning
focus on initiating wider transitions, such as transforming consumer behaviours for the
circular economy.

Discussion
This study investigated the research question of ‘What is business model experimentation for
the circular economy?’ through a structured literature review followed by a practitioner study.
Here, we discuss the implications for research and practice.

Implications for Future Research
We conceptualise CBME as an interdisciplinary and actionable concept, with studies anchored
in the domains of business, transitions, engineering, and design thinking and various articles
crossing research domains. With the rise of the circular economy concept, and the need for
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companies to transform their business models, we see ample opportunity for further research.
For example, the intersections of CBME with transitions studies [25] and design thinking (e.g.
[12, 60]) are only starting points for further tool and method development. This may
specifically include service design (e.g. [96, 97]) to support the understanding of how circular
business models perform in practice through highlighting customer touchpoints and painpoints, or gamification (e.g. [98]), and find new opportunities to stimulate sustainable behaviour. Insight from psychology might further the understanding of consumer behaviour transformation (e.g. [63]). From the field of transitions studies, techniques around scenarios and
strategic foresight might support ideation for transformative circular business model concepts
(e.g. [41]). Further afield research fields such as biology applied to business ecosystems [66]
and the broader concept of Industrial Ecology [99],might also inspire further tool and method
development.
Second, methodologically, this research uncovered the need for future research to
determine (1) the level of control in experimentation, (2) the merits of qualitative versus
quantitative evidence, and (3) the customer centric approach versus sustainability as
diver of experimentation. First, the level of control in business experiments is still an
area for debate. The literature on experimental methods in management research (e.g.
[100]) suggests the need for a ‘scientific approach’, including the development of
hypotheses, and preferably a form of randomization and a control group. However, it
appears rarely possible to set up a fully controlled experiment within a business context
[22], and most of the identified studies lack experimentation aspects such as a control
group, and only two practitioners referred to a ‘lab style’ experimentation approach.
Second, while the Lean Startup approach to business experimentation emphasizes quantitative evidence (e.g. number of clicks on an advert), qualitative data may also provide a
richer view on customer segments and aspects of the offering that appeal to them [101].
Kendel and Lazaric [50], for example, combined quantitative with qualitative data.
Indeed, interviews and focus groups are also part of the wider experimentation ‘toolkit’
used in businesses [35]. We see a discrepancy in how experimentation is proposed by
Ries [36], Blank [64, 80], and Osterwalder et al. [35] who recommend a customer-driven
approach and the studies with focus on circularity and sustainability. For the customer
perspective, insights from marketing and psychology (e.g. [78]) may be embedded in
CBME. Bridging divergent perspectives, the sustainable business model tool by
Baldassarre et al. [12] integrated aspects of desirability, feasibility, viability, and sustainability. The need to integrate heterogonous metrics also echoes practitioners’ views
who seek to balance these aspects during experimentation. This could be an area for
future research.
Third, the literature on CBME features various tools and methods. Lean Startup and
the Business Model Canvas were important influences for several reviewed articles. The
Business Model Canvas is sometimes used without an indicated adaptation for sustainability (e.g. [71]) while others propose sustainability variations of the Business Model
Canvas (e.g., [17]). Problematically, although Business Model Canvas–type frameworks
seem to be useful to identify the different elements of the business model, these
frameworks do not directly guide experimentation [34]. Effectuation [38] was mentioned
in conjunction with the Lean Startup approach and was a source of inspiration to advance
the circular business model experimentation process [12, 54]. In line with older work
[72], structured approaches to innovating (e.g. the stage-gate process; [93]) were featured. In an established company, the structured approach (e.g. [22]) is expected, but the
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emergent more effectual approach typically used by entrepreneurs and as described by
Sarasvathy [38] was also found in established business [54]. Further research should
investigate which tools are best suited for which organizational context, how to address
the difficult question of how to embed sustainability and circularity effectively in the
business model, measure impact and balance heterogeneous metrics, and scale up from
experiments. Possible theoretical directions relate to the process oriented; dynamic and
emergent view of business model innovation should build on the discussions in ‘mainstream’ business literature (e.g. [102]), in the interdisciplinary sustainability literature
(e.g. [25, 81]), and in sustainability-focused literature in management journals (e.g.
[103]). The understanding of ‘what is an experiment’ as a method may help improve
the rigour of experimentation.

Implications for Future Practice
Experimentation has been recognized as a key capability in established companies [104], but
few custom-made tools and approaches seem to be developed for this purpose [34], in particular
for sustainability or circular economy [105]. Blank [80], Ries [36, 106], and Chesbrough [20]
recognize that startups and established corporations need to experiment with the value
proposition at the heart of their business model to forge a product/service fit with the
marketspace. Whereas startups are an ongoing experiment [64, 80], in of established
companies, experimentation is needed for long-term firm survival by challenging the
dominant business model [104].
This work contributes to practice by highlighting the tools and practices, organizational
contexts, and practitioners’ views on CBME. The tools and approaches in Table 3 are a
starting point for practitioners seeking inspiration for CBME. Identified studies used and
derived existing tools (e.g. Lean Startup, Business Model Canvas). Recent work also included
choice experiments and scenarios, integrating notions from psychology [78] and transitions
studies [41]. Engineering techniques such as simulations are a way to experiment and predict
without customer involvement, as a step before necessary user interaction as heralded by
studies anchored in design thinking (e.g. [12]).
Finally, practitioners’ views on CBME highlighted the need to balance sustainability
impact and the business case while experimenting. CBME was viewed as a way to transform
consumer behaviour, scale up smaller initiatives, and initiate wider ecosystem transitions.
Experiments would build up in complexity and result in larger pilots and scale ups. These
points of attention and the 10 characteristics of CBME give practitioners insight into the scope
of the emerging topic of CBME.

Limitations
The literature analysis was limited to peer-reviewed journal papers, studies in the English
language, and uses of the specific keyword ‘experimentation’ in the business context. The
practitioner study largely included European practitioners, and for the benefit of the practitioners’ time, we focused on one core question. In addition to the directions highlighted above,
future work could give insight into the ways of business experimentation in different national,
cultural, and sectorial contexts. Moreover, collaborative experimentation practices of business
with other societal actors (e.g. NGOs, governments) could be a source for further in-depth
research. Furthermore, the highly energy intensive and polluting but non-consumer facing
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industries, such as steel and aluminium, paper, cement, plastics, and mining [13], were not
identified in the sample. Research may focus on how such industries can reinvent their
business models through experimentation, because of their size and impact. Finally, the
circular economy has been critiqued for its predominant environmental and economic focus
[5], so the societal pillar (e.g. [40]) could be a source for further research.

Conclusions
This research studied the novel concept of circular business model experimentation (CBME) to
help advance research and practice towards the circular economy based on literature analysis
and a practitioner study. The contributions are threefold. First, we define and position CBME
as a truly interdisciplinary and emerging concept in the domains of business, transitions,
engineering, and design thinking, with potential for more interdisciplinary developments. We
define CBME as follows:
An iterative approach to develop and test circular value propositions in a real-life
context with customers and stakeholders, starting with a shared goal. It involves rapid
learning based on empirical data to provide evidence on the viability of circular value
propositions. Iterations involve increased complexity of experiments. There is a learning
focus on initiating wider transitions, such as transforming consumer behaviours for the
circular economy.
Second, we highlight potential methodological directions based on our research, related to the
level of control in CBME, the use of quantitative and qualitative evidence, as well as the need
to balance a customer centric with a sustainability-oriented approach. Third, we provide insight
into the tools and approaches and their origins as a potential avenue to operationalise the
circular economy concept in business through experimentation.
CBME has potential as a transformative concept to support the role of business towards
implementing the circular economy approach. Further learning is needed between business
studies, design and engineering, and sustainability sciences. This will be challenging and
requires deeper investigation, since the impacts of experiments will change in a scaled circular
business model over time. Future research should bridge the gap between research and practice
for CBME to become a lever for change towards sustainability transitions.
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The contributions of interpreters to the
development of radical innovations of
meanings: the role of ‘Pioneering
Projects’ in the sustainable buildings
industry
The science of social impact innovation:
how to deliver more impact through
innovative business models

Promoting next generation vehicles in
Japan: The smart communities and
their experimentations

GE’s ecomagination Challenge: An
experiment in open innovation

Conceptual or empirical

Journal of
Empirical—TICELEC project which is
Strategy and
an experimental initiative to measure
Managepotential energy savings through the
ment
implementation of SM, and to test
behavioural change
California
Empirical—single case study
Management
Review
Empirical—single case study
International
Journal of
Automotive
Technology
and
Management
R&D
Empirical: empirical data about
Managepioneering projects were collected
ment
from two manufacturing companies in
Denmark: DOVISTA and
Saint-Gobain
International
Empirical—illustrative cases
Journal of
Innovation
Science
Empirical: scenario-based experiments at
International
52 German automotive companies in
Journal of
the transition to electric mobility
Automotive
Technology
and
Management

Year Outlet

The diffusion of smart meters in France A 2015
discussion of the empirical evidence
and the implications for smart cities

Title

Socially focused
organizations in food,
banking, education.
Electric mobility

No

Buildings, manufacturing
companies

Yes—social impact
model

No

Automotive—electric
vehicles in city context

Electronics (GE)

Smart meters and smart
cities

No

No—but describes
Ecomagination
process
No

Practice data source/s

Develops tool or
process?
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Debt for brands: Tracking down a bias in 2011
financing photovoltaic projects in
Germany

Lüdeke-Freund, F., Loock, M.

22

21

Journal of
Cleaner
Production

Sustainability
Science

Energy Policy

Year Outlet

Huijben, J. C. C. M. Verbong, G. Breakthrough without subsidies? PV
2013
P. J.
business model experiments in the
Netherlands
Jolly, S. Raven, R. Romijn, H.
Upscaling of business model experiments 2012
in off-grid PV solar energy in India

Title

20

Author Name

Table 5 (continued)

Empirical—conjoint experiment for
market research

Empirical: 5 cases

Empirical: literature followed by
interviews

Conceptual or empirical

No (uses existing
Business Model
Canvas)
No (but develops
typology of
upscaling
dimensions)
No

Develops tool or
process?

Photovoltaics in Germany
(renewable energy
financing)

Off-grid PV in India

PV in the Netherlands

Practice data source/s
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Appendix C
Table 6 Definitions from Practitioners Coded According to Criteria
Company and country

Role

Criteria from Section 3.1.2

Banking and financial services
organisation A (international)
Banking and financial services
organisation B (international)

Sustainability strategy
manager
Marketing and
sustainability

3

Circular Economy accelerator
(Netherlands)

Knowledge lead

4

Coffee retail and non-food products
(Germany)

Sustainability manager

5

Conservation NGO (international)

Strategic development
advisor

6
7

Consultancy (UK)
Drink and food supplements
manufacturer (UK)
Fashion retailer (Finland, International)

Director
Sustainability manager

1, 2, 4, 5, 8, 9, 10
New emphasis: mindset
1, 5, 8, 9, 10
New emphasis: consumer focus,
new roles/partnerships
1, 2, 6, 8, 10.
New emphasis: lab environment,
scaling up
1, 10
New emphasis: systemic and
consumer focus
1, 4, 10
New emphasis: systemic
rethinking
1, 4, 5, 9
1, 2, 5

1
2

8

Sustainability coordinator

9 Fashion retailer (Multinational)
10 Fashion (Germany)

Innovation lab head
Sustainability manager

11 Funding Agency for applied research
(Belgium)

Circular economy analyst

12 Health and consumer electronics A
(multinational)
13 Health and consumer electronics A
(multinational)
14 Home appliances, circular economy
startup (Netherlands)
15 Innovation consultancy focused on
circular economy (Netherlands)
16 Innovation consultancy (Netherlands)
17 Innovation agency (Netherlands)

Venture leader

18 Innovation Fund (Finland)

19 Investment management in early stage
startups (Netherlands)
20 Jewellery industry (multinational)

21 Manufacturing company (Finland)

22 Materials handling company
(International)
23 Oil company (multinational)

Startup venture lead
Co-founder
Innovation consultant
Innovation consultant
Business developer

1, 2, 5, 6, 7
New emphasis: new roles in value
chain/partnerships
1, 2, 5, 10.
1, 5, 9, 10
New emphasis: systemic change
1-10
New emphasis: stakeholder
partnerships
1, 4, 5, 6, 7, 10
New emphasis: metrics
1, 8, 10
1, 3, 4, 5, 10
New emphasis: metrics
1, 4, 5, 10

1, 5, 8, 10.
1, 5, 6, 7, 10
New emphasis: systemic impacts,
consumer behaviour
Specialist circular economy 1, 2, 3, 4, 5, 6, 10
New emphasis: design thinking,
role of consumer, policy
CEO
1, 2, 5
New emphasis: form hypotheses
Sustainability director
1–7, 9, 10
New emphasis: customer focus,
acquisition
Sustainability manager
1, 2, 5, 6, 8
New emphasis: visioning/goals
with stakeholders
Development manager
1, 2, 5
New emphasis: scaling up
1, 2, 3, 4, 5, 6, 10
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Table 6 (continued)
Company and country

24 Strategy consultancy (UK)

25 Sustainability economy consultancy
(UK)
26 Sustainability non-profit (international)
27 Textiles SME focused on circular
economy (Denmark)
28 Textiles (Finland)

29 Variety-store chain A
(International)
30 Variety-store chain A
(International)

Role
Sustainability innovation
manager
Consultant

Criteria from Section 3.1.2

1-10
New emphasis: systemic impact;
connected stakeholders
Consultant
1, 2, 6
New emphasis: established
business context
Principal strategist
1, 4, 6, 7, 9
Founder
1, 2, 5, 6, 8, 9, 10
New emphasis: mindset
Development manager
1, 2, 5, 10
New emphasis: systemic impact,
consumer
Manager sustainability and 1, 2, 4, 5, 6, 7
circular economy
New emphasis: customer, metrics
Director innovation and
1, 4, 5, 6, 7
sustainability
New emphasis:
customer/consumer behaviour,
scaling

Types of
experiment
in study

X

Evans
et al.
[43]

Lieder
et al.
[57]
X
X

Lütjen
et al.
[76]
X

X

X

X

X

Bocken
et al.
[16]
X
X

2018

X

X

X

Bocken
et al.
[17]
X

X

X
X

Huijben &
Verbong
[71]
X

2013
Jolly
et al.
[73]
X

Weissbrod &
Bocken [54]

Chesbrough
[72]

Lüdeke-Freund
& Loock
[49]

Types of
Business
experiment
experiment i
nnovation
in study
case
Experiment as a X
research
method
Review
/conceptual
work
Research
Transitions
domains
research
Business studies X
Engineering
Design thinking
Tools and
Lean startup
apEffectuation
proaches
Business model
canvas
Innovation
funnel

2012

2011

Table 7 Coded List of Literature

Appendix D

X

X

Dobson
et al.
[61]
X

d’Arcier and
Lecler [47]

2014

X
X

X

Ortega
et al.
[46]
X

X

X

Ho et al. Liao
[48]
et al.
[77]

X

Jepsen
et al.
[52]
X

X
X

X

X

X

X
X

X

X

X
X
X

X

Bocken
et al.
[54]
X

2017

X

Täuscher and
Abdelkafi [59]

Yoon
et al.
[75]

2016

Sousa-Zomer
et al. [62]

Kendel &
Lazaric
[50]

Ramos-Mejía and
Balanzo [44]

0

X

Proff and
Fojcik
[74]
X

2015

X

Xue
et al.
[51]
X

X

X

Danso
et al.
[55]
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2019

X
X
X

X

X
X
0
0

X
X

[56] Bocken
et al.
[66]
X
X

0

X

X
X
0
0

X

X

Bocken
et al.
[42]

X

X

X

X

Fleischmann
[60]

0
X

X

X

X

X

Marconi
et al.
[58]

X
X
X

X

X

Baldassarre
Bashir
et al. [12]
et al.
[63]
X
X
X

2020

X

X
X
X

X

X

2018
X

X
X

X

Bauwens
et al.
[41]

X

X

X

Borrello
et al.
[78]

X

X

X

X

0

X

X

Guldmann and
Konietzko
Huulgaard [69]
et al.
[67]
X
X

X

X

Note. 0 Indicates Only a Brief Mentioning, and No Part of an Approach, Tool, or Method in the Paper (Lighter Colours in Fig. 1)

Tools and
approaches

Types of
experiment
in study
Research
domains

Tools and
approaches

Research
domains

Table 7 (continued)

X
X

Torrieri
et al.
[53]
X

X
X

X
X
X

X

Konietzko
et al.
[70]
X

X
X

X

Aagaard
et al.
[45]
X

2021

X
X
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