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Abstract: The article focuses on a bottom-up approach to implementing the concept of circular
economy. All enterprises, not only the most aware ones, face the challenges of this economy. The
modification of business models towards circular economy becomes a necessity. However, questions
arise as to whether the use of circular economy business models is widely practiced and how
enterprises are coping with the implementation of these models. This article presents the results of
research aimed at assessing the organizational maturity of enterprises in terms of implementing the
principles of circular economy. Based on the concept of organizational maturity levels of the CMMI
model, the classification of circular business models according to R2Pi and the integrated business
model (the so-called business model canvas), the maturity index of the circular economy business
model is constructed. The results obtained do not allow one to formulate very optimistic conclusions.
First of all, a competency gap in the field of circular business models is identified, which translates
into a limited application of these models in practice. The most frequently implemented models are:
circular raw materials, recovery of raw materials, modification and repair. Most enterprises tend to
undertake activities that are characteristic of circular economy. Furthermore, the importance of these
activities increases with the age of the enterprise.
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Circular economy (CE) is an alternative to the open and linear business model, which
is replaced by a closed loop of material flows, creating return cycles: resources–products–
resources. The growing popularity of the CE concept results from the deteriorating condition of the natural environment and, consequently, from the necessity to search for
production and consumption methods that are less dependent on depleted natural resources and reduce the negative impact on the environment [1–3]. Among the growing
number of theoretical studies on the implementation of the CE concept, two research
perspectives can be identified, which can be considered top-down and bottom-up. The
top-down approach emphasizes the leading role of political and social initiatives in the
context of CE implementation [4–8], while the bottom-up approach assumes the priority
of actions taken at the enterprise level [9–11]. Researchers note that the environment is a
public good, hence the environmental benefits (or costs) resulting from the activities of
enterprises are derived (or incurred) by the entire society [12]. This is a reason why practices implemented by enterprises are so important and consist of offering products made
of less hazardous substances; offering products that can be easily repaired, modified and
reused; and using innovative recycling technologies or implementing sustainable business
models [13]. Such activities of enterprises are the basis of sustainable development and
present the opportunity to achieve some goals of sustainable development (SDGs) [14].
Stahel and Börlin pointed out that companies applying the concept of circular economy
can achieve higher profitability than their competitors in a linear economy [15]. According
to World Economic Forum, “companies are poised to make an additional $4.5 trillion in
profits by 2030 just by using circular economy models. If we do not put this idea into
practice, it will not only mean a waste of resources that we throw away as garbage, but
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also an under-utilization of natural resources, products and fixed assets” [16]. Similarly,
the European Commission points out that a closed-loop economy approach will bring
huge benefits not only ecologically but also economically [17]. The communication states
that: “By 2030, the European Union could record a 30% increase in productivity with
the transition to a circular economy, which would simultaneously influence job creation
and GDP growth” [18]. A closed-loop economy system makes it possible to preserve the
added value of products for as long as possible and to eliminate waste completely, thus
saving raw materials. It involves closing the life cycle of products, where the product
does not end up in the bin or landfill at the end of its life but is reused through recovery
and recycling. This concept also applies to in-production recycling and so-called waste
exchanges. An important element of this concept is effective product design. The design
assumes that the final product should have the least possible impact on the environment
throughout its life cycle and a smaller negative effect after its use (design in terms of
increasing the efficiency and productivity of products-maintenance, reuse/multiple use,
refurbishment/remanufacturing, and recycling) [19,20].
De los Rios and Charnley state that the greatest challenge for enterprises in the context of CE implementation is the development of circular business models that promote
sustainable use of resources and reduce dependence on critical resources [11]. Reducing the dependence of enterprises on critical resources may provide a strategic advantage and also increase their resistance to material shortages and price volatility [21,22].
The design process of circular business models promoting new forms of consumption
(i.e., product-service systems or consumer-consumer systems) [23–25] is based on: (1) using
renewable energy sources and reducing the total energy content of products and services,
(2) minimizing product waste through selection of appropriate materials, (3) designing disassembly options for products to facilitate recycling and striving to standardize solutions
whenever possible and (4) maximizing flexibility by designing long-life products that can
be easily repaired or modified [13,26,27].
The article focuses on important areas of managerial practice: business models and
circular economy. This economy is no longer only participated in only by the most conscious
enterprises. Modification of business models towards circular economy is becoming a
necessity that will allow entrepreneurs to create new opportunities. A question arises:
‘How do enterprises cope with the implementation of circular business models?’ Reports
indicate that very few companies have managed to transform their activities by adjusting
them to the CE principles [23,28–31]. A literature review indicates a research gap regarding
the design of circular business models in the SME sector. The concepts for designing
and implementing circular business models are very numerous and diverse. Most of the
research relates to a specific type of circular business model, its specifics and its context, very
often are based on examples of large companies. Furthermore, these models are linked to
different thinking methods underlying the concept of circular economy [32–37]. Literature
also indicates numerous adoption factors as well as design and management tools for
circular business models [38]. This may explain the difficulties with implementing these
models into business practice. Therefore, it is justified to conduct research on determining
the level of organizational skills of enterprises proving the degree of their preparation
to implement the principles of circular economy. The objective of the study is to assess
the organizational maturity of enterprises in terms of implementing the assumptions of
circular economy. The research was carried out on a group of small and medium-sized
enterprises, due to their importance in the economy and the assumption that these entities
have particular difficulties in implementing CE principles (due to limited organizational
and financial resources). The concept of organizational maturity levels of the capability
maturity model integration (CMMI) [39,40], classification of circular business models
according to R2Pi (Horizon 2020 program) [41] and the business model canvas [42,43] tool
were used. Based on the above maturity index of the circular economy, a business model
was designed (BMMICE ). The classification of circular business models according to R2Pi
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was considered the most useful in business practice because of its simplicity. It was also
assumed that it is the most commonly used for business model design by companies.
The research allowed one to formulate important conclusions about organizational
maturity in terms of implementing CE principles into business practice. It showed, above
all, that the state of the level of knowledge about circular economy among enterprises is
unsatisfactory, including low environmental awareness and the lack of qualifications or
skills necessary to redesign existing models into circular business models. This is why
implementing circular economy business models is not a common activity. The necessity to
develop practical tools supporting enterprises in this area was also identified. The business
model canvas is a good example. It is a tool commonly known and used in business
practice that can be helpful in implementing CE principles.
2. Circular Economy Business Models
2.1. Definitions
Circular economy (CO) refers to many already recognized concepts, such as, e.g., industrial ecology, cleaner production, ecological efficiency, zero emissions, the concept called
from cradle to cradle (C2C) [44] or regenerative design, biomimicry and blue economy [45],
and LCA and industrial symbiosis [46]. Due to the above reason, it is difficult to talk about
a single, universally accepted definition of circular economy. As noted by J. Korhonen, A.
Honkasalo and J. Seppälä, as a practical concept of circular economy from the scientific and
research point of view, it is superficial and disordered, seeming to be more of a set of ideas
from various fields [44]. This also converts into numerous concepts for designing circular
business models.
Circular economy generally requires human business activity compliant with the 3R
principles: reduce, reuse and recycle [47,48]. Enterprises must replace the linear production
model with a circular model based on the above principles. Where possible, reuse and
remanufacturing are preferable to recycling for economic reasons as a significant part of
the added value in the original production process remains with the components [49,50].
Circular economy business models (CBM) are business models that enforce the principles
of circular economy into practice [28]. This is applicable to every dimension of business activity: business-to-business (B2B), business-to-consumer (B2C) and consumer-to-consumer
(C2C). CBMs offer new business opportunities and cause a change in relationships between
producers and consumers [51].
Linder and Williander define the circular business model as “a business model in
which the conceptual logic of value creation is based on the use of economic value retained
in products after applying new offers in production” [30,52]. Due to the above, the goal of
the business model changes from making profits by selling products to making profits by
moving resources, materials and products over a period of time [53], including reuse of
goods, recycling, sharing, refurbishing or repairing [54]. Nevertheless, to achieve such an
ambitious transformation, close cooperation and coordination between network actors are
required [28]. Defining circular economy as an economic system with closed material loops
affects the treatment of the circular business model as a method of how an organization
creates, delivers and captures value with and within closed material loops [55].
Renswoude et al. believe that the essence of the circular business model lies in the
creation of circular value, ranging from simple product maintenance and repair activities;
through extending product life, purchasing recycled waste streams, reusing resources and
materials; and ending with selling product functions and customized production [52,56,57].
Researchers have identified four requirements for circular business models in other studies
that result from broader concepts such as sustainability [51]. The first is a value proposition
reflecting the balance of economic, ecological and social needs. The second is a supply
chain engaging suppliers into sustainable supply chain management (materials cycles).
The third is a customer interface, motivating customers to take responsibility for their
consumption. The fourth is a financial model, mainly reflecting an appropriate distribution
of economic costs and benefits among actors involved in the business model [43].
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Osterwalder and Pigneur proposed five stages of business model design process,
encompassing mobilizing, understanding, designing, implementing, and managing [58].
Parlikad et al. [59] identified the information requirements for end-of-life decision making and established a possible set of characteristics of a lifecycle information system to
support management. Another important method is life cycle assessment (LCA), which is
explained as “a tool for the analysis of the environmental burden of products at all stages
in their life cycle—from the extraction of resources, through the production of materials,
product parts and the product itself, and the use of the product to the management after
it is discarded, either by reuse, recycling or final disposal (in effect, therefore, ‘from the
cradle to the grave’)” [43]. LCA is a standardized methodology, which gives its reliability and transparency. The standards are provided by the International Organisation for
Standardisation (ISO) in ISO 14040 and 14044, and describe the four main phases of an
LCA: goal and scope definition, inventory analysis, impact assessment and interpretation.
LCA is an iterative methodology, where it is possible to refine things with the progress.
For instance, the first round of analysis may say that there is need of more data. Or the
results of the assessment or interpretation may nudge you to revise your goal and scope.
In this sense, every LCA that is done not only gives valuable advice to make changes in
the business, it also inform how to best plan the next LCA to learn even more [60]. The
circular economy is an inspirational strategy for creating value for the economy, society
and business while minimizing resource use and environmental impacts through reducing,
re-using and recycling. In contrast, life cycle assessment is a robust and science-based tool
to measure the environmental impacts of products, services and business models with a
sort of accountancy approach. If you combine both the robustness of the LCA methodology and the inspirational principles of circular economy, you have a holistic approach
for innovation [60].
2.2. Classification of Circular Business Models
The Business and Sustainable Development Commission (BSDC) has listed four breakthrough business models of the future that will make it possible for enterprises to respond
to the challenges of circular economy. They include the social model (which also creates
value other than economic by having a positive social impact), the lean model (involving
optimization of the use of all forms of capital) and an integrated model (meaning managing
the economic and non-economic impact of the process of creating value in the company).
The fourth model, characterized by the least negative impact (e.g., on resources, ecosystems
or well-being), is the closed-loop model. As part of this model, BSDC indicates such activities
as: industrial symbiosis (sharing resources and services among related industries), closedloop production, closed-loop supply (use of renewable or fully recyclable raw materials),
waste collection services, dematerialization, rematerialization (acquiring materials from
recovered raw materials to create completely new products), trash to cash (used products
are collected and either sold or transformed into new products) or peer-to-peer platforms
(enabling users to communicate on an equal basis) [61].
Wayne Visser [62] has underlined a new approach, i.e., a syndustrial approach, which
is related to designing towards industrial synergy. It is characterized by four steps reflecting
the idea of circular economy: lend, create, reap the benefits and return. Visser’s approach is
reflected in research conducted by Accenture, among over 120 companies from different
parts of the world and various industries, within which 5 effective and scalable business
models were identified that are distinguished from the point of view of circular economy:
closed-loop supply chain, recovery and recycling, extending product life, sharing platform
and product as a service [63].
Circular business models show how the logic of value creation is based on the use of
the economic value of closed resource loops. It is possible to structure these loops in areas
similar to one another in terms of the character. Such classifications are presented by the
ReSOLVE approach developed by the Ellen MacArthur foundation. It lists six business
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increasing the efficiency of using products by enabling consumers and/or companies to
share and exchange goods through a centrally provided service. The last group of models
is product as a service, i.e., offering access to a product instead of owning it, i.e., allowing
customers to pay only for its effective use while ensuring maximum durability of such a
product, its upgrades and its servicing [66].
According to the Forum for the Future, circular business models are ground-breaking
innovative business models aimed at increasing the level of sustainability of the economic system through circular concepts. This organization has proposed its own (quite
complicated) classification of business models, which consists of five basic circular business models, supported by further five models not directly related to circular concepts
(Table 3) [67,68].
Table 3. Classification of circular business models according to the Forum for the Future.

Downcycling: transforming raw materials from one or
more used products into a new product of lower quality.
Upcycling: transforming materials from one or more used
products into a new product with higher value for
the consumer.
Industrial symbiosis: sharing services, tools and
by-products between industries to improve efficiency
of resources.

Concepts supporting basic
circular business models

Basic circular business models

Closed-loop recycling using recycled products as raw
materials for the production of new products.

Collection services: providing a collection service for old
or used products.

Product as a service: focusing on offering a solution,
not just a product. This leads to the launch of a set of
common products and services that can meet the user’s
needs together.
Long-term consumer involvement: (lock-in)-an offer
that encourages consumers to regularly use a specific
product or service.
Local loops: because production processes are relocated
to countries where the company operates on its key
markets, the local production loop becomes closer and
provides benefits to industry clusters.
Modularity: a design that divides a product into smaller
parts that can be used and replaced independently.
Personalization: a company creates data management
opportunities that enable product personalization.

Source: [67].

In one of the concepts of circular business models, there are as many as 19 business
models (IMSA: Circular Business Model Scan) grouped in six areas: short cycle, long cycle,
cascade, full loops, services and product on demand. Here, the following model proposals
are included: payment for use (one-time payment for using a product or service), repair
(extension of product life through repair services), waste reduction (reducing waste in the
production process), sharing platforms (products and services are shared for consumers),
progressive purchases (interim payments, small amounts, pre-purchase), performancebased contracting (long-term contracts that share responsibility between the producer and
the consumer), product return management (incentives to ensure the product returns to the
manufacturer), new life of the product (ensuring a second life of the product by re-selling it),
modernizing and selling (re-selling the product after its modifications), upcycling (reusing
raw materials with increasing product value), recycling (waste management), collaborative
production (cooperation in the product value chain resulting in closing material cycles),
from cradle to cradle (redesign of the product to fully close the loops), circular sourcing
(sourcing only circular products or materials), virtualization of physical products and rental,
make-to-order production, 3D printing and customer voting (basing production-related
decisions on consumer votes) [56].
Another proposal for systematizing circular business models has been developed by a
team of scientists and practitioners as part of the international R2Pi project (Horizon 2020
program). It was developed to create a database of best practices in the area of circular
economy business models and to provide entrepreneurs with helpful tools. R2Pi places
models in the product life cycle. Different business models can be applied (sometimes
simultaneously) at the production, use and end-of-life stages. In the first one, it is possible
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to re-use worn-out parts/components of the product (re-make) to restore functionality
while ensuring quality. This business model involves extending the life of a product by
modifying it in such a way (repairing, refreshing or improving its aesthetics) that the
product becomes as good as new or better than new and obtains a warranty extension. It
is also possible to change some features by changing the appearance, repairing, changing
the form of ownership (re-condition), etc. Another approach at this stage is to recover and
use the by-products in a different process or value chain (co-product recovery). What is
waste for one producer may be a valuable raw material for another. By creating entire
ecosystems of businesses working together in this way, it is possible not only to reduce
the amount of waste but also to significantly reduce the cost of acquiring raw materials.
In this circular economy model, an entrepreneur cannot just focus on their product, but
must consider it in the context of the ecosystem in which they operate. It is also necessary
to exchange knowledge and information about the company’s internal processes, and
therefore establish far-reaching trust between entrepreneurs. It is also possible to obtain
materials from recycling or renewable materials that can be returned to the technical or
biological cycle (circular sourcing). The use of raw materials should be kept to a minimum.
Optimizing their use is therefore an important part of this model. One radical example of
optimization is virtualization, which is the replacement of a real product or service with a
virtual one, available online. At the stage of use, a frequently applied model is ensuring
access, where the end user has access to certain product features but the owner retains
ownership. The classic application of this model is in lending libraries, from libraries to car
rental companies. In the virtual version, they correspond to online platforms giving access
to virtual products-such as e-book rentals or services streaming films and series. Another
model also already known to users is the provision of a certain package combining product
and service (product-as-a-service, performance). This model has benefits for both the
customer and the manufacturer. The customer does not have to worry about purchasing
and disposing of equipment, items or devices. He is not interested in servicing, repairing
or replacing. He is guaranteed continued access to the service. Instead of selling the device
one time, the manufacturer can offer the customer an ongoing subscription to deliver
the service. This gives him a steady source of income and builds long-term relationships
with consumers. An additional advantage of this model is that it is profitable to produce
durable goods. Since the manufacturer remains the owner of the products, it is in his
interest to ensure a long life of the products and to maximize the use of end-of-life waste.
Performance is more important than quantity, and longevity is above disposability. At the
end-of-life stage of a product, a model is used that allows for the recovery of raw materials
or parts in such a way that they can be used in another product or in a different value chain,
mainly through recycling but also through upcycling (resource recovery). In this way, the
economic value of each item produced is maximized and, above all, the life cycle of the
raw material is extended [41].
A review of the literature has shown that there are many suggestions for categorizing
business models [69,70]. As Lewandowski rightly points notices, most of them have similar
assumptions and use the criterion of the source of value creation [43]. Few of the authors
propose other criteria, such as design strategies for product life extension [71], cycle of
product/component/material circulation in material loops [72] or mixed criteria [73]. The
wide variety of concepts for building circular business models may cause difficulties in CE
modelling through activities of individual business entities. This is why it seems reasonable
to propose the use of an integrated business model, the so-called business model canvas
for designing and implementing circular business models in practice [42]. It is a popular
tool in business practice for building and redesigning business models [58]. It is composed
of the following nine elements:
1.
2.
3.

Customer segments;
Value proposition that aims to solve problems of customers and meet their needs;
Channels used by the enterprise to deliver, communicate and sell value propositions;

Sustainability 2021, 13, 7059

8 of 21

4.
5.
6.
7.
8.
9.

Customer relationships that the company builds and maintains with each
customer segment;
Streams of revenues resulting from the value proposition to be offered to customers;
Key resources as assets needed to offer and deliver the above items;
Key activities that are performed to offer and deliver the above items;
Key partnerships constitute the company’s network of suppliers and business partners
execution by providing certain resources and performing certain activities;
Cost structure that includes all costs related to the company’s operations.

The above-mentioned R2Pi project, which aims to organize the strategy of designing
business models that meet the requirements of circular economy, also encourages the use
of the business model canvas when developing circular business models [41]. Furthermore,
a template (business model canvas, BMC) was created for each of the models, which is part
of the free tool for implementing circular economy models. Due to the above, there is a
ready tool for the implementation of the presented models. An important advantage of
BMC is its versatility. It can be used by any organization, not only in the private but also in
the public sector.
A literature review made it possible to identify various strategies of developing
circular business models and numerous classifications of models. The few studies on
the problem of adjusting the existing business model to circular economy are mostly
based on case studies. They suggest specific business models with limited application
possibilities in other organizations. There is also no empirical verification of the versatility
of the use of circular business models and the maturity of enterprises in implementing
activities consistent with the assumptions of circular economy. Hence, the following
research questions arise:
Q1. What is the level of companies’ knowledge regarding the circular business models?
Q2. What circular business models are used in business practice?
Q3. Is the business canvas model a tool used in business practice, and can it be helpful
in implementing circular business models?
Q4. What is the level of achievements of enterprises when it comes to implementing
the principles of circular economy?
3. Research Methodology
The objective of the study is to assess the organizational maturity of enterprises in
terms of implementing the assumptions of circular economy. Maturity is understood as a
state of achieving full development or a state of readiness of the enterprise to take specific
actions [40]. The concept of capability maturity model integration (CMMI) was used,
which enables incremental improvement of a selected area of processes [74], in this case
the implementation of circular economy assumptions by enterprises. For the purposes of
the study, five levels of organizational maturity were characterized, the basic assumptions
of which are presented in Table 4.
Based on the CMMI model, the business model canvas and literature review regarding
the classification of circular business models maturity index of the circular economy
business model was created (BMMICE ). Each of the 9 business model canvas elements
(which include value proposition, key activities, key partners, key resources, customer
segments, channels, customer relations, cost structure and revenue streams) was assigned
to the assumptions of the circular economy models according to the R2Pi project (Table 5).
Based on the general level of perception of the circular economy model maturity (Business
Model Maturity Indicator, BMMICE ) the enterprise was designated as the arithmetic mean
of the results obtained in the nine areas of the canvas.
BMMICE =

1
n

n

1

ki

∑ ( ki ∑ xij )

i =1

j

(1)
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where x—response value in each canvas element and to the question j, where j = 1.k—the
number of questions on the canvas element, and n = 9 canvas elements.
Table 4. Organizational maturity levels in the area of implementing CE principles.
circular business model implemented
improvement of the organization through process monitoring in
terms of possible improvements

L5. Optimizing

formalized environmental management system
raising awareness of the company’s stakeholders when it comes
to ecology
familiarity with the rules of circular economy; work on
redesigning the business model towards circular economy
formalized environmental management system
L4. Quantitatively managed

process quality measures are built into the enterprise’s
decision-making system
the causes of process deviations are eliminated
awareness of the impact on the environment and awareness of
the existence of circular economy
environmental management system (formal or not)
defined processes for the area of environmental activities

L3. Defined

pragmatic and altruistic reasons for limiting negative impact on
the environment
qualified employees for environmental protection
low level of knowledge about circular economy and business
models dedicated to it
most of the processes regarding the area of environmental
activities are identified and defined
L2. Managed

environmental impact awareness
pragmatism in activities limiting negative impact on
the environment
monitoring environmental indicators
lack of knowledge about the assumptions of circular economy
and business models dedicated to it
low environmental awareness

L1. Initial

failure to limit the negative impact on
the environment
environmental activities undertaken for pragmatic reasons
Source: own study based on the assumptions of the CMMI model [61].

Table 5. Classification of circular business models according to the Forum for the Future.
Business Model Canvas

Value proposition

Elements

Circular Business Model
According to R2Pi

Extended product life through maintenance, repair,
redistribution, upgrading resale.

Re-condition

Product disassembly for parts/materials recycling
or reuse

Re-condition; Re-make

Extended warranty

Re-condition

Reuse, regeneration, recycling or safe disposal

Re-condition; Re-make

Virtual product

Re-make; Access
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Table 5. Cont.
Business Model Canvas

Elements

Circular Business Model
According to R2Pi

Increasing customer awareness regarding
sustainable consumption

Access

Cooperative production based on a green supply chain

Circular sourcing

Recycling of waste/parts by third parties

Circular sourcing;
Co-product recovery

Cooperation within the service network, collection and/or
recovery programs for end-of-life products, product
components after their end of use

Re-condition; Resource recovery

Use of raw materials/resources originating from
recycling/other forms of recovery

Circular sourcing;
Co-product recovery

The use of raw materials/materials with better technical
parameters, less harmful to the environment, more
efficient in use

Re-make; Re-condition

Protection of natural capital (renewable energy use, land
reclamation, water saving, energy saving, etc.)

Re-make

Human capital

Circular sourcing;

The product is characterized in terms of material
composition, chemical composition

Circular sourcing;
Resource recovery

Looping production (using materials that make it easier to
reuse or recycle a product, reduce material, energy and
waste losses)

Circular sourcing; Resource
recovery; Re-make

Optimization (increasing product efficiency and
performance, eliminating waste throughout the
supply chain)

Circular sourcing; Resource
recovery

The use of recyclable materials in a product

Circular sourcing

Product design with extended lifetime

Re-condition

The value proposition includes maintenance, servicing,
availability of spare parts availability and other services

Re-condition

Logistics of returns

Resource recovery

Increasing efficiency (e.g., equipment modification,
technological changes and improvement of
management functions)

Re-make

New customer segments

Re-make; Access

A customer outside the primary value chain

Re-make; Access

Production upon order

Circular sourcing; Re-make

Elimination of waste as a social marketing strategy

Circular sourcing; Re-make

Long-term relationships

Access

Virtual communication with the customer

Access

Product sales using virtual channels

Access; Performance

Channel of return/collection and/or recovery of product
and/or parts/materials

Resource recovery; Access

Cost structure analysis to improve business efficiency

Re-make

Savings related to the implementation of circular
economy rules

Re-make; Resource recovery

Increase in costs resulting from the implementation of
circular economy rules

Re-make; Resource recovery

Innovative activity

Re-make

Key partners

Key resources

Key activities

Customer segments

Customer relations

Channels

Cost structure
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Table 5. Cont.
Elements

Circular Business Model
According to R2Pi

Customer incentive program to return the product at the
end of its life cycle

Resource recovery

Payment form for the product: one-time, subscription

Access; Performance

Product feature sale

Access

Source of income from recovered parts/materials of the
product and raw materials

Performance

Use of activity waste streams as raw materials for
other organizations

Co-product recovery

Business Model Canvas

Revenue streams

The presented empirical research included surveys that were carried out from November 2020 to February 2021 using the interankiety.pl platform among a group of 99 enterprises operating in the small and medium-sized enterprise sector. (The request to
participate in the research was sent to 180 enterprises, and 121 entities completed the
questionnaire. Due to the completeness of the information provided, 99 questionnaires
were included in the study). For the purpose of achieving the goals and verifying research
questions, two subgroups of enterprises were indicated according to the age: enterprises
operating for less than 3 years and enterprises operating for more than 3 years. The survey
questionnaire consisted of personal questions, and closed questions with a 5-point Likert
scale for assessing individual elements of circular economy, circular business models and
organizational maturity. Small and medium-sized enterprises were invited to the study
due to their key importance in the economy. Moreover, it was assumed that these enterprises may have difficulty adjusting to the CE rules, due to limited organizational and
financial possibilities. The primary variable in the selection of entities for the research
sample was the location by region, i.e., the northern sub-region of the Ślaskie
˛
Voivodeship,
and cooperation with an academic center (Cz˛estochowa University of Technology).
4. Results and Discussion
Ninety-nine enterprises participated in the survey, including 43.44% operating for
no longer than 3 years. Among the remaining 56.56% of the respondents, 47 enterprises
had been operating for over 3 but less than 10 years and 9 enterprises for over 10 years
(Table 6).
Table 6. Characteristics of the research group.
n = 99

Enterprises in General

Over 3 years, n = 56 (56.56%)

Business Duration

Up to 3 years, n = 43 (43.44%)

Type of Activity

Production, n = 78 (78.79%)

Services, n = 21 (21.21%)

Enterprise Size by
Number of Employees

Small, n= 76 (76.77%)

Average, n = 23 (23.23%)

Over 3 to 10 years, n = 47 (47.47%)

Over 10 years, n = 9 (9.09%)

As indicated in the results of the study, altruistic and pragmatic motivations can be
listed among the conditions for implementing solutions in the circular economy trend. The
first ones result from the entrepreneur’s belief in the rightness of the idea and satisfaction
with the actions taken, and the awareness that these actions have a positive and longterm impact on the environment. They were indicated by only 11% of the respondents.
Pragmatic motivations resulting from the issue of legal coercion or the desire to achieve
business benefits are decisive when it comes to implementing solutions from the area
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of circular economy (89%). The surveyed enterprises are aware of their impact on the
environment. Regardless of the type of motivation, it is important to note that the majority
of enterprises (91%) indicate that they undertake activities limiting negative impact on
the environment, including 13% of respondents declaring the implementation of circular
business models, and 9% do not take any measures to reduce the negative impact on the
environment. The most important reasons for the above are the costs of implementing
eco-friendly solutions (86%) and the lack of sufficient knowledge about technical and/or
technological solutions limiting negative impact on the environment (12%).
The research results also indicate a competency gap in the area of circular business
models. As it has already been mentioned, only 13% of the surveyed companies declare the
use of a circular business model. Knowledge barrier results from the fact that shifting the
business model to circular economy requires highly qualified staff (45%) and knowledge
about what solutions can be implemented (53%). Deficiencies in this area effectively block
the concept of circular economy both at the stage of initiation and implementation, and
most of all, in the creation of new business models. Small enterprises have the greatest
difficulty when it comes to adapting to trends due to the fact that this is associated with a
proportionally greater effort in both financial and organizational terms (this was indicated
by 76% of respondents from the group of small enterprises).
The circular business models declared by the surveyed companies include circular
raw materials, raw material recovery, modification and repair. Out of the group of 13% of
enterprises that apply a circular business model in practice, half declared that they started
operating with a circular business model, and half of them modified their business model
in line with the circular economy assumptions.
Most of the surveyed companies (84%) know the business model canvas, and 57%
used this tool when developing a business idea as a template for a business plan. This was
associated with applying for funds and resulted from institutional requirements. Twenty
-seven percent of enterprises used the services of business incubators, among which the
use of a business model canvas template is common. On the other hand, in the group
of companies that declared that they use circular business models, i.e., in the group of
13 companies, 5 used the business model canvas to redesign their business model towards
the circular model. This group unanimously expressed a positive opinion on the possibility
of using the above tool in building business models in line with the assumptions of
circular economy.
Despite the small group of enterprises that declared the use of a circular business
model, it can be concluded that the surveyed enterprises undertake actions that constitute
elements of business models in line with the circular economy trend. Table 7 presents
the results of the BMMICE index in total for all surveyed enterprises and for the selected
subgroups in nine areas of the canvas. As predicted, with the age of the company, the mean
and median of the business model maturity index increase, while the variance reflecting
the variation in the sample decreases.
Comparison of BMMICE values in nine areas of the canvas show higher mean BMMICE
values in every area, except for key resources for companies operating for more than 3
years than for companies operating for less than 3 years. The results obtained indicate that
the importance of circular economy elements in the business model increases with the age
of the enterprise. On the other hand, the differences in the area of key resources result from
the advantage of young companies, primarily in the use of energy from renewable sources,
energy-saving technologies, raw materials and/or materials with better technical parameters in terms of environmental impact. In the group of young companies, the importance
of knowledge, team experience and flexibility is also more strongly emphasized in order to
adjust the business model to the requirements of circular economy (Figure 1). This group
of enterprises also indicated lower risk aversion in modifying the business model.
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Table 7. Comparison of descriptive statistics of the BMMICE index.
Min

Max

Mean

Median

Variance

1.00

4.71

3.21

3.26

0.26

BMMICE

Total
Up to 3 years
Over 3 years

1.84
2.61

4.00
4.00

3.12
3.29

3.21
3.28

0.37
0.15

Value
Proposition

Total
Up to 3 years
Over 3 years

1.00
1.00
2.00

4.55
4,30
4.55

2.91
2.67
3.14

3.43
2.80
3.43

0.81
0.93
0.73

Key
Partners

Total
Up to 3 years
Over 3 years

1.60
1.60
1.80

4.80
4.66
4.80

2.99
2.93
3.06

2.90
2.60
3.00

0.77
0.82
0.66

4.03
4.11
3.96

3.82
4.00
3.73

0.71
0.68
0.81

3.82
3.71
3.92

3.98
4.00
4.13

0.89
0.98
0.83

5.85
2.69
3.16

3.00
3.00
3.00

0.73
0.85
0.65

Total
1.66
4.66
3.45
Customer
Up to 3 years
1.66
4.66
3.33
Comparison of BMMI
CE values in nine areas of the canvas show higher mean BMMICE
Relations
Over 3 years
2.00
4.66
3.57

3.76
3.66
3.96

0.61
0.75
0.54

4.24
4.66
4.23

0.49
0.47
0.53

3.89
3.60
3.99

0.59
0.72
0.46

3.13
3.00
3.13

0.80
0.92
0.68
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Figure 1. The assumptions of circular economy that are the most important for the surveyed enterprises.

Figure 1. The assumptions of circular economy that are the most important for the surveyed enterprises.

The following are of the highest importance for the surveyed companies: the use of
recycled raw materials, the use of raw materials and materials with better technical and/or
technological parameters, energy-saving production/provision of services, use of renewable energy sources, production looping, elimination of waste, extended product life, use
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The following are of the highest importance for the surveyed companies: the use
of recycled raw materials, the use of raw materials and materials with better technical
and/or technological parameters, energy-saving production/provision of services, use of
Sustainability 2021, 13, x FOR PEER REVIEW
15 of 22
renewable energy sources, production looping, elimination
of waste, extended product
life, use of virtual channels in customer relations and knowledge and skills of employees
(Figure 1). The above activities are characteristic of such circular business models as:
of virtual channels
in customer
relations
and knowledgere-make
and skillsand
of employees
(Figure
circular
sourcing,
re-condition,
resource
recovery. Thus, they are related to
1). The above activities are characteristic of such circular business models as: circular
the
production
process
and
the
last
stage
of
the
product
life cycle.
sourcing, re-condition, re-make and resource recovery. Thus, they are related to the proThe
important
daily activities of the surveyed companies are: sale of
duction process and the
lastleast
stage of
the productin
lifethe
cycle.
The least important
in the
daily activities
of the
surveyedand
companies
are: sale subscription
of prodproduct
features,
virtual
product
the related
fees, reuse of a part of
uct features, virtual
andcooperation
the related subscription
fees, reuse
of a part
the prod- and/or recovery program of
the product
product,
with partners
under
theofcollection
uct, cooperation with partners under the collection and/or recovery program of end-ofend-of-life products, the implementation of individual orders and the use of waste from
life products, the implementation of individual orders and the use of waste from business
as a resource
for partners
(Figure 2).
These
activities are characteristic of such
as a resource forbusiness
partners (Figure
2). These activities
are characteristic
of such
business
business
modelsand
as:co-product
access, resource
recovery
and
co-product
recovery. It should also be
models as: access,
resource recovery
recovery. It
should also
be noted
that
the importance of
the above
of circular economy
in the business
model
increaseseconomy in the business model
noted
thatelements
the importance
of the above
elements
of circular
with the age of the
enterprise.
increases
with the age of the enterprise.

Up to 3 years
Over 3 years

Figure 2. Elements of circular economy that are the least important for the surveyed companies.
Figure 2. Elements of circular economy that are the least important for the surveyed companies.

The surveyed enterprises in terms of organizational maturity in the area of circular

economy
areinmainly
by the level
L2,
and L4 (Table 8). The largest group
The surveyed
enterprises
terms ofcharacterized
organizational maturity
in the of
area
of L3
circular
economy are mainly
characterized
by the level ofthat
L2, are
L3 and
L4 (Table
8). the
The assumptions
largest
is composed
of enterprises
familiar
with
of circular economy, as
group is composed
of enterprises
that are familiar
with to
thereduce
assumptions
of circular impact
econevidenced
by altruistic
motives
the negative
on the environment. At this
omy, as evidenced by altruistic motives to reduce the negative impact on the environment.
maturity level (L3. Defined), enterprises have qualified employees in the studied area at
At this maturity level (L3. Defined), enterprises have qualified employees in the studied
theirActivities
disposal.
Activities
thatwith
arethe
compliant
with
theeconomy
principles of circular economy mainly
area at their disposal.
that
are compliant
principles of
circular
to the production
and cooperation
business
partners
regarding the green supply
mainly relate torelate
the production
and cooperation
with business with
partners
regarding
the
green supply chain
and and
wastewaste
recycling.
Enterprises
have implemented
an environmentalan environmental management
chain
recycling.
Enterprises
have implemented
management system that, although informal, causes processes in the environmental assystem that, although informal, causes processes in the environmental aspect of operations
pect of operations to be identified and improved.
to be identified and improved.

Table 8. Organizational maturity of enterprises in the area of implementing the assumptions of
circular economy.
Maturity Level
L1. Initial
L2. Managed
L3. Defined
L4. Quantitatively
Managed
L5. Optimizing

Age of the Enterprise

Total

Less than 3 Years

More than 3 Years

5%
18%
41%

3%
11%
18%

2%
7%
23%

23%

9%

14%

13%

5%

8%
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At the level of L4. Quantitatively Managed, company managers do not have a business
model developed according to the circular economy guidelines, but in their activities
they commonly apply activities in such areas as: closed-loop supply chain, recovery
and recycling, LCA concept and increasing product efficiency and performance. The
activities undertaken in this area mainly include production, product life cycle and its use.
Among the employees, there are qualified people responsible for the area of environmental
management. This converts into implementation of the environmental management system.
In most cases, it is informal, i.e., uncertified, but it proves that the environmental aspects
of operations are included in the process management criteria. The next largest group
is composed of enterprises at level L2. Managed. Most of the processes for the area of
environmental activities are identified and defined. To a greater extent, these activities are
understood in the category of reducing the negative impact of activities on the environment,
as opposed to the category of circular economy. The level of knowledge in this area
is low. The motivation to reduce the negative impact on the environment is mainly
pragmatism, i.e., compliance with standards, legal regulations and avoiding environmental
fines. Enterprises monitor the key environmental impact indicators, including in particular
costs. The smallest number of surveyed enterprises can be characterized by the lowest level
of maturity, i.e., L1. Initial. These enterprises often do not even take steps to reduce the
negative impact on the environment, and if so, for pragmatic reasons, the processes in the
studied area are neither identified nor measured. Lack of knowledge about the assumptions
of circular economy and the business models dedicated to it are further characteristics.
The highest level of maturity, L5. Optimizing, is presented by 13% of enterprises. These
are enterprises with an implemented circular business model. They have a high level of
knowledge about circular economy. This group includes enterprises that stand out from
the rest by implementing reverse logistics, designing virtual products/services and selling
product features. Enterprises are aware of their shortcomings, but they improve their
activities continuously through processes monitoring in terms of possible improvements.
The results obtained allowed one to find answers to all research questions (Q1–Q4)
and to formulate conclusions, which, unfortunately, are moderately optimistic. First of all,
the use of circular business models is not a common practice. The reason for this is the
unsatisfactory level of knowledge of enterprises about circular economy and its business
models. When it comes to small enterprises, this is mainly due to limited organizational
and financial possibilities. Knowledge also converts into environmental awareness, which
can be divided into two levels: awareness of the impact on the environment and awareness
of circular economy. The majority of the surveyed enterprises are aware of the negative
impact on the environment and therefore take measures to reduce this impact. Nevertheless,
it cannot be ignored that they do it chiefly for pragmatic reasons. What is very surprising in
the face of contemporary global challenges is the disregard for environmental protection by
some enterprises. The companies operating on a circular model in Europe have a number
of advantages at the micro and macro levels. Shpak et al. point to the opportunity to
influence the cost of production by reducing the cost of raw materials. As a result, both
sales volume and productivity can increase. the shift to a circular production model will
enable businesses to further reduce their tax burden, as tax rates are projected to increase
for businesses that do not use resource- and energy-efficient methods [17].
The use of circular business models as a well-planned strategy of action is rarely
practiced. Enterprises most often use selected activities characteristic of circular economy, e.g., elimination of waste from business activity and in the supply chain, production
looping, energy-saving activities, use of raw materials or materials with better technical/technological parameters or recycling. Most enterprises that implemented circular
business models used the classification proposed by R2Pi. This constitutes a confirmation
of assumptions that the above classification of circular business models is most useful
in business practice due to its simplicity. The circular business models declared by the
surveyed companies include circular raw materials, recovery of raw materials, and modification and repair. It was also confirmed that the business model canvas is a tool popular
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in business practice, both in the case of setting up a business and its redesign. The above
justifies its use also for building circular business models. Its great advantage is versatility,
which makes it possible to be used by any company or organization, regardless of the
industry or size.
In summary, the implementation of circular business models is not widely practiced.
This is mainly due to the competence gap in circular business models. The main barrier is
the lack of knowledge and qualified staff. Shortages in this area effectively block the idea
of CE both at the stage of initiation and implementation, and above all in the creation of
new business models. Small businesses have the greatest difficulty in adapting to trends
due to the fact that for them it involves proportionally more effort in both financial and
organizational terms. Undertaking pro-environmental actions by companies is dictated
mainly by pragmatic motivations. Assessment of the level of enterprises’ achievements in
implementing the principles of circular economy indicates the average level of maturity of
the surveyed enterprises. First of all, the importance of circular economy components in
the business model increases with the age of the enterprise. Key resources dominated by
younger enterprises are an exception here. More often and to a greater extent, they utilize
energy from renewable sources, apply energy-saving technologies and use raw materials
and/or materials with better technical parameters in terms of environmental impact.
In the group of young companies, the importance of knowledge, team experience and
flexibility in action is also more strongly emphasized in order to adjust the business model
to the requirements of circular economy. This group also exhibits a lower risk aversion
in modifying the business model. Circular business models are used by companies at the
highest level of maturity. The formulated conclusions are not optimistic. Adapting the
activities of enterprises to the assumptions of circular economy becomes a must. Meanwhile,
small businesses, which make up a decisive proportion of economic actors, are not coping
well with this challenge. Therefore, it is important to provide and disseminate tools to
assist them in implementing CE principles. An example of such a solution is the business
model canvas. An example of such a solution is the business model canvas, which is also
confirmed by research of Gomes et al. [75].
The results of the study are in line line with some of the conclusions of other scholars dealing with the topic, like Frishammar and Parida [76], Czikkely et al. [77] and
Nuβholz [78]. In addition, one should also add that to some extent the results obtained are
in line with the findings of Szczepańska-Woszczyna i Kurowska-Pysz [79], who state that
the idea of sustainable business development in Polish SMEs is still in the development
phase (it influences the implementation of CE principles), and of Diego and others, who
researched the entrepreneurial approach to achieve societal and environmental goals [80];
some problems may still limit or discourage a CE approach, mainly companies being
small [81,82], the analysis of the process and role of business model experimentation [83].
5. Future Direction of Research
This study is based on a literature review and a survey but it is not free from certain
limitations. First of all, the literature related to the general definition of circular economy
and the classification of circular business models was taken into account. To a lesser extent,
the literature on the general issue of business models and individual concepts underlying
circular economy was used. Reducing the research group to small and medium-sized
enterprises constitutes another limitation. The study also did not consider the effects of
implementing circular business models. Future research directions should also focus on
comparisons with large enterprises. A question arises whether there are grounds to perceive
large enterprises as coping better than smaller companies with the challenges of circular
economy, due to the fact that they have organizational and financial resources. The reason
for the unsatisfactory level of knowledge about circular economy among enterprises that
cooperate with an academic centre also requires further research. Such cooperation is based
on the distribution of knowledge and modern technical and/or technological solutions.
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This study indicates interesting directions for continued research. One of them is the
incentive for companies to implement CE principles. It can be expected that companies that
are exposed to greater risk, either due to possible environmental impacts or potential image
damage, tend to be more responsive and mature. The ecosystem in which enterprises
operate and its impact on the implementation of business circularity are also interesting.
The result of the research should be mainly proposals for tools helpful in business practice
in the area of circular economy and suggestions for top-down initiatives of a social or
political nature.
6. Conclusions
When it comes to designing circular business models, multiple concepts and classifications of models as well as guidance for business activities related to circular economy
have been identified in literature. Most of these are case-based studies, and this translates
into limited applicability in other companies. Nevertheless, there are very few universal
concepts that would support practitioners in adjusting their activities the circular economy
needs. One of them is the proposal to use a business model canvas to design circular
business models [32]. There is a lack of elaborations that would show the scale of practical
use of circular business models by enterprises. As it has already been mentioned, cases of
individual enterprises are presented, but the level of organizational skills of enterprises
to implement the circular economy principles is not specified. This provides grounds for
conducting research on the above-mentioned issues, all the more so as the modification
of business models towards the idea of circular economy is a necessity and will cause
entrepreneurs to have new opportunities in place of some lost opportunities.
Implementing circular economy solutions is a multi-threaded issue. Among others, it
is associated with the involvement of often significant technical and financial resources,
change of business models or the need to develop competences (including personnel
dealing with implementation). Due to the above, the processes of implementing solutions
in the area of circular economy are subject to the impact of a number of conditions, both
favorable and difficult, for their implementation. The study indicates significant barriers.
One of the factors that makes it difficult is the high level of variation in classifying circular
business models. Another barrier is the competency gap resulting from the low level
of knowledge about circular economy. Consequently, this results in an average level of
maturity of business models in the area of implementing the assumptions of this economy.
Other challenges in the process of CE implementation cannot be ignored either. These are:
the level of awareness not only of companies but also consumers and public administration;
the pace of changes; legislation and system solutions (the need to create and properly
implement appropriate legal regulations); economic conditions (the cost of new, innovative
technologies, often of low profitability, and the possibility of optimizing the costs of
sustainable solutions in business). Important barriers to the implementation of CE rules are
the lack of mechanisms to promote and support good and quality products. Activities to
introduce CE should be carried out in parallel-from education, through cooperation with
business at different levels, to solve legislative/systemic problems. The motivation for
which circular business models are implemented is very important. It largely determines
how and whether a business deals with the mentioned obstacles.
This article contributes to the discussion regarding the implementation of circular
economy and indicates the need to popularize tools to assist practitioners in the transition
from linear to circular models, such as the business model canvas. It also draws attention
to the need of continuous monitoring of trends in this respect, so that both, societies and
the economy have time to adapt. One can hope, as shown by the situation related to
the COVID-19 pandemic, that in a very short period, we will be able to radically change
our habits and behaviors, find ourselves in the new reality and learn new methods of
functioning. Perhaps circular economy solutions do not have to be completely new to
enterprises, or they only need an impulse to be implemented.
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Shpak, N.; Kuźmin, O.; Melnyk, O.; Ruda, M.; Sroka, W. Implementation of a Circular Economy in Ukraine: The Context of
European Integration. Resource 2020, 9, 96. [CrossRef]
European Commission. Circular Economy Action Plan. For a Cleaner and More Competitive Europe. Available online: https:
//ec.europa.eu/environment/pdf/circular-economy/new_circular_economy_action_plan.pdf (accessed on 12 April 2021).
Price Waterhouse Coopers. Closing the Loop—The Circular Economy, What It Means and What It Can Do for You. Available online: https://www.pwc.com/hu/en/kiadvanyok/assets/pdf/Closing-the-loop-the-circular-economy.pdf (accessed on
13 November 2020).
Frosh, R.A. Industrial Ecology: Closing the Loop on Waste Materials. In The Industrial Green Game: Implications for Environmental
Design and Management; Richards, D.J., Ed.; The National Academies Press: Washington, DC, USA, 1997; pp. 37–48.
Asif, F.M.A.; Rashid, A.; Bianchi, C.; Nicolescu, C.M. System Dynamics Models for Decision Making in Product Multiple
Lifecycles. Resour. Conserv. Recycl. 2015, 101, 20–33. [CrossRef]
Sitra. The Most Interesting Companies in the Circular Economy in Finland. Available online: https://www.sitra.fi/en/projects/
interesting-companies-circular-economy-finland/#latest (accessed on 8 January 2021).
Hazen, B.T.; Mollenkopf, D.A.; Wang, Y. Remanufacturing for the circular economy: An examination of consumer switching
behavior. Bus. Strategy Environ. 2017, 26, 451–464. [CrossRef]

Sustainability 2021, 13, 7059

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

19 of 21

Lacy, P. The Circular Economy. Great Idea, but Can It Work? Available online: https://www.forbes.com/sites/valleyvoices/2015
/01/20/the-circular-economy-great-idea-but-can-it-work/?sh=795acb282e28 (accessed on 20 December 2020).
Stål, H.I.; Corvellec, H.A. Decoupling perspective on circular business model implementation: Illustrations from Swedish apparel.
J. Clean. Prod. 2018, 171, 630–643. [CrossRef]
Lieder, M.; Rashid, A. Towards Circular Economy Implementation: A Comprehensive Review in Context of Manufacturing
Industry. J. Clean. Prod. 2016, 115, 36–51. [CrossRef]
Staniszewska, E.; Klimecka-Tatar, D.; Obrecht, M. Eco-design processes in the automotive industry. Prod. Eng. Arch. 2020, 26,
131–137. [CrossRef]
Lahti, T.; Wincent, J.; Parida, V. A definition and theoretical review of the circular economy, value creation, and sustainable
business models: Where are we now and where should research move in the future? Sustainability 2018, 10, 2799. [CrossRef]
Antikainen, M.; Valkokari, K. Framework for sustainable circular business model innovation. Technol. Innov. Manag. Rev. 2016, 6,
5–12. Available online: http://timreview.ca/article/1000 (accessed on 24 February 2021). [CrossRef]
Linder, M.; Williander, M. Circular business model innovation: Inherent uncertainties. Bus. Strategy Environ. 2017, 26, 182–196.
[CrossRef]
Núñez-Cacho, P.; Molina-Moreno, V.; Corpas-Iglesias, F.A.; Cortés-García, F.J. Family Businesses Transitioning to a Circular
Economy Model: The Case of “Mercadona”. Sustainability 2018, 10, 538. [CrossRef]
Geng, Y.; Doberstein, B. Developing the circular economy in China: Challenges and opportunities for achieving ‘leapfrog
development’. Int. J. Sustain. Dev. World Ecol. 2008, 15, 231–239. [CrossRef]
Geng, Y.; Zhu, Q.; Doberstein, B.; Fujita, T. Implementing China’s circular economy concept at the regional level: A review of
progress in Dalian, China. Waste Manag. 2009, 29, 996–1002. [CrossRef] [PubMed]
Chuang, C.H.; Wang, C.X.; Zhao, Y. Closed-loop supply chain models for a high-tech product under alternative reverse channel
and collection cost structures. Int. J. Prod. Econ. 2014, 156, 108–123. [CrossRef]
Nasr, N.; Thurston, M. Remanufacturing: A key enabler to sustainable product systems. In Proceedings of the 13th CIRP
International Conference on Life-Cycle Engineering, Leuven, Belguim, 31 May–2 June 2006; pp. 15–18.
Ketzenberg, M.E.; Laan, E.; Teunter, R.H. Value of information in closed loop supply chains. Prod. Oper. Manag. 2006, 15, 393–406.
[CrossRef]
Govindan, K.; Soleimani, H.; Kannan, D. Reverse logistics and closed-loop supply chain: A comprehensive review to explore the
future. Eur. J. Oper. Res. 2015, 240, 603–626. [CrossRef]
Kortmann, S.; Piller, F. Open business models and closed-loop value chains. Calif. Manag. Rev. 2016, 58, 88–108. [CrossRef]
CMMI Institute. SEI: CMMI for Development, Version 1.2; Carnegie Mellon Software Engineering Institute: Pittsburgh, PA,
USA, 2006.
Schumacher, A.; Sihn, W.; Erol, S. A maturity model for assessing Industry 4.0 readiness and maturity of manufacturing
enterprises. Procedia CIRP 2016, 52, 161–166. [CrossRef]
R2Pi The Route to Circular Economy. Available online: http://www.r2piproject.eu/wp-content/uploads/2017/04/R2Pi-CEBM.
pdf (accessed on 26 November 2020).
Osterwalder, A.; Pigneur, Y.; Bernarda, G.; Smith, A. Value Proposition Design: How to Create Products and Services Customers Want;
John Wiley and Sons: Hoboken, NJ, USA, 2014.
Lewandowski, M. Designing the business models for circular economy—towards the conceptual framework. Sustainability 2016,
8, 43. [CrossRef]
Korhonen, J.; Honkasalo, A.; Seppälä, J. Circular Economy: The Concept and its Limitations. Ecol. Econ. 2018, 143, 37–46.
[CrossRef]
Schools of Thought. Available online: https://www.ellenmacarthurfoundation.org/circular-economy/concept/schools-ofthought (accessed on 14 November 2020).
Deus, R.M.; Savietto, J.P.; Battistelle, R.A.G.; Ometto, A.R. Trends in Publications on the Circular Economy. Rev. ESPACIOS 2017,
38, 12–32.
Ying, J.; Li-Jun, Z. Study on green supply chain management based on circular economy. Phys. Procedia 2012, 25, 1682–1688.
[CrossRef]
Kavadias, S.; Ladas, K.; Loch, C. The transformative business model. Harv. Bus. Rev. 2016, 94, 90–98.
Bai, C.; Sarkis, J. Flexibility in reverse logistics: A framework and evaluation approach. J. Clean. Prod. 2013, 47, 306–318. [CrossRef]
Lacy, P.; Rosenberg, D.; Drewell, Q.; Rutqvist, J. 5 Business Models that are Driving the Circular Economy. Available online: http:
//www.fastcoexist.com/1681904/5-Business-Models-That-Are-Drivingthe-Circular-Economy (accessed on 30 January 2021).
Boons, F.; Lüdeke-Freund, F. Business models for sustainable innovation: State-of-the-art and steps towards a research agenda. J.
Clean. Prod. 2013, 45, 9–19. [CrossRef]
Upward, A.; Jones, P. An Ontology for Strongly Sustainable Business Models: Defining an Enterprise Framework Compatible
with Natural and Social Science. Organ. Environ. 2015, 29, 97–123. [CrossRef]
Damen, M.A. A Resources Passport for a Circular Economy. Master’s Thesis, Utrecht University, Utrecht, The Netherlands, 2012.

Sustainability 2021, 13, 7059

54.

55.
56.

57.

58.
59.
60.
61.

62.
63.
64.

65.

66.
67.
68.
69.

70.
71.
72.

73.
74.
75.

76.
77.
78.
79.
80.

20 of 21

Lacy, P.; Keeble, J.; McNamara, R.; Rutqvist, J.; Haglund, T.; Cui, M.; Cooper, A.; Pettersson, C.; Kevin, E.; Buddemeier, P. Circular
Advantage: Innovative Business Models and Technologies to Create Value in a World without Limits to Growth; Accenture: Chicago, IL,
USA, 2014.
Mentink, B. Circular Business Model Innovation: A Process Framework and a Tool for Business Model Innovation in a Circular
Economy. Master’s Thesis, Delft University of Technology & Leiden University, Leiden, The Netherlands, 2014.
Van Renswoude, K.; Wolde, A.T.; Joustra, D.J. Circular Business Models. Part 1: An Introduction to IMSA’s Circular Business
Model Scan. Available online: https://groenomstilling.erhvervsstyrelsen.dk/sites/default/files/media/imsa_circular_business_
models_-_april_2015_-_part_1.pdf (accessed on 15 January 2021).
Zairul, M.; Wamelink, J.W.; Gruis, V.; John, L. New industrialised housing model for young starters in Malaysia: Identifying
problems for the formulation of a new business model for the housing industry. In Proceedings of the APNHR 2015: The Asia
Pacific Network for Housing Research, Gwangju, Korea, 9–11 April 2015.
Osterwalder, A.; Pigneur, Y. Business Model. Generation: A Handbook for Visionaries, Game Changers, and Challengers; John Wiley and
Sons: Hoboken, NJ, USA, 2010.
Parlikad, A.K.; Mcfarlane, D.; Fleisch, E.; Gross, S. The Role of Product Identity in End-of-Life Decision Making. Available online:
https://www.alexandria.unisg.ch/export/DL/Sandra_Gross/21460.pdf (accessed on 30 April 2021).
Goedkoop, M.; Oele, M.; Leijting, J.; Ponsioen, T.; Meijer, E. Introduction to LCA with SimaPro; Pre: San Francisco, CA, USA, 2016.
Volans. Breakthrough Business Models: Exponentially More Social, Lean, Integrated and Circular. Available online:
http://volans.com/wp-content/uploads/2016/09/Volans_Breakthrough-Business-Models_Report_Sep2016.pdf (accessed on
25 February 2021).
Visser, W. Sustainable Frontiers. Unlocking Change through Business, Leadership and Innovation, 1st ed.; Routledge: London, UK, 2017.
Lacy, P.; Rutqvist, J. Waste to Wealth: The Circular Economy Advantage; Palgrave Macmillan: London, UK, 2016.
Ellen MacArthur Foundation. Growth within: A Circular Economy Vision for a Competitive Europe. Available online: https://www.ellenmacarthurfoundation.org/assets/downloads/publications/EllenMacArthurFounda%C2%ACtion_
Growth-Within_July15.pdf (accessed on 25 January 2021).
Potting, J.; Hekkert, M.; Worrell, E.; Hanemaaijer, A. Circular Economy: Measuring Innovation in the Product Chain; Universiteit
Utrecht: Hague, The Netherlands, 2017. Available online: http://www.pbl.nl/sites/default/files/cms/publicaties/pbl-2016
-circular-economy-measuring-innovation-in-product-chains-2544.pdf (accessed on 16 January 2021).
Lacy, P.; Rutqvist, J. Waste to Wealth. Creating Advantage in a Circular Economy; Palgrave Macmillan: New York, NY, USA, 2015.
Lee, S. Circular Business Models; Forum for the Future & Unilever: London, UK, 2015.
Forum for the Future. Available online: https://www.forumforthefuture.org/the-circular-economy-business-model-toolkit
(accessed on 5 November 2020).
De Jong, E.; Engelaer, F.; Mendoza, M. Realizing Opportunities of a Circular Business Model. Available online: http:
//circulatenews.org/2015/04/de-lage-landen-realising-the-opportunities-of-a-circular-business-model
(accessed
on
31 December 2015).
Frankenberger, K.; Weiblen, T.; Csik, M.; Gassmann, O. The 4I-framework of business model innovation: A structured view on
process phases and challenges. Int. J. Prod. Dev. 2013, 18, 249–273. [CrossRef]
Bakker, C.; Wang, F.; Huisman, J.; den Hollander, M. Products that go round: Exploring product life extension through design. J.
Clean. Prod. 2014, 69, 10–16. [CrossRef]
Planing, P. Business Model Innovation in a Circular Economy Reasons for Non-Acceptance of Circular Business Models. Open J.
Bus. Model. Innov. 2015. Available online: https://www.academia.edu/31783860/Business_Model_Innovation_in_a_Circular_
Economy_Reasons_for_Non_Acceptance_of_Circular_Business_Models (accessed on 13 April 2021).
Lüdeke-Freund, F. Towards a Conceptual Framework of Business Models for Sustainability. In Knowledge Collaboration & Learning
for Sustainable Innovation, Proceedings of the ERSCP-EMSU Conference; Elsevier: Amsterdam, The Netherlands, 2010.
Yamfashije, J. Capability Maturity Model Integration. Available online: https://www.researchgate.net/publication/327557963
(accessed on 23 March 2021).
Gomes, J.G.C.; Okano, M.T.; Otola, I. Creation of indicators for classification of business models and business strategies in
production systems. Pol. J. Manag. Stud. 2020, 22, 142–157. Available online: https://pjms.zim.pcz.pl/resources/html/article/
details?id=211686 (accessed on 23 January 2021).
Frishammar, J.; Parida, V. Circular Business Model Transformation: A Roadmap for Incumbent Firms. Calif. Manag. Rev. 2018, 3,
5–29. [CrossRef]
Czikkely, M.; Huu Hoang, N.; Fogarassy, C. Circular transformation of current business solutions in wastewater management.
Pol. J. Manag. 2019, 20, 196–209. [CrossRef]
Nuβholz, J.L.K. Circular Business Models: Defining a Concept and Framing an Emerging Research Field. Sustainability 2017, 9,
1810. [CrossRef]
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