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1. Introduction

As the global community grapples with the challenges posed 
by climate change, resource scarcity, and environmental 
degradation, the concept of a circular economy (CE) has 
emerged as a pivotal paradigm shift towards sustainability. At 
its core, a CE aims to decouple economic growth from resource 
consumption by promoting the regeneration and reuse of 
materials, thereby reducing waste and environmental impact 
while fostering economic prosperity [1]. In this transformative 
journey, small and medium-sized enterprises (SMEs) within 
the manufacturing sector play a crucial role due to their 
significant contribution to industrial output and employment
[2].

However, SMEs face unique challenges in embracing the 
principles of a circular economy, including limited resources, 
expertise, and awareness of sustainable practices [3, 4]. To 
address these challenges and facilitate their transition towards 

CE the development of tailored frameworks and tools becomes 
imperative [5, 6]. As a systematic approach to assess 
organizational capabilities, maturity models (MMs) have
gained traction to identify improvement areas, and guide 
strategic decision-making towards sustainability goals [7]. This 
potential has catalyzed the emergence of MMs within the 
domain of CE [7]. Existing MMs focus on specific areas of this 
topic like remanufacturing processes [8], whilst neglecting a 
holistic view on surrounding business areas as well as SME 
specific requirements like limited access to financial and 
human resources [9].

In this context, this paper endeavors to develop a 
comprehensive MM specifically designed for SMEs operating 
within the manufacturing sector, aiming to facilitate their 
transition towards a CE in a holistic way. Therefore, two 
research questions are formulated: 

RQ1: How can requirements of SMEs be incorporated into 
a MM for circular transformation?
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RQ2: How can tangible recommendations for SMEs be 
integrated into this MM to enhance circularity?

Through a combination of methodologies, including a 
literature review, semi-structured interviews, and an empirical 
validation, this paper presents an iteratively developed MM. 
Furthermore, the engagement of stakeholders from academia, 
industry, and the field of CE ensures the relevance and 
applicability of the model as well as targeted support for SMEs 
in different contexts. Drawing upon theoretical foundations 
concerning the state of the CE in SMEs and utilizing MMs, a 
design approach is presented. Initially, the requirements are 
delineated in detail, followed by a comparative analysis of 
existing MMs within the domain of the circular economy. 
Subsequently, the development process and the architecture of 
the model are outlined, leading to a comprehensive discussion 
of the obtained results of the development.

2. Theoretical Background

2.1. Circular Economy in SME

The CE describes an economic model aimed at efficient 
resource utilization through waste prevention, long-term value 
preservation, reduction of primary material usage, and closure 
of the loop of products, their components, and materials within 
the framework of environmental protection and socio-
economic benefits [10]. Thus, it provides an approach for the 
sustainable and systematic design of a resilient value chain
[11], thereby offering the potential for achieving sustainability 
goals in industrial enterprises [12].

SMEs play a pivotal role in the transition towards a CE due 
to their significant presence across various industries [13]. 
However, the adoption and implementation of CE principles 
within SMEs exhibit a mixed and heterogeneous status [14]. 
There are significant gaps in their understanding and 
implementation of CE principles, particularly in areas such as 
resource efficiency, stakeholder cooperation, and life cycle 
knowledge [15]. Key barriers hindering the widespread 
adoption of circular practices among SMEs include financial 
constraints, inadequate access to information and lack of skills 
in implementing circular business models [16]. Studies suggest 
that a portion of SMEs show a growing interest in integrating 
CE principles into their operations [15], driven by factors such 
as cost savings, resource efficiency, market differentiation, and 
sustainability imperatives [17].

In summary, while SMEs represent both opportunities and 
challenges in advancing the CE agenda, concerted efforts are 
required from various stakeholders including policymakers, 
industry associations, financial institutions, and academia to 
support SMEs in embracing circular practices, fostering 
innovation, and realizing the full potential of the CE paradigm.

2.2. Maturity Models

MMs are established tools for practitioners to conduct an 
objective assessment of the maturity of a class of objects [18]. 
They belong to the category of reference models, as they enable 

a simplified depiction of a class of objects by breaking them 
down into subordinate fields of action and maturity elements
(MEs). Fields of action divide the area under investigation into 
superordinate task complexes. MEs, on the other hand, are 
assigned to fields of action and represent levers for influencing 
the respective field of action [19]. For each ME, different 
performance levels are defined using specific characteristics or 
states, which are regarded as maturity levels (ML) [18]. By 
describing these MLs in a discrete and consecutive manner, it 
is possible to identify a development path from an initial state 
to the total maturity of the class of objects [7]. Depending on 
the object under consideration, the class of objects can be 
products, processes, business models or even companies. The 
focus of this paper is on MMs for entire companies. Based on 
the assumption that the development of a company follows 
predictable patterns, MMs enable a company to progress to 
higher performance levels in a systematic way [19, 20].

However, there are different types and structures of MMs. 
De Bruin et al. [21] and Bensiek [19] categorize MMs into 
descriptive, prescriptive and comparative models. Descriptive 
models are only used to determine the current state. In contrast, 
prescriptive models aim to improve performance by describing 
the target state and providing specific recommendations for 
action to improve the maturity. Comparative models are the 
most holistic MMs as they enable a performance comparison 
of actions taken and, thus, a benchmark between organizations
and industries. During the development of a MM, it typically 
progresses through the steps of a descriptive, prescriptive and, 
after broad application in practice, a comparative model [21]. 

3. Design of the Maturity Model 

The design of the MM follows a structured procedure (see 
Fig. 1) which is based on the approach of Knackstedt et al.
[22]. The phases of the analysis (3.1), development (3.2) and 
implementation (3.3) are presented in the following.

Fig. 1. Design procedure of the maturity model according to [22]
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3.1. Requirements definition and analysis of existing models

To restrict the scope of consideration, the focus of the MM
is directed towards SMEs in the manufacturing sector. Semi-
structured interviews were conducted with three SMEs. In 
order to get a comprehensive view, the areas of management, 
procurement and production were considered within each 
company (n=9) to derive SME-specific requirements that can 
also be emphasized by literature.

The interviews revealed that the MM should be applicable 
with reasonable time investment, justifiably attributed to the 
limited human and financial resources of SMEs [23]. 
Additionally and also justified by constrained financial 
resources [24], the model shall enable an independent 
application in the form of a self-audit without costly assistance, 
such as that of an external consultant. This application and 
evaluation should be designed to be as straightforward as 
possible for employees, given the assumption that they may 
lack profound expertise in MM. The model's application 
domain should be clearly defined, focusing on internal 
company aspects that the SME can actively influence. This 
aims to identify the key levers with the greatest impact on
transitioning towards a circular economy.

The MM should not only assess the current state but also 
elucidate improvement potentials in defined areas achievable 
through implementable measures [7]. Consequently, the model 
should systematically present development paths to users, 
offering model-integrated recommendations for performance 
enhancement based on initial MLs [19], considering not only 
isolated improvement measures but holistic approaches. For 
this reason, a prescriptive MM must be developed. 

The contents of the MM should be articulated in a 
transparent and comprehensible manner to avoid 
overwhelming employees during application and to foster 
acceptance [25]. Through clear demarcation of the MLs, the 
results should be comparable among SME to enable a
benchmarking [19]. The fields of action and MEs under 
consideration must be differentiated in order to avoid overlaps 
and inconsistencies when applying the model. Furthermore, a
structured documentation of the assessment results is 
considered [26].

For the thematic structuring of the model with regard to the 
relevant transformation areas of the circular economy, the 
focus was on products and processes as well as the organization
of the SME. Products and related production processes play a 
crucial role in the CE and must be developed in tandem [27].
Additionally, the company’s business model needs 
examination, being a decisive driver in the CE [28]. 
Furthermore, interdisciplinarity within the company and across 
organizations as drivers of CE [16] and the organizational 
structure of the company should be portrayed and investigated.

Hence, a differentiation can be delineated between 
requirements pertaining to the model's content and those 
concerning the model's application. The stipulated 
requirements are summarized and categorized in Table 1.

Table 1. Requirements for the maturity model.

Content-related requirements Application-related 
requirements

• Defined area of application with 
key levers

• Model-integrated recommendations 
for performance enhancement

• Differentiability of the individual 
maturity levels

• Comparable results and benchmark
• Content mapping of the relevant 

areas of the circular economy: 
product, process, interdisciplinarity, 
business model, organization

• Reasonable time expenditure
• Simple and independent 

application and evaluation
• Comprehensibility and 

understandability
• Structured documentation 

In the next step, existing MMs were assessed in a literature 
review. As a result, six MMs in the field of CE in the 
production context were analyzed. By introducing the Reverse 
Logistics Maturity Model, Olejnik et al. [29] focus on the 
process of reverse logistics. The relevance of reverse logistics
for circularity is demonstrated and analyzed based on the goal 
of returning products with a certain residual value, contrary to 
the conventional material flow direction. Butzer et al. [8]
present a MM that assesses the maturity of remanufacturing 
processes. Based on an ideal six-step remanufacturing process, 
the MM analyses 39 MEs in eight dimensions and defines five 
MLs. Saari et al. [30] introduce an assessment model 
describing five MLs for CE and focus on the assumption that
CE can overcome the inefficiencies of the linear economy. The 
model analyses how collaborative strategies can help 
manufacturing companies to adapt circular principles.
Uhrenholdt et al. [31] perceive the transition to a CE as akin to 
a brownfield task, necessitating the utilization of pre-existing 
competences and concepts. This MM is devised through a two-
step iterative process, encompassing six dimensions. Arekrans 
et al. [32] define a MM for the transition to a CE taking into 
account empirical findings from three large industrial players.
The work focusses on contextual factors, such as supply chain 
and production, which also play a decisive role in the 
implementation of a CE in addition to the business model. 
Brendzel-Skowera [33] introduces a MM designed to evaluate 
the organizational maturity of SMEs regarding the 
implementation of CE principles within their business model.

The presented MMs are compared based on the previously 
defined requirements using a utility analysis. Except for
Brendzel-Skowera [33], none of the models focus specifically 
on SMEs. The delimitability and differentiation of the MLs are
present in all MMs. Whether and to what extent the presented 
MMs incorporate integrated recommendations for enhancing 
performance remains uncertain. Based on this finding and the
interviews’ results as well as outlined by Kreutzer et al. [7], this 
requirement is of high importance, as SMEs in particular need 
gradual and applicable support in order to increase their 
circular maturity. The analysis of existing MMs reveals that 
none of them fulfill all defined requirements. 
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3.2. Model development 

The results of the analysis show the advantages of the 
different MM in terms of content or structure. Thus, a 
combination of existing models [22] is used as a strategy for 
the development. The approach for the iterative development 
of the MM follows the design science approach based on
Hevner [34] and can be seen in Fig. 2.

Fig. 2. Approach for maturity model development based on [34].

The initial structure of the MM was derived from existing 
models. To ensure the practical relevance of the developments, 
two SMEs actively participated in the development process. 
During the first iteration cycle, the SMEs reviewed the initial 
model structure, incorporating additional requirements and 
improvement suggestions. Subsequently, the feedback was 
integrated, and the model's content was developed while 
considering the previously defined requirements. In the second 
cycle, the model was sequentially applied to assess its structure 
and content. In order to optimize the usability of the MM, the
think aloud method [35] was employed for the structured 
collection of feedback regarding the requirements as part of the 
iterative human-centered approach. In a third development 
step, the model-integrated performance enhancement is 
elaborated. This includes defining a target ML for the SME and 
the process for achieving it. Insights from the literature are 
incorporated and considered in each of the development steps.

3.2.1. Maturity model structure
Initially, the structure of the MM was derived from the 

analyzed existing models and challenged during the 
development process by the development team and SMEs. As
a result, three maturity dimensions - product, process and 
organization - are defined which are further underpinned by 
eight fields of action. These fields are further defined by 29 
MEs. The structure of the model can be seen in Table 2.

The choice of ML is based on the Capability Maturity Model 
Integration (CMMI) standard which is a common approach for 
MM structures [21]. Five stages allow a target-oriented 
delimitation of the MLs and are thus defined for the model:

ML 0 - Passive: In this ML, there are no specific projects or 
measures for integrating the CE into the company. 

ML 1- Developing: There are individual efforts to increase 
circularity, but these are not networked and systematic. 

ML 2- Systematic: Concrete measures to increase circularity 
exist and are systematically implemented in the company. 

ML 3 - Integrated: Concrete holistic measures exist that are 
pursued operationally and strategically as well as together with 
stakeholders to increase circularity.

ML 4 - Circular: The company is designed holistically for 
circular business and the CE is the basis of the company's 
success.

Table 2. Structure of the maturity model. 

Dimensions Fields of action Maturity elements

Product Material • Choice of materials
• Use of materials

Product 
development

• Life cycle assessment
• Modularity
• Product features

Business model • Value proposition
• Value creation/ income streams
• Customer relationship

Process Supply chain and 
logistics

• Ensuring the return of products
• Handling products in the company
• Information processing of 

returned products
• Information flow and exchange
• Logistics

Production and 
technology

• Energy consumption
• Waste management
• Quality management/ assurance
• Inspection and processing
• Material flow
• Machines and systems

Organization Management • Role model function
• Support for projects
• Measuring the success of the

company
• Strategy

Employees and 
competencies

• Acceptance
• Available competencies
• Competency development

Communication 
and network

• With customers
• With suppliers and partners
• With other stakeholder

3.2.2. Maturity assessment and performance improvement
The achievement of these ML is measured by fulfilling 

defined and progressively structured criteria. For each ME,
gradations of criteria are set in five levels which are based on 
the MLs defined above and adapted to the respective ME. Their 
fulfillment is determined through audit questions for each ME.
As an example, Table 3 shows an excerpt from the MM in the 
dimension product for the ME material selection with the audit 
question and the gradations of criteria. The user answers these 
audit questions to determine the current state based in the 
levels. During the model development, both the content of the 
criteria and the audit questions were iteratively adjusted to 
ensure clarity, specificity, and differentiation. These levels for 
each ME are not synonymous with the ML but form the basis 
for calculating them.  

The calculation of the ML is weighted at the level of fields 
of action as well as maturity dimensions of product, process, 
and organization. Since it can be assumed that not all fields of 
action have the same influence on the circular ML or its 
increase, experts (n=18) from the fields of circular economy, 
production, and SMEs evaluated the fields of action and 
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maturity dimensions regarding their relevance in the transition 
to CE through a pairwise comparison.

Table 3. Excerpt of the maturity model in the dimension product. 

Field of action Material of components 

Maturity element Material selection

Audit question “How are materials for products and components 
selected, and what criteria are used for the selection?"

Level 0 Material is mainly selected based on economic & 
technical aspects (e.g. costs, availability, profit, etc.)

Level 1 Material is additionally selected based on ecological 
aspects (e.g. material savings, production conditions, 
resource consumption, etc.)

Level 2 Material reusability plays a major role in the selection 
process. Recycled material is preferred.

Level 3 Fully recyclable and recycled materials are used for 
manufactured products and components.

Level 4 In addition to the recyclability of the products, 
attention is paid to minimizing energy consumption in 
related processes which are tracked transparently.

This results in a weighting of the fields of action and 
dimensions, considering the knowledge of the respondents in 
the three mentioned areas. It appears that the business model
(18.46%) and product development (16.18%) have the highest 
influence among the eight fields of action, while 
communication (9.16%) seems less relevant. At the dimension 
level, product (44.64%) is more relevant than organization
(32.09%) and process (23.27%). To calculate the ML of the 
fields of action, the average of the assessed MEs is determined. 
To calculate the ML of the dimension, the MLs of the fields of 
action are weighted in the calculation. Thus, the ML is not 
isolated but dependent on the other fields of action. For 
example, if the MLs for the fields of action material (ML=2.5), 
product development (ML=2.7), and business model (ML=1.7) 
are determined, a ML of 2.23 is calculated for the product 
dimension based on the weighting.

As a core requirement for targeted performance 
enhancement, the analyzed SME specifies an individual target 
ML based on the criteria of MEs. Based on this specification, 
the difference between the target and current ML is calculated, 
taking into account the weights of the fields of action and 
dimensions. This results in a prioritization of the fields of 
action against each other. Integrated into the model, this 
enables the SME to identify which of the fields of action is most 
relevant for increasing circularity. To achieve the target ML,
measures are required, which are integrated into the model in 
the form of a catalogue of measures. For each of the eight fields 
of action, low-threshold and feasible recommendations are 
defined, derived from the literature and best practice examples.
With regards to the excerpt shown in table 4, benchmarking the 
materials of every component to recycled and recyclable 
alternatives can be derived as an exemplary measure to 
improve the ML in this field of action from 2 to 3. These 
measures still need to be finalized and integrated into the 
model.

3.3. Implementation and transfer

The MM is implemented into a digital tool for easy 
application and structured documentation. This tool guides 
users through questions regarding each ME, providing 
definitions and introductory information on the MM. This 
enables users to conduct a self-assessment [36] and determine 
the ML independently. Additionally, the MM is embedded in a 
transfer concept, which provides SMEs with a structured 
process for enhancing maturity. This process is based on three 
one-day workshop formats, as depicted in Fig. 3. Following an 
initial one-day workshop to establish a common understanding 
of the circular economy, the current maturity level is assessed 
based on a self-assessment with support from external auditors
[36]. In a third workshop, potentials are identified, and the 
maturity enhancement is translated into a strategy.

Fig. 3. Transfer concept of the maturity model.

4. Discussion

After the presented MM was developed based on a structured 
approach specifically tailored to the requirements of SMEs, the 
posed research questions can be answered as follows.

RQ1: How can the requirements of SMEs be incorporated 
into a MM for circular transformation?

The defined scope of application, as represented by the 
fields of action and dimensions, adequately covers relevant 
areas of the circular economy, such as process, product, and 
organization, based on current knowledge. The 
distinguishability of MLs was achieved through an iterative 
development process, and comparability or benchmarking of 
results is implemented through integration into a digital tool, 
which stores results and allows for industry comparisons. The 
fulfillment of application requirements was examined during 
the application in two SMEs. The time required for determining 
the current maturity (workshop 2) by a user with a holistic view 
of SME activities, such as a managing director, is 
approximately two hours and can thus be considered 
reasonable. With the digital tool and its included definitions 
and assistance, application is straightforward and feasible 
without external help. Furthermore, the tool enables structured 
documentation of results by generating a report and storing the 
results. In summary, the specified requirements for the MM 
(3.1) regarding its content could be almost fully accommodated 
in the development process. Nevertheless, comprehensive 
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validation with more SMEs is still pending and could be 
investigated in further research.

RQ2: How can tangible recommendations for SMEs be 
integrated into this MM to enhance circularity?

The approach to performance improvement, as described in
3.2.2, provides an initial framework for representing model-
integrated recommendations to increase circular maturity based 
on weighting of the fields of action and their prioritization. It 
was found that an overall ML offers little added value for 
highlighting development potentials, which is why maturity is 
depicted at the fields of action and dimension levels. Whether 
this prioritization, combined with the created catalogue of 
measures, can lead to an increase in MLs must be verified 
through practical application. In this regard, the MM must be 
systematically applied at certain intervals, such as quarterly, to 
ascertain performance enhancement.

5. Conclusion and Outlook

This paper presents a MM tailored to the requirements of 
SMEs to increase their circularity. These requirements were 
derived from interviews with representatives of SMEs and 
were corroborated by literature. The model-integrated 
recommendations for increasing MLs proved to be particularly 
relevant, leading to the development of a prescriptive model. 
The MM was refined through development cycles with SMEs, 
and the ML of the SMEs could be successfully determined.

Although the transfer concept has already been developed 
and applied in two SMEs, validation of the model by a 
representative number of SMEs is still pending. Especially the 
benefit of performance improvement can only be evaluated 
after a certain period, during which the ML should be 
continuously determined and tracked. Internally within 
companies, application across different roles or areas is 
beneficial to achieve informed evaluations of individual MEs. 
Additionally, comparability between companies within the 
same industry and thus benchmarking is only possible once 
sufficient ML data is available.
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