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Abstract: The aim of the paper is to identify forms and areas of cooperation between manufacturing
companies and their stakeholders in circular activities. The analysed forms of cooperation are:
common norms and standards of operation; exchange of information; joint training; consultancy;
exchange and sharing of equipment; cooperation in the acquisition of new technological and
innovative solutions; agreement of partners to unannounced internal and external audits. The paper
includes a theoretical part (research method: systematic review) and an empirical part (survey of 200
manufacturing enterprises in Poland, in 2024). The study found that (1) companies that declared the
inclusion of CE in their business strategy were statistically more likely to declare cooperation in the
scopes analysed; (2) cooperation in one area of business partners intensifies and encourages action in
other areas, increasing the chances of achieving jointly agreed goals; (3) the implementation of CE in
companies requires appropriate management of relationship capital — business to business (B2B),
which is a strong catalyst for the development of innovation in supply chains. Involving suppliers in
the co-creation of CE innovations through partnerships in different areas has a positive impact on the
value and competitive advantage of these actors.

Keywords: circular economy; sustainable management; stakeholders; business cooperation;
corporate strategy; innovation; technology; Industry 4.0

1. Introduction

In 2020. European Commission published the European Union’s (EU) goal of be-coming the first
climate-neutral economy and society by 2050. The main and urgent challenges identified on the way
to this goal are climate change, resource scarcity and environmental degradation. The development
of the circular economy (CE) supported by Industry 4.0 (I14.0) was adopted as a key strategy [1]. CE
is a new emerging paradigm of sustainable development [2,3] and a key sustainability framework
covering the global challenges of environmental degradation, generation of waste, resource depletion
[4] and gas emissions [2]. CE is also a conscious, forward-looking, long-term, holistic approach, based
on sustainability, vision and systemic transformation and disruptive innovation [5]. CE is an
alternative to the still dominant linear model of production and consumption. It aims to keep
products and materials in the value chain for a longer period of time and to recover raw materials for
reuse at the end of products’ life. In a circular economy, it is important that waste is treated as a
secondary raw material. All pre-waste activities are intended to serve this purpose. At the same time,
the circular economy approach, implemented e.g. with regard to the design of products and
production processes, aims to increase the innovation and competitiveness of companies. By
pursuing the goals of CE, companies have the opportunity to grow in collaboration with different
stakeholders. Sustained, long-term cooperation based on trust facilitates the realisation of
innovations that benefit producers (mainly cost and image) and their stakeholders. The effectiveness
of their actions depends on: (1) the approach to the CE concept itself and its integration into business
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practices, i.e. actions taken by companies in the area of the circular economy should be an integral
part of the company’s strategy, at every stage of its development. CE at company level is determined
by cooperation business to business (B2B). However, business-to-business cooperation is not an end
in itself, but should be properly used by companies as a specific strategic tool to achieve their goals,
including finding and implementing innovative solutions that strengthen their competitive position
and serve the long-term development of their business relationship partners.

Cooperation in the field of CE, undertaken between companies and their stake-holders, is
nowadays an important and widely discussed research topic in the economic and social sciences. It
brings numerous benefits to businesses, their partners and society as a whole, as well as to numerous
ecosystems and the natural environment. In view of the ongoing adverse climate change and
environmental degradation, the rapid and sustainable implementation of CE demands is a pressing
issue for humanity.

The paper covers the results of theoretical and empirical research. The theoretical part of the
paper is a systematic review of the current state of research on the topic of CE (definition, objectives,
benefits, producers and their stakeholders, cooperation), made on the basis of 30 selected scientific
articles from the beginning of 2025 on the topic of CE and placed in open access on Web of Science
(2. Closed loop economy - literature review). The empirical part of the paper presents the results of
a 2024 national survey (Poland). The research focused exclusively on B2B stakeholders who are
cooperatively implementing and benefiting from CE demands (4. Results — business to business
cooperation on the circular economy, in surveys). Empirical research has been dedicated to the B2B
sector. It would be interesting to extend this research to include the cooperation of manufacturing
companies with stakeholders other than supply chain companies. This is a limitation of the empirical
part of paper. A strength of the research is its national coverage of Poland.

The aim of the paper is to identify forms and areas of cooperation between manufacturing
companies and their stakeholders in circular activities. The analysed forms of cooperation are:
common norms and standards of operation; exchange of information; joint training; consultancy;
exchange and sharing of equipment; cooperation in the acquisition of new technological and
innovative solutions; agreement of partners to unannounced internal and external audits.

The paper focuses attention on finding answers to the following research questions:

1. what is the essence of the circular economy and what is its significance for the realisation of
sustainable development? What social, economic and environmental benefits are associated with
the implementation of the CE in the economy? What is the significance of the CE for business
efficiency?

2. what is the importance of sustainable innovation in circular business operations?

3. what is the importance of cooperation between companies in shaping their competitive
advantage in the market and in implementing circular actions in supply chains?

4. what is the importance of integrating the idea of CE into the business strategy for the intensity of
B2B cooperation in circular activities?

5. what is the extent of cooperation between manufacturing companies and their stakeholders in
Poland in terms of circular activities?

The answers to the above questions made it possible to assess the cooperative orientation of
manufacturing companies in Poland and their stakeholders towards the implementation of CE
practices, as well as pointing out the numerous benefits of cooperation between manufacturers and
their stakeholders.

The audiences who may potentially be interested in the research results presented in this paper
are researchers and managers working in the field of CE, sustainability and sustainable management.

2. The Circular Economy - Literature Review

At the beginning of 2025, CE goals were defined in the literature as follows:

1. restoring the highest value and usability of materials, components and products [2] as a result of
methods: comprehensive rethinking of current production and consumption systems,
increasingly better design of systems and business models and durable products (long-lasting
design), their maintenance and wear assessment [2,4], and — as a result of the implementation of
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the R-strategies: refuse, rethink, reduce, reuse, repair, refurbish, remanufacture, repurpose,
recycle, recover, redesign, resilience, regulate [4,6];

2. to have a positive impact on the economy, the environment and global geopolitics [4, 5] by
inducing changes in resource-intensive sectors (e.g. mining, manufacturing) and the
development of service sectors (repair, maintenance, rental, leasing), thus shifting from a linear
economic model (extract, produce, use and discard) to a circular economy (produce, use, service,
reuse) [7];

building a network of sustainability links between different stakeholders [8] (suppliers, customers,
clients, competitors, owners, co-owners, investors, strategic allies, regulators, R&D institutions and
consortia, and representatives of administrations at different levels), focused on: shared sustainable
goals, collaboration, synergies and economies of scale, knowledge creation and exchange, research
and development, open innovation (Ol), technological innovation, development of sustainable
strategies and practices [3,7,9,10,11];

3. reducing: dependence on fossil fuels (decarbonisation), resource consumption, waste (moving
towards waste-free production), gas emissions, energy leakage and environmental degradation
— by increasing the sustainable use of resources (including waste as a renewable resource) and
renewable energy [2,4,12,14,15,16,17,18], thus slowing down, narrowing and closing material and
energy loops [19];

4. strengthening the energy security of states and the security of NATO, EU and the Organisation
for Economic Cooperation and Development (OECD) [13];

5. restoring, restoring resilience, protecting and conserving the unique natural resources of
ecosystems and prioritising the restoration of climate system stability [8,9], and strengthening
the resilience of sustainably managed businesses and business networks and the circular
economy [16,20,21,22,23];

6. developing new sustainable consumption habits and patterns in societies [24].

The lasting benefits of the conscious and long-term application of the postulates of CE and
sustainable management in companies are:

1. amultifaceted and synergistic increase in economic, environmental and social performance [4,6],
e.g.: increased innovation and productivity of national economies, significant material savings,
reduced operating and maintenance costs, reduced resource-intensity of production industries,
improved profitability of enterprises and increased resilience, creation of a positive image of
producers applying extended responsibility, development of integrated value and supply chains,
growth of effective and profitable business models and networks, reduced prices for customers,
safe and stable environmental conditions, rapid macro-regional development, increased social
welfare [23,24];

2. a 1% reduction in material and energy consumption across all sectors in Poland, according to
calculations, could result in an economic growth of 19.5 billion PLN [24]. Furthermore, if the
reduction in material and energy consumption in Poland exceeded 1% and 20% of the savings
(PLN 92 billion per year) were invested in the bioeconomy, construction and transport sectors —
Poland’s Gross Domestic Product (GDP) could reach PLN 167 billion [24]. Shifting taxation from
labour to natural resources and consumption could lead to a 7.7% increase in Poland’s GDP and
carbon dioxide (CO:) emissions would decrease by 5.7% with respect to the baseline scenario [24].

The benefits of CE are contingent on cooperation, industrial symbiosis in entrepreneurial
ecosystems, i.e. networks of companies and their stakeholders. The sustainability of these networks
requires congruence between the values, goals and needs of the partners that make up the network
[20]. This has been confirmed by numerous studies.

In Nigeria, a survey was conducted with 611 automotive companies that are members of 20
clusters from 20 cities. The results of this research defined the following benefits of participating in a
network focused on closing the loop and sustainability [11]:

1. effective learning and flow of information, knowledge and best practices;

2. anincrease in technical, organisational and business capabilities;

3. system improvements, process innovations, resource optimisation, waste reduction;
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4. the emergence of cluster leaders as central network nodes with significant digital advances (e.g.
computer diagnostic capabilities for cars).

Subsequent research looked at CE collaboration between local and international stakeholders
(companies, industrial consortia, suppliers, customers, clients, research and training institutions and
investors), based on OI practices. A core practice of IO is to engage audiences and customers in
designing products that meet needs and increase the satisfaction and loyalty of those audiences and
customers. This and other IO practices were intended to help network partners overcome the barriers
to transitioning from a linear economy to a CE — with numerous benefits achieved, such as a culture
of collaboration, exchange of expertise, skills development, access to and integration of technology,
development of closed-loop products and processes, significant economic and technical performance,
and the ability of the largest and most resourceful network partners to pressure external stakeholders
to leverage investor resources for CE initiatives [25].

Research and development (R&D) consortia are of strategic importance for implementing large-
scale sustainable systemic change that coincides with CE goals, as their role is to share knowledge
and responsibility. The risk of implementing change is spread across multiple stakeholders with
consistent goals. This makes networks catalysts for solving CE problems [8].

Another study involved textile and clothing companies. These included the introduction of a
digital product passport (DPP), which is a tool that enables textile and apparel stakeholders
(manufacturers, suppliers, customers, clients, government organisations and public institutions)
processes such as [26]:

1. product traceability — storing and making available comparable information about a product and
tracking its life cycle phases, characteristics and environmental impacts;

2. informed decision-making;

3. promotion of transparency, sustainability and CE.

Product lifecycle management (PLM) is a process to track and coordinate all stages of the
product lifecycle such as design, production, use and disposal. The following indicators and
approaches are used in this process [14]:
index of repairability (IoR);
repair score system (RSS);
ease of disassembly metric (eDIM);
design for repairability (DfR);
repair oriented design (RoD).

Two factors are estimated to be particularly important for CE: controlling the take-back channels
of products, at the end of their useful (operational) life, and encouraging consumers to use products
for as long as possible [16].

Numerous research studies address the stimulation of CE by 14.0 and Industry 5.0 (I5.0)
technologies [15,27]. It is even believed that the implementation of sustainability-oriented
technologies and innovations determines the CE [28].

Technology collaboration between companies can include practices that support CE such as
backward and forward vertical integration, automation, virtualisation, increased traceability, energy
management, increased flexibility, process optimisation, reduced material and energy consumption,
data collection and processing, production planning, monitoring, system failure prediction, decision-

AN .

making and others [3].

The results of a study of six manufacturing companies operating with 14.0 technologies, lean
production (LP) practices and CE strategies confirmed the existence of a synergistic interaction — 4.0
technologies and LP practices support each other and enable the implementation of CE strategies
[10].

Research in India, involving academic and industry experts, has identified key factors for the
impact of 14.0 on CE performance and these are: the presence of economies of scale in the sector,
managerial support, operational efficiency, and the cost of investment [29].

Another study was carried out in the textile manufacturing sector. In their first stage, a literature
review was conducted, resulting in the identification of 17 CE attributes. In the second stage of the
research, these 17 CE attributes were assessed by 50 experts. It was concluded that the most important
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factors accelerating the implementation of CE in the textile manufacturers’ supply chain were the
involvement of top management, the cooperation of different stakeholders, and the increase in
knowledge and skills of employees [30].

In addition to the cooperation of the internal stakeholders of manufacturing companies
(managers and employees), multifaceted cooperation with the external stakeholders of these
companies (suppliers, customers, clients, competitors, owners, co-owners, investors, strategic allies,
regulators, R&D institutions and consortia, and representatives of various levels of government) is
also important. For the development of CE, the important role of policymakers in encouraging
investments that coincide with CE demands is also highlighted [31], as well as the importance of
researchers in developing new, unconventional methodologies that should enhance trust, security
and the resilience of sustainability efforts to adverse populist narratives [21].

3. Materials and Methods

A literature research of the current state of knowledge in the area of CE was conducted between
1 January 2025 and 12 May 2025. A systematic review method (collecting the available scientific
literature in a systematic way), analysis and synthesis was used. A systematic review shows how
data will be collected, analysed and presented. The first step in this method was to establish the
criteria for the study (key phrase: “circular economy” in the title of the scientific paper) and to select
75 open access articles on Web of Science, published in English, in 2025. Thirty sources of relevance
to the research objective were then selected. In the final step of the systematic literature review
method described above, the other sources of this work listed in the References section were selected
and analysed, and the results of the secondary research were synthesised.

The research was carried out through the Biostat company (Research and Development Centre
in Rybnik).

The results of the overall survey (answers to the questions in the survey) were sent to Katarzyna
Kowalska’s (the author of the survey) university e-mail address. Questions on cooperation were one
of eight questions addressed to entrepreneurs in Section C in Poland.

The survey was conducted using the CATI method from 19 February to 26 April 2024. The
target group was, private enterprises operating in Poland from section C [Table 1].

The sampling was random and stratified, which also ensured that the survey was
representative. The surveyed companies (200 companies located in Poland) were dominated by
companies with Polish capital, employing up to 9 people (micro companies), companies running a
sole proprietorship or a limited liability company, and companies with a long tradition of operating
on the market (10 or more years) [Table 1].

Table 1. Distribution of entities by number of employees [own study based on research results].

0-9 10-49 50-249 250=>
section C
REGON database 313730 20897 5210 1253
share % 92.0% 6.1% 1.5% 0.4%
number of questionnaires, suma n=200 184 12 3 1

The sampling was randomised and stratified to ensure that the survey was representative. The
sample size was calculated using the following parameters [Table 1]:

1. population size — 341090;
2. fraction size - 0.5;
3. confidence level — 0.95.

In order to select the sampling frame, the GNI Hoovers database, which includes all companies
registered with the CSO, was used. Only companies whose main activity profile was in line with
section C of the survey were taken into account. Prior to randomisation, companies with discontinued
operations and entities in liquidation or bankruptcy were excluded from the set. On the basis of such
prepared data, a random draw was made with the use of a random number generator implemented
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in MS Excel, taking into account the section and size of employment, so that the number of entities
selected for the study in each assumed quantitative element exceeded 10 times the number assumed
in the sample. If the available entities were exhausted, additional ones were drawn from the identified
frame. The response rate was 11.1%.

4. Results — Business to Business Cooperation on the Circular Economy, in
Surveys

In today’s market environment, the cooperation of economic players plays a key role in terms of
efficiency, effectiveness of operations. This is particularly reflected in the development strategies of
companies whose competition takes place within supply chains (value chains). It can be said that
competition nowadays takes place between groups (networks of companies) that are in a deliberate
and purposeful relationship to each other. The network relationships of entities can be referred to
different levels of cooperation (collaboration), also considered from the perspective of industries or
even the entire economy [35], and can concern both the capital group (so-called network organisation
- intra-organisational) as well as independent enterprises (enterprise network — inter-organisational
network).

Networks of relationships exist and develop because of the motives of companies, which take
the form of individual and shared goals. Effective feedback between companies determines the
position of these companies in the market and ultimately the success of a given network. However,
it should be noted that not all inter-organisational ties (interactions) between firms can be treated as
networks; exchange, commitment and reciprocity are three obligatory attributes of relationships [34].
Exchange is relational in nature and fundamental to this process is the effective flow of information
within the individual network links. In contrast, commitment in a networked relationship is
multidimensional and should be reciprocal (operational, informational, social and investment
commitment) — then it becomes an effective mechanism to safeguard against partner opportunism
[34].

Resources and skills are a fundamental source of competition for networks of cooperating actors.
These resources can be divided into active resources, which include technological and IT
infrastructure, and intangible resources, which include the knowledge of employees and the image
of specific actors. The latter also include organisational and cooperative culture, R&D facilities,
information system and customer loyalty. The value of intangible resources is of particular
importance to entities — as they can be used in different places at the same time, usually gaining in
value. Their ownership is a key area of success — winning strategic partners and loyal customers is
based precisely on the market value of these resources [37].

The above-mentioned network resources are in the form of assets whose value depends on their
possession of durable (difficult to copy), unique and strategically oriented competences to manage
them [41]. These competences are derived from the knowledge, skills and organisational experience
of the managers and other employees of a given network. Such competences enable better or faster
exploitation of opportunities and mitigation of risks arising in the environment. These include,
among others, solving consumer problems in a unique way —adapted to new social needs, motivating
and developing the qualifications of employees, creating and developing relationships with partners,
the correct application of systems, e.g. in logistics, or the ability to anticipate and introduce necessary
improvements in the operation of these systems. The case of the Biedronka chain is worth mentioning
here, where errors in the application of the SAP system in logistics led to gaps in information and, as
a result, a lack of continuity in the supply of shops [41].

Within the network structure of entities, there is a specific coordination mechanism in place, for
which the lead entity is responsible [43]. The flagship company, usually the main commissioner of
services, with strategic control over the network. The role of such an entity is to shape the
relationships in the network arrangement. In practice, it can fulfil at least one of three roles: architect
(bringing about the establishment of the rules of the system), gatekeeper (exercising oversight of the
established rules), operator (coordinating activities to achieve the established goal) [35].

The specialisation of the companies and their close cooperation makes each of the network
partners dependent for the benefits of the joint action. The emerging interdependencies between the
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actors determine the necessity for continuous coordination of activities and network links of the

companies.

Synergy, the cooperative surplus of resource productivity, contributes to strengthening the
competitive advantage of individual enterprises and ultimately constitutes the market power of a
specific network of actors.

The essence of effective organisational networks presupposes relatively sustainable cooperation
between partners based on set standards and values. Therefore, it is possible to reduce the network
by entities that do not meet the established standards and to expand it by additional companies that
have the appropriate resources and attributes [32, 33].

The most important reference and justification for the network structure of companies should
be the creation of value for the network entities themselves and their key stakeholders. The Creating
Shared Value (CSV) concept points to such a goal and reference point. The creators of the concept,
M. Porter and M. Kramer, define it as “operational procedures and practices that increase the
competitiveness of a company and, at the same time, have a positive impact on the economic and
social conditions of the people among whom that company operates. The production of economic
and social value is a process aimed at identifying and extending the links between social development
and economic progress” [39].

M. Porter and M. Kramer, based on their own consulting practice, have identified three possible
CSV strategies that companies around the world are adopting [39,38]:

1. developing new markets by seeing the problems of local communities and developing innovative
products to solve them;

2. redefining productivity in the value chain by introducing organisational and technological
solutions to reduce negative environmental and/or social impacts. Most often, this comes down
to optimising supply chains and building distribution networks based on local suppliers;

3. enabling the development of local clusters involving the creation and development of inclusive
local networks built on resources and values, a shared vision and goals, and the development of
technical infrastructure giving access to skills and knowledge.

The aforementioned strategies require the development of sustainable, committed collaboration
and, as a result, the activation of one’s own and key stakeholders’ competitive potential to create
shared value. This is linked to a greater ability to generate innovation — innovation competence and
the drive to reduce costs, including transaction costs.

The realisation of the CSV concept is increasingly documented in the economic literature as
examples of shared value creation practices among companies in the CE supply chain [24].

In this study, a survey conducted to identify behaviours related to the implementation of circular
economy by manufacturing companies in Poland analysed the extent of their cooperation in the area
of circular activities with their business partners/co-operators.

The survey was conducted using the CATI method from 19 February to 26 April 2024 [Table 2].
The target group was private enterprises operating in Poland from section C. The sampling was
random and stratified, which also ensured that the survey was representative. The surveyed
companies (200 companies located in Poland) were dominated by companies with Polish capital,
employing up to 9 people (micro companies), companies running a sole proprietorship or a limited
liability company, and companies with a long-standing presence on the market (10 or more years).
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Table 2. Number and percentage of companies participating in the survey by criteria characterising [own study
based on research results].

Characteristics NumberPercentage
1to9 184 92.0
Company size 10 to 49 12 6.0
50 to 249 3 1.5
250 and over 1 0.5
sole trader 74 37
partnership 38 19
general partnership 18
limited partnership 2 1
limited liability company limited
. . 1 0.5
Form of business partnership
limited liability company 63 31.5
joint stock company 2 1
cooperative 1 0.5
state organisational unit without legal 1 05
personality ]
less than one year c c
Time of operation of the company Lto3 years ¢ ¢
4 to 9 years C c
10 years and over C C
100% Polish capital 188 94
predominantly Polish capital (over 50%) 4 2
Ownership of company capital predominantly foreign capital (over 1 05
50%) ’
100% foreign-owned enterprise 7 3.5
Combining business strategy with the yes 132 66
idea of CE not 68 34

The survey analyzed forms of cooperation in circular activities with partners/cooperators of the
surveyed enterprises. The analyzed forms of cooperation are:

1. W1 - common norms and standards of operation;

2. W2 - exchange of information;

3. W3 —joint training;

4. W4 - consulting;

5. W5 - exchange/sharing of equipment;

6. W6 — cooperation in acquiring new technological and innovative solutions (e.g. joint R&D
expenditures);

7. W7 — consent of partners to unannounced internal audits;

8. W8 — consent of partners to unannounced external audits.

The survey used a five-point anchored scale 5 points anchored scale, in which extreme values
were marked (1 — completely disagree, 5 — completely agree). This made it possible to examine the
strength of the intensity of agreement with a given statement and allowed us to calculate a synthetic
index of cooperation for each respondent, which was the average of the indications in each category
[Figure 1].
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Figure 1. Numbers of responses given by respondents in relation to the forms of cooperation examined [own
study based on research results].

The largest share of responses was indicated by “1-I completely disagree” which meant the
absence of cooperation in the forms analyzed. Among the surveyed enterprises, the lack of such
cooperation was declared by, respectively:
cooperation 1 (common norms and standards of operation) — 36% of respondents;
cooperation 2 (exchange of information) — 27%;
cooperation 3 (joint training) — 45%;
cooperation 4 (consulting) — 35%;
cooperation 5 (exchange/sharing of equipment) — 44%;
cooperation 6 (cooperation in acquiring new technological and innovative solutions) —42%;
cooperation 7 (partners” agreement to unannounced internal audits) — 59%;
cooperation 8 (partners’ consent to unannounced external audits) — 69%.

Full declaration of cooperation in the aforementioned areas was indicated by respectively: 21%
(common norms and standards of operation); 22% (exchange of information); 12% (joint training);
12% (consulting); 10% (exchange/sharing of equipment); 14% (cooperation in acquiring new
technological and innovative solutions); 10% (agreement of partners to unannounced internal audits)
and 7% (agreement of partners not to unannounced external audits). In the remaining cases, it can be
concluded that the indicated scopes of cooperation were only partially implemented.

Based on the evaluation of the intensity of respondents’ compliance with a given form of
cooperation, the average value was calculated for each form of cooperation (Figure 2). The highest
was found for the 2nd form of cooperation (3.03 — information exchange), which is one of the easiest
forms to implement. The second highest (2.83) was for Form 1 — common norms and performance
standards. The lowest score of average intensity was obtained for cooperation No. 8 (1.92) — partners’
agreement to unannounced external audits, which could be due to the lack of making such a proposal
and the parties’ reluctance to control processes [Figure 2].
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Figure 2. Average strength of intensity of respondents’ compliance responses for a given form of cooperation
[own study based on research results].

Table 3. Assessment of the diversity of forms of cooperation of the company with its partners/cooperators in
relation to the characteristics of the company (Kruskal-Wallis H test and Mann-Whitney U test) [own study
based on research results].

Tests W1 W2 W3 W4 W5 W6 W7 W8
Grouping variable: Company size
Test H 31699 23143  3.1406 24664 14827 24309  0.9093  2.0618
Kruskala-
Wallisa
p 03662 05098  0.3704 04814 0.6863 04879  0.8232  0.5597
Grouping variable: Form of enterprise operation
Test H 75262 57236 47200  5.3478 3.7314 3.9657 54440  4.5195
Kruskala-
Wallisa
p 04811 06782  0.7870  0.7198  0.8805 0.8602  0.7092  0.8075
Grouping variable: Time of company operation
Test H 14616 05159 29879 22133 02133 55469  3.1069  3.1679
Kruskala-
Wallisa
p 0.6912 09154  0.3935 05293 09754 0.1359 03754  0.3665
Grouping variable: Ownership of company capital
Test H 24563  0.4971 3.0395 27236 19374 13772 12119  1.1267
Kruskala-
Wallisa
p 04832 09195 03856 04362 05855 0.7109  0.7501  0.7706

Grouping variable: Linking business strategy to the idea of CE
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Test U 3.1448  3.0689 27776  3.2217 22447 3.1619 31668  2.9001
Manna-
Whitneya
p 0.0016** 0.0021** 0.0054** 0.0012** 0.0247* 0.0015** 0.0015** 0.0037**
Grouping variable: Industry
Test H 12.0573 159446 19.5169 16.0037 20.7346 19.0324 225945 20.4210
Kruskala-
Wallisa
p 0.7400  0.4568 02428 04527 0.1889 02670  0.1250  0.2019

! Level of significance: a=0.05. For p<0,05 The following levels of statistical significance were adopted: p<0.05 —
occurs (*); p<0.01 — high (**); p< 0.001 - very high (***).

The following also assesses the variation in the forms of cooperation between an enterprise and
its business partners in relation to selected enterprise characteristics. For this purpose, non-
parametric Mann-Whitney U and Kruskal-Wallis H tests were used [Table 3].

Based on the above data, statistically significant differences were found between the indications
of the forms of cooperation used and the declared combination of business strategy and the idea of
CE in the surveyed companies. Companies that declared the integration of the CE idea into their
business strategy were statistically more likely to declare cooperation in the analyzed scopes.

Spearman rank correlation was used to analyze statements describing the strength of
cooperation intensity by type.

Table 4. Values of Spearman rank correlation coefficients for the different types of cooperation [own study based
on research results].

W1 W2 W3 W4 W5 We W7 W8
W1 1
W2 0.760127 1
W3 0.6364  0.645831 1

W4 0.691141 0.743549 0.794658 1

W5 0.381253 0.521079 0.624589 0.652695 1

Weé 0.416113 0.493883 0.527043 0.614849 0.526843 1

W7 0.407228 0.421025 0.383688 0.407328 0.357367 0.462181 1

W8 0.400894 0.39633 0.453358 0.437149 0.417829 0.466199 0.89889 1

From table 4, it can be seen that all variables are statistically significantly positively correlated
with each other. In most cases, the correlation is average (0.3-0.5). In 9 cases — high (0.5-0.7) and in 4
cases — dvery high (0.7-0.9). In the latter case it can be stated:

1. the higher the declared undertaking of common norms and standards of operation, the higher
the declared undertaking of information exchange;

2. the higher the declared undertaking of counseling the higher the declared undertaking of
information exchange and joint training;

3. the higher the partners’ agreement to unannounced internal audits is declared, the higher the
partners’ agreement not to unannounced external audits is declared.

The study also calculated the value of the synthetic cooperation index, which is the average
value of the strength of the intensity of compliance with a given statement.

Table 5. U Mann-Whitney test and H Kruskal-Wallis test — company characteristics vs. synthetic cooperation
index [own study based on research results].
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Value
test statistic * P

Size of the company 3.1407 0.3704

The form of operation of the enterprise 4.6757 0.7916

Time of operation of the enterprise 2.4130 0.4912

Ownership of the company’s capital 1.6312 0.6523
Combining busmess strategy with CE 3.8031 0.0001***

practices

* — For “Combination of business strategy and CE practices” - Mann-Whitney U Test; for the non-other —
Kruskal-Wallis H Test.

The average was calculated for each case (enterprise), so its analysis was possible only in the
arrangement of the characteristics of the enterprises taken for analysis [Table 5].

Based on the analysis, it can be concluded that the value of the cooperation index did not differ
significantly either by the size of the enterprise, or by the form of operation, duration of operation or
ownership of capital. However, a statistically significant difference was found between the value of
the cooperation index and the declared integration of the CE idea into the company’s business
strategies. For companies declaring the inclusion of the CE idea in their business strategy, the value
of the cooperation index was higher (2.641) than for companies not declaring it (2.046).

This is one of the key findings of the study, which shows that the extent of CE cooperation
depends on the approach of entrepreneurs to the CE concept itself and its integration into business
practices. Responsible business concepts (CE is one of them) do not have to involve spending
additional (or oversized) money, but should be closely linked to building competitive advantage and
creating added value by stimulating innovation [40]. Achieving this goal requires embedding
responsibility in the environmental and social spheres in the company’s development strategies.
Otherwise, we have to deal with conducting temporary initiatives, often “detached” from the
strategy, i.e. marketing campaigns, philanthropy, or charitable actions, and treating expenses for
these purposes in the category of costs. Porter and Kramer argued in this regard that ad hoc social
and environmental involvement in the form of sundry initiatives often means juxtaposing business
and social goals and thus missing opportunities and market opportunities, making these activities
ineffective [39].

The implementation of the CE concept in business supply chains additionally requires mutual
dialogue, clearly defined goals of action and partnership in shared responsibility, searching for
innovative solutions evaluated in a broader perspective and bringing benefits in the long term. As
the research results presented in the paper show, cooperation in one area of business partners
intensifies and encourages action in other areas, increasing the chances of achieving jointly agreed
goals (e.g. cooperation on norms and standards of operation — assuming consistency of messages
between declared values and action - will stimulate cooperation in other areas, such as in the
exchange of knowledge and information). Thus, we are talking about appropriate management of
relational capital with suppliers (B2B relationships), which is a strong catalyst for the development
of innovation in supply chains. Involving suppliers in the co-creation of innovations (including in the
area of CE) has a positive impact on the value and competitive advantage of those involved, increases
the commitment and effects of the activities carried out [44, 45].

5. Discussion and Conclusions

The structure of this part of the paper represents the conclusions of the theoretical and empirical
research and relates directly to the research questions posed at the beginning of the paper.

CE is a key EU strategy supported by 14.0 [1] and a new emerging paradigm for sustainable
development [2,3] and a key sustainability framework covering the global challenges of
environmental degradation, waste management, resource depletion [4] and gas emissions [2]. CE is
also a conscious, forward-looking, long-term, holistic approach, based on sustainability, vision and
systemic transformation and disruptive innovation [5].

The essence of CE is explained by its objectives, which are defined as follows:
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1. to restore the highest value and usability of materials, components and products [2,4];
to have a positive impact on the economy, the environment and global geopolitics [5,6] by
moving from a linear economic model to a circular economy [7;

3. building a network of sustainability links between different stakeholders [8], oriented towards
common sustainable goals, cooperation, synergies and scale effects, knowledge creation and
exchange, R&D, IO, technological innovation, development of sustainable strategies and
practices [3,7,9,10,11];

4. reducing: fossil fuel dependency (decarbonisation), resource consumption, de-waste (moving
towards zero-waste production), gas emissions, energy leakage and environmental degradation
[2,4,12,14,15,16,17,18], by slowing, narrowing and closing material and energy loops [19];

5. strengthening the energy security of countries and the security of NATO, the EU and the OECD
[13];

6. restoring, restoring resilience, protecting and conserving the unique natural resources of
ecosystems and prioritising the restoration of climate system stability [8,9], and strengthening
the resilience of businesses, entrepreneurial ecosystems and the circular economy
[16,20,21,22,23];

7. developing new sustainable consumption habits and patterns in societies [24].

Numerous multifaceted, synergistic and sustainable social, economic and environmental
(environmental) benefits have been associated with the implementation of CE [4,6]. These benefits
can be considered both at the scale of the economy and sustainably managed enterprises and include:
increase in innovation and productivity of countries’ economies, significant material savings,
reduction in operating and maintenance costs, reduction in resource-intensive production industries,
improvement in the profitability of companies and increase in their resilience, creation of a positive
image of producers applying extended responsibility, development of integrated value and supply
chains, increase in efficient and profitable business models and networks, reduction in prices for
customers, safe and stable environmental conditions, rapid macro-regional development, increase in
social welfare [23,24].

CE inspired an increase in business efficiency. The benefits of CE were contingent on
collaborative, industrial symbiosis in entrepreneurial ecosystems. The sustainability of a network of
enterprises and their stakeholders required alignment between the values, goals and needs of its
constituent partners [20].

The cooperation of companies has been important in shaping their competitive advantage in the
market and in implementing circular activities in supply chains. Sustainable innovation significantly
and positively enhances capabilities in circular activities of companies. According to the research, the
collaboration of manufacturing companies with stakeholders in a network focused on closing
circularity and sustainability resulted in the following benefits:
effective learning, flow of information, knowledge and best practices [11];
increased technical, organisational and business capabilities [11];
system improvements, process innovations, resource optimisation and waste reduction [11];
the emergence of network leaders with advanced digital technologies [11];
implementation of IOs that resulted in a culture of collaboration, sharing of expertise, skills
development, access to and integration of technology, development of closed-loop products and

A

processes, significant economic and technical performance, and the ability to pressure external
stakeholders to leverage resources for CE initiatives [25];

6. sharing knowledge, risks and responsibilities in R&D consortia [8];

7. tracking and coordinating all stages of the product life cycle (design, production, use and
disposal) [14], thus product traceability, informed decision-making, promoting transparency and
sustainability and CE [26];

8. controlling the channels of product uptake, at the end of their life, and encouraging consumers
to use the products for as long as possible [16];

9. implementing 14.0 and I5.0 technologies [15,27] and sustainability-oriented innovations [28] and
making progress through e.g.: automation, virtualisation, flexibility and process optimisation,
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reduction of material and energy consumption, data collection and processing, production
planning, monitoring, system failure prediction and decision-making [3];

10. achieving synergistic interaction between I4.0 technologies and LP practices enabling the
implementation of CE strategies [10];

11. obtaining an increase in the impact of 14.0 on CE performance through: economies of scale,
managerial support, operational efficiency and investment cost [29];

12. accelerate the implementation of CE in the producer supply chain by: involvement of top
management, collaboration of different stakeholders, increase of knowledge and skills of
employees [30];

13. support of companies in the sustainable management and development of CE by policy makers
[31] and researchers [21].

The study found that (1) companies that declared the inclusion of CE in their business strategy
were statistically more likely to declare cooperation in the scopes analysed; (2) cooperation in one
area of business partners intensifies and encourages action in other areas, increasing the chances of
achieving jointly agreed goals; (3) the implementation of CE in companies requires appropriate
management of relationship capital — business to business (B2B), which is a strong catalyst for the
development of innovation in supply chains. Involving suppliers in the co-creation of CE innovations
through partnerships in different areas has a positive impact on the value and competitive advantage
of these actors.

Business cooperation is crucial in the implementation and development of CE. In this context,
there is an urgent need to define the type of relationship that exists between corporate strategy and
the concept of CE. Activities undertaken by companies in the area of circular economy should be an
integral part of the companies’ strategy (CE should be an element of the strategy). CE should be
visible at every stage of the creation of a company’s strategy - starting with the vision and mission,
which are the reference point for the created strategy, and ending with operational activities (Wotczek
2011, p. 283).

It is important to take into account the needs of the company’s stakeholders in the process of
designing the strategy, as part of the strategic orientation of building shared value (CSV). Such an
approach, conditioned by partnership and close cooperation between stakeholders, can (and often
does) result in innovative solutions that reduce operating costs and other resources, minimize waste
and increase efficiency in the use of materials. The superstructure of such a situation is not
infrequently an improvement in reputation and corporate image, and ultimately the financial
performance of the contracting company and its business partners.

The paper presents a survey in which responses from micro companies predominated. Micro
companies often have less knowledge and experience of responsible business and the circular
economy - the effectiveness of implementing these concepts and their benefits. This is evidenced,
among other things, by the survey results in question, in which the largest share of responses was an
indication denoting a lack of cooperation in the forms/areas analyzed (Figure 1). This indicates an
urgent need for education for CE, especially among micro and small enterprises. One of the
programs, under the European Funds for Eastern Poland, supporting entrepreneurs may be an
answer to this is the “Academy of Circular Transformation for Business”, organized by the Polish
Academy for Enterprise Development (PARP). The program offers access to knowledge, tools and
experts to help effectively implement CE solutions. However, it should be noted that this type of
training (and not just competitions and subsidy programs for CE projects for small and medium-
sized enterprises) should be widely implemented and available to a comparable extent throughout
the country, bearing in mind that micro companies dominate the structure of enterprises throughout
the country, as well as bearing in mind that the enterprises in question in Poland are characterized
by significant resource (including human resource limitations) and time constraints, making it
difficult to access up-to-date market knowledge, including in the area of CE.

Empirical research has been dedicated to the B2B sector. In line with current trends in the
literature — it would be interesting to extend this research to include the cooperation of manufacturing
companies with stakeholders other than supply chain companies. This is a limitation of the empirical
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part and at the same time — a future research direction. A strength of the research is its national
coverage of Poland.

Abbreviations
The following abbreviations are used in this manuscript:
CE circular economy
B2B business to business
DfR design for repairability
DPP digital product passport
eDIM ease of disassembly metric
EU European Union
GDhpr Gross Domestic Product
IoR index of repairability
14.0 Industry 4.0
15.0 Industry 5.0
LP lean production
OECD Organisation for Economic Cooperation and Development
0| open innovation
PLM product lifecycle management
R&D research and development
RoD repair oriented design
RSS repair score system
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