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Abstract: Business enterprises are required to adopt new economic models and business strategies in
line with global trends such as the green agenda, the shortening of innovation cycles, digitalization
(networking platforms) and socio-economic security. The models of network integrations (clusters,
industrial symbioses, innovation ecosystems, etc.) are developing faster than other business models.
Networking allows businesses to synergetically, based on the principles of collaboration, trust
and self-organization, increase intellectual, innovative, social, and environmental values, which
leads to economic growth and sustainable development. Through networking integration, the
business performance of all participants in multi-company projects can be improved, regardless of
their size and activities. The purpose of this study is to develop a methodological framework for
assessing the synergistic effect and the level of collaborative maturity of participants in network
industrial integration. This paper provides a comprehensive analysis and evaluation of network
business integration efficiency. The authors’ methodology is based on the AHP hierarchy method,
expert evaluation and Harrington’s level of desirability. The methodology is validated on Russian
industrial integrations: industrial cluster of Nizhny Novgorod region; pipeline valve manufacturing
cluster; South Ural industrial cluster producing spare parts and assembly units for roadbuilding,
construction and agricultural vehicles. The results show that the level of collaborative maturity of
business partners and the synergies from network integration effect the sustainability of business
development. Recommendations for businesses are provided to improve their network integration
and collaborative maturity. Furthermore, the findings allow the authors to define directions for further
research, considering the interests of the business community, regional authorities, and financial
institutions, and provide a framework for researchers to investigate the link between industrial
network integration and economic growth.

Keywords: network industrial integration; sustainable business development; collaborative maturity;
synergetic effects; clusters

1. Introduction

The available forms of business enterprise interaction developed historically, starting
with concerns and family-owned business groups at the beginning of the 20th century [1–3]
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and developing forward to the strategic alliances of the late 20th century [4,5]. The compa-
nies always attempted to resolve their most important, existential question: how does one
find the balance between staying competitive and at the same time keeping one’s economic
independence [6,7]? Is it feasible for a medium-sized industrial company to cooperate with
large players without the risk of becoming an acquisition target [8,9]? At the end of the last
century, researchers and businesspeople published their papers on network-based forms
of business organization. R. Miles and C. Snow defined network structures as a strategic
organizational solution and a new stage in the evolution of companies’ organizational
structures [10]. Clusters were one of the most popular network-based forms appearing
in the late 20th century. M. Porter introduced the concept of clusters and the Silicon
Valley cluster established in California, USA, proved the practical value of the clusters’
innovation efficiency [11].

The global trends of the early 21st century—specifically, the Fourth Industrial Revolu-
tion related to digitalization and the sustainable development goals as a global strategy
for achieving a better future—stimulated the development of evolutionary network-based
forms of business interaction. Clusters, technoparks and eco-industrial parks, centers
for technology transfer, industrial symbioses and industrial ecosystems are all forms of
collaborative interaction [12–16].

Viewing a region’s sustainable development as a system consisting of enterprises and
organizations, stakeholders and infrastructure, we must note that the relations between
the components of such a system develop much faster than the components themselves.
Therefore, the driving force behind changes taking place in a system of sustainable devel-
opment would be centered primarily on the relations or linkages between the system’s
components. According to K. Kelly, “a dynamic network is the symbol of science for the
next century. The network is the sole organization capable of self-learning and of growth
that is not encumbered with biases” [17,18]. One of the first papers reviewing sustainable
network interaction between companies and the network externalities stemming from
that is A. Marshall’s study of “Sustainable network interactions of economic agents lo-
cated in close proximity to one another, performing joint activities and obtaining positive
externalities” [19]. The positive effects mentioned by A. Marshall include accelerated ex-
change of important information, access to specialized vendors of goods and services as
well as access to skilled workforce. “Forming the network as a method of achieving cost
savings and related justification of choosing the network as a preferred alternative” is
covered in the works of Fisher, Koller and Langmann [20,21]. J. Lipnack and J. Stamps
defined the network as “a system of formal and informal contracts servicing the sustainable
relations between the organizations, where the latter are formally independent but can pool
their resources to lower the costs, mitigate the risks and create additional competencies
required to create value and achieve the participants’ joint goals” [12]. The key prereq-
uisites for the sustainability of a certain organizational model are the dependence of an
individual network participant on the resources controlled by the other participants and
the feasibility of combining the participants’ resources with a view to achieving a synergetic
effect. According to the definition provided by M. Castells, a network structure consists of
a set of mutually related nodes [22]. The integration of businesses and organizations based
on network principles forms a special type of cognitive environment, allowing an inter-
change of “innovation energy” between the network participants through the generation
of knowledge and ideas and through the implementation of novel, creative and efficient
technology and environmental solutions. This affects the development of the economy by
changing the existing markets or facilitating the formation of new ones. It is difficult for
a single enterprise with limited resources to achieve economic growth in the context of
systemic crises while implementing a sustainable development strategy. Therefore, it is nec-
essary to search for business models that provide a synergistic combination of innovative
potentials, new technologies, knowledge, competencies and unique resources. The authors
believe that the assessment of the collaborative maturity and the effect of the industrial
integration of enterprises can serve as a tool to ensure the readiness of companies to interact
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and the ability to adapt to the challenges of sustainable development. Such adaptation
will help companies to better manage their resources and accelerate the development of
new technologies.

The authors’ hypothesis is that to ensure the sustainable development of companies
and regions, it is necessary to create a partnership-based intellectual technology environ-
ment, which will use the collaboration principles to combine the integration of participants’
capabilities for an adequate coordination of goals and resources in resolving the global
strategic challenges.

The possible contributions of this research are as follows. (1) Network integration is
more effective for sustainable business development, as it allows businesses to obtain syner-
getic economic, environmental, technological and social effects. (2) The authors developed
a system of indicators and an evaluation scale for assessing the impact of network industrial
integration. (3) A proprietary methodology has been developed by the authors that allows
estimation of the network integration efficiency of companies. AHP methods, expert esti-
mates and the Harrington’s desirability function form the foundation of this methodology.

This paper has five main sections. Section 1 is an introduction that outlines the paper’s
purpose, the current state of the research, the primary contributions, and the hypotheses.
Section 2 provides a review of publications covering network forms of integration and
cluster models. In Section 3, we present the research methodology, including the proprietary
system of metrics (developed by the authors) for the estimation of the network integration
effects and the level of collaborative maturity. The evaluation results concerning the
efficiency of operation of three industrial clusters and the analysis of those results are
contained in Section 4. Section 5 contains the discussion on the most significant findings
and recommendations for further research.

2. Theoretical Framework and Hypotheses Development
2.1. Network Industrial Integrations

The significant acceleration and increased complexity of economic processes led to
emergence of network models of interaction between economic agents. Development of
these models led to the transformation of the structure of the economy: the networks
became the most productive and promising forms of interaction between the economic
agents [23]. Presently, the “network interaction is the dominant form of integration with
complete coverage. At the same time, the undisputed advantages of the networks provide
grounds for forecasting of further expansion of this form of integrative interaction” [24,25].
Julia Planko and Jacqueline Cramer believe that “to realize sustainability transitions, firms
need to collaborate in networks and carry out system-changing activities. In this way, they
pro-actively build a more sustainable system and change the environment in which they
operate. The networked business model feeds into each network member’s individual
firm-centric business model and vice versa” [26]. The use of integration-based models of
interaction allows companies to pool all types of resources, including those used for the
implementation of environmental, technical and social projects for achieving the sustainable
development goals [27]. The relations between the parties arising in the course of asset
integration are beyond the framework of existing theories and require additional research.

Network-based horizontal integration is attractive because it achieves high economic
performance levels that are unattainable in a standalone business process. In a horizontal
integration, the whole value creation chain provides a set of services [28]. A group of
researchers, including Wang, J.; Zhang, X.; and Sun, C., study the network-based integra-
tive interaction in agriculture. The authors believe that the formation and development
of an innovation-prone environment in industrial integrations is the foundation for the
high-technology modernization of agriculture [29–31]. In his paper [32], Bryan J Weiner
estimates companies’ readiness for integration as seen through the maturity of governance
viewpoint and as a measure of readiness for change. In his opinion, “organizational readi-
ness for change is a multi-level, multi-faceted construct. Organizational readiness for
change is a function of how much the organization’s members value the change and how
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favorably they appraise the three key determinants of implementation capability: task
demands, resource availability, and situational factors. When organizational readiness for
change is high, organizational members are more likely to initiate change and display more
cooperative behavior”. The authors define collaborative maturity as the level of develop-
ment of informal institutions, such as cultural values, trust, reputation, etc., required for
effective network integration and playing a crucial role in technological interaction between
companies. Thomas Llewellyn and Autio Erkko offer a typology of different integration
concepts, thereby “helping to re-organize this proliferating domain”. The typology consists
of three distinct system-level outputs—value propositions, business model innovations,
and knowledge [33].

The matters of corporate culture that impact the efficiency of network-based industrial
integrations were studied by Arellano, M.C., Sancha, C., and Netland, T. [34]. In the paper
by Trusova, N. and Oleksenko, R. [35], the synergy of managing the intellectual potential
of an enterprise within business networks is reviewed. The synergy of network interaction
is a joint action of various actors. This creates qualitatively new (innovative, technological,
ecological, etc.) results through the interaction between the participants in an integration.

The paradigm of development of a company’s intellectual potential within network-
based systems is presented, and a methodology-based approach for managing the efficient
interaction of companies is proposed. This approach defines the entropy shift of the
observed companies’ intellectual potential value and determines the impact on a business
system given the limited duration of the network’s operation.

Therefore, the first hypothesis is as follows:

Hypothesis 1. Formation of common corporate values, governance maturity, partnership culture
and readiness for change in network-based integrations facilitate the creation of an intellectual
technology environment.

2.2. Cluster-Based Forms of Interaction

In recent decades, scientific publications saw active discussions on various forms
of network-based industrial integrations (including clusters). M. Porter, a US economist,
introduced the term “cluster” in 1990 to define groups of competitively viable related
industry sectors of a country’s economy. A distinctive feature of this network-based
interaction is the geographic concentration and operation of actors in the same sector of
the economy [36]. A sufficiently complete definition of industrial clusters as an economic
model of interacting actors is provided in the paper by Tkacheva, A. and Saginova, S. [37].
A cluster is understood to mean an industrial-manufacturing complex implemented based
on a geographic combination of major producers, general suppliers and end consumers,
having a common process flow chain and representing a competitive alternative to a
sector-based approach. In the authors’ opinion, the process of actors’ interaction includes
cooperation for the sake of common goals, mutual development of unique competencies
while preserving internal competition.

McPhillips conceptually linked open innovation and clusters, proposing and catego-
rizing the roles of clusters as open innovation intermediaries. This author also indicated
factors that might influence the successful adoption of this role. “Clusters could not only
manage and mediate their network of members, but also shape and co-create a broader
open innovation ecosystem” [38]. The transition to a “cluster management organization”
as a new and advanced form of organization of the innovation process was described by
Maracha, V. [39]. According to the results of a conceptual analysis [40], an unbalanced
focus on the complementarities, collaboration, and actors in the received definitions was
identified, and “among other things proposes the additional inclusion of competition,
substitutes, and artifacts in conceptualizations of innovation ecosystems”.

The macroeconomic role of clusters is provided in the paper by Mendes, T.; Silva, C.; and
Braga, A. [41]. Clusters may facilitate the access of domestically produced goods to interna-
tional markets. Derlukiewicz and Mempel-Śnieżyk believed that such forms of interaction
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are the most productive and flexible ones from the viewpoint of overcoming external and
internal challenges [42]. Clusters are one of the generally recognized methods for achieving
sustainable development goals [43–45] and the ESG agenda [46,47]. Clusters become points
of economic growth. The implementation of cluster technologies contributes to the growth
of business activity and the improvement of the investment climate in the region. Clustering
based on the ESG concept fosters sustainable economic growth, as clusters allow participants
to create jobs, increase labor productivity, enhance innovation, and develop cooperation
and partnerships between cluster actors. Adherence to ESG principles enables cluster par-
ticipants to increase their investment attractiveness for responsible investors, improve the
image and reputation of cluster organizations, and provide comfortable conditions for em-
ployees. Teams of authors conducted research and proved the important role of clusters
in the economy’s transition to a closed-cycle model [48,49]. Clusters facilitate stimulation
of the development of high-tech sectors of the economy while bearing in mind the orienta-
tion toward national development goals. Creation of a biomedical cluster in Norway and
development of a biomedical cluster in Ireland stand as examples of the above [50].

A contribution toward the development of the concept of clusters has been made by the
authors whose research was aimed at studying the interaction of clusters with the regional
infrastructure for governance and development of innovations [51–55]. Zeng, S.; Wang, T.;
and Lin, W proved that the development of clusters requires the interaction of enterprises
belonging to the same sector of the economy with scientific research institutions—this facil-
itates the permeation of innovations into the industry. In addition, the use of multilateral
technical services platforms for information interchange is required [56]. In addition to
playing a significant role in the national economy, clusters are also an important factor in the
development of the regions of their presence. Chen, X.; Wang, E.; Miao, C.; Ji, L.; and Pan, S.
studied the impact of automotive industry clusters on the regional economic development
in three areas: industrial, technological and social development [57]. Christopoulos, G.,
and Wintjes, R. proposed an indicator for identifying innovation clusters transcending
traditional sectoral taxonomies and integrating the creation and use of knowledge into
regional economic systems [58].

Mercado-Caruso, N. and Segarra-Oña, M. studied the organizational structure of
clusters and their lifecycle; these researchers presented a role-based model for cluster
participants [59]. According to the findings of the research conducted by Tong, T. and
Zainudin, N.B. [60], enterprises within sector-specific clusters are interrelated and interact
with one another in order to obtain an economic benefit from such a combination, to de-
crease manufacturing costs and to maximize the profit. It was proven that the participation
of small and medium-sized high-tech companies favorably affects the metrics of an indus-
trial cluster. This matter was also researched in detail in the following papers [61–63]. Pub-
lications devoted to the development of clusters in a digital economy environment [64,65]
studied the integration of small and medium-sized business into industrial clusters via the
use of digital platforms acting as a tool for both internal and external communication.

In conjunction with the above, we present Hypotheses 2a and 2b.

Hypothesis 2a. Clusterization as a form of network-based integration allows participants to obtain
synergies stemming from the combination of every type of resource.

Hypothesis 2b. Setting up an integration-specific KPI for the business partners (with such a KPI
serving as a measure of collaborative maturity) allows assessment of every participant’s contribution
toward the execution of the industrial cluster’s strategic objectives.
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3. Materials and Methods

The authors believe that an overall effect of industrial integration could be presented
as a function of five independent variables (effects), with each effect occurring whenever a
partnership-based interaction is established:

Eii= f (Eecon , Esoc, Eenviron, Einnov−tech , Eentrepr
)
, (1)

where Eii—Effect from the creation of industrial integrations;
Eecon—Economic effect;
Esoc—Social effect;
Eenviron—Environmental effect;
Einnov−tech—Innovation and technological effect;
Eentrepr¯Entrepreneurial effect;
and where all of Eecon, Esoc, Eenviron, Einnov−tech, Eentrepr > 0.

Economic effect reflects the economic impact of the combination of participants in an
integration. It includes (in monetary terms) the aggregate volume of goods produced and
services rendered by the participants in a network-based industrial integration. In order
to estimate the economic effect, the production costs (raw materials, semi-finished goods
and spare parts) are studied over a period to form the trends. Additionally, the financial
performance and financial condition of the integration participants impact the amount
of economic effect obtained. Social effect includes metrics reflecting the positive impact
of the integration on the population, region and employees of the enterprise. Measuring
the contribution toward the regional infrastructure helps in assessing the social effect of
the creation of an integration. Environmental effect reflects the benefits from preventing
a negative impact on the environment. This component is assessed using the metrics of
resource use efficiency, contribution of the integration toward the decreased environmental
burden suffered by natural ecosystems, and the environmental awareness of the employees.
Environmental efficiency is linked to minimizing the negative environmental impact of
manufacturing activities. Innovation and technological effect quantifies the market participants’
capability to modernize their fixed assets and use modern equipment and technologies. This
component is characterized by the level of investment in innovations and technological
development. Finally, entrepreneurial effect assesses the functioning of the integration
through the availability of developed sales channels, positive business reputation and level
of entrepreneurial activity. Obtaining a synergetic effect from the interaction is possible
when a positive value is achieved for every one of the above-mentioned effect components.

This condition is the minimal and sufficient one for an efficient interaction. We should
also mention here that for different types of integration, the ratio of the effect component
values achieved may differ.

In compliance with the decision-making theory, assessment of the level of interac-
tion between business partners is included in the group of so-called partially structured
problems. Building quantitative models for such problems is virtually impossible as not
all the linkages between the potential participants in the network-based industrial inte-
gration could be quantified due to the lack of the required volume of information. In
such cases, these linkages are quantified using expert estimates. Decisions in such cases
are reduced to selecting one of several alternatives created during the previous stages of
the process. However, the distinctive feature of multiple-criteria problems is that there
is no single alternative presenting the best values for all the criteria. “One of the tools
for solving multi-criteria problems is the analytic hierarchy process (AHP) developed by
T. Saaty. The AHP method is relevant for group decision-making and is aimed at solving
practice-oriented multi-criteria optimization problems. The advantage of the method is
the possibility to justifiably compare heterogeneous factors and to take into account both
quantitative and qualitative criteria of optimality. AHP allows evaluation of alternatives
based on calculated priorities (measure of relative importance) using the procedure of
pairwise comparisons” [66]. AHP is widely used in practical applications and is actively
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developed by researchers from all over the world. For example, AHP was used for the
analysis and estimation of linkages in biological ecosystems by Baodi Sun, Jingchao Tang,
and Rongqun Zhang; for the assessment of the sustainable development of territories, cities
and industry by Xu, Shuobo; Xu, Dishi and Liu, Lele; to determine the level of environmen-
tal risks for urban ecosystems by Dong, R., and Cai, Y.; for the evaluation of city–industry
integration in industrial parks by Xu, M., Luo, Y., and Li, D.; and to analyze reverse logistics
practices associated with the concept of circular economy, comparing studies conducted
before and after the implementation of the National Solid Waste Policy (NSWP) in Brazil,
by Aguirre Rodríguez [67–71].

However, AHP has a few limitations and assumptions that include, among others, the
following: the approach is highly labor-intensive, especially in situations requiring a large
number of pairwise comparisons; significant variance of the estimated values (affected, in
part, by the experts’ personal prejudice and preferences); variability of the results based
on the method of ranking used and on the assigned parameter values. The AHP method
may be inefficient for problems with a few criteria or alternatives, or for very complex
problems with a high degree of indetermination. The implementation stages for the method
of assessment of the interaction level of the business partners in creating a network-based
industrial integration are provided in Figure 1.
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Figure 1. AHP methodology flowchart. Source: authors’ own elaboration.

At the first preparatory stage, a system of measures for the assessment of each of the
five effects (blocks) is set up. This includes economic, social, environmental, innovation-
technological and entrepreneurial effects. Table 1 shows the elements of the matrix of values
for each type of effect occurring in the course of the integration process. The proposed
system of measures contains a relatively large number of criteria, with these criteria having
different levels of importance.
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Table 1. System of measures for assessing the effect of network-based industrial integration.

Blocks Criteria

B1 Economic effect

C1.1 Total volume of own goods and services shipped and provided by
participants in industrial integration

C1.2 Added value created by participants in industrial integration

C1.3
Costs of acquisition of raw materials, externally produced
semi-finished goods and assembly parts for manufacturing and sale
of products (goods and services)

C1.4 Assessment of the participants’ financial condition (metrics evaluated
include liquidity, profit margins, financial stability and profit trends)

C1.5
Assessment of the participants’ financial results (metrics evaluated
include dependence on borrowed funds, financial stability ratio
(defined as (equity + debt)/total assets) and return on equity)

B2 Social effect

C2.1 Total number of jobs at enterprises–participants in industrial
integration

C2.2 Amount of tax and customs payments to budgets of all levels

C2.3 Social responsibility

C2.4 Number of high-productivity jobs at enterprises–participants in
industrial integration

C2.5 Contribution toward development of the social infrastructure in
which the enterprise is operating

B3 Environmental effect

C3.1 Degree of usage of recycled resources in the production chain

C3.2 Usage of the platforms for the sale of recycled resources, interaction
within the perimeter of industrial integration

C3.3 Increased efficiency of resource usage at enterprises–participants in
industrial integration

C3.4 Number of environmental-technological projects implemented

C3.5 Environmental awareness, educational programs, employee
retraining

B4 Innovation and
technological effect

C4.1 Motivation to implement the best available technologies (BAT)
concept

C4.2 Total amount of capital investments

C4.3 Total R&D spending by integration participants and by infrastructure

C4.4

Number of goods/technologies produced (implemented) from
sectoral plans for import substitution published by the Ministry of
Industry and Trade of the Russian Federation and other federal
executive authorities

C4.5 Level of qualification and intellectual potential of the employees

B5 Entrepreneurial effect

C5.1 Expenditures for imported raw materials and purchased goods

C5.2 Number of small and medium-sized enterprises–participants in the
industrial cluster

C5.3 Cluster’s access to product distribution channels

C5.4 Cluster’s business reputation

C5.5 Level of entrepreneurial activity

C1.1 This criterion reflects the stability of the manufacturing and sales processes. In a
successful case of integration, this metric for integration participants should not decrease,
and its relative change in percent should increase.

C2.3 This metric estimates the social responsibility of the cluster participants. The
available data are quantified using expert estimates. The factors considered are participation
in the implementation of social projects, corporate social responsibility and labor conditions.

C3.1 This criterion estimates the degree of usage of secondary (recycled) resources
in the manufacturing processes of the industrial integration (Are all types of recycled
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resources used? What is the consumption volume of recycled resources?). This metric is a
qualitative one and is estimated by the experts.

C4.1 Defined through estimation of the integration participants’ investment amounts
in the modernization of the manufacturing processes and technologies allowing transition
to best practices or creation of own leading-edge technologies.

C5.4 Estimates the reputation of the industrial integration participants in such areas as
image, reliability of information, personnel policy, uninterrupted operations, timely fulfill-
ment of contractual obligations, customer reviews, procedure for mitigation of violations
(and the number of such incidents), etc.

Indicators C1.1, C1.2, C1.3, C1.4, C1.5, C2.1, C2.2, C2.4, C4.2, C4.3, C4.4, C5.1, and C5.2
are quantitative, and their values are available from the regional statistical databases. For
the assessment of other qualitative indicators, it is necessary to involve experts.

During the second stage, evaluation scales are developed for the experts’ use of each
of the criteria; a pool of experts is assembled, and the expert review is performed (Table 2).
The experts were chosen according to the following criteria: professional experience of
more than 5 years; work in industry or research institutes; have expertise in the field of
sustainable development assessment, network integration, circular economy; development
of environmental regulations. The experts representing the business community live in the
regions where the clusters under study are located. The experts are between 30 and 65 years
of age. To estimate the weight coefficients using an expert estimate, the authors developed
a questionnaire. Sixty experts received the questionnaire. Feedback was received from 32 of
those experts. The questionnaire requested the experts to evaluate the qualitative indicators
in Table 1 using the scales developed by the authors. The experts could evaluate the
contribution of various metrics to the aggregate final score based on their prior experience.
The sum of the coefficients had to be equal to 1.

Table 2. Details of the experts.

№ Workplace Education Work Experience, Years

1. Scientific unit Ph.D. 18

2. Scientific unit Ph.D. 17

3. Business unit Master’s degree 14

4. Scientific unit Ph.D. 9

5. Business unit Master’s degree 11

6. Business unit Master’s degree 16

7. Business unit Master’s degree 19

8. Scientific unit Ph.D. 19

9. Scientific unit Ph.D. 20

10. Business unit Master’s degree 15

11. Scientific unit Master’s degree 14

12. Government Ph.D. 8

13. Business unit Master’s degree 21

14. Business unit Master’s degree 9

15. Business unit Master’s degree 11

16. Business unit Master’s degree 14

17. Scientific unit Ph.D. 13

18. Business unit Master’s degree 14

19. Scientific unit Ph.D. 30

20. Scientific unit Ph.D. 27
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Table 2. Cont.

№ Workplace Education Work Experience, Years

21. Business unit Bachelor’s degree 8

22. Business unit Bachelor’s degree 8

23. Government Master’s degree 16

24. Scientific unit Master’s degree 14

25. Business unit Master’s degree 17

26. Business unit Bachelor’s degree 8

27. Business unit Bachelor’s degree 10

28. Business unit Bachelor’s degree 9

29. Scientific unit Ph.D. 33

30. Scientific unit Ph.D. 24

31. Scientific unit Master’s degree 8

32. Business unit Master’s degree 13

A scale of 0 to 5 is used to evaluate the criteria. Examples of such scales developed
by the authors for the expert estimation are provided in Tables 3–5. For all the scales,
the threshold values are developed for the average annual change over the last 3 years.
The threshold values of the indicators’ growth metrics are presented on an annual basis.
Also, the change in the number of participants is considered in the estimation. For all the
proposed scales, the value of 3.0 is taken as the normal value.

Table 3. Evaluation scale for the C1.5 criterion.

C1.5 Value Points

2.0 ≤ x2 ≤ 0.8 5

0.8 < x2 ≤ 0.4 4

0.4 < x2 ≤ 0 3

0 < x2 ≤ −0.4 2

−0.4 < x2 ≤ −0.8 1

−0.8< x2 ≤ −2.0 0
Where x2 is the average value of the industrial integration participants’ financial results (a ratings indicator).

Table 4. Evaluation scale for C2.3.

Assessment Result Points

All integration participants are actively investing or participating in social projects
within the regions of their operation and have excellent labor conditions 5

A majority of integration participants are actively investing or participating in social
projects within the regions of their operation and have excellent labor conditions 4

Around one half of the integration participants are actively investing in social projects
within the regions of their operation and have good labor conditions 3

A minority of integration participants are actively investing in social projects within
the regions of their operation and have good labor conditions 2

A small number of integration participants are actively investing in social projects
within the regions of their operation and have good labor conditions 1

Integration participants do not invest in social projects within the regions of their
operation and have good labor conditions 0
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Table 5. Evaluation scale for C5.2.

Assessment Result Points

Growth in the number of small and medium-sized businesses–participants in industrial
integration by over 30% within 3 years 5

Growth in the number of small and medium-sized businesses–participants in industrial
integration by 15% to 30% within 3 years 4

Growth in the number of small and medium-sized businesses–participants in industrial
integration by 0% to 15% within 3 years 3

Decrease in the number of small and medium-sized businesses–participants in
industrial integration by 0% to 15% within 3 years 2

Decrease in the number of small and medium-sized businesses–participants in
industrial integration by 15% to 30% within 3 years 1

Decrease in the number of small and medium-sized businesses–participants in
industrial integration by over 30% within 3 years 0

At the third stage, the consistency of the expert estimates is verified, and the weight
coefficients are set for each of the proposed criteria based on the priorities in accordance
with the AHP method. Similar to probabilities, priorities are dimensionless values that
can take values from zero to one. The larger the value of the priority, the more significant
the element corresponding to it. The sum of the priorities of elements subordinated to
one element of the higher level of the hierarchy is equal to one. The priority of the goal
is equal to 1.0 by definition. Determination of the priorities of the elements of each level is
based on the method of pairwise comparisons [72].

At the fourth stage, the effect values are determined by multiplying the weight co-
efficients by the values of the criteria and summing up the resulting products in each of
the blocks. Then, the integral value of an effect of network-based industrial integration is
calculated. For this, an additive convolution is used with the following formula:

K(x) = ∑n
i=1 ai·Ki(x), (2)

where K(x) is the common criterion for alternative x, indicating its applicability for the
purpose of achieving the goal; Ki(x) is the set of initial criteria; n is the number of initial
criteria; and ai is the priority of a partial criterion Ki.

Consistent execution of all the AHP steps provides the possibility of changing the
structure of the hierarchy to include newly appeared criteria and alternatives, or those
criteria and alternatives previously considered not important. If the calculated values
of the indicators of individual integration effects do not reach the desired value (thereby
reducing the aggregate value), it is possible to develop recommendations for the integration
participants, allowing them to restructure business processes in such a way as to increase
the value of the relevant indicator.

At stage five, the expert assessment method is used to quantify the level of interaction
between the partners in an industrial integration based on the criteria provided in Table 6.

Table 6. Evaluation criteria for the level of interaction in an industrial integration.

1.1 Level of interaction of the
partners in an industrial
integration (collaborative
maturity)

1.1 Level of activity of the integration in the partners’ interaction

1.2 Activity of the integration participants in the development
of the region of their operations

1.3 Level of positive reputation of the integration

1.4 Qualitative composition of the integration participants

1.5 Previous successfully implemented projects
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Upon receipt of the expert evaluations (in points), coded values for the control points
are set, taking into account the upper and lower limits of the range of allowed values based
on the generalized Harrington’s desirability function [73]. The closer the value of the level
of interaction gets to 1.0, the higher the efficiency of the integration. Values quantifying
the project’s potential in the range between 0 and 1 match the corresponding levels on
the Harrington scale—“very bad” (0.2 to 0); values between 1 and 2 receive the grade of
“bad” (0.37 to 0.2); between 2 and 3—“satisfactory” (0.67–0.37); between 3 and 4—“good”
(0.8–0.63); and values between 4 and 5 are graded as “very good” (1.00–0.80).

In stage six, the aggregate values obtained are visualized and matched to metrics for
the assessment of the integration effect and collaborative maturity. The final results are
also analyzed.

Limitations of the methodology: the results of the expert review depend on the
completeness and availability of the database on integration, since expert assessment
is subjective; the availability of experts with relevant experience and competencies; the
development of criteria for integration in the given field of industry; data on the evaluated
clusters should be available for 3 or more years.

Use of the proposed methodology for modeling lets the user determine and forecast
the parameters of enterprises that would make such enterprises fit for participation in
industrial integration and where such integration would create a synergetic effect. The
methodology proposed by the authors was tested on the data for three Russian clusters: a
cluster for pipeline valve production (Chelyabinsk region); an industrial cluster in Nizhny
Novgorod region; and the South Ural industrial cluster.

4. Results
4.1. Description of Clusters and the Regions of Their Presence

Nizhny Novgorod region, a subject of the Russian Federation, is located in the center
of the European part of Russia. It is Russia’s 14th largest subject in terms of the gross
regional product (GRP). The largest sector of the regional economy is manufacturing—it
accounts for 31% of the GRP [74]. General statistical data characterizing the development
of business in Nizhny Novgorod region are provided in Table 7.

Table 7. Statistical data for the Nizhny Novgorod region.

Metric Value for the Period

2017 2018 2019 2020 2021 2022 2023

Number of small and medium-sized enterprises
(SME)–individual entrepreneurs (IP) 66,467 67,436 68,053 65,557 68,440 70,741 75,457

Number of SMEs–corporate entities 66,512 62,822 59,678 56,437 53,929 52,216 50,443

Share of organizations engaged in technology innovations
among total number of organizations surveyed, in % 20.1 18.1 13.7 14.0 15.1 15.4 n/a

Level of innovation activity of organizations, in % 29.3 28.6 26.6 28.0 27.1 30.5 n/a

SMEs implementing technology innovations within the
reporting year, as a share of the total SMEs surveyed, in % 6.3 6.8 6.9 7.3

Number of high-productivity workplaces
(in thousand units) 376.3 418.6 482.3 488.7 540.8 543.5 571.1

Number of clusters, including inter-regional clusters 2 2 2 2 3 4 8

Total number of cluster participants 10 10 10 10 10 20 25

Number of SMEs by type of activity:

Manufacturing of basic metals 92 91 92 93 91 92 91

Manufacturing of finished metal products
(excluding machinery and equipment) 1668 1724 1747 1758 1722 1791 1789

Manufacturing of computers, electronic and optical devices 206 214 216 202 196 188 182

Source: [75].
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Statistical data show the low level of involvement of the regional businesses in network-
based industrial integration. To increase the level of clusterization in the Nizhny Novgorod
region since 2022, the state provides the following support measures to cluster participants:
development of business plans; organization of employee training; assistance in document
processing, certification and licensing; provision of legal, patent, financial and accounting
services; conducting marketing research aimed at analyzing various markets based on the
needs of territorial cluster participants; preparation and placement of press releases in the
media covering the activities of the cluster participants; organization of press conferences;
presentation of the cluster participants’ products at exhibitions and forums.

Chelyabinsk region is one of the core industrialized, dynamically developing regions
of the Russian Federation. Chelyabinsk region is part of the Urals Federal District, located
on the border between Europe and Asia. The largest share of the GRP is created by the
following types of activities: manufacturing (37.2%), wholesale and retail trade, repair of
motor vehicles, motorcycles, household goods and personal items (9.4%), transactions with
real estate (8.2%), mining of minerals (6.5%), transportation and storage (6.1%) [76]. With
the clear predominance of industry, the region has well-developed agriculture, especially
in the area of black earth soils, and has a rich and diverse natural resource base. According
to the Unified Register of the Federal Tax Service, Chelyabinsk region has over 155,000
small and medium-sized enterprises (SMEs) [77]. In the year 2020, every third ruble of
economic turnover and every third employee in the region came from the SME sector.
General statistical data characterizing the development of business in Chelyabinsk region
are shown in Table 8.

Table 8. Statistical data for Chelyabinsk region.

Metric
Value for the Period

2017 2018 2019 2020 2021 2022 2023

Number of small and medium-sized enterprises
(SME)–individual entrepreneurs (IP) 74,254 78,770 78,770 74,484 77,380 80,228 85,642

Number of SMEs–corporate entities 70,245 65,995 61,562 58,482 55,430 54,957 53,880

Share of organizations engaged in technology innovations
among total number of organizations surveyed, in % 27.0 25.8 25.3 26.7 25.5 25.0

Level of innovation activity of organizations, % 17.3 16.6 10.5 11.4 13.2 12.1 n/a

Share of small enterprises engaged in technology
innovations, in % 3.5 4.1 7.2 4.9

Number of SMEs producing innovation, high-tech
products (in units) 4 4 4 5 6 6 6

Number of high-productivity workplaces
(in thousand units) 376.3 418.6 482.3 488.7 540.8 543.5 571.1

Number of clusters, including inter-regional clusters 3 5 5 5 5 6 7

Total number of cluster participants 17 32 32 32 32 42 42

Total number of SMEs by type of activity:

Manufacturing of basic metals 247 245 236 220 218 209 223

Manufacturing of finished metal products
(excluding machinery and equipment) 2356 2357 2360 2411 2357 2400 2631

Manufacturing of computers, electronic and optical devices 203 208 205 210 206 204 208

A Foundation for the Development of Industry operates in the Chelyabinsk region [77].
The purpose of the Foundation’s activity is to create conditions for efficient interaction
between industrial enterprises, investors, educational establishments, scientific and re-
search facilities, non-governmental organizations and bodies of state power in the interests
of implementing the program of development of industrial clusters. The main areas of
the Foundation’s operations include the execution of the cluster-centered policy in the
region; development of manufacturing and cooperation chains with participation of large
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businesses and SMEs; and organization of efficient interaction between the industry, science
and education.

An industrial cluster may include enterprises belonging to different sectors of the
economy, different forms of ownership (private enterprises; state-owned enterprises and
organizations; enterprises and organizations established in the process of public–private
partnership) and different size (SMEs and large companies). The limitation of the cluster-
based model is the assumption that the cluster under review is insulated from the external
economic environment (i.e., from companies that are not members of said cluster). Infor-
mation on the clusters analyzed in this paper is provided in Table 9.

Table 9. Brief description of the clusters being studied.

Cluster Name
Pipeline Valves

Manufacturing Cluster
(Cluster 1)

Industrial Cluster of Nizhny
Novgorod Region

(Cluster 2)

South Ural Industrial Cluster
(Cluster 3)

Number of participants 12 6 15

Number of employees 2325 165 310

Specialization
Base metals, metalworking

and manufacturing of
finished metal products

Car-making and manufacturing of
car components

Base metals, metalworking and
manufacturing of finished

metal products

Location Chelyabinsk region Nizhny Novgorod region Chelyabinsk region

Cluster objectives

Creation of new
high-productivity jobs.

Development of industrial
potential of the cluster
participants. Increased

competitiveness of the cluster
participants. Decrease in the

share of production
components (used by the

cluster participants) that are
purchased from other regions

and imported from
other countries.

Development of competitive
products. Increased level of
cooperation between cluster

participants. Growth of major
macroeconomic indicators of

Nizhny Novgorod region.

Increased level of interaction
between the cluster participants.
Start of manufacturing of new
types of products, including

within sectoral plans for import
substitution. Increasing the

competitiveness of the cluster
participants.

Development of personnel and
industrial potential of companies

that are participating
in the cluster.

Year established 2017 2016 2017

Level of development Early-stage Early-stage Early-stage

Source: [75].

The pipeline valve manufacturing cluster (Chelyabinsk region) combines three types
of participants: a plant performing the preparatory stages of production; several SMEs
manufacturing pipeline valves and valve spare parts; companies performing the final
assembly. This cluster also includes a company for recycling and utilization of waste
materials and interacts with the national research university in the areas of educating
potential future employees for the cluster participants and transfers of technology.

The industrial cluster of Nizhny Novgorod region specializes in car-making, produc-
tion of spare parts and car components. In Nizhny Novgorod region, car-making is one
of the key sectors of the economy. Through interaction with adjacent industrial sectors,
the economic and social impact of the car-making sector is significant at the regional level.
The cluster includes industrial enterprises producing finished goods (motor vehicles) and
spare parts; and enterprises organizing a full-cycle production process, from design to
manufacturing of high-tech products. Cluster participants interact based on joint R&D
and socio-economic projects. The R&D and educational interactions within the cluster are
organized jointly with the Nizhny Novgorod State Technical University.

The South Ural industrial cluster includes several groups of participants: manufactur-
ers of finished goods (motor vehicles, components and spare parts, assembly units); service
providers (assembly, treatment of parts, servicing); manufacturers of semi-finished goods,
custom equipment and blanks for further processing. The cluster interacts with the South
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Ural State Technical College for employee training and related matters. The cluster also
interacts with organizations providing technology and industrial infrastructure.

The main results of the clusters’ performance between 2017 and 2022 are provided
in Table 10.

Table 10. Results of the clusters’ economic activity.

Metric
Year

2017 2018 2019 2020 2021 2022

Pipeline valves manufacturing cluster

Added value created by industrial cluster
participants, in million RUB 998 1986 2929 2206 2338 2455

Tax and customs payments by industrial cluster
participants to budgets of all levels,
in million RUB

769 800 893 1154 1338 1532

Number of high-productivity workplaces at
companies that participate in the industrial cluster
(in units)

889 773 770 1082 1146 1155

Value of goods shipped and services rendered
(of own production) used by the other
enterprises–members of the industrial cluster
(in million RUB)

660 801 913 758 999 874

Total investments in fixed assets of the industrial
cluster participants (in million RUB) 124 130 185 286 312 432

Cluster participants’ R&D expenditures
(in million RUB) 0 0 1 2 2 1

Number of new products/technologies developed
(in units) 1 1 2 2 2 2

Number of SMEs among industrial cluster
participants (in units) 6 8 9 9 10 9

Industrial cluster of Nizhny Novgorod region

Added value created by industrial cluster
participants, in million RUB 31,468 31,223 34,726 11,169 11,727 11,141

Tax and customs payments by industrial cluster
participants to budgets of all levels,
in million RUB

6533 5187 5452 4016 6002 5642

Number of high-productivity workplaces at
companies that participate in the industrial cluster
(in units)

10,192 5318 4966 4609 4839 4597

Value of goods shipped and services rendered
(of own production) used by the other
enterprises–members of the industrial cluster
(in million RUB)

12,826 9945 10,204 16,163 16,971 16,122

Total investments in fixed assets of the industrial
cluster participants (in million RUB) 3637 3565 5586 5973 6272 6022

Cluster participants’ R&D expenditures
(in million RUB) 669 2608 4021 1942 2039 1987

Number of new products/technologies developed
(in units) 3 3 3 3 4 4

Number of SMEs among industrial cluster
participants (in units) 9 9 9 9 7 7
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Table 10. Cont.

Metric
Year

2017 2018 2019 2020 2021 2022

South Ural industrial cluster producing spare parts and assembly units for road-building, construction and
agricultural vehicles

Added value created by industrial cluster
participants, in million RUB 239 250 140 99 102 102

Tax and customs payments by industrial cluster
participants to budgets of all levels,
in million RUB

103 121 113 191 197 204

Number of high-productivity workplaces at
companies that participate in the industrial
cluster, at the end of the period (in units)

183 212 119 151 151 151

Value of goods shipped and services rendered
(of own production) used by the other
enterprises–members of the industrial cluster
(in million RUB)

552 604 581 494 510 512

Total investments in fixed assets of the industrial
cluster participants (in million RUB) 59 58 61 70 32 34

Cluster participants’ R&D expenditures
(in million RUB) 61 50 93 63 26 46

Number of new products/technologies developed
(in units) 0 1 1 1 2 2

Number of SMEs among industrial cluster
participants (in units) 6 8 10 14 11 11

Source: [75].

The analyzed clusters demonstrate positive trends for such indicators as the volume
of manufacturing output, amounts of capital investment and tax disbursements to budgets
of various levels.

4.2. Estimation of the Integral Effect of Integration and the Level of Collaborative Maturity Within
the Clusters

The assessment is carried out sequentially, in accordance with the flowchart presented
in Figure 1. At the preparatory stage, a system of indicators is formed to assess five types
of effects (blocks): economic, social, environmental, innovation and technological and
entrepreneurial for each of the three industrial clusters. Then, based on the proposed
evaluation scales, experts grade the clusters according to 25 criteria. A five-point grading
scale is used for the evaluation of the criteria. A total of 47 experts from research institutes,
government agencies and business representatives were involved in this study. At the next
stage, the consistency of the expert evaluations is assessed and the weight coefficients for
each of the proposed criteria are set on the basis of the priorities (NPV, normalized priority
vector) in accordance with the AHP methodology. The results of these expert assessments
are provided in Tables 11 and 12.

Table 11. Priority-based ranking of the blocks and criteria.

Types of Effects (Blocks) Criteria NPV of the Block NPV of Criteria

B1. Economic effect

C1.1 0.259 0.052

C1.2 0.322 0.064

C1.3 0.208 0.042

C1.4 0.104 0.021

C1.5 0.107 0.021
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Table 11. Cont.

Types of Effects (Blocks) Criteria NPV of the Block NPV of Criteria

B2. Social effect

C2.1 0.209 0.042

C2.2 0.071 0.014

C2.3 0.129 0.026

C2.4 0.235 0.047

C2.5 0.356 0.071

B3. Environmental effect

C3.1 0.114 0.023

C3.2 0.079 0.016

C3.3 0.513 0.103

C3.4 0.114 0.023

C3.5 0.180 0.036

B4. Innovation and technology effect

C4.1 0.388 0.078

C4.2 0.282 0.056

C4.3 0.119 0.024

C4.4 0.060 0.012

C4.5 0.151 0.030

B5. Entrepreneurial effect

C5.1 0.074 0.015

C5.2 0.155 0.031

C5.3 0.205 0.041

C5.4 0.337 0.067

C5.5 0.229 0.046

Table 12. Calculation results for the effect of network-based integration for the three clusters.

Block Criteria NPV
Estimate Criterion for Alternatives Considering the NPV

Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Cluster 3

B1

C1.1 0.052 5.00 0.00 4.00 0.259 0.000 0.207

C1.2 0.064 2.00 4.00 4.00 0.129 0.258 0.258

C1.3 0.042 2.00 4.00 3.00 0.083 0.166 0.125

C1.4 0.021 4.00 4.00 3.00 0.083 0.083 0.062

C1.5 0.021 4.00 5.00 4.00 0.086 0.107 0.086

Total value for block 1 0.640 0.615 0.738

B2

C2.1 0.042 4.00 5.00 4.00 0.167 0.209 0.167

C2.2 0.014 4.00 5.00 4.00 0.057 0.071 0.057

C2.3 0.026 4.67 2.58 4.08 0.120 0.066 0.105

C2.4 0.047 1.00 3.00 3.00 0.047 0.141 0.141

C2.5 0.071 4.44 3.12 4.26 0.316 0.222 0.304

Total value for block 2 0.708 0.710 0.774

B3

C3.1 0.023 3.16 3.00 3.08 0.072 0.068 0.070

C3.2 0.016 3.33 3.08 3.25 0.053 0.049 0.052

C3.3 0.103 3.67 2.50 3.5 0.377 0.257 0.359

C3.4 0.023 4.08 2.58 3.92 0.093 0.059 0.089

C3.5 0.036 3.83 3.75 3.92 0.138 0.135 0.141
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Table 12. Cont.

Block Criteria NPV
Estimate Criterion for Alternatives Considering the NPV

Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Cluster 3

Total value for block 3 0.732 0.567 0.711

B4

C4.1 0.078 3.67 3.67 3.25 0.285 0.285 0.253

C4.2 0.056 4.00 3.00 1.00 0.225 0.169 0.056

C4.3 0.024 1.00 4.00 2.00 0.024 0.095 0.047

C4.4 0.012 2.00 4.00 5.00 0.024 0.048 0.060

C4.5 0.030 4.25 4.08 4.5 0.128 0.123 0.136

Total value for block 4 0.687 0.720 0.552

B5

C5.1 0.015 3.00 5.00 0.00 0.044 0.074 0.000

C5.2 0.031 3.00 1.00 1.00 0.093 0.031 0.031

C5.3 0.041 3.92 4.08 3.25 0.161 0.167 0.133

C5.4 0.067 4.17 3.67 4.42 0.281 0.247 0.298

C5.5 0.046 4.58 3.25 4.67 0.210 0.149 0.214

Total value for block 5 0.789 0.668 0.676

Integral estimate Ei 0.709 0.653 0.686

The numeric value of each of the five effects is obtained by multiplying the crite-
ria values obtained through an expert evaluation by the weight coefficient (relevance)
of each criterion. An integral metric–aggregate effect of the network-based industrial
integration (Ei) is calculated using the geometric progression formula:

Ei(cluster 1) = 5
√
(0.640 ∗ 0.708 ∗ 0.732 ∗ 0.687 ∗ 0.789 = 0.709

Ei(cluster 2) = 5
√
(0.615 ∗ 0.710 ∗ 0.567 ∗ 0.720 ∗ 0.668 = 0.653

Ei(cluster 3) = 5
√
(0.738 ∗ 0.774 ∗ 0.711 ∗ 0.552 ∗ 0.676 = 0.686

Based on the analysis performed, it was determined that the best value of the effect
from the development of network-based integration is shown by Cluster 1 (Ei = 0.709); this
result was achieved through the entrepreneurial and environmental effects. Cluster 3 is
in second place, with an integral effect value of 0.686 delivered predominantly through
the economic and social effects. Cluster 2 is in third place (Ei = 0.653). For Cluster 3, the
innovation and technology effects play the most important role.

Similarly, we have calculated the integral estimates quantifying the degree of interac-
tion between the business partners within a cluster (Table 13); however, the calculation was
performed using the values of the metrics, not the blocks:

Di(Cluster 1) = 5
√
(1.327 ∗ 0.444 ∗ 0.977 ∗ 0.956 ∗ 0.535 = 0.783

Di(Cluster 2) = 5
√
(1.077 ∗ 0.412 ∗ 0.680 ∗ 0.847 ∗ 0.313 = 0.603

Di(Cluster 3) = 5
√
(1.497 ∗ 0.412 ∗ 0.864 ∗ 0.847 ∗ 0.371 = 0.663

According to the results obtained, Cluster 1 is the leader of the list based on the level
of interaction of the industrial cluster participants (Di = 0.783). Cluster 3 is in second place
(Di = 0.663) and Cluster 2 is in third place (Di = 0.603).

At the next stage, all the integral values obtained are measured against the threshold
values within the 0 to 1 range in accordance with Harrington’s desirability scale (Table 14).
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Table 13. Results of the evaluation of the cluster participants’ interaction levels.

Block Metrics NPV
Estimate Criterion for Alternatives

Considering the NPV

Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Cluster 3

Block of cluster
business

partners’ level
of interaction

Level of activity of the integration in
the partners’ interaction 0.313 4.24 3.44 3.67 1.327 1.077 1.149

Activity of the integration
participants in the development of the

region of their operations
0.100 4.44 4.12 4.12 0.444 0.412 0.412

Level of positive reputation
of the integration 0.209 4.67 3.25 4.12 0.977 0.680 0.862

Qualitative composition of the
integration participants 0.261 3.67 3.25 3.25 0.956 0.847 0.847

Previous successfully
implemented projects 0.117 4.56 2.67 3.16 0.535 0.313 0.371

Integral estimate, Di 0.783 0.603 0.663

Table 14. Final aggregate metrics.

Integral Value

Metric P1 (Cluster 1) P2 (Cluster 2) P3 (Cluster 3)

Ei 0.709 0.653 0.686

Classification of Ei value, according to Harrington high average high

Di 0.783 0.603 0.663

Classification of Di value, according to Harrington high average high

Thus, for the clusters reviewed in our study, for both assessment dimensions, we
obtain matching interpretation of results: for Cluster 1, we have a “High” grade for both
assessment dimensions; for Cluster 2, both grades are “Average”; and for Cluster 3, it is
“high” for both assessment dimensions. In the final stage of our research, visualization
of the assessment results is performed (Figure 2). The horizontal axis shows the integral
values of the effect of the development of network-based integration, and the vertical axis
shows the level of interaction of the business partners in the clusters.
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Visualization of the results obtained demonstrates that there is a positive dependency
between the effect of the development of network integration and the level of interaction
between business partners within the cluster. To verify the existence of this dependency, the
values obtained were sorted in ascending order and the trend line equation was determined
to be y = 3.1342*x − 1.4569. The approximation of the confidence level for this trend line
equation is 0.9225. This indicates a highly accurate description of the distribution of the
source data. It is proven that positive correlation exists between integral values Ei and Di.

The proposed KPI can be applied by the Ministry of Industry and Trade of the Rus-
sian Federation to decide whether to include the cluster in the program of state support
(subsidies) or to continue its participation in it. Based on the KPI, cluster participants may
estimate their contribution to the cluster development, economic efficiency, and innovation
potential, and they may adjust the sustainable development strategy.

5. Discussion and Conclusions

Network-based industrial integrations are an effective tool for the sustainable de-
velopment of the industrial sector and for the implementation of industrial policy in the
modern environment. The systemic approach toward the formation of clusters based on
the principles of network integration and partnership provides technological interaction
between companies, optimizes the methods and forms of their economic activities, and
allows integration participants to achieve their strategic goals. In this paper, we have
confirmed the research hypothesis that the sustainable development of companies and
regions requires the formation of a partnership-based intellectual environment, where
the individual capabilities of integration participants are pooled together based on the
principles of collaboration for the adequate harmonization of goals and resources in solving
global strategic tasks.

Various methods and approaches have been developed to assess the performance of
industrial integrations [78–80]. In particular, our results are consistent with the findings
of Frunze, I. and Mikhaylik, D. These authors believe that “the efficiency assessment of
economic units must be carried out through synergy effect, which comes along with inte-
gration processes and has been the integral goal of their performance. Usage of system
dynamics for assessment of efficiency integration of economic objects will provide organi-
zational and quantitative basis for optimal management of the integrated formation” [81].
We also confirm the conclusions of Schardosin, F., and De Rolt, C. [82], namely that the
methodology for assessing the efficiency of network-based industrial integrations should
take into account the type of integration, industry affiliation, level of collaborative maturity,
strategy and economic characteristics of the participants in the integration.

The principal difference between the present study and prior research lies in the
use of a system of indicators characterizing five types of integration effects, economic,
social, environmental, innovation and technological, and entrepreneurial, to assess the
effectiveness of industrial clusters. The authors’ methodology consists of a set of methods
and approaches, including AHP, expert assessment using evaluation scales developed by
the authors, and Harrington’s desirability functions. However, our study has a number of
limitations that could be mitigated in the future. The collection of baseline data is a resource-
intensive process due to the limited access to primary information on the industrial cluster
activities and to further validation of these data. The proposed methodology is tested on
three industrial clusters. Expanding the geographical coverage by including clusters from
other regions of the Russian Federation can provide additional results to those of our study.

According to prior research [83–85], the balancing of the social, environmental and
economic interests of integration participants allows for leveling out the imbalances and dis-
proportions within the system, ensuring its sustainability and ability to withstand external
and internal threats. As a further direction of research, it is possible to develop approaches
for the design of KPIs (key performance indicators) for network-based integration. For
example, the following indicators could be included in the relevant KPIs:
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1. Resources and manufacturing infrastructure. KPIs from this area are required to
assess each participant’s potential in terms of the manufacturing, infrastructure,
transportation and logistics resources required to achieve the strategic goals of each
integration participant individually and of the region as a whole.

2. Intellectual resource maturity. KPIs covering this direction provide qualitative and
quantitative analysis of the intellectual competencies of integration participants’ em-
ployees as seen from the viewpoint of the strategic goals of integration and the goals
of the region as a whole.

3. The level of development of operational management. These KPIs determine the
ability of integration participants to respond flexibly to challenges in the external
and internal environment and to promptly adapt business processes during the
implementation of joint innovative technological and (or) environmental projects.

4. Indicators for assessing the management tools used. These KPIs illustrate whether
management methods are “progressive” in terms of the readiness for transformation,
partnership and cooperation; these KPIs also quantify the achieved speed and quality
of the tactical and strategic decision-making of each of the integration participants.

5. Corporate culture and institutions. KPIs from this section should send a clear message
to all the integration participants about the level of loyalty of each participant’s
personnel and their involvement in the process of implementing partnership projects.

The synergetic interaction of companies in a network-based integration should result in
a variety of technological and environmental projects aimed at the sustainable development
of both individual companies, their integration, and the whole territory of their operation.
The interaction between companies in a network-based integration (as a partnership model
based on collaborative knowledge exchange) should be based not only on the synergies of
the environmental and technological benefits derived by the participants in the partnership
but such interaction must also provide self-evident benefits for society.

The papers by the following researchers are devoted to the environmental aspects
of network integration [86–88]. Leonie Schlüter and Lone Kørnøv developed guidelines
for embedding systems thinking principles into tools for sustainability assessment for use
in the early stages of sustainable business model (SBM) innovation [89]. The network
analysis [90] revealed five emerging areas: SBM strategies, challenges in developing SBMs,
drivers of SBMs, the role of innovation in SBMs, and digital technologies in the SBM.
Furthermore, this review indicates that most studies on SBM are quantitative, focusing on
the manufacturing industry.

The results and findings of our research could prove useful for enterprises, business
entities, scientific, research and educational organizations and bodies of state authority in
performing the following tasks of sustainable development:

- Increasing the efficiency of the strategic management of enterprises and their interactions.
- Boosting technological processes promoting innovation and integration.
- Acceleration of technological and environmental development through the introduc-

tion of environmental and technological projects of enterprise development.

Scaling up sustainable business models of network integration will allow enterprises
to increase their resource efficiency and ensure the necessary volume of investment to
produce high-value-added products. Businesses can improve their network integration and
collaborative maturity by considering such recommendations as implementing external
collaboration and joint business planning, forming industrial symbioses, creating cyclical
production models, and using digital platforms for the mutual interaction of industrial
network integration participants.

In conclusion, the authors would like to emphasize that modern realities require
a holistic approach to the management of industrial production. This requires linking
the goals, strategies, development tools at the level of individual industrial enterprises,
clusters, symbioses and regions, thus combining the efforts of all stakeholders, ensuring
synergy and sustainable development of the economy as a whole [91–94]. Further research
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should consider that the effective integration of industry, science, education and business
is possible when the vertical and horizontal links are balanced.

This study contributes to a better understanding of the formation and operation of
network-based industrial integrations in line with the global trends such as sustainable
development and digitalization.
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