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Abstract: The article considers the development of strategic diagnostics of an enterprise in the condition of adaptation 

to a circular economy. In the context of global economic and environmental changes, strategic diagnostics is an 

important tool for assessing the effectiveness of the implemented changes and adapting to new challenges. The authors 

emphasize the importance of implementing the principles of a circular economy, which involve minimizing waste and 

reusing resources. It is obvious that in the process of adapting an enterprise to the conditions of a circular economy, 

strategic diagnostics plays an important role, which allows assessing the enterprise readiness to transition to a new 

economic model, determining its competitive advantages and developing effective development strategies. A set of 
strategic diagnostics tools with their adaptation to the conditions of a circular economy is systematized. It is 

substantiated that the proposed tools allow enterprises to effectively adapt to the conditions of a circular economy, 

reduce environmental impact, increase competitiveness, and find new opportunities for sustainable economic 

development. An algorithm for using strategic diagnostics of the enterprise in the context of adaptation to circular 

economy is developed. The presented algorithm allows enterprises to effectively adapt to the conditions of the circular 

economy, increase competitiveness, and ensure long-term business sustainability. 

 

Index Terms: Strategic Diagnostics, Circular Economy, Sustainable Industry, Sustainable Economic, Strategic 

Management, Strategic Development, Business Process, Life Cycle Analysis, Resource Saving, Principal Component 

Analysis, Closed Loop Recycling 
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1.  Introduction 

The development of the economy, society, and modern world industry requires the creation of a single system of 

values and coordinated actions to ensure sustainable improvement [1, 2]. The result of this was the Sustainable 

Development Goals [3]. These goals are intended to prevent future crises that threaten the survival of humanity, as well 

as to direct global development on the path of the environmental preservation, social equality, sustainable industry, and 

sustainable economic [4, 5]. 

The current problems of the economy in the light of the Sustainable Development Goals relate to the need to 

combine environmental, social, and economic interests into a single development of management system [6]. Based on 

this, it can be argued that the main task of the modern economy is the synthesis of a model of sustainable growth, which 
can be based on innovation, resource efficiency, social justice, and continuous improvement [7, 8]. 

The current economic challenges in this framework include ensuring a compromise between economic growth and 

environmental sustainability [9]. This problem can be considered in the context of the eighth, twelfth and thirteenth 

goals of sustainable development. At the same time, the economies and industries of the vast majority of countries are 

currently focused on increasing gross domestic product, which is usually achieved at the expense of significant 

consumption of natural resources, damage to ecological systems, and increased greenhouse gas emissions [10, 11]. The 

basis for solving this problem is the transition to a circular economy, where waste from production and consumption 

can become resources, and energy can be produced from renewable sources [12, 13]. 

The main means for implementing a circular economy today include not only economic, but also technological, 

organizational, legal, and educational tools, the purpose of which is to increase the efficiency of resource consumption 

and minimize waste [14, 15]. 
One of the approaches to solving the problem of implementing a circular economy is: 

 

– development of products that have the properties of further processing, repairability, and reuse [16]; 

– reduction of consumption of electricity, water, raw materials, spare parts, and others [17]; 

– implementation of a comprehensive system of collection, sorting, and processing of waste in the production life 

cycle [18]; 

– merger of different enterprises, in which the waste of one enterprise is converted into resources for another [19]; 

– life cycle analysis in order to create a system of effective resource management [20]. 

 

These approaches can be considered within the framework of strategic diagnostics of enterprises. The purpose of 

strategic diagnostics of enterprises is to determine the efficiency of resource use based on the waste generation indicator 
and the environmental performance of technological processes. The result of the implementation of strategic diagnostics 

of enterprises is the assessment of opportunities, obstacles, and main ways of transforming the linear model into the 

circular economy [21, 22]. 

In the current conditions of global economic and environmental changes, strategic diagnostics of the enterprise is 

gaining particular importance. It allows to assess the current state of the business, identify potential risks, and adapt the 

strategy to new challenges. Therefore, one of the key trends of the modern economy is the transition to a circular model, 

which involves minimizing waste and using resources efficiently. In this regard, enterprises are forced to rethink their 

production processes, logistics chains, and business models [23]. 

Strategic diagnostics in the conditions of the circular economy is becoming an indispensable tool for assessing the 

effectiveness of the implemented changes. It helps to determine how ready the enterprise is for environmental standards 

and requirements of sustainable economic development. In addition, such diagnostics allows to identify prospects for 

reducing costs by reusing materials and introducing innovative technologies. Particular attention should be paid to 
analyzing the competitive environment and the dynamics of the market for environmentally friendly products [24]. 

Strategic diagnostics in the circular economy can help to solve the following tasks: 

 

– assess the current state of the enterprise in terms of resource efficiency, calculation of production costs, 

environmental impact, and the effectiveness of the quality management system; 

– determine strategic potential by studying the state of application of innovative technologies, assessing human 

resources and financial capabilities for transformation to a circular economic model; 

– detect threats and obstacles; 

– determine target indicators of the enterprise’s activities; 

– monitor key performance indicators and formulate corrective and preventive actions [25, 26]. 

 
The implementation of the principles of a circular economy requires a comprehensive approach to enterprise 

management. This applies not only to technological changes, but also to the transformation of organizational culture 

and the decision-making system. It is strategic diagnostics that allows to identify key barriers and opportunities for such 

a transition. It contributes to the development of flexible business strategies that help the enterprise remain competitive 

in the long term [27, 28]. 
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Therefore, the development of strategic diagnostics is an important factor in the adaptation of enterprises to new 

economic realities. It ensures effective planning, risk management, and the implementation of innovations. As a result, 

enterprises can not only increase their own efficiency, but also make a significant contribution to environmental 

protection. 

This article consists of five sections. Section 1 is background information. Section 2 deals with state of the art and 

problem statement. Section 3 considers methodological features of the use of strategic diagnostics of the enterprise for 

implementing circular economy approach. Section 4 presents step-by-step method description and numerical example. 

Section 5 concentrates on the conclusions. 

2.  Literature Review and Problem Statement 

The issue of developing strategic diagnostics of the enterprise in the conditions of circular economy is extremely 

relevant and attracts the attention of many scientists. In particular, many scientists have been engaged in the study of 

individual issues of the impact of the circular economy on the processes of developing strategic diagnostics. The 

authors of paper [29] investigate the relationship between strategic planning and the implementation of the principles of 

the circular economy. Based on the analysis of four Canadian companies with established strategies of environmental 

sustainability, they emphasize the importance of involving internal and external stakeholders to exchange knowledge 

and use formal tools of strategic planning.  

The scientific publication [30] focuses on the problems of the circular economy as a result of strategic management, 

which ensures social sustainable industry development through adherence to its principles. The authors substantiate the 

principles of the circular economy as determinants of strategic management to ensure social development, suggesting 

directions for directing strategic management efforts in accordance with the determinism of the circular economy.  
The paper [31] considers the strategic development of the circular economy business in established companies. 

The author proposes a process model that describes how circular business strategy, business model innovation, and 

collaboration dynamically interact in the process of strategic development of circular business. In article [32], the 

authors present an expert system for modeling business in a circular economy. The system provides recommendations 

to manufacturing companies on the development of business models that allow separating value creation from resource 

consumption. The study emphasizes the importance of strategic thinking and systematic approaches for the successful 

implementation of circular business models. 

It must be stated that the multi-directionality and ambiguity of the presented approaches require further in-depth 

research to create a balanced and substantiated methodology in the chosen context. As a result, we consider the study of 

the issues of developing strategic diagnostics of an enterprise in the process of adapting to the conditions of a circular 

economy to be key to increasing the efficiency of management in the enterprise as a whole. 
The article [33] examines how management factors affect the functioning of small businesses in a developing 

economy. The authors identify a positive correlation between the availability of resources, the availability of services, 

and the formalization of business activities. From a practical point of view, the study provides recommendations for 

developing integrated strategies to increase the availability and improve the quality of resources and services for small 

businesses. The authors of the article [34] apply evolutionary game theory to complex networks in order to model the 

choice of strategies for digital transformation of enterprises. The contribution of the article is to integrate models of 

interaction of enterprises in the network environment, as well as to take into account the results of monitoring 

information flows in order to understand the path of enterprises digitalization. The authors also recommend that 

enterprise managers develop infrastructure, differentiated services and decision-making skills through strategic 

diagnostics of enterprise activities. 

The article [35] investigates how corporate strategy influences the innovative performance of the enterprise based 

on risk analysis. The authors proved that moderate strategic aggressiveness stimulates innovation, while risk-taking 
partially explains this effect. However, further research is needed to expand the model to take into account 

organizational culture, resources, and environmental factors as additional mechanisms of influence. The article [36] is 

devoted to the analysis of the impact of systemic strategic planning and business innovation on sustainable economic 

and enterprise productivity. From a practical point of view, the results of the study indicate the need to strengthen the 

synergistic unity between planning and innovation strategies. 

The authors of the article [37] explored an interdisciplinary theoretical framework for a circular economy roadmap 

that integrates strategic management, systems thinking, sustainability, and ISO standards. The proposed framework 

provided an opportunity to develop a step-by-step guide to implementing a circular economy from goal setting to 

implementation and monitoring. The contribution of the article is to create a flexible methodology for developing a 

circular economy. The article [38] considers the issue of modernization of the repair system for the aviation enterprise 

to save the resource fund in terms of spare parts for equipment and repair personnel. The article provides 
recommendations on the deployment of the infrastructure of repair centers to ensure the sustainable development of 

aviation in terms of optimizing the logistical support during equipment life cycle analysis. 

The authors of the article [39] analyze the development trends and correlation between Industry 4.0, the circular 

economy, and the global sustainable development goals based on the analysis of 478 articles on the given topic. As a 

result, the authors emphasize the need to create an integrated management system with further explanation of the  
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influence of political mechanisms, cross-national comparisons, and models of the use of development strategies. A 

similar analysis was also conducted in the article [40], where the authors conducted a scientific review of 188 

publications to identify trends, drivers, barriers, and strategies for implementing the circular economy. 

The authors of the article [41] used 18 circular economy parameters and the relative taxonomic measure method to 

analyze the degree of implementation of the circular economy in 27 EU countries for the period 2013–2022. In general, 

the article states that the transition to a circular model is slow. The main contribution of this research is the 

identification of weak elements during the implementation of the circular economy. 

The article [42] is devoted to the analysis of 77 circular design tools. The authors concluded that most of the tools 

are physical, qualitative, and cross-sectoral, focusing on the early stages of development. The main significance of the 

article is to create a catalog of methods for the development of the circular economy. 

The article [43] analyzes the application of circular economy principles in modular construction through interviews 
with experts. The contribution of the research is to identify key barriers and formulate a strategy to overcome them, 

which causes the theoretical and practical advancement of the circular model in construction. 

The authors of the article [44] explore six principles of a circular economy for biobased products, including 

reducing dependence on fossil resources, efficient use of resources, waste disposal, and others. The principles presented 

complement existing circular economy approaches, taking into account the specifics of biobased systems.  

The article [45] examines the specifics of implementing circular economy principles in the electrical and electronic 

equipment industry, paying attention to a detailed analysis of the benefits, barriers, and incentives that arise in this 

process. The results of the study emphasize the need to overcome technical, economic, and regulatory challenges for an 

effective transition to circular models. The article [46] uses a systemic approach to the circular economy as a practical 

framework for meeting the needs of society and the economy while preserving the environment. 

There is a wide range of research on aviation operations management and signal processing of technical equipment, 
which is directly related to increasing resource efficiency and extending the life cycle of equipment [47, 48]. Such 

approaches can be applied in the context of the circular economy to optimize the use of aviation resources, reduce waste, 

and minimize energy costs in the transport system [49]. 

Today, many researchers use statistical analysis, machine learning, and artificial intelligence methods to study the 

problems of the circular economy. The article [50] is devoted to the development of a methodology for assessing the 

efficiency of production processes, monitoring overall performance, and formulating recommendations for priority 

areas of development. This was based on the statistical computation of the circular economy index to determine the 

current state of the community. As a continuation of the research [50], the authors of the article [51] combine the results 

of surveys with objective socio-economic and environmental data. The main mathematical tool was correlation and 

regression analysis, on the basis of which authors determined the dependence between the circular economy index and 

population density, unemployment rate, gross domestic product, and others. 

The article [52] discusses the basic metrics for assessing the level of the circular economy. Author paid sufficient 
attention to the main elements of this process that are life cycle analysis and material flow analysis. The authors of the 

article [53] applied multivariate statistical analysis based on correlation to establish the dependence between circular 

economy indicators and parameters of economic and environmental processes. The basic mathematical tool of the 

article [54] is a combination of Generative AI and Principal Component Analysis. The first of them was used to model 

and generate data on changes in trends of parameters of circular economy systems. The second method was used to 

reduce the dimensionality of the feature space and to form a generalized index of the circular economy, which reduces 

the set of initial variables to several principal components. The use of two methods made it possible to take into account 

nonlinearity, complex interaction and variability of data on the functioning of circular economy systems. 

The literature review showed that current research on the circular economy covers both theoretical foundations and 

approaches, as well as practical methods for implementing sustainable strategies in various sectors, including 

manufacturing, industry, aviation, and others. The main trends indicate the importance of integrating digital 
technologies, strategic diagnostics, and innovations to increase resource efficiency and minimize waste. Further 

research should focus on developing models of the circular economy components and forming quantitative indicators of 

strategic diagnostics. 

The main hypothesis of this study is the possibility to determine the importance of strategic diagnostics for the 

enterprise when adapting it to the conditions of a circular economy, taking into account the appropriate set of 

instruments for this diagnosis. The purpose of this article is to develop a mathematical model for strategic diagnostics of 

an enterprise in the process of adaptation to a circular economy. The objectives of achieving the mentioned purpose are: 

 

– to form an algorithm for conducting strategic diagnostics of the enterprise, in contrast to the existing ones with 

the use of digital technologies when conducting diagnostics; 

– to develop a mathematical model for determining the integral index of adaptation of the enterprise to the circular 

economy, which includes several indicators: resource efficiency R , waste level W , innovation index I , financial 

stability F , environmental compliance E , market competitiveness M , legislative compliance L , and the level of use 

of digital technologies T , which will then allow to form a number of measures for the enterprise depending on the 
determined level; 
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– to offer practical recommendations for the enterprise when conducting strategic diagnostics and a number of 

measures for its further effective functioning and adaptation to the conditions of the circular economy, which will 

ensure its long-term sustainability. 

 

The research methods used are the methods of general scientific cognition, along with synthesis and analysis, 

methods of probability theory and mathematical statistics, machine learning methods, the method of separating the 

essential from the general, and the method of critical analysis of literature sources, which made it possible to obtain new 

scientific results.  

3.  Material and Methods 

In the process of scientific research on the issues of developing strategic diagnostics of an enterprise during the 

adapting to the conditions of a circular economy, it is advisable to use a combination of quantitative and qualitative 

methods. The combination of these approaches allows to get a comprehensive view of the processes of adapting 

enterprises to a new economic paradigm.  

Quantitative methods make it possible to assess the effectiveness of implementing strategic decisions, measure the 

impact of the circular economy on the financial indicators of the enterprise, and analyze market dynamics. At the same 

time, qualitative methods help to identify hidden problems, risks, and opportunities for adapting an enterprise to the 

circular economy. The combination of quantitative and qualitative methods makes the study more substantiated, since it 

takes into account both accurate data and expert assessments and real cases. This contributes to the development of 

effective strategic decisions for enterprises that seek to successfully adapt to the conditions of the circular economy and 

adapt their business processes. The efficiency estimation for technological and business processes can be considered in 
terms of information technologies usage, possibility of digital transformation and processes automation, assessing 

customer experience, innovations level, digitalization strategies, and others [55]. 

Strategic diagnostics of the enterprise is the process of analyzing and assessing the internal and external 

environment of an enterprise in order to determine its strategic position, potential, and possible development paths. The 

main goal of strategic diagnostics is to identify the strengths and weaknesses of the organization, as well as to identify 

possible threats and opportunities for its further development [56]. 

The circular economy is a concept based on the principles of resource saving, reuse, and recycling of materials. It 

offers an alternative to the traditional linear model of production, which involves the use of resources, their 

transformation into products, and the disposal of waste. The circular economy is based on the idea of minimizing waste 

and maximizing the efficiency of the use of material resources. This approach involves the creation of closed cycles, 

where products and materials find a new life through reuse or recycling. In addition, the circular economy helps reduce 
environmental impact, as it reduces the need for new natural resources and minimizes pollution. This model of 

economic development has great potential for a sustainable future, contributing to the growth of innovation and 

economic efficiency [57, 58]. 

Circular processes play an important role in the development of strategic diagnostics of the enterprise, as they 

change approaches to resource management and the formation of business strategies. The transition to the circular 

economy requires new methods of assessing the effectiveness of the enterprise, taking into account not only financial 

indicators, but also environmental and social aspects. In general case, economic, social, and environmental factors 

improve as a result of intensified innovation. At the same time, these feature changes cause to the accumulation of funds, 

knowledge, and skills to spread innovation processes in the country [59].  

Strategic diagnostics in such conditions should provide a deep analysis of closed-cycle processes, optimize 

resource use, and determine long-term competitive advantages. To use the modern technologies can quickly and 

accurately process huge amounts of information. This capability helps companies respond to market changes, identify 
new opportunities for business growth, and improve the efficiency of their internal operations [60]. The importance of 

comprehensive product life cycle analysis and environmental auditing as important components of strategic diagnostics 

is growing. In addition, enterprises must adapt their business models to new regulatory requirements and consumer 

demands for environmental responsibility. The implementation of circular processes requires a flexible approach to 

strategic planning, which helps to increase the competitiveness of enterprises in the global market. Thus, the circular 

economy stimulates the development of strategic diagnostics, making it more dynamic and multidimensional.  

In the process of adapting the enterprise to the conditions of the circular economy, strategic diagnostics plays an 

important role, which allows assessing the enterprise readiness to transition to a new economic model, identifying its 

competitive advantages and developing effective development strategies. For this purpose, it is advisable to use 

appropriate strategic diagnostics tools [55, 57, 60]: 

 
1. Analytical diagnostic methods: 

 

 PESTEL analysis – assessment of the impact of political, economic, social, technological, environmental, and 

legal factors on the activities of the enterprise; 



Mathematical Model of Strategic Diagnostics of Enterprise in the Circular Economy Adaptation Process 

Volume 18 (2026), Issue 1                                                                                                                                                                       61 

 SWOT analysis – identification of the strengths and weaknesses of the enterprise, as well as opportunities and 

threats in the context of the circular economy; 

 VRIO analysis – resources uniqueness assessment and ability to create long-term competitive advantages. 

 

2. Life cycle and environmental efficiency assessment methods: 

 

 LCA (life cycle analysis) – analysis of the life cycle of products to determine the environmental impact at all 

stages: from raw material extraction to disposal; 

 business model circularity matrix – helps to assess the level of implementation of the principles of the circular 

economy in production processes; 

 carbon and ecological footprint analysis – measurement of the enterprise’s impact on the environment. 
 

3. Digital tools and intelligent systems: 

 

 Big Data and artificial intelligence – analysis of large volumes of data to predict the effectiveness of circular 

business models; 

 IoT (Internet of Things) – monitoring resource use and improving the efficiency of production processes; 

 Blockchain – ensuring transparency of supply chains and tracking resources in a circular economy. 

 

4. Financial and economic tools: 

 

 sustainable finance analysis – assessing the possibilities of attracting “green” investments; 

 calculation of the return on investment of environmental innovations (ROI for circular investments) – 

assessing the effectiveness of investments in circular business models; 

 benchmarking of circular strategies – comparing the enterprise’s indicators with leaders in the circular 

economy. 

 

5. Organizational and management methods: 

 

 delfi-method – surveying experts to determine promising directions for the company’s development; 

 business process mapping – optimizing internal processes in accordance with the principles of circularity; 

 balanced scorecard (BSC) – a strategic map that includes environmental, social and financial indicators. 
 

The use of these tools allows enterprises to effectively adapt to the conditions of the circular economy, reduce 

environmental impact, increase competitiveness, and find new opportunities for sustainable development. Digital tools 

usage in management can help to determine a certain approach to the client, which improves the level of customer 

satisfaction and loyalty. This approach causes the sales increasing and customer losses reducing [62]. 

Strategic diagnostics of the enterprise in the conditions of the circular economy is a multi-stage process that allows 

to assess the enterprise’s readiness to transition to closed production and consumption cycles, identify strengths and 

weaknesses, and formulate effective strategic solutions. The algorithm for using strategic diagnostics of an enterprise in 

the conditions of adaptation to a circular economy is presented in Fig. 1. 

The importance of digital technologies in all processes of enterprise activity should be taken into account, 

including in the concept of circular economy and when conducting strategic diagnostics. The authors of this article offer 

appropriate tools, which are directly based on digital technologies, such as Big Data and artificial intelligence, Internet 
of Things, and Blockchain. It should be noted that modern conditions encourage the digitalization of all areas of 

enterprise activity. The algorithm developed by the authors (Fig. 1) also includes at stage 3.3. – determination of the 

level of digital maturity and the possibility of using innovations (Big Data, IoT, and blockchain), which will be directly 

calculated in the proposed mathematical model. The presented algorithm allows enterprises to effectively adapt to the 

conditions of the circular economy, increase competitiveness, and ensure long-term business sustainability. 

4.  Results and Discussion 

The proposed model is designed as a multi-level quantitative framework that integrates internal enterprise 

indicators, external environmental drivers, dynamic simulation, and optimization of strategic measures. 

The mathematical model of strategic diagnostics of the enterprise in the process of adaptation to a circular 
economy consists of the following steps: 

Step 1. General structure of the model. 

The proposed model is multi-level and consists of the following blocks: 

 

 A. Block of internal indicators (resources, innovations, and finances). 
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 B. Block of external influences (market, legislation, and environmental trends). 

 C. Integral index of adaptation to the circular economy. 

 D. Optimization module of strategic decisions. 

 

Step 2. Formalization of variables. 

For a mathematical description of the problem, we introduce the following variables: 

 

 R  is the level of resource efficiency – an integral indicator that reflects the ability of the enterprise to 

minimize the use of natural resources (raw materials, energy, and water) in the production of products or 

provision of services, while ensuring non-reduction or improvement of the quality of the result. It is calculated 

as the ratio of the volume of the final obtained product to the volume of spent resources, ]1;0[R . 

 W  is the level of waste generation – the part of material resources that are converted into waste in the 

production process, ]1;0[W . 

 

 

Fig. 1. Algorithm for using strategic diagnostics of an enterprise in the context of adaptation to a circular economy 

1. Identification of the strategic position of the enterprise

1.1. Analysis of the current 

business model of the enterprise, 

determination of the level of 

resource efficiency, degree of 

dependence on the linear 

economy

1.3. Research into market trends 

and regulatory requirements for 

the circular economy

1.2. Identification of the main 

environmental challenges and 

risks associated with the 

enterprise’s activities

2. Data collection and processing for strategic diagnostics

2.1. Using Life Cycle Analysis 

(LCA) methods

2.3. Competitive landscape 

analysis and benchmarking of 

successful circular business 

models

2.2. Assessment of material 

flows, waste, and their reusability

3. Identifying key factors for adapting to the circular economy

3.1. SWOT analysis with a focus 

on the possibilities of circular 

transformation

3.3. Determining the possibility 

of using innovations (Big Data, 

IoT, blockchain)

3.2. Assessment of the financial 

and technological resources of 

the enterprise

4. Formation of strategic adaptation scenarios

4.1. Development of scenarios 

for the transition to a circular 

economy (e.g., introduction of 

the "product as a service" model, 

eco-design, recycling)

4.3. Choosing the optimal 

strategic direction

4.2. Calculation of the potential 

effectiveness of each scenario 

according to financial, 

environmental and social 

indicators

5. Strategy implementation and monitoring of its implementation

5.1. Development of a roadmap 

for implementing a circular 

strategy

5.3. Continuous monitoring and 

adjustment of the strategy based 

on changes in the external and 

internal environment

5.2. Defining key performance 

indicators (KPIs) to assess 

transformation results

6. Performance evaluation and continuous improvement

6.1. Analysis of the obtained 

results: saving resources, 

reducing waste, and increasing 

profitability

6.3. Introduction of new 

technologies and methods for 

further circular transformation

6.2. Generating feedback from 

stakeholders (partners, 

customers, and environmental 

organizations)
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 I  is the innovation index – an indicator of the enterprise’s readiness and ability to introduce new technologies, 

products and processes to increase efficiency and competitiveness, ]1;0[I . 

 F  is the financial stability of the enterprise (cost-to-investment ratio) – an indicator of the enterprise’s ability 

to cover its investment costs through operating profit or external stable sources of financing: 

costsInvestment/profitOperatingF , 0F . If 1F , then the level of financial stability is high, if 1F  – 

low, 1F  – the equilibrium point. 

 E  is the compliance with environmental norms and standards (national and international), ]1;0[E . 

 M  is the indicator of market competitiveness, determined by the growth of sales of the enterprise’s products. 

 L  is the compliance with legislation, ]1;0[L . 

 T  is the indicator of the use of AI, Big Data, IoT, Blockchain technologies, ]1;0[T . 

 

Step 3. Modeling the integrated index of enterprise adaptation to the circular economy CEAI (Circular Economy 

Adaptation Index). 

Let TTLMEFIWRx ),,,,,,,(  represent the vector of normalized indicators for each enterprise, where all 

variables are transformed to the interval ]1;0[ . To capture the directional contribution of each indicator, we transform 

W  into its complementary form, where lower waste increases adaptation performance: TTLMEFIWRz ),,,,,,1,(  . 

Let Tw ),,,,,,,( 32154321   denote the weight vector for internal and external indicators, subject to 

constraints: 6.0
5

1


i

i  and 4.0
3

1


i

i , 0i
, 0i

. Then, the Circular Economy Adaptation Index (CEAI) is 

defined as:  

 

TLMEFIWRzwCEAI T

32154321 )1(  ,                                   (1) 

 

where 
i  are weight coefficients of internal indicators, 

i  are weight coefficients of external indicators. 

The value of the weight coefficients was determined by the method of principal component analysis (PCA). In this 

case, additional conditions were imposed on the weight coefficients: 6.0
5

1


i

i  and 4.0
3

1


i

i , which reflected the 

total relative weight of the influence of internal and external indicators. 

Since all elements of ]1;0[z  and weights are non-negative and sum to 1, we have: 10  zwT . Hence,  

 

10 CEAI .                                                                                 (2) 

 

The distribution of weights between internal (0.6) and external (0.4) dimensions was derived using a structured 

expert judgment approach. In particular, a two-stage Delphi procedure was conducted involving five experts in 

enterprise sustainability, digital transformation, and circular economics. Each expert independently assessed the relative 

contribution of internal vs. external drivers to adaptation readiness, based on four criteria: measurability, managerial 

controllability, strategic importance, and temporal sensitivity. 

The assessments were aggregated using weighted median scores, and the consistency ratio (CR) was evaluated 

following the Analytic Hierarchy Process (AHP) approach, resulting in 1.008.0 CR , indicating acceptable 

agreement. Based on the consensus ranking, internal indicators (resources, innovation, financial stability, and 

environmental compliance) were assigned a collective weight of 0.6, while external drivers (market, legislation, and 

digital infrastructure) accounted for 0.4. 

This approach aligns with previous research where internal capabilities are considered primary determinants of 

circular transition readiness [63, 64].  

The PCA method was applied not as a normative weighting method, but as a data-driven exploratory tool to reveal 

latent relationships between indicators and identify the most influential variables based on variance contribution. The 

dataset includes actual values from 3 logistics enterprises (2022–2024) and a simulated extension of 100 synthetically 

generated enterprises, constrained within empirically valid bounds. Such use is consistent with empirical studies that 
develop composite indices using PCA to identify structural importance. 

The main operations of the PCA method: 

1. Formation of the data matrix. Based on the statistical data collected for 10 enterprises, the matrix ijaA , 

10,1i , 8,1j  was formed, where rows are individual enterprises, columns are indicators TLMEFIWR ,,,,,,, . 

2. Normalization of values. Normalization of values was carried out by the method of natural normalization. As a 

result, the matrix ijaA   was obtained, all elements of which acquire values in the range ]1;0[ . To automate the  
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calculations, the class: sklearn.preprocessing.StandardScaler() of the sklearn.preprocessing module of the Python 

programming language was used. 

3. Calculation of loads. The PCA method was applied to the normalized matrix, with the help of which the first 

principal component was selected, which describes the largest share of the total variation, and the principal components 

– new variables, which are linear combinations of the initial ones and describe the largest data variance. The 

sklearn.decomposition.PCA() class of the sklearn.decomposition module of the Python programming language was used 

to implement the algorithm. 

4. Determining the importance of each indicator. The obtained principal components were normalized to the sum 

of one, and then distributed between internal and external indicators. The following coefficient values were obtained: 

 

13.0,13.0,14.0,15.0,08.0,12.0,1.0,15.0  TLMEFIWR .                                 (3) 

 

Step 4. Determination of adaptation thresholds. 

Thresholds are used to classify enterprises by the level of adaptation to the conditions of the circular economy. A 

model with two thresholds – 
1T , 

2T  and the scale given in Table 1 was considered. 

Table 1. Description of the Levels of Adaptation of Enterprises to the Conditions of the Circular Economy 

Adaptation category Description 

Low (0 – 1T ) Initial level, no or minimal adaptation 

Medium ( 1T  – 2T ) There are some elements of circularity, but no systemic transformation 

High ( 2T  – 1.0) Full or almost full integration of circular economy principles 

 

To empirically determine 
1T  and 

2T , we used the following approach: 

 

1. CEAI was calculated for a certain number of enterprises. In our case, modeling was conducted for ten real 

enterprises, and then data for one hundred similar enterprises were simulated. 

2. The distribution of CEAI values was plotted. 

3. Percentiles were determined: 

 

 Lower – 33% of enterprises – low level of adaptation, 

 Average – 34-66% of enterprises – medium, 

 Upper 66-100% of enterprises – high. 

 

The CEAI value, which is the median for low and medium-level enterprises, determines the lower threshold of 
1T , 

and the value, which is the median for medium and high-level enterprises, determines the upper threshold of 2T . 

The modeling of threshold values was carried out using the NumPy library. The Seaborn library in Python was 

used to visualize the results (Fig. 2). 

 

 

Fig. 2. Threshold value simulation 
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Step 5. Dynamic model of development. 

To simulate changes over time, a model of the form: 

 

 TLMEFIWR
dt

CEAId
32154321 )1(

)(
,                        (4) 

 

where: X  is a change in the indicator X  per unit of time,   is an inertia coefficient of the system (takes into account 

the difficulty of changes). 

The values of the increments )(CEAId  were simulated using a dynamic model for different sets of parameters in 

three scenarios. The simulation results for the initial values 5.0CEAI , 02.0  and random values of increments, 

which have a uniform distribution on such intervals ]03.0;0[R , ]0;03.0[W , ]025.0;0[I , ]02.0;0[F , 

]025.0;0[E , ]02.0;0[M , ]015.0;0[L , ]03.0;0[T , are shown in Fig. 3. 

 

 

Fig. 3. Results of modeling CEAI increments using a dynamic model 

Step 6. Optimization problem for strategic development. 

To formulate the optimization problem, the CEAI function was chosen as the objective function under budget and 

time constraints. Mathematical model of the problem is (5) with restrictions (6): 
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x

xxxCEAI
i
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                                                                           (6) 

 

where ix  is the intensity of the optimization measure, which is defined as the part of the total amount of resources that 

are planned to be spent on improving the quality of the i-th factor (for example, implementing LCA analysis, upgrading 

equipment, and others); ic  is the cost of the optimization measure; it  is the time of implementation of the optimization 

measure; B  is the available budget; maxT  is the permissible time horizon. 

Stage 7. Practical implementation of the model for specific enterprises. 

Three enterprises were selected for analysis: SC “KUEHNE & NAGEL” [65], SC “SCHENKER” [66], LLC 

“ZAMMLER UKRAINE” [67]. For each of them: 

 

 An initial diagnosis was carried out and data on the variables TLMEFIWR ,,,,,,,  was collected 

(corresponding data is presented in Table 2). 

 The initial value of CEAI was calculated. 

 A development trajectory for 3 years (2022-2024) was built, changing the intensity of strategic measures. 

 The set of measures was optimized to achieve 2TCEAI  , taking into account resource constraints. 

Table 2. Initial Data 

Parameter SC “KUEHNE & NAGEL” SC “SCHENKER” 
LLC “ZAMMLER 

UKRAINE” 

Resource efficiency R  0.55 0.5 0.5 

Waste level W  0.35 0.4 0.35 

Innovation index I  0.6 0.55 0.6 

Financial stability F  0.65 0.7 0.6 
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Environmental compliance E  0.7 0.7 0.65 

Market competitiveness M  0.65 0.65 0.6 

Legislative compliance L  0.8 0.85 0.8 

Use of digital technologies T  0.65 0.6 0.65 

CEAI 0.595 0.581 0.569 

 

The simulation results for the optimal parameter sets are shown in Fig. 4. The optimal measures and timing for 

achieving the upper CEAI threshold level for the three enterprises are given in Table 3. 

Table 3. Optimal Measures and Timing of Achieving the Upper Threshold Level of CEAI for Three Enterprises 

Enterprise Main measures Deadline for reaching the upper threshold level 

SC “KUEHNE & NAGEL” Expanding IoT solutions for transportation Up to 2 months 

SC “SCHENKER” Reducing waste generation Up to 34 months 

LLC “ZAMMLER UKRAINE” Increasing innovation through green solutions in logistics Up to 16 months 

 

 

Fig. 4. The simulation results for the optimal parameter sets 

The developed CEAI digital tool enables full automation of data normalization, PCA-based weight estimation, 

CEAI calculation, threshold modeling, and multi-scenario adaptation forecasting. The tool can be accessed at repository 

[68]. 

The analysis of the results allows concluding following: 

 

1. Each of the studied enterprises requires a different set of measures to achieve the target CEAI (integral index of 

enterprise adaptation to the circular economy). This indicates the importance of adapting the model to the specifics of a 

particular business. 

2. The fastest achievement of the threshold level is predicted for the enterprise “KUEHNE & NAGEL”, which, 

thanks to the implementation of IoT solutions for transport, can achieve the desired CEAI level within 2 months. This 

indicates the high effectiveness of digitalization as an adaptation tool. 
3. The enterprise “ZAMMLER UKRAINE” needs up to 16 months to achieve the target level. At the same time, 

the best strategy for this enterprise is to increase innovation by integrating environmental solutions into logistics 

processes. This indicates the potential for sustainable development through innovation. 

4. SC “SCHENKER” has the longest time to achieve the goal – up to 34 months, despite higher initial values of 

some indicators (in particular, financial stability and legal compliance). The main reason for this is the emphasis on a 

gradual reduction in waste levels, which requires a longer time to implement. 

 

The proposed mathematical model allows determining the level of adaptation of enterprises to the conditions of the 

circular economy, through the definition of the proposed index (CEAI). Depending on the indicator given in Table 2, 

the enterprise can use a number of measures given in Table 3. The main emphasis in the proposed model is on the 

importance of implementing the principles of circular policy in the activities of enterprises, which allows to reduce 

costs for raw materials and energy, increase competitiveness, stimulate innovation, increase financial stability, reduce 
waste, and moving to sustainable resource use. 
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The model allows for effective combination of available resources with sustainable development goals, ensuring 

optimization of measures taking into account the constraints, strengths and risks of enterprises. 

Despite its promising results, the proposed model has several limitations. First, the empirical analysis is based on a 

relatively small sample of logistics enterprises operating in a specific regional context. Consequently, the estimated 

weights and thresholds may not be directly generalizable to other sectors or countries. Second, while PCA was 

purposefully used as a data-driven exploratory tool for revealing latent structure among variables, it does not replace 

normative multi-criteria decision-making approaches (e.g., AHP, ANP, or TOPSIS). Therefore, the resulting CEAI 

values should be interpreted as indicative rather than prescriptive. Third, several indicators (such as innovation index 

and digitalization maturity) partially rely on expert judgments and secondary reports, which may introduce 

measurement bias. Future studies should replace these proxies with more standardized, survey-based, or real-time 

digital metrics. Finally, the dynamic and optimization components of the model use assumed parameter values, which 
limits their predictive robustness. Integrating stochastic differential modeling, Monte Carlo simulations, and robust or 

multi-objective optimization techniques would significantly enhance the applicability of the model. 

Although the current version of the model is exploratory, its architecture demonstrates strong potential for further 

refinement and cross-sectoral application. Due to its modular structure, the model can be extended by integrating ESG 

indicators, carbon footprint accounting, digital maturity metrics, or sector-specific sustainability criteria. Future 

research may enhance the CEAI framework by incorporating machine learning for adaptive threshold estimation, 

stochastic simulation for scenario robustness, or multi-objective optimization for strategic decision support. Thus, the 

proposed CEAI model can evolve into a comprehensive digital tool for enterprise diagnostics, strategic planning, and 

policy evaluation within circular economy transitions. 

5.  Conclusions 

Considering the factors influencing the development of strategic diagnostics of an enterprise in the context of 

adaptation to a circular economy, it can be concluded that for the successful integration of the principles of the circular 

economy into the enterprise strategy, it is necessary to review existing approaches to resource management, processes, 

and innovations. The circular economy sets new requirements for the efficiency of material use and waste reduction, 

which requires enterprises to change their resource management strategy, investments in recycling and reuse.  

Strategic diagnostics in such conditions must take into account new environmental, technological, and social 

aspects, which allows not only to increase competitiveness, but also to contribute to the natural resources saving and 

reduce the negative impact on the environment. In addition, adaptation to a circular economy requires constant 

monitoring of changes in the external environment, in particular in legislation relating to environmental standards, as 

well as a review of internal processes and opportunities for innovation.  
The article calculates the CEAI index for real data on the activities of three logistics companies over a period of 36 

months. The calculation results showed that KUEHNE+NAGEL consistently shows the highest CEAI index values and 

clearly exceeds the readiness threshold with values in the range of 0.6...0.66. In general, this company demonstrates 

uniform growth, which indicates systemic development and a high level of digital maturity. SCHENKER fluctuates in 

the range of 0.58...0.61 and only at the end of the observation period demonstrates noticeable growth. This may indicate 

slower rates of innovation implementation or periods of instability. ZAMMLER starts with the lowest values at 0.57, 

but shows the fastest growth to 0.63. In the second half of the period, the company confidently crosses the readiness 

threshold, which indicates active transformation processes. Overall, the calculation of the CEAI index allowed to 

quantitatively assess the level of readiness and dynamics of the implementation of circular economy principles in three 

logistics companies. The obtained values showed that the CEAI index effectively reflects the current state of digital and 

operational innovations, as well as the pace of their progress over time. 

Thus, the development of strategic diagnostics is a necessary condition for the effective adaptation of an enterprise 
to new conditions and the creation of long-term sustainability in the context of a circular economy. 
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