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Abstract 
 

The aim of this study is to determine the need for cluster formations; to identify the influence factors on the creation of a cluster of ther-

mal power companies in Poltava region. The method of evaluating the efficiency of formation of this cluster has been developed. 

The methodological framework of this research is general scientific dialectical method of cognition, in which the research object is stud-

ied as a dynamic system in the process of its development. The formation of the main directions of thermal power company development 

was carried out on the basis of dialectical, historical and systematic methods. In the process of studying and generalization of scientific 

and practical development methods of comparison, analysis and synthesis, induction and deduction were applied. Also the study is based 

on regulatory and economic instruments, economical studies and studies of scientific research institutions. 

As a result of the study the main participants of the cluster formation were identified. So it may be comprised of the members of the clus-

ter, generating thermal energy, the thermal energy consumers and the region where the cluster of thermal power companies will be 

formed. According to the participants of cluster associations the factors of influence on economic and social effect from implementation 

of the cluster thermal power companies in the Poltava region were formed. We determined that to reduce the rate for thermal energy it is 

necessary to conduct a number of activities. The application of the proposed measures will significantly reduce the services cost of ther-

mal power companies. The cost of thermal energy and the distribution among the participants of cluster associations were calculated on 

the example of Poltava region utility production enterprise of heat economy "Poltavateploenergo". The participants are heat producers, 

transport companies, distribution and heat supply companies, repair work companies, construction work enterprises. It is established that 

the overall effect of cluster members has both quantitative and qualitative nature. The impact on consumers is qualitative. It is based on 

the fact that the tariff for consumers remained unchanged in the medium term (five years). The essence of economic effect is in the quali-

ty and timeliness of services thermal management. The overall effect of its work influences all members. It occurs when there is the for-

mation and implementation of cluster thermal power companies.  

But in addition to the advantages of cluster associations its major problems were presented in the work. Among them there are the fol-

lowing problems: the lack of informativeness of executive authorities and business representatives in the application of the cluster ap-

proach; the lack of public policy to ensure the systematic approach and organization of interaction between different levels of executive 

authorities in the implementation of cluster projects; lack of institutional and financial support to cluster initiatives; lack of trained per-

sonnel in the organizational aspects of cluster technologies; the lack of effective methodological base for the application of cluster tech-

nologies. Scientific novelty of received results is the development and calculation of economic effect from the formation of a cluster of 

thermal power companies both at the regional level and at the level of the enterprise and the consumer. 
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1. Introduction 

Nowadays heat power companies of Ukraine's regions are in a 

difficult economic situation and face the losses. This is due to the 

lack of competitiveness of this type of service. So the approach 

based on regional development is becoming increasingly relevant. 

The main role in this approach belongs to clusters and cluster 

policy. The cluster approach will improve the efficiency of ther-

mal power companies by bringing industry, government, and local 

institutions for constructive dialogue to improve results and offers 

effective mechanisms of co-operation between business and gov-

ernments. It will contribute to the most effective innovative activi-

ty in the sphere of thermal economy and raising competitiveness 

of the region. 

2. Main Body 

The cluster, as a territorial socio-economic entity, has a long histo-

ry and is researched in many studies. General characteristics and 

mathematical justification of clusters and clustering are reflected 

in the studies [1 – 17]. 

In particular, in [1], the authors note that the process of transfor-

mation can be accelerated through the creation of bioeconomy 

clusters, which includes industry, academia and investors. Active 

management of such a coordinated cluster helps to identify early 
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technology and market trends and to realize the regional potential 

for biotechnology more quickly. It is investment in the manage-

ment cluster has that effect. The formation of such a cluster reduc-

es the time to market as a critical competitive advantage. 

In [2, 3] it is identified that clustering is an important method of 

unsupervised learning with extensive use of data, data mining, 

pattern recognition and intelligent information processing. How-

ever, the existing clustering algorithms generally include one or 

more user-specified parameters as input. The clustering results 

strongly depend on these parameters. In order to solve this prob-

lem the independent clustering algorithm parameters based on the 

dominating sets and the algorithm for cluster enterprises were 

proposed. 

It should be noted that clusters are faced with a situation in which 

collective identity creates cohesion and effectiveness of the joint 

cooperation. It is difficult to select the cluster member; you need 

time to adapt to changes and to prevent unpredictable situations 

[4]. 

Also, some authors [5] propose to use the index of the cluster 

reliability used to select the clustering algorithm of the enterprise. 

It works by assessing the quality of the members of the cluster 

formation, the formation of the major candidates in the cluster, 

and evaluate their skills. Most of the existing indices of actions to 

do is an assumption, so the authors propose using a new measure 

of the reliability of the cluster. 

In [6], the authors observed that in the era of "big data" large 

amounts of data across multiple distributed objects can be com-

bined into a centralized location for further analysis, which refutes 

the assumption of traditional methods of clustering based on the 

centralized model. To solve this problem, we propose an efficient 

clustering scheme using the boundary information (DCUBI), 

which has flexibility and scalability. 

Regarding the cluster analysis, it is often seen as a certain moment 

of time, ignoring previous analysis of the cluster product. In [7] 

the scientist proposes a model called the evolution of cluster anal-

ysis that considers three phenomena that may appear in the future: 

(1) changes in the number of clusters; (2) changes in the character-

istics of the clusters; (3) cross-cluster migration of objects. 

The role of creating industrial clusters in the literature [8] formed 

the modern thinking that for small businesses the only way to 

become competitive in the world markets is possible due to the 

increase of agglomeration and collective action. 

The formation of clusters for regional development is considered 

in [9]. The authors reveal the usefulness of finite mixture models 

(FMMM) for regional analysis. FMMM combine clustering meth-

ods and model switching, providing powerful tools for co-

production of the dating of the business cycle and clusters of re-

gions. They share similar characteristics of the business cycle. The 

example of the European regional data shows good performance 

of the proposed method. 

The creation of cluster associations at the level of small producers 

and family farms are considered in [10]. The goal of the research 

of these authors is to create profiles for small families, which are 

in the region and to identify relevant characteristics of these pro-

files. 

Regarding the mathematical study of clusters it should be noted 

that the authors also have different approaches to this issue. 

The study [11] presents the model of dynamic clustering by the 

method of equivalent simulation for a two-stage cluster photovol-

taic (PV) plant, which is the key instrument for analysis of dynam-

ic response of a distribution network with high penetration move-

ment. 

A comprehensive study of clustering: the output of the methods 

and development made at different times are presented in [12]. 

These authors also define a cluster as "unsupervised learning", 

where objects are grouped according to the similarities among 

them. There are various methods for clustering of objects, such as 

hierarchical, distributed, based on the density and the model. The 

approaches used in these methods are discussed concerning their 

application and compliance. Also similarity measure and evalua-

tion criteria, which are the main component of clustering, are pre-

sented. 

An overview of some existing energy projects discrete modeling, 

the discussion of energy issues related to the management of input 

data are presented in [13]. The authors propose an operation-based 

concept for modelling energy consumption in production system 

and put the focus on how load profiles can be obtained, processed 

and entered into the simulation model depending on its variability 

and complexity associated with power equipment. The basic aim 

of this article is to present possibilities for modeling complex be-

havior, energy consumption of various pieces of equipment using 

stochastic distributions. 

Some authors propose new methods for clustering and recognition 

of multidimensional time series based on multivariate statistical 

analysis [14]. The algorithm consists of four steps, which get the 

essential features of multidimensional time series of home users 

with an emphasis on seasonal and temporal profiles, among others. 

The methodology was successfully implemented and tested in the 

framework of energy efficiency program. The electric company 

Alagoas (Brazil) is presented as an example. The results were 

compared with the known method for clustering time series. The 

new method is able to detect a greater variety of models. The au-

thor identifies opportunities of the proposed method to take ac-

count of consumption regarding the simultaneous influence of 

other variables, except for the curves of the load. This is an im-

portant aspect in the decision-making process in the field of ener-

gy distribution. 

In [15] the researcher presents an evaluation of the potential for 

renewable energy in Romania by clustering based on method of 

data mining. Available data on installed capacity, voltage level, 

type of renewable technology and geographical location of poten-

tial renewable energy sources for electricity production was 

scheduled for representative areas using K-means clustering algo-

rithm. The potential was estimated on the voltage levels and tech-

nologies of renewable energy sources (wind, solar, hydropower, 

biogas, biomass, cogeneration). The resulting zones can be a use-

ful working tool for the modernization of substations, upgrading 

transmission lines and distribution, as well as reviewing them for 

various parameters taking overload into account. This information 

may include the establishment of specific programmers to improve 

the planning and development of electricity networks in Romania. 

But the issue of economic effectiveness of cluster formations has 

not been fully taken into account in the studies of these authors on 

the organization of clusters activity There are not enough factors 

that influence the creation of clusters thermal management. There-

fore, these issues are relevant today and require further study. 

The aim of this study is the creation of cluster formations and 

identification of factors influencing the creation of the cluster 

thermal management; development of a method for assessing the 

effectiveness of forming a cluster association. 

To achieve these aims in the study it is necessary to solve the fol-

lowing tasks:  

– to identify the main participants of the cluster formation;  

– to form a model of the cluster enterprises; 

– to evaluate the efficiency  of the cluster of heat and power com-

pany; 

– to determine the overall economic effect from the creation of a 

cluster of thermal power company. 

Today, the creation of cluster formations is one of the main objec-

tives of the development strategy of Ukraine and its regions. The 

cluster should become a new regional production form of network 

organization among enterprises. The cluster will have the oppor-

tunity of innovation to adapt quickly to internal structures and 

respond to external environment. Therefore, there is every reason 

to implement the cluster approach as a strategic approach in solv-

ing problems of thermal management. The proposals are based 

primarily on the economic advantages of the cluster approach. 

First, the cluster can unite the enterprises and organizations of 

various subjects of social and economic activities (research centers, 

agencies of state and local government, public organizations, in-

dustrial companies). It gives the opportunity to use the advantages 
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of the two methods of coordination of economic systems: hierar-

chies inside the enterprise and the market mechanism. It will facil-

itate more effective and rapid use of new scientific discoveries, 

know-how, inventions, accelerated exchange of information. 

Secondly, through the creation of linkages among cluster members 

results in economy of financial, material and human resources, 

there is a possibility of optimal use of investment. 

Thirdly, the clustering of enterprises contributes to a more effec-

tive production process, stimulates the overall level of profession-

alism of the staff, contributes to the increase of enterprises and 

new jobs, moves the emphasis to the problems of heat supply from 

the centralized economy to the regional or local one. 

In addition, clusters create favorable conditions to attract new 

entities of the cluster enterprises and trends that stimulate the de-

velopment of existing businesses. 

All this gives grounds to determine the peculiarities of cluster 

approach application and involves the formation of clusters in 

certain areas of the companies that perform different functions, but 

combined by one technological process, resulting in a final prod-

uct created by the joint efforts of all the participants [16]. 

Clustering of thermal power companies does not create new enti-

ties, but the union on a mutually beneficial basis of already exist-

ing companies of manufacturers, suppliers of thermal energy. 

They form the strategy of innovative development of thermal 

power companies in a particular region. 

But, the question of determining the economic efficiency of the 

cluster enterprises remains. After all, to assess future benefits is 

extremely difficult, especially in the context of the lack of the 

normative side of this question. 

And also scientific studies attest to the powerful economic effect 

of the introduction of the cluster due to the significant reduction in 

transaction costs of enterprises [17]. 

To determine the effectiveness of the cluster creation, heat and 

power companies need to identify the main indicators for integrat-

ed assessment of the effectiveness of the cluster structure. These 

indicators can be divided into quantitative and qualitative, specific 

and general ones. But to develop a single cluster for all enterprises 

of the thermal economy of Ukraine is impossible, because every 

single company has certain specificity in its activities. This speci-

ficity is dependent on regional origin, scale, energy and others. 

Therefore, the analysis and calculations are made on the example 

of the heat power company of Poltava region. 

Quantitative indicators are those that characterize the increase in 

economic effect from the creation of the cluster. 

Qualitative indicators are indicators of the increase of the useful 

effect of cluster members cooperation in acceleration of social 

problems at the enterprise level and at the regional and state level. 

The specific indicators are associated with the regional location, 

industry specifics and an opportunity for the organizational struc-

ture of the cluster. For each cluster it is important to account for 

existing differences between the members of the cluster and link-

ages in production. 

Common indicators of an estimation of efficiency of cluster struc-

tures require justification of all evaluation criteria. On their basis 

the total potential from implementation of the cluster is deter-

mined. Thus, the size of the economic effect of the cluster of 

thermal power company is a relative indicator. It shows the differ-

ence between the results and costs associated with the use of the 

means of production and labor. 

It is possible to estimate the efficiency of thermal power compa-

nies in the cluster that reflects the efficiency of the process of 

formation of new organizational entities. Structural elements of 

the cluster and the efficient use of resources for their work are 

analyzed. Consequently, the overall effect of the introduction of a 

cluster of thermal power companies taking into account the inter-

ests of cluster members (service providers) and consumers of heat 

energy is calculated according to the formula: 

 
.reg.cons.memb.over.over EfEfEfEf ++=                         (1) 

 

where 
.overEf is the overall effect of the cluster of thermal power 

companies;
.memb.overEf  is effect of the work of cluster mem-

bers;
.consEf is effect that consumers get from the introduction 

of the cluster model of thermal power companies; 
.regEf  – ef-

fect, which gets the region from the implementation of the cluster 

thermal power companies in Poltava region. 

 

Thus, the economic effect from the thermal power companies 

cluster introduction on a manufacturer of thermal energy consum-

ers and the region depends on a number of factors, which are 

shown in Fig.1. 

 
Fig. 1: Factors affecting the size of the economic and social impact  

of the creation of a thermal power companies cluster in Poltava region 
 

To reduce the rate/price for thermal energy it is necessary to con-

duct a number of activities depicted in Fig.2.  

Consequently, the use of the proposed activities will provide an 

opportunity to significantly reduce the cost of services thermal 

management. 

Factors affecting the size of the economic and social impact of the 

creation of a thermal power companies cluster in the Poltava region 

Manufacturer of 

thermal energy 

Consumer ther-

mal management 

 

 

 
Improving 

the quality 

of services 
thermal 

management 

of Poltava 

region 

1. Reduction of the 

cost of thermal ener-
gy.  

2. The competitive-

ness of the services. 
The result:  

- increase profits (by 

lowering cost) the 
distribution of prof-

its between members 

of the cluster (heat 
producers, transport 

companies, compa-

nies in the distribu-

tion and transporta-

tion of heat, compa-

nies for repair navi-
gation link and con-

struction works). 

The economy of the 

region as a whole 

3. The growth of the 

tax base and reve-
nues. 

 4. Reduction of un-

employment benefits.  
5. The development 

of infrastructure.  

6. Satisfaction of the 
ordinary citizen.  

7. The reduction of 

social tensions from 
the poor service 

thermal management.  

8. Optimization of the 

labor market. 
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Fig. 2: Procedure of formation of tariffs for heat energy and 

suggestions for improvement 

 

The effect size from the manufacturer thermal services can be 

calculated by formula 2. 
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where 
1k , 

2k , 
3k  is the odds ratio (within 0,3 – 0,7); 

1а .... 5а is the percentage of cost reduction through appropriate 

intervention; 1C .... 5C is the cost of services of thermal energy 

producers of cluster structures; 2А .... 5А is capital investment to 

create the cluster thermal management (subject to its profitability 
n

n Prq...Prq ×+× 2
2 ); 2Е  – 5Е are operating expenses of 

the members of the cluster thermal management 

(
other
nn

other Сb...Cb ×+× 22 ). 

 

Let's calculate the implementation of the thermal  power compa-

nies cluster association  of Poltava region, taking Poltava region 

utility production enterprise of heat economy "Poltavateploener-

go" as an example of calculation of the overall economic impact 

according to statistics.  

According to "Poltavateploenergo" as of 01.01.2017, the company 

released 854,0 thousand Gcal of thermal energy for centralized 

heating and centralized hot water supply [19]. In particular, for the 

needs of housing about 81 % of the produced heat energy were 

sold, for budget establishments and organizations – 15 %, the rest 

– to other categories of consumers (except population). Therefore, 

for calculations, the cost of 1 Gcal which is 1350,66 UAH (as of 

31.12.2017 [18]) for the largest group of consumers (i.e. the 

population) was selected. 

When the cluster association of heat economy is created, produc-

tion volume is distributed among stakeholders as follows: manu-

facturers of thermal energy – 65%; transport company – 10%; 

group of companies distribution and supply of heat – 10%; com-

panies manufacturing, repair and adjustment of work – 10 %; the 

firms providing buildings-flax and installation works – 5%. Let's 

calculate the cost of thermal energy and distribution of production 

volumes between the participants in the process (table.1). Accord-

ing to the financial statements of the "Poltavateploenergo" as of 

01.01. 2016 providing the payment of at least the entire debt of the 

population, the income of the enterprise would amount to 147600 

thousand UAH.; other operating expenses according to the tariff 

structure are 6.5% [19]. 

On the basis of calculations and projections let's determine the 

size of the economic effect of the cluster association participants. 

The study is conducted on the example of Poltava region utility 

production enterprise of heat economy "Poltavateploenergo". 

 

UAH.million  114,72 = 87,79)0,05+87,790,1

+87,790,1+87,79(0,1  0,3 - 73,86)0,05

+ 147,60,05+147,60,05+147,62(0,05  0,3

 - 67,533)0,05+135,060,1+135,060,1

+135,060,1+877,929(0,2  0,6 Ef .memb.over

××

××××

××××

×××

×××=

(4) 

THE FORMATION OF  

TARIFFS FOR THERMAL 

ENERGY 

PROPOSALS FOR 

THE IMPROVE-

MENT OF TARIFF 

1. Annual plans for produc-

tion, transportation and 

supply of thermal energy. 

 2. State standards (norms) 

of consumption of re-

sources.  

3. Technical and economic 

calculations and estimates. 
 4. The rates of taxes and 

duties (mandatory pay-

ments) 

 5. Prices in the planned 

period. 

– Increase in volumes of 

production, transportation 

and supply of thermal en-

ergy in the economic de-

velopment of settlement;  

– Implementation of 

measures reducing the 

level of costs for techno-

logical needs and losses of 

thermal energy;  

– Implementation of re-

gional programs of provi-

sion of metering of produc-

tion and consumption of 

thermal energy; 

 – increasing demands for 

saving of fuel and energy 

resources. 

– improving the organiza-

tion of production and the 

improvement of working 

conditions;  

– improvement of opera-

tional production planning, 

management systems, lo-

gistics business activities. 

RECOMMENDED 

CHANGES: 

                                                                                                     

– Development and 

introduction of new 

technologies and equip-

ment, aimed at technical 

re-equipment of the 

enterprises of housing 

and communal services; 

 

 – Reduction of specific 

consumption of energy 

and material resources; 

 

 – Establishment of pro-

duction of new models 

of municipal vehicles 

and equipment for the 

needs of housing and 

communal services; 

 

 – Changes in the con-

struction norms and 

rules for more active use 

of scientific and techno-

logical achievements;  

 

– Update of fixed assets 

of enterprises of housing 

and communal services; 

 

 – Development and 

ensuring the implemen-

tation of incentive pro-

grams for efficient use 

of thermal energy con-

sumers. 

ORGANIZATIONAL-

TECHNICAL 

MEASURES FOR 

COST REDUCTION 

 

– increasing the tech-

nical level of produc-

tion; 

– change of volume and 

structure of production. 

D

A

T 

A 

 

B

A 

S 

E

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F 

A 

C 

T 

O 

R 

S 

– increasing the technolog-

ical level of processes of 

production, transportation 

and supply of thermal en-

ergy; 

 – Implementation of 

measures aimed at the au-

tomation and mechaniza-

tion of production; 

– Application of advanced 

energy saving technolo-

gies. 
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Table 1: The calculation of the thermal energy cost and the distribution 

among the cluster association participants 

(on the example of Poltava region utility production enterprise of heat 

economy "Poltavateploenergo") 

Participant of heat 

economy process 

Percentage of its 

participation in the 
production of heat 

economy process 

The cost of 

services, 
thousands 

UAH. 

manufacturers of thermal 

energy 

65 877929 

transporting companies 10 135066 

group of companies 

distribution and supply of 
heat 

10 135066 

companies manufacturing, 

repair and adjustment 

work 

10 135066 

of the company for the 

execution of construction 

works 

5 67533 

Total 100 1350660 

Note:  

1. The overall effect of cluster members has a quantitative and a 

qualitative nature. The impact on consumers is qualitative. It is 

based on the following assumption: the tariff for consumers 

remained unchanged in the medium term (five years). 

2. The essence of economic effect is in the quality and timeliness 

of services thermal management.  

The overall economic effect from the creation of a cluster of 

thermal power companies is shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: The overall effect of establishment and cluster operation of the heat 

power companies of the Poltava region 

 

Despite the fact that clustering techniques have several advantages 

and prospects, there are challenges that impede their widespread 

and effective use. The main problems include: lack of informa-

tiveness of the representatives of executive authorities and busi-

ness in the application of the cluster approach; the lack of public 

policy to ensure a systematic approach and organization of inter-

action between different levels of executive authorities in the im-

plementation of cluster projects (a consequence of the lack of 

institutional and financial support of cluster initiatives); lack of 

personnel trained in the organizational aspects of cluster technolo-

gies; lack of effective methodological base for the application of 

cluster technologies [20]. 

3. Conclusion  

Thus, considering the difficult situation in Ukraine and its regions 

with the payment for services of heating, there is an urgent need to 

change the situation. Therefore, the proposed approach regarding 

the development of new territorial and production clusters thermal 

power companies in the region might be one of the main methods 

of activation of innovation policy in the thermal sector in condi-

tions of market relations.  

But, for the implementation of such clusters on the territory of the 

Poltava region and other regions of Ukraine it is necessary to cre-

ate certain conditions. 

First, it is necessary to conduct a comprehensive analysis of the 

socio-economic development of the region and the leading sectors 

of the national economy of Ukraine. This will allow to identify the 

feasibility of creating cluster structures and to develop appropriate 

programs of clustering. 

Second, it is necessary to develop state-level legislative frame-

work for the support of innovative industrial clusters, which will 

determine the conditions of the clustering process, the actions of 

its members, and the process of taxation, which will attract foreign 

investors. 

Third, it is necessary to adopt existing legislative documents, 

which will provide explanations of the content, role and place of 

clusters in the economic system of Ukraine and their financial 

provision. 

Fourth, scientific schools, the public and business representatives 

should be involved in the process.  
The new territorial-production system of heat economy in the 

form of a cluster of thermal power companies of the Poltava re-

gion, which will produce competitive products (combined produc-

tion of thermal and electric energy) has been proposed. Such for-

mation will increase the performance of the enterprise of heat 

economy, will boost innovation processes in the enterprise country 

and at the level of region. It will involve the government, business 

and leading scientists into collaboration and resolution of the 

pressing problems of our society. 

The size of the economic effect of the cluster formation testifies to 

the reality and possibility of realization of large investment pro-

jects. They will make it possible for heat and power companies of 

Ukraine's regions to become powerful and independent in the 

future, and for the citizens of our country to pay for the received 

heat services. 

The authors propose the implementation of the cluster concept of 

the heat power companies of the city of Poltava. This concept will 

allow attracting extra resources by means of joint participants. 
The mechanism of implementation of clustering of the Poltava 

region utility production enterprise of heat economy "Polta-

vateploenergo" should be based on the principles of obligatory 

focus on achieving a positive economic result, the sustainable 

development of production, strengthening of cooperation and co-

ordination of intersectoral and interregional type. 

The creation of cluster structure on the basis of "Poltavateploener-

go" will ensure production of competitive products; will enhance 

the activities of the heat power companies of innovation processes 

and effective mechanisms for coordination of government, busi-

ness and education both at the level of individual companies, clus-

ter member, and at the level of region and country. 
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