
 

Energies 2020, 13, 1540; doi:10.3390/en13071540 www.mdpi.com/journal/energies 

Article 

Strategy Context of Decision Making for Improved 
Energy Efficiency in Industrial Energy Systems 

Alexander Melnik and Kirill Ermolaev * 

Department of Innovation and Investment, Kazan (Volga region) Federal University, 420008 Kazan, Russia; 

Alexander.Melnik@kpfu.ru 

* Correspondence: KiAErmolaev@kpfu.ru 

Received: 23 January 2020; Accepted: 19 March 2020; Published: 25 March 2020 

Abstract: Energy efficiency improvement in industrial companies is an essential prerequisite for the 

enhancement of their competitive positions in the national and global markets. Yet, the approaches 

currently employed in respect of the energy management do not fully utilize the innovative 

potential of energy technologies to achieve strategic goals. One way to further develop energy 

management is theoretical justification of the use of new approaches based on the suggested concept 

of the energy saving and energy efficiency processes’ positioning in the system of a company's 

management priorities. In this article, we consider the applied use of the developed conceptual 

approach from the perspective of the energy saving and energy efficiency program development at 

the company. The main purpose of this paper is to justify the relations between energy management 

and strategic decision making in industrial companies. The results of the research conducted, firstly, 

make a certain contribution into the research of strategic multiple benefits of energy efficiency in a 

company; secondly, they expand understanding of the impact of energy saving and energy 

efficiency improvement on the achievement of operational, tactical and strategic results of the 

company's activities; thirdly, they provide methodological decision support for the development of 

energy saving and energy efficiency programs taking into account the management and 

organizational barriers. 

Keywords: energy efficiency; energy management; innovative development; energy policy; 

industry; decision making; indirect benefits of energy efficiency 

 

1. Introduction 

It is no coincidence that many countries of the world have recognized the efforts put into 

addressing the large-scale problem of enhancing the energy security of national economies. This has 

a unifying nature from the point of view of the national interests, as the most important priority of 

innovative development. This priority status provides a powerful impetus to the innovative 

modernization of national economies and helps increase their competitiveness as the new wave of 

innovation comes into being. At the same time, energy efficiency is only one of the possible ways of 

the energy security enhancement of the national economy along with increasing the use of renewable 

energy generation resources, conclusion of long-term contracts on energy resources supply, 

introduction of internal regulations and standards on energy consumption, participation in 

international programs on scientific research in the energy field, etc. 

Moreover, in developed and developing countries, views on energy efficiency as a public policy 

area differ as well. In developed countries, energy efficiency is considered, first of all, from the 

standpoint of the energy impact on the environment and climate change. This approach implies 

minimizing a negative environmental impact, achieved by the rational use of energy resources [1–3]. 

This focus area is characterized by particular attention to the effects of human society on nature and 

desire to maintain a favorable environment for new generations [4–7]. Unlike developed countries, 
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for developing ones, the context of energy efficiency has a slightly different priority [8–10]. The policy 

of energy efficiency improvement is considered, first of all, as the area of modernization of various 

industries and individual companies in order to reduce production cost and increase their 

competitiveness at the world markets. The importance of implementing this area of national economy 

advancement in developing countries is particularly high where there is a big share of energy 

consumption in production costs. Therefore, developing countries’ policy in the field of energy 

efficiency improvement is focused, first of all, on technical reequipment and industrial production 

modernization in various branches. Studies of various scientists confirm that energy efficiency 

drivers for developed and developing countries may differ [11,12]. 

According to the International Energy Agency (IEA) industrial companies consume about 38% 

of the total final energy consumption in the world. At the same time, in industrial companies, 

introduction of solutions, developed in the energy efficiency field to date, will improve its value twice 

as much by 2040. However, the conceptual and methodological approaches that have been developed 

to date in order to manage energy saving and energy efficiency improvement in industrial companies 

are primarily focused on solving current production and operation problems. These approaches tend 

to focus on such problems as a result of operational efficiency improvement of equipment and 

technological processes applied [13–16]. However, the issues linked with energy saving and energy 

efficiency improvement impact exerted on achieving strategic goals of the company's development, 

including competitiveness improvement at the national and world markets, remain insufficiently 

studied [17,18]. The current situation is one of the barriers to energy efficiency improvement, 

hampering company's development in the context of the ongoing transition of the global economy to 

an innovative development path. That is why the current research objective is to form a conceptual 

framework for energy saving management and energy efficiency improvement. It is implied that this 

framework should be focused on using the innovative potential of developments in the field of 

energy technologies in order to achieve the strategic goals of company's development. 

2. Literature Review 

Despite the diversity of existing approaches to addressing the energy efficiency issue, 

researchers from different countries agree that it is important for the development of economy [19–

21]. To this end, a special focus is put on the need to use innovations in the implementation of energy 

efficiency measures [22–24], as well as on the study of the causes and barriers that hinder energy 

efficiency when introducing innovative technologies [25]. At the same time, the need for 

development, implementation and dissemination of "energy-efficient innovations" is recognized by 

the experts from different countries as the most important task at different levels of economic 

management [26–28]. On the other hand, the creation of appropriate conditions is perceived as the 

most important area of public policy [12,29,30]. The studies of researchers from different countries 

widely discuss the causes and barriers in the way of implementation of this public policy, external 

and internal factors, as well as conditions of its implementation [31–33]. The research is underlain by 

a fair assumption that innovation is an essential factor and a prerequisite for improving the energy 

efficiency of national economies [34–36]. Consequently, the tasks to be addressed in this context are 

focused on the search for ways to activate the processes of increasing energy efficiency through the 

use of new innovative approaches [37–40].  

Thus, for example, as a result of the study of the conditions necessary for the successful 

implementation of energy-efficient solutions in a number of European companies, a positive 

correlation between the production of innovative products and the introduction of energy-efficient 

technologies was identified [41,42]. Some Italian companies were used as an example to substantiate 

the assumption that the diversification of innovation activities is a crucial factor in the improvement 

of energy efficiency [43,44]. Similar results have been obtained by Chinese [45,46] and Korean experts 

[47]. They, upon studying the activities of national industrial companies, have confirmed the 

significant impact of innovation activity results on energy efficiency in production. An interesting 

study was carried out in terms of considering energy efficiency as the most important goal of 

innovative activities of Spanish companies. Consequently, they identified a framework of factors 
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influencing successful achievement of energy efficiency, including the size of the company, solution 

of environmental problems, implementation of organizational innovations, etc. [48,49]. The outcomes 

obtained by researchers from different countries suggest two characteristic features of competitive 

companies. They are, firstly, more active in implementing innovations in order to improve the energy 

efficiency of their operations. Secondly, they consider the improvement of energy efficiency of their 

operations as the most important strategic priority for their development. A number of studies have 

highlighted that the production of innovative products and energy efficiency improvements is a 

complex and highly controversial process. Consequently, over-emphasis on one side of this process 

can have an indirect adverse impact on the other side [50,51]. 

All this leads to the conclusion that there is a certain mutual influence of energy saving and 

energy efficiency improvement processes and innovative development of industrial companies 

[52,53]. On the one hand, the improvement of efficiency of energy resources utilization on an 

innovative basis allows the company to address a whole set of tasks related to the reduction of the 

production costs and increase of competitiveness of the production output. On the other hand, energy 

saving and energy efficiency can be considered as a top priority for innovative development and 

innovative modernization of national economies.  

Today, a large number of methodological approaches have emerged that assume modeling the 

operations of the companies' energy facilities with different levels of detailing. In the professional 

literature on management, the model used for this purpose is usually called a "black box" [54,55]. It 

does not discuss the organizational structure of the energy facilities and processes taking place 

therein. Rather, it only determines the flow of incoming and outcoming signals such as, for example, 

energy consumption indicators, technical and economic performance indicators of the division's 

activities, etc. The correlation analysis method based on the processing of historical statistical 

information, which has become widespread in the practice of economic research, is most frequently 

used for the purposes of studying such models [56,57]. The use of the so-called energy utilities 

functioning model considered as a derivative of the production system functioning model [58–61] 

has become widespread in addressing the problem under study.  

The researchers studying the problem in question put a great emphasis on the processes of 

modeling with the application of the industrial energy systems analysis method MIND (Method for 

analysis of INDustrial energy systems) [62–64]. Its application assumes the development of 

mathematical models of the mixed integer linear programming in order to identify economically 

viable administrative measures within the boundaries of the industrial enterprise of any size. This is 

aimed at the subsequent optimization of the company’s production processes. Thus, for example, in 

the research by Thollander P. [65], it is proposed to use the method of optimization of the industrial 

enterprises' energy utilities. The research by Karlsson M. [66] offers an approach to optimization on 

the basis of using the mixed integer linear programming method to assess the economic efficiency of 

the interaction between industrial enterprises within the industrial cluster. The research by Malatji 

E.M. [67], Diakaki C. [68] and Soetanto R. [69] discusses the models for optimizing investment in 

energy efficiency improvements in buildings. The models proposed allow solving the problem of 

multi-criteria optimization. According to the author, the models and algorithms developed can be 

used by industrial companies in solving practical development problems.  

The approaches discussed above incorporate effort to develop appropriate models from the level 

of management of individual production processes towards the enterprise management level. Thus, 

as a rule, such economic indicators as the reduction of production energy costs and production 

energy intensity, etc., are taken as the main criteria for decision-making in the optimization of 

production processes. However, this approach is not always justified when addressing management 

tasks in the field of energy saving and energy efficiency.  

It is, first of all, explained by the assumption that when making managerial decisions, not only 

the characteristics of the production system should be taken into account but also the external 

conditions of the company's functioning [70]. This process should pursue not only the possible 

reduction of energy costs or other similar economic indicators but also should account for the 

indicators of investment efficiency, strategic viability, technical reliability of production, 
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environmental consequences, etc. In part, such tasks are solved under energy-efficient production 

planning (EEPP) approaches, which set the goals of production planning while minimizing energy 

consumption, reducing greenhouse gas emissions, observing maximum power consumption, etc. It 

should be emphasized that such approaches have appeared only recently. For this reason, firstly, 

today only a few integrated decision support models for EEPP have been proposed, and secondly, 

all these models are applicable to only short-term and medium-term production planning, leaving 

strategic perspectives outside the scope of research [71]. Therefore, when using such approaches, one 

can clearly see the impossibility of coordinating operational, tactical and strategic decisions in a 

unified system of the company's energy saving and energy efficiency management. At the same time, 

the problems of the impact of energy saving and energy efficiency on the achievement of the 

company's strategic development goals remain beyond the scope of the research. 

That is why this study proceeds from a broader understanding of the nature of the possible 

impact of innovative processes in the field of energy conservation and energy efficiency on the 

company's strategic development. This understanding in no way limits our scope to the traditional 

operational tasks. Under this approach, we rest upon development of the of Cooremans' C. idea about 

the need to take into account a strategic nature of energy efficiency investments through the use of 

the conceptual model of “competitive advantage”. This model includes three interrelated 

components: “value”, “cost” and “risks” [72]. From the perspective of the Cooremans' C. conceptual 

model, we pay special attention and disclose more thoroughly the features of investment activities in 

the field of energy saving and energy efficiency improvement, which are related to the cost 

component. In addition, in our approach, we consider one more component, “innovation”. In terms 

of the Cooremans' C. conceptual model, it has a potential of “value” creation for a certain “cost” and 

taking into account a number of “risks”. Yet, it can be highlighted and considered as a separate 

component of the company's "competitive advantage". In general, as well as in the earlier study of 

Cooremans C., we proceed from the general principle of the superiority of the strategic logic over 

financial logic in making investment decisions in the area concerned [72,73]. 

Thus, the logic of our study aims to assess the possible impact of innovative processes of energy 

saving and energy efficiency improvement on the results of the company's strategic development. 

On the one hand, it is largely based on theoretical studies on the issue of strategic investment 

decisions [74,75], and on the other hand, on research of various sources of non-energy benefits from 

investing in energy efficiency improvement [72,76–81]. However, firstly, in the above-mentioned 

studies, there is no mathematical formulation of the proposed approaches necessary for formalizing 

company's decision-making algorithms from the standpoint of energy efficiency improvement as a 

strategic priority for development. Secondly, the logic of the innovative potential developments used 

in the field of energy technologies to achieve strategic goals of the company's development is 

insufficiently disclosed. 

3. Conceptual Framework 

This study relies on the assumption that the approaches currently employed in respect of energy 

saving management and companies' energy efficiency improvement do not fully utilize the 

innovative potential of know-hows in the field of energy technologies to achieve development goals. 

The current situation poses a serious problem that hinders the development of companies in the 

context of the ongoing transition of the global economy to innovative development on the platform 

of the sixth wave of innovation. That is why, in order to address this problem, an innovative approach 

was developed based on the main ideas of the concept proposed for positioning of the energy saving 

and energy efficiency processes in the system of a company's management priorities. Its application, 

on the one hand, greatly complements and expands the possibilities of using previously obtained 

results in the framework of approaches developed by various researchers in order to overcome 

barriers to energy efficiency improvement [65,79–82]. On the other hand, it makes a certain 

contribution into the investigation of the problem of identification and assessment of strategic 

multiple or non-energy benefits of energy efficiency in a company [83,84]. 
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To build this approach, four tasks were addressed, which allowed achieving the goal of the 

study. First, the concept of positioning energy saving and energy efficiency processes in the 

company's management priorities system was proposed. Second, a mathematical statement of the 

task of energy saving and energy efficiency management in an industrial company in the context of 

its innovative development was worked out. It obviously takes into account various options for the 

positioning of energy saving and energy efficiency improvement. Third, a methodical approach was 

developed with respect to the conditions of building an energy saving and energy efficiency program 

in the company based on the adaptation of the main provisions of the proposed concept. And finally, 

fourth, it was experimentally tested to confirm the possibility of its practical use in solving applied 

problems of the development of companies. 

When addressing the first task, it was proposed to consider positioning as a fundamental 

decision of the company's management about the place of energy saving and energy efficiency 

improvement in the system of its administrative priorities. It must be emphasized that this 

managerial decision should be made with due account for the purposes, requirements and results 

expected from the implementation of measures on energy saving and energy efficiency improvement 

[52,53]. This kind of positioning predetermines the possibility to consider the place and role of energy 

saving and energy efficiency in the system of management priorities of the company from different 

points of view, first, from the perspective of addressing the current operational problems of 

functioning of the company's energy utilities; second, from the perspective of one of possible vectors 

in solving tactical problems of increasing the efficiency of the company's production and business 

operations; and third, from the standpoint of one of the strategic areas of the company's development 

focused on the improvement of its competitiveness. These are the considerations that provide a basis 

for determining and justification of the role of energy saving and energy efficiency processes in the 

system of the company's management priorities. This largely predetermines further behavior of its 

executive management. In the developed classifier of positioning options, the options in question are 

presented as a set of interlinked characteristics (necessary investment volume, rate of return, sources 

of financing, expected results and possible effects, horizon of changes, scope and area of changes, 

etc.). These allow, first, to compare possible positioning alternatives and, second, to assess the 

consequences of choosing a certain option. For each positioning option, differences in the nature of 

the implemented vectors of the company's innovative development are provided depending on the 

level of their technological progressiveness. Special emphasis is placed on the possibility of reflecting 

promising trends in the development of innovative energy technologies in the proposed concept of 

energy saving and energy efficiency positioning. 

As a result of the solution of the second problem, the purpose of mathematical formalization of the 

basic ideas of the positioning concept offered in terms of the theory of sets, was put forward. With this 

purpose in mind, the problem of energy saving and energy efficiency improvement management in the 

company was mathematically stated as a set of various mathematical ratios describing the behavior and 

properties of the process under study. This statement was supplemented by the rules of using such 

statement we introduced to determine the target function, which corresponds to the chosen option of 

energy saving and energy efficiency positioning, as well as to justify the priority tasks to be addressed 

in such positioning. Mathematical modeling is based on the use of basic procedures for energy saving 

and energy efficiency management in an industrial company. In the course of the research, it was 

presented in accordance with the methodology for implementing the energy management system 

based on the Plan–Do–Check–Act (PDCA) continuous improvement cycle.  

In solving the third task, the main provisions of the positioning concept were applied to the 

conditions of energy saving and energy efficiency program development. For this purpose, first, the 

principles of energy saving and energy efficiency management at the company in the context of its 

innovative development were formulated; second, the requirements to the use of management by 

objectives at the company were defined; and third, the algorithm of development and optimization 

of energy saving and energy efficiency improvement program was developed. 

In addressing the fourth task, a machine tool and equipment factory was selected as an object to 

conduct experimental testing of the methodical approach developed. Such a choice of the object for 
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the experimental testing of the approach developed is justified by the fact that machine tool building 

pertains to high-tech industries that widely employ advanced innovative solutions for the use of 

composite materials, power plants, digital technologies, etc., in the design and manufacturing of 

products. At the same time, machine tool building is an industry where energy costs constitute a 

significant portion in the cost of production, accounting for, according to various estimates, from 

1.9% to 5.8% [85–87]. Therefore, the competitiveness of a machine tool building factory is largely 

determined by the influence of energy and innovation development factors.  

The initial set of projects that can be offered for implementation within the framework of the 

program developed was generated, firstly, on the basis of the proposals received from the core 

production workshops and, secondly, on the basis of the actions developed following the results of 

the power audit conducted at the company. To assess the effectiveness of all proposed projects, a 

unified calculation methodology was used. To configure the program activities in respect of various 

positioning options, respective methodological support was proposed. The Gomori method was used 

to optimize many projects that may be included in the final energy saving and energy efficiency 

program. Its application is underlain by the possibility of finding an optimal plan of arrangement of 

various actions of the program to be developed when solving the integer programming tasks. The 

use of scenario modeling allowed to consider possible options of changing the company's competitive 

positions. It should be noted that competitive positions undergo the influence of optimization of the 

procedures for configuration of the energy saving and energy efficiency improvement program 

developed in the context of its innovative development.  

It should be noted that the developed approach takes into account the logic of the currently used 

methodological approaches for identifying and evaluating the strategic multiple benefits of energy 

efficiency at a company. However, in comparison with other approaches used in the field under 

study, we compare the results of measures to improve energy efficiency with the achievement of the 

strategic goals of the company [71,83]. This comparison is ensured through the actualization of the 

innovative potential of energy technologies and is formalized in the form of a specific sequence of 

actions based on the generated mathematical models. Among the possible limitations of our 

approach, we can distinguish the following. First, at present, there is no generally accepted point of 

view in scientific circles regarding the set and content of possible multiple benefits [84]. Secondly, the 

effective application of the developed approach in practice requires a sufficiently high level of 

competence among decision-makers in the field of study [88]. Thirdly, informational support of the 

developed approach predetermines the need for sufficiently extensive statistical information in the 

company, which is often classified among the category of confidential information. 

4. Main Principles of the Concept of Positioning Energy Saving and Energy Efficiency Processes 

in the Company's Management Priorities System 

4.1. Characteristics of Energy Saving and Energy Efficiency Positioning Options 

Problems of search for ways to activate the processes of energy saving and energy efficiency 

improvement in the companies’ operations are considered in scientific studies from various 

perspectives. Particular attention among the works of various authors is paid to solution from the 

point of a comprehensive review of various barriers, limiting energy efficiency measures 

implementation in companies, combined with the rationale of various drivers application that 

encourage them to be overcome [42,79–82,89,90]. It is from this perspective that solution to the most 

important problems of energy efficiency improvement is considered in the publications of Thollander 

P., Cagno E., Trianni A. and several other researchers. We proceeded primarily from the nature of 

manifestation of two closely related types of barriers, “Economic” (Management support) and 

“Informative” (Management with real ambitions), according to the classification of Trianni A. [82]. 

In the study [90] they correspond to barriers of the “Behavioral” type (Other priorities, Lack of 

sharing the objectives, Lack of interest in energy efficiency interventions, etc.) and “Organizational” 

(Divergent interests and Low status of energy efficiency). Their manifestation largely determines an 

insufficiently high level of interest of company's management in the field of energy saving and energy 
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efficiency measures implementation [49,91]. In the approach developed, we showed that the interest 

of top management in the problems of energy saving and energy efficiency will increase as their 

importance grows from the standpoint of the company's strategic goals achievement. 

The proposed concept of energy saving and energy efficiency positioning is based on the existing 

differences between the tasks to be addressed by top management in the process of the company's 

development and reflection of those differences in the management decisions [52,92]. Possible differences 

include, first, the orientation in addressing the tasks in question towards various time horizons 

accompanied by various levels of uncertainty in the decision-making process. Second, the focus on using 

different levels of technological progressiveness of the company's innovative development measures, 

whose implementation is associated with a different level of investments required. 

These differences place special demands on the company's energy saving and energy efficiency 

management when addressing problems at different levels. In view of the above, three options were 

identified for energy saving and energy efficiency positioning in the company. 

1. Energy saving and energy efficiency improvement as a way of solving the current problems of 

the company's energy utilities. In the case of such positioning, energy saving and energy 

efficiency improvement are aimed at solving the problems associated with the elimination of 

existing deficiencies in the company's energy utilities. The result can be expressed as the 

reduction of energy consumption in the company in physical and monetary terms, reduction of 

the share of energy costs in the production of certain types of products, etc. In the case of such 

energy saving and energy efficiency positioning, the main objective is to solve current problems 

in the energy utility operations in order to improve the efficiency of the company's production 

and economic activity.  

2. Energy saving and energy efficiency improvement as one of the possible ways to address tactical 

problems of increasing the efficiency of the company's production and business operations. In 

this case, energy saving and energy efficiency improvement are positioned as one of many areas 

of capital investment in order to improve the efficiency of the industrial enterprise. As 

competing options, for example, various fields of introduction of up-to-date production 

technologies, industrial equipment modernization, introduction of new materials, etc., can be 

considered. The results of investment in energy saving and energy efficiency development are 

manifested some time later in the future as the expected increase in the efficiency of the 

company's production and business operations. The best solutions are selected following the 

assessment of the comparative economic efficiency of various investment areas in the company. 

Given such positioning of energy saving and energy efficiency, the activity is mainly aimed at 

increasing the efficiency of the company's production and economic activity as a result of 

investments into the development of a respective production and technological base. 

3. Energy saving and energy efficiency improvement as one of the strategic directions of the 

company's development focused on improving its competitiveness. In this case, energy saving 

and energy efficiency improvement are considered as a strategic direction for increasing the 

company's competitiveness. Given this kind of energy saving and energy efficiency positioning, 

the objective is to achieve the strategic goals of the company. 

All energy saving and energy efficiency improvement positioning options differ in terms of the 

level of technological progressivity of the company's innovative development vectors implemented. 

Therefore, the first option is viewed, above all, through the lens of ensuring the reliability and safety 

of current production activities. In contrast to the first one, the second positioning option shows a 

significantly higher level of expected results for innovative solutions. Those results are normally 

evaluated through the economic efficiency indicators. The third positioning option requires 

disruptive innovative solutions capable of bringing the company's business to a new level of 

development. Therefore, the need to take into account promising trends in the development of 

innovative energy technologies comes to the fore. The process of managing energy saving and 

improving energy efficiency itself becomes more complex than in the two previous positioning 

options. The final decision should be taken at the top management level of the company. It ought to 

be based on the understanding of the possible “results/costs” ratio for various options of energy 
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saving and energy efficiency improvement positioning in the system of the company’s management 

priorities and its financial capabilities. 

It should be noted that focusing on the use of one of the options for positioning does not deny 

the possibility of implementing various measures considered as part of other options for positioning. 

On the contrary, in the decision-making process, we assume the continuity of options for positioning 

in the direction from the first to the third option. This means that the second option for positioning 

implies the possibility of measure implementation included in the first option, and the third option 

for positioning applies events, included in the second and the first. This continuity is a reflection of 

the real situation in which companies may experience problems at various levels, the solution of 

which can be based on different options for positioning of energy saving and energy efficiency 

improvement. This will be shown in more detail in Section 7 during optimization of the energy saving 

and energy efficiency improvement programs, based on measures, included in different options for 

positioning. Reorientation from one to another option for positioning requires informed decision 

making at the level of company management. For this, it was required, first of all, identification of 

the current option for positioning (Section 4.2) and, secondly, the need to use methodological 

approaches, which, depending on changes in the target guidelines of the company's management, 

can reorient the operational activity under consideration from one positioning option to another 

(Sections 5 and 6). It should be noted that the need to conduct a simultaneous assessment of the 

results on implementation of energy efficiency improvement measures is particularly significant in 

the Multiple Benefits project performance at the stage of 2019, especially from the perspective of not 

only operational but also strategic outcomes of a company. In addition, the need for increased 

attention to the functions of strategic planning is one of the arguments in the ongoing discussions on 

the revision of ISO 50001:2018 [93]. 

4.2. Classifier of Energy Saving and Energy Efficiency Positioning Options 

To make administrative decisions in the company, we propose the developed classifier of energy 

saving and energy efficiency positioning options (Table 1). It presents the options mentioned as a set 

of interrelated characteristics that allow comparison of possible positioning options and assessment 

of the consequences of choosing a particular solution [52,92]. That is why the characteristics provided 

in the classifier include the necessary volume of investments, return thereon, sources of financing, 

expected results and possible effects, the horizon, volume and scope of changes and management 

methods. The whole range of the characteristics mentioned allows to identify the place of energy 

saving and energy efficiency in the management priorities system of the company's executives or, in 

other words, to assess their significance among all activity areas in terms of achieving the company's 

goals at a certain stage of its development. 

Table 1. The classifier of energy saving and energy efficiency positioning options in the company 

(source: compiled by the authors). 

Charact

eristics 

of the 

positio

ning 

options 

Positioning Options 

1. Energy saving and 

energy efficiency 

improvement as a way of 

solving the current 

problems of the company's 

energy utilities. 

2. Energy saving and 

energy efficiency 

improvement as one of 

the possible ways to 

address tactical 

problems of increasing 

the efficiency of the 

company's production 

and business 

operations 

3. Energy saving and 

energy efficiency 

improvement as one of 

the strategic directions 

of the company 

development 

Investm

ent 

The volume of investments 

is determined by the 

The volume of 

investments is 

The volume of 

investments is 

determined by the 
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require

d 

technical condition of the 

company's energy utilities 

determined by the 

project parameters 

strategic goals of the 

company’s development 

Return 

on 

investm

ent 

Short-term return on 

investment  

Medium-term return on 

investment 

Long-term return on 

investment 

Sources 

of 

financin

g 

External sources (subsidies 

and preferences from state 

authorities) and/or internal 

sources (funds of current 

repair, technical re-

equipment and 

reconstruction programs, 

etc.).  

External sources (bank 

loans, funds of various 

foundations and public 

organizations, investors, 

etc.) and/or internal 

sources (special-purpose 

allocations from profit). 

External (strategic 

domestic and foreign 

investors, bank loans, 

funds of various 

foundations, etc.) and 

internal sources (special-

purpose allocations from 

profit).  

 

Expecte

d 

results 

Elimination of deficiencies 

identified in the energy 

supply of production 

Improvement of the 

efficiency of the 

company's production 

and economic activity 

Achievement of the 

company's strategic 

development goals 

Possible 

effects 

Effects characterizing the 

increase of production 

efficiency:  

1. Lower specific energy 

consumption in production 

processes. 

2. A higher ratio of energy 

produced to the energy 

consumed. 

3. Lower energy intensity of 

core and auxiliary 

production, inter alia, of 

individual energy carriers. 

4. The lower share of energy 

costs in the cost of 

production. 

5. Lower pollutant 

emissions into the 

environment. 

6. Increased energy 

production from renewable 

sources.  

7. Reduction of energy 

consumption per 1 square 

meter of the shop floor, etc. 

The effects characterize 

the increase in the 

efficiency of investment 

activity aimed at the 

development of energy 

technologies at the 

company: 

1. Growth of net present 

value. 

2. Increased profit and 

net profit margin. 

3. Reduced payback 

period of investments. 

4. Improved technical 

and economic 

performance of the 

company, etc.  

The effects characterize 

the achievement of the 

company's strategic 

development goals:  

1. Maintaining a leading 

position in a particular 

market segment.  

2. Change in the 

business model of the 

company 

3. Entering new markets 

and the development of 

new activities. 

4. Ensuring sustainable 

growth of the company's 

capitalization, etc. 

Nature 

of 

innovati

ons 

Local innovations at the 

level of individual 

subdivisions of the 

company, aimed at the 

modernization of 

technological processes, 

improvement of production 

management, etc. 

Large-scale innovations 

at the level of the 

company or its 

individual subdivisions 

focused either on the 

production of new 

products or on the use 

of new equipment, 

Global innovations at the 

company level aimed at 

achieving the company’s 

strategic development 

goals  
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advanced technologies 

and more advanced 

materials for products 

manufactured by the 

company. 

Change 

horizon 
Short-term Medium-term Long-term 

Scope/a

rea of 

change 

Quite narrow/clearly 

defined area 

Quite broad/changes 

depending on the 

expected result 

Global, depending on 

strategic 

objectives/changes 

depending on the 

expected result 

Manage

ment 

method

s 

Project management 
Program (project 

portfolio) management 
Strategic management 

Procedu

re for 

making 

decision

s on 

financin

g 

Development, approval, 

and financing of the works 

cost estimates. 

 

Development and 

approval of the program 

budget by senior 

management, phased 

funding of projects as 

the planned activities of 

the program are actually 

implemented.  

 

Drafting and approval of 

the development budget 

by the company's 

owners, clarification of 

the funds' volume for the 

next financial year, 

financing of 

development areas in 

line with the 

achievement of the 

performance planned. 

The decision on the choice of the energy saving and energy efficiency positioning option in the 

company should be fixed and formalized in the hierarchy of corporate and administrative documents, 

including the overall strategy of the company, energy and innovation strategies, the company's energy 

saving and energy efficiency program, etc. It should be particularly noted that reasonably chosen and 

clearly formulated positioning is the most important prerequisite, which predetermines, above all, all 

subsequent activities of management in the planning, implementation, and monitoring of the policy 

developed in the field of energy saving and energy efficiency in the company. 

5. Mathematical Formulation of Managing Energy Saving and Energy Efficiency Improvement 

Problem in a Company under the Conditions of its Innovative Development 

5.1. Mathematical Formulation of the Problem with Regard to Different Positioning Options 

The mathematical formulation of the problem involves managing energy saving and energy 

efficiency improvement under the conditions of innovative development. It should be formulated 

taking into account the selected positioning option and supplemented by a system of restrictions 

imposed by a number of internal and external factors' effect. Therefore, the target function of 

managing energy saving and energy efficiency improvement under the conditions of innovative 

development was defined for each positioning option. Moreover, possible limitations on the 

conditions of its implementation were established in the course of the study (Figure 1).  
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Figure 1. Defining the target function of energy saving and energy efficiency improvement and 

restrictions on the conditions of its implementation under different options of their positioning 

(source: compiled by the authors). 

Further, the target management function shall be specified by using a mathematical model based 

on the core process of managing energy saving and energy efficiency improvement in an industrial 

enterprise (Figure 2) described in accordance with the principles of energy management system based 

on the Plan–Do–Check–Act (PDCA) continuous improvement cycle. The PDCA methodology 

discloses the sequence of the management actions on research process to achieve the goals. The 

control cycle begins with the planning of the process implementation. At the stage of the planned 

work completion, deviations from the planned result are determined, and the reasons are established 

for subsequent adoption of the necessary preventive measures. In relation to the problem of energy 

saving and energy efficiency improvement management for each stage of the PDCA cycle, a possible 

version of the mathematical formalization of the considered processes was proposed. 



Energies 2020, 13, 1540 12 of 29 

 

 

Figure 2. Basic process of managing energy saving and improvement of energy efficiency in the 

industrial company based on the "Plan–Do–Check–Act" continuous improvement cycle (source: 

compiled by the authors). 

The key process element of the "Plan" block is the "project selection rules" that enable to narrow 

the set of implementable projects down to the set of selected projects. The selection rules are 

understood to be a set of criteria for selection of projects. It is obvious that a large number of criteria 

may exist, so the problem to be solved in this block can be represented as follows: 

     
  

, , |I X I I X I O I O


     (1) 

where I  is a set of implementable energy saving and energy efficiency improvement projects that 

includes projects, each of which alone has the potential to be implemented in the company; X (I) is 

the technological interconnection matrix of projects from the set of initial projects I;  –is a 

designation of available project selection rules that make possible the transition from the set  I  to the 

set  I ; I  is the set of selected projects, which will ensure the achievement of the goals established by 

the company's management;  Х I  is the technological interconnection matrix of projects from a 

variety of selected projects I , such that it does not contain alternative projects; mutually 

complementary projects are accepted or rejected at the same time, and the emergence from mutually-

influencing projects is maximized;  O I  is the internal and external constraints imposed on the 

implementation of the set of selected projects  I belonging to O is the acceptable set of values of all 

possible constraints. 

From the standpoint of management, the rules for selecting projects   should be regarded as a 

certain function reflecting the objectives of the company's management when drafting a set of energy 

saving measures for subsequent implementation, i.e., as a target function. The target function's optimal 

value should be searched for in the set of implementable projects I . The following can be the examples 

of a target function: a maximum possible reduction of annual energy consumption throughout the 

company while retaining the fixed amount of production output [94–96], reducing the cost of energy 

supply of the major production machines [97,98], reducing energy costs for supporting processes 

(heating, ventilation, lighting, etc.) [99], increasing the company's profits by lowering share of energy 

costs in the cost of production [100,101], accessing new markets through the use of energy efficient 

technologies [102–104], etc. It is clearly necessary to keep in mind a number of constraints like resource 

allocation, efficiency of projects [105–107], etc., beyond the rules of project selection.  
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The key process element for the implementation of the selected projects in the "Do" block is the 

approach to project implementation management. The problem addressed in this block can be 

represented in the following mathematical form: 

       
  

, |R I X I C I O I O


      (2) 

where  R I  is the set of acceptable actions in the course of selected projects I  implementation;   

is the designation of possible approach to project implementation management that makes it possible 

to represent the set R  in the set C ;  C I  is the set of goals and/or target indicators to be achieved 

by the end of projects I  implementation. 

At the same time, one of the mathematical models for decision making can be considered as the 

possible approach to implementation of the projects  . For example, the preferences of a manager 

authorized to make decisions on implementation of projects within the framework of rational 

behavior base model may be described as a function of utility or a preference [52,108]. It is quite 

obvious that the degree of the company management's involvement in the project implementation 

management process depends on the existing management culture in the company [109,110], 

expressed in the system of responsibility and authority assignment. This, however, can be 

transformed in accordance with the positioning of energy saving and energy efficiency improvement. 

It should also be noted that the developed formulations (Equations (1) and (2)) take into account 

the technological relationship between various projects with the following features: first, mutually 

exclusive projects, where the implementation of one of these projects makes it impossible or 

impractical to implement the other(s); secondly, complementary projects, the implementation of 

which requires them to be accepted or rejected in parallel; thirdly, interdependent projects, joint 

implementation of which generates emergent features that are not inherent to any of them separately. 

At the same time, within formulations (Equations (1) and (2)), such conditions are established for 

selecting events whereby the set of selected projects does not contain mutually exclusive projects. 

Complementary projects are accepted or rejected in parallel, and emergent features of interdependent 

projects are maximized. 

The determining elements of the monitoring process in the "Check" block are, firstly, the method 

of data collection for tracking the projects' progress and, secondly, the algorithm of preparing the 

information for making decisions. The problem addressed in this block can be represented in the 

following mathematical form: 

       
  

|P I W I P I P I


       (3) 

where  P I   is the set of actual indicators obtained in the course of monitoring the implementation 

of selected projects I ;   is designation of a possible data collection method to control 

implementation of projects and preparation of information for decision making that will enable 

displaying the set P  inside W ;  W I  is the set of reasons for the deviation of actual indicators 

from scheduled ones;  P I  is the set of target indicators to be achieved in the course of 

implementation of the selected projects set I .  

The key element of the corrective actions process in the "Act" block is the approach to change 

management. This approach enables to directly determine the situations when a change has to be 

commenced as regards the following: first, the selection rules for projects   when scheduling energy 

saving activities; second, the developed approach to the management of projects   implementation; 

third, data collection and preparation methods in the course of monitoring  ; fourth, under alternative 

conditions of energy saving and energy efficiency improvement management. The problem addressed 

in this block can be represented in the following mathematical form: 

 
  

K W K


   (4) 
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where  K W  is the set of available corrective actions in respect of energy saving and energy 

efficiency improvement management that are dependent on the results W  obtained during 

monitoring;   is designation of a potential approach to change management that enables 

representing the set K  in K ; K  is the set of the selected corrective actions in respect of energy 

saving and energy efficiency improvement management. 

5.2. Managing the Changes in Energy Saving and Energy Efficiency Improvement Processes.  

With regard to the suggested approach, corrective actions can be taken in the following areas. 

First, through a system of objectives and their decomposition among different structures; second, 

through the composition of divisions that are interconnected by certain relations; third, through 

distribution of tasks and functions across all divisions; fourth, through allocation of responsibilities, 

rights and authority within the organization; fifth, through the information flow and the document 

flow used; sixth, through the behavioral attitudes of staff continuously entering into various mutual 

relations to address development objectives [110–113]. The area and the scale of corrective actions as 

regards the management of energy saving and energy efficiency improvement, as well as the extent 

of changes in the behavioral system of staff relations, will be largely determined by the selected 

option of positioning (Figure 3). Reviewed trends on changes management develop ideas realized in 

the Cooremans C. study [114] where the organizational context for making investment decisions in 

energy efficiency improvement is examined in terms of structure, procedures, strategy and 

organizational culture. 

 

Figure 3. Potential changes in the behavioral system of staff relations at different options of the 

positioning of energy saving and energy efficiency improvement (source: compiled by the authors). 

Following the corrective actions, the energy saving and energy efficiency improvement 

processes, which are considered to be one of the priorities of the company development, have to be 

fulfilled to the fullest extent. 
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Let us name the above-mentioned set of ratios (Equations (1)–(4)) "mathematical formulation of 

energy saving and energy efficiency improvement management problem at the industrial enterprise 

under the conditions of its innovative development, and represent it as follows (Equation (5)): 

     

       

       

 

  

  

  

  

, , |

, |
.

|

I X I I X I O I O

R I X I C I O I O

P I W I P I P I

K W K









  



 

  









  

   

   



 (5) 

Selection of the target function, which was designated as (�,�,�), and its supplementation with 

system of constraints according to the appropriate option of positioning will enable simulating 

various scenarios and explore alternatives. Thus, the problem of energy saving and energy efficiency 

improvement management in the implementation of company's operational, tactical and strategic 

objectives can be addressed. Deterministic and stochastic models of mathematical optimization [115–

117] can be used in the represented mathematical formulation. Their use will depend on the nature 

of internal and external constraints for addressing the problems of energy saving and energy 

efficiency improvement management at the company. In the case where constraints are not 

dependent on the random vector of external parameters, deterministic methods may be used. Under 

high uncertainty conditions, it is more preferable to use stochastic optimization methods, which 

include the entire class of optimization algorithms applying random processes described through 

probability distributions in the process of searching for an optimum. 

6. Application of the Positioning Theory's Main Provisions to Energy Saving and Energy 

Efficiency Improvement Program's Development Conditions  

6.1. Principles and Requirements for Building an Energy Saving and Energy Efficiency Improvement Program 

The approach to drafting the program of energy saving and energy efficiency improvement 

being developed implies ensuring the most efficient use of innovative solutions to achieve the 

objectives of company development. The logic of its building determined the need to develop, first, 

the principles of energy saving and energy efficiency management at the company in the context of 

its innovative development; second, the requirements to the use of management by objectives at the 

company; and third, the algorithm of development and optimization of energy saving and energy 

efficiency improvement program. 

The following were identified as the most important principles of the approach being developed. 

First, consideration of the high degree of mutual influence of energy saving and energy efficiency 

improvement processes and innovative development processes [118]; second, the need for 

coordination of managerial decisions related to energy saving and energy efficiency improvement, 

on the one hand, and related to the innovative development, on the other [53,92,119]; third, active 

participation of company's management in the management of the processes under consideration 

[52,91,120,121]. 

The prevailing approaches to the management of energy saving and energy efficiency 

improvement of an industrial enterprise are based, as a rule, on standard solutions defined by the 

P2M and PMI program management standards [94]. However, their adaptation to the problem under 

study has required an expansion of the requirements for building the approach under development. 

We merged them into two following groups. The first group of requirements is related to the 

innovative nature of the measures that should be focused on achieving the goals of the company's 

development under various options of energy saving and energy efficiency improvement 

positioning. In line with these requirements, first, the place and role of the energy saving and energy 

efficiency improvement measures in the system of priorities for the innovative development of the 

company has to be considered when planning, implementing and monitoring their efficiency; second, 

the indicators featuring the company's value and competitiveness growth, access to new markets, 
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etc., shall be used as target indicators of the program along with the conventional indicators of energy 

resource use efficiency; third, the potential correlation of the program being developed with other 

programs, including, for example,  manufacturing program, investment program, etc. shall be 

highlighted. These requirements were examined in more detail in the study by Melnik et al. [122], 

which sets out the features of methodological approach creation with the aim of setting up indicators 

for managing innovative activities in order to achieve strategic development goals. 

The second group of requirements for the approach under development is related to reflecting 

the ways of the company's innovative development under the influence of scientific and technological 

advancements in the company's activity area. They predetermine the need to consider the following: 

first, the possibility of using scientific, technical and commercial cooperation with other market 

players to supplement deficient expertise [100,123]; second, the possibility of using mechanisms of 

government support for the priority areas of innovative development and innovative modernization 

of the national economy [124–126]; third, ways of intensifying export activities and entering new 

markets by improving the competitiveness of manufactured goods resulting from implementation of 

series of measures on energy saving and energy efficiency improvement [52,127]. Fulfillment of these 

requirements will enable us to significantly expand the set of technological ways of company's 

innovative development in the course of energy saving and energy efficiency improvement program 

building. It will further make it possible to increase the efficiency of human labor use beyond the 

rational use of energy resources.  

6.2. Stages of the Company's Energy Saving and Energy Efficiency Improvement Program Building Based on 

the Positioning Theory. 

The principles created and the requirements developed have underpinned the development of 

the sequence of energy saving and energy efficiency improvement program in the context of the 

company's innovative development. It includes four major stages of the works performed (Figure 4). 

The first stage involves the positioning of energy saving and energy efficiency improvement in 

the context of innovative development, defining the objective management function and constraints 

on the conditions for its implementation in accordance with the positioning performed. The solution 

to these problems is based on research to identify the objectives of the company management and to 

determine the priority of energy saving and energy efficiency improvement in the company's 

management system. On the basis of this work's results, the conscious decision of the top 

management to change the system of management priorities was made. It allows to formulate the 

objectives of the program and determine the potential contribution of energy saving and energy 

efficiency improvement to the company's innovative development [52].  

The second stage assumes the accomplishment of a series of works on optimization of program 

activities' composition by defining the extremum of management's objective function. Following their 

implementation, a list of program activities should be drafted out of the entire set of implementable 

projects. 

The third stage provides for the implementation of procedures of coordination of the taken 

decisions with other programs of company development that are being implemented. It is aimed at 

identifying the potential impact of the program being developed on the implementation of other 

programs of company development, including, for example, the manufacturing program, innovative 

development program and a number of others.  

The fourth stage discloses the resource allocation of the program and provides for the creation 

of appropriate organizational conditions for its implementation. Where applicable, a set of 

organizational mechanisms should be developed to maintain and support the implementation of the 

program. Among other measures, it includes measures to reduce the company expenditures and to 

overcome the opposition to implemented organizational changes. All arrangements are aimed at 

creating the most favorable conditions for the implementation of the drafted program. 
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Figure 4. The main stages of building the program of energy saving and energy efficiency improvement 

of the company in the context of its innovative development (source: compiled by the authors). 

7. Methods and Empirical Study 

7.1. Mathematical Formulation of the Optimization Problem with Regard to Different Positioning Options 

Experimental testing of the developed approach was carried out in relation to the various 

positioning options defining the role of the energy saving and energy efficiency improvement process 

in the system of company development priorities management. The objective for building the 

program was determined, and mathematical formulation of the problem for each option of energy 

saving and energy efficiency improvement positioning was developed in accordance with the 

composition of works at the first stage of the developed sequence of steps. As a target priority of the 

program implementation with regard to the first option of positioning, the maximum increase in the 

efficiency of energy resources use in the process of production activities was determined. The 

constraints in the event of such formulation of the problem are related to the limit of the allocated 

funding. In this case, the mathematical formulation of the problem can be presented as follows: 

 
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where ( )f   is the objective function; O is the system of constraints, comprising O1; X is the vector of 

controlled variables, describing the final composition of the program, Xi takes the value "1" upon 

inclusion of the i-th project in the program, otherwise it returns "0"; Ei is the savings stemming from the 

i-th project, USD; L is the limit of allocated funds, USD; Si amount of investment in i-th project, USD; N 

is the number of projects in the set of initial activities, which can be implemented at the company. 

In the second option of positioning, energy saving and energy efficiency improvement are 

considered as one of the possible areas for investment. Within this formulation, the selection criterion 

will be the return on investment with the shortest payback period of projects. In this case, the 

mathematical formulation of the problem can be presented as follows: 
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
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
 


 
 



 (7) 

where ( )f   is the target function; O is the system of restrictions including O1 is the specific 

restrictions; X is the vector of controllable variables describing the final composition of the program; 

Xi takes value "1" if we include i-th project in the program, otherwise it returns "0"; NPVi is the net 

present value of i-th project, USD; PBi is the payback period of i-th project, years; t is the standard 

payback period of investment projects, established at the enterprise; N is the number of projects in a 

set of original activities that can be implemented at the enterprise. 

The third option of positioning considers energy saving and energy efficiency improvement 

from the standpoint of achieving the company's strategic goals. In this case, the mathematical 

formulation of the problem can be presented as follows: 
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where ( )f   is the target function; O is the system of restrictions including O1, O2 is the specific 

restrictions; X is the vector of controllable variables describing the final composition of the program; Xi 

takes value "1" if we include i-th project in the program, otherwise it returns "0"; Fi is the project's influence 

degree on achievement of the company's strategic goals, %; PBi is the payback period of i-th project, years; 

k is the standard payback period of strategic investment projects, established at the enterprise; N is the 

number of projects in a set of original activities that can be implemented at the enterprise. 

7.2. Methods of Program Activities Grouping with Respect to Various Options of Positioning 

At the second stage of the sequence of works developed by the authors, the initial set of projects 

was considered. It may be suggested for implementation as a part of the program being developed. 

This set was built based on: Equation (1) the suggestions from main production workshops and 

Equation (2) the activities developed following the results of energy audit that had been carried out 

at the company (Table 2). Four parameters were defined for each activity. They included investment 

costs, reduction of company's energy consumption in terms of value resulting from the 

implementation of the suggested activity and its impact on the achievement of the company's 

strategic objectives.  

Table 2. A consolidated list of suggestions received to be included in the company's Energy Saving and 

Energy Efficiency Improvement program (source: compiled by the authors based on the company data). 

№ Project Name 

Investme

nt costs, 

USD '000 

Reduction 

of energy 

consumpti

on in terms 

of value, 

'000 USD 

/year 

Impact 

on the 

achieve

ment of 

strategic 

objectiv

es 

1. 

Changing the option of cooperation with a sales 

company for all workshops of the company, including 

the transition from a single-rate tariff to a tariff 

differentiated by two time zones of the day. 

0.00 16.67 Weak 

2. 
Installation of energy-saving lamps in production 

divisions. 
83.33 20.00 Weak 

3. 
Installation of inlet ventilation and air curtains for 

gates in production divisions. 
83.33 0.00 Weak 

4. 
Main repair of a cooling tower of a circulating water 

station. 
50.00 24.17 Weak 

5. 

Installation of air conditioning devices in certain areas 

and offices, partial replacement of heating appliances 

with modern ones(convectors with enhanced heating 

power instead of cast iron radiators). 

133.33 0.00 Weak 

6. 

Actions to improve the production and engineering 

infrastructure: repair of the roof of manufacturing 

building, redecorating the premises with the 

installation of plastic windows, repair of the storm 

333.33 0.00 Weak 
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drain, repair of the fence and fencing of the territory's 

perimeter fence around the entrance gate. 

7. 
Introduction of automated technology for high-

precision cutting of sheet materials. 
1166.67 50.00 

Moderat

e 

8. 

Assessment of usable groundwater resources at the 

company's water supply point, obtaining a water use 

license, drilling two artesian wells. 

583.33 8.33 Weak 

9. 

Designing the automated system of electric power 

control and metering for all workshops of the 

company 

500.00 0.00 Weak 

10. 

Avoiding no-load (idle) operation of equipment at 

welding, soldering and hydrostatic testing areas of 

the production shop during preparation for a working 

shift. 

0.00 5.00 Weak 

11. 
Fulfillment of the established electric power 

consumption limits in the production workshop. 
0.00 16.67 Weak 

12. Mothballing of the unused production building. 50.00 20.00 Weak 

13. Adjustment of steam consumption. 10.00 4.00 Weak 

14. 
Switching off streetlights to energy saving lamps in 

the territory of the workshop's production site. 
5.00 3.33 Weak 

15. 
Switching the air supply (HVAC system) to rotary-

screw compressors. 
166.67 6.00 Weak 

16. 

Replacement of universal lathes (machine tools) with 

numerically controlled machining centers (CNCs) 

featuring better operating and resource consumption 

properties. 

833.33 16.67 Strong 

17. 
Installation of heating water recirculation system on 

hot-water boilers in a boiler room. 
41.67 3.00 Weak 

18. 

Replacement of lamps with incandescent light bulbs 

with energy saving lamps with fluorescent light 

bulbs. 

25.00 2.50 Weak 

19. 
Utilizing a heat exchanger for preheating in a hot 

water supply system. 
16.67 2.00 Weak 

20. 
Installation of capacitor units for reactive power 

compensation with automated control. 
33.33 2.50 Weak 

21. Installation of dust collecting ventilation device. 33.33 0.00 Weak 

22. 
The package of measures for heat insulation of 

buildings and structures. 
200.00 0.00 Weak 

23. 
Automation of casting patterns fabrication method 

with the use of self-hardening blends. 
1666.67 41.67 Strong 

The above-described problems, represented in mathematical formulations 6–8, can be referred 

to as problems of linear programming. The use of the simplex algorithm has become the most widely 

used method in addressing such problems [128]. The drawback of its application to the problem 

under consideration is manifested in the possibility of obtaining a fractional value as a solution result. 

Hence, it is more preferable to use such methods, which enable getting the optimal solution of the 

problem, the coordinates of which are integers. Branch and bound algorithm and Gomori's cutting 

plane algorithm can be particularly named among these methods. The branch and bound method is 

widely used when addressing such tasks of integer programming where the number of unknowns is 

either small or the requirements of being integers do not relate to all the unknowns [129]. Gomori's 

cutting plane algorithm is a more general method of solving integer programming problems whereby 

it is possible to obtain the optimal plan after a finite number of iterations or verify that the problem 
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has no solutions [48]. That is why the Gomori method was chosen to solve the problem under 

consideration. Following the calculations made based on this algorithm's application, the set of 

projects was obtained that are eligible for inclusion in the final energy saving and energy efficiency 

improvement program (Table 3). 

Table 3. The final arrangement of the program's activities for different positioning options (source: 

compiled by the authors). 

Project 

No. 

Program Composition by Different Options  

1. Energy saving and 

energy efficiency 

improvement as a way 

of solving the current 

problems of the 

company's energy 

utilities. 

2. Energy saving and energy 

efficiency improvement as one 

of the possible ways to address 

tactical problems of increasing 

the efficiency of the company's 

production and business 

operations 

3. Energy saving and 

energy efficiency 

improvement as one of 

the strategic directions 

of the enterprise 

development 

1.  + + + 

2.  + + + 

3.  +  + 

4.  + + + 

5.  +  + 

6.  +  + 

7.    + 

8.     

9.     

10.  + + + 

11.  + + + 

12.  + + + 

13.  + + + 

14.  + + + 

15.  +   

16.    + 

17.  +   

18.  +  + 

19.  +   

20.  +   

21.  +  + 

22.  +   

23.    + 

Note to Table 3: "+" with shaded background means the inclusion of the project in the final energy 

saving and energy efficiency improvement program under the respective positioning option; "" 

means that the project is not included in the final energy saving and energy efficiency improvement 

program under the respective positioning option. 

The results of the accomplished optimization of energy saving and energy efficiency 

improvement program under various positioning options are shown in Table 4. 

Table 4. The optimization results of energy saving and energy efficiency improvement program 

under various positioning options (source: compiled by the author). 

Option of 

positioning 

1. Energy saving and 

energy efficiency 

improvement as a way 

2. Energy saving and 

energy efficiency 

improvement as one of 

3. Energy saving and 

energy efficiency 

improvement as one of 
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of solving the current 

problems of the 

company's energy 

utilities 

the possible ways to 

address tactical 

problems of increasing 

the efficiency of the 

company's production 

and business operations 

the strategic directions 

of the enterprise 

development 

Program 

drafting 

objectives 

Maximizing the 

utilizing efficiency of 

energy resources in the 

course of manufacturing 

with respect to: first, the 

budget limit of USD 1.6 

million; second, all 

activities aimed at 

improving the working 

conditions of the 

company's employees, 

which should be 

implemented to ensure 

compliance with 

regulatory 

requirements. 

Payback of investments 

within a period of no 

more than five years. 

Contributing to the 

achievement of the 

strategic objective of the 

company, i.e., 

substitution of foreign 

comparable goods by 

reducing the cost of the 

equipment being 

developed while 

optimizing its design. 

Formulation of 

the problem 
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Parameters of 

the program 

18 of 23 activities have 

been selected  

Investments—USD 

1.265 million 

8 of 23 activities have 

been selected 

Investments—USD 0.198 

million 

16 of 23 activities have 

been selected 

Investments—USD 

4.467 million 

Expenditures 

on energy 

resources 

Reduction in 

expenditures by 4.8% 

 

Reduction in 

expenditures by 4.2% 

Reduction in 

expenditures by 8.1% 

The expected 

effect of the 

program 

implementatio

n 

Improvement of energy 

resources using 

efficiency in the course 

of manufacturing 

activities leads to saving 

USD 0.134 mln/year in 

terms of value. 

NPV for 5 years at a 

discount rate of 20% 

amounts to USD 0.155 

million. 

 

Enhancement of 

workforce productivity 

up to 15% in certain 

workshops. 

Product quality 

improvement due to 

reduction in number of 

complaints by 10%. 

Cost saving is USD 

0.233 mln/year, 

increasing the market 

share by 4% by 2021. 

7.3. Analysis of the Obtained Results 

Pursuant to the analysis of the results obtained, the set of program activities resulting from the 

performed optimization differs considerably for each of the three positioning options under 

consideration. Thus, 18 out of 23 suggested activities were selected and included in the program with 
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regard to the first positioning option. Investments amount for their implementation will make USD 

1.265 mln. The presented set of program activities will enable saving USD 0.134 million/year. Energy 

costs will be reduced by 4.8%. 

Resulting the optimization 8 out of 23 suggested activities were selected and included in the 

program with regard to the second positioning option. Investments amount for their implementation 

will make USD 0.198 mln. NPV over the 5 years will amount to USD 0.155 mln at the discount rate of 

20%. Energy costs will be reduced by 4.2%.  

Finally resulting the optimization, 16 out of 23 suggested activities were selected and included 

in the program with regard to the third positioning option. Investments amount for their 

implementation will make USD 4.467 mln. The expected cost savings will amount nearly USD 0.233 

million/year, and energy costs will be reduced by 8.1%.  

The third stage of the developed sequence of works assumes coordination of the formulated 

program with other development programs and the assessment of its impact on the achievement of 

the company's goals. The impact of the energy saving and energy efficiency improvement program 

was considered as an example of the practical implementation of the developed approach. The 

program was drafted with reference to implementation conditions of the third position option's 

activities. In order to determine the degree of changes of the main parameters of the company's 

previously adopted production program, two potential scenarios of the company's production 

volume change were investigated on expert judgment method (Figure 5). Under the first scenario, 

the history of changes in the company's output volume in the course of implementation of the 

developed program's activities was evaluated. As a result of these calculations, it was determined 

that under this scenario, the company will be able to increase its market share from 20% in 2018 to 

28% by 2021. The second scenario is based, first, on the negation of the possible impact of the 

developed program on changing the major parameters of the manufacturing program adopted earlier 

at the company and, second, it is based on the use of information about the existing trends in the 

company's output volume during the calculations. In this case, the company's market share will grow 

considerably leaner—from 20% in 2018 to 24% by 2021. The acquired estimates do not contradict the 

results of the study [83], which concludes that the consideration of monetized multiple benefits can 

reduce the payback time of measures to increase energy efficiency by 40%–85%. There is no 

contradiction to the results of the study [130], which substantiates the position that investments in 

energy efficiency improvement significantly affect the growth and competitiveness of medium and 

small enterprises. 

 

Figure 5. Predictive assessment of the impact of energy saving and energy efficiency improvement 

program on the potential change in the company's market share, % (source: compiled by the authors). 
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The calculation results can be used further at the fourth stage of the developed sequence of works 

for the following purposes: first, to determine the need for resource allocation of the program and, 

second, to identify organizational conditions required for the implementation of the ready program. 

To coordinate the processes of energy saving and energy efficiency improvement management, on 

the one hand, and the processes of innovative development management, on the other hand, it is 

essential to pay special attention to the establishment of mutual compliance among them in the 

following areas. First, through the system of objectives and their decomposition among different 

departments of the company; second, through the distribution of tasks and functions among the 

relevant departments; third, through the delegation of responsibilities, rights and authorities within 

the organization; fourth, through the implemented information flow and the existing document flow. 

The represented areas of organizational changes within the company should be appropriately 

embodied in the system of company management and provide for the creation of favorable 

conditions for the strategic development of the company. All the above-mentioned is a prerequisite 

for bringing the developed approach to practical implementation at various industrial enterprises 

and companies performing miscellaneous activities.  

It should be noted that our results do not contradict the results of empirical studies of other 

scientists in this field. Moreover, our study to assess the possible impact of energy efficiency on the 

results of the strategic development of a company develops theoretical studies on the problem of 

strategic multiple or non-energy benefits from energy efficiency in a company. A recently published 

literature review on multiple benefits in firm-level energy efficiency decisions includes fewer than 30 

papers on the issue under study [84]. However, these works provide convincing evidence of the need 

to study the possible manifestations of various effects, including reducing production downtime, 

improving product quality, increasing productivity, etc. That is why in the conceptual approach we 

have implemented, firstly, the logic of identifying and analyzing non-energy benefits from improving 

energy efficiency, depending on its place in the system of managerial priorities of the enterprise’s 

management, is substantiated. Secondly, the priorities of the company’s management are determined 

to justify the choice of such areas of development for improving energy efficiency, which can be 

integrated into activities to achieve the operational, tactical and strategic goals of the company. 

Thirdly, a mathematical formulation of the problem under study is proposed to formalize decision-

making algorithms at the company from the standpoint of increasing energy efficiency as a strategic 

priority for its development. It is quite obvious that the implementation of our approach, on the one 

hand, expands the analytical capabilities of analyzing energy efficiency processes in a company using 

the traditionally employed scheme of comparing the necessary costs with the expected effects. 

However, on the other hand, its use in solving applied problems of the development of economic 

entities sets strict requirements for the level of knowledge and the availability of relevant 

competencies among experts in the field of energy efficiency [88]. 

8. Conclusions 

The study results allowed to confirm the proposed hypothesis that the existing mechanisms for 

energy saving and energy efficiency improvement management do not fully utilize the innovative 

potential of know-how in the field of energy technologies to achieve development targets. This 

situation is a major problem in the functioning of enterprises in various industries and areas of 

activity. To solve this problem, the concept of positioning the processes of energy saving and energy 

efficiency improvement in the company's management priorities system was proposed. The 

developed methodical approach was experimentally tested using the development and optimization 

of the program of the energy saving and energy efficiency improvement at the company as an 

example. The application of this approach has enabled providing the possibility of flexible 

adjustment of the program development process with reference to specific conditions of a certain 

company. All the above-mentioned enables unlocking the potential of energy saving and energy 

efficiency improvement in order to increase the growth of the company's performance efficiency. 

Some constraints on the implementation of the suggested approach are imposed by the need for 

customizing the applied mathematical tools for each of the companies under study to achieve their 
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goals. Its adaptation with regard to the conditions for business activities of small and medium-sized 

companies requires consideration of particular characteristics of their activities regarding both the 

management of energy saving and energy efficiency improvement and management of innovations. 

The following activities might be carried out in the course of a further study. First, adaptation of 

the developed approach to address similar development problems at the regional and national levels 

of governing the national economies. Second, addressing the applied problems of managing energy 

saving and energy efficiency improvement at various levels of governing the national economies 

from the standpoint of their close integration with innovation management processes. Overall, the 

processes of energy saving and energy efficiency improvement might be considered as the key 

element of increasing the competitiveness of products in the context of the global economy's ongoing 

transition to the innovative way of development on the platform of the sixth technological wave. 

Thus, the results obtained, first, expand scientific understanding of the impact of energy saving 

and energy efficiency improvement on the achievement of operational, tactical and strategic results 

of the company's activities in the context of the orientation of national economies towards the 

innovative way of development; second, they provide methodological decision support for the 

development of energy saving and energy efficiency programs, taking into account the management 

and organizational barriers; third, they are of practical interest in terms of addressing applied 

problems of the companies development representing various countries and economic sectors, 

primarily aimed at the increase in their competitiveness in the global economic space. 
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