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1. Introduction

The development of any country’s economy involves 
passing through certain stages: pre-industrial, industrial 
and post-industrial. The last few decades have been charac-
terized by the formation of a global world economic system, 

which is often identified with innovative development. The 
latter, as applied to industry, implies continuous techno-
logical improvement in the sphere of production with an 
increase in added value. The theoretical foundations of the 
innovation economy were laid at the beginning of the last 
century [1], and already in the second half of the twentieth 
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The object of the study is energy effi-
ciency and innovation activity of indus-
trial enterprises.

The literature review has shown that 
the problem of the nature of mutual 
influence of energy efficiency and inno-
vation activity of the enterprise remains 
unresolved. The following problem was 
investigated: existence and nature of 
dependence of energy efficiency and 
innovation activity of industrial enter-
prises. This problem is solved in this 
study based on the construction of trend 
lines on the average annual dynam-
ics of changes in energy efficiency, the 
share of intangible assets and the share 
of R&D results of large industrial enter-
prises for 2018–2022. The following 
results were obtained: 

– indicators of the share of intan-
gible assets and R&D results directly 
affect the energy efficiency indicator;

– the indicator of energy efficiency 
does not affect the indicator of the share 
of intangible assets, while it has a direct 
impact on the indicator of R&D results.

These results explain the priority of 
the indicator “share of R&D results” 
in innovation activity for the energy 
efficiency of enterprises, as it is based 
on real production. The features of the 
obtained results consist in the applica-
tion of comparable correlation analy-
sis coefficients, confirming the existence 
of a direct relationship between these 
parameters. The paper provides recom-
mendations on the use of the obtained 
results at the level of strategic manage-
ment of an industrial enterprise.

The practical significance of this 
study is the possibility of applying 
the findings and recommendations to 
improve the energy efficiency of indus-
trial enterprises in their innovative 
development in the scope and condi-
tions corresponding to the developing 
economy
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century in the developed countries the course on the for-
mation of postindustrial society with a dominant sector of 
innovation economy was taken. In the XXI century, this 
direction has become relevant for newly independent states.

Against the background of modernization of young 
economies, there is an objective need to determine the stra-
tegic vector of innovative development. When choosing, it 
is important to take into account the large-scale problem, 
which requires some kind of unifying beginning in terms of 
satisfying the interests of the largest possible set of economic 
entities, as well as for the whole country. Increasing energy 
efficiency can act as such a system-forming vector. Intensive 
development in this case arises due to modernization of 
internal processes of energy resources consumption, coeffi-
cient of performance by increasing the efficiency factor. This 
is appropriate for all spheres of the economy, but the special 
need for energy in industry determines the relevance of such 
an innovative path in relation to this sector of the economy. 
Nevertheless, combining energy efficiency and innovation 
activities in a single vector of innovative development for a 
developing economy requires scientific justification.

OECD, IEA and other international authoritative orga-
nizations recognize energy efficiency improvement as an im-
portant direction for the development of national economies. 
Thus, the European Commission emphasizes the importance 
of improving energy efficiency as one of the main ways to 
address future challenges for both the EU countries and the 
Eastern Partnership countries [2, 3].

This direction is especially relevant for countries with 
high energy intensity of production (Fig. 1).

In the case of the Republic of Kazakhstan, Uzbekistan 
and Ukraine, as newly independent states, this negative 
situation is due to the inherited Soviet experience of en-
ergy-intensive industries. The situation is different in the 
European Union, where the energy intensity per unit of 

GDP according to the data for 2022 is 42 % lower than the 
world average, largely due to the focus of roadmaps to im-
prove energy efficiency (“Roadmap 2050”, “Road Maps for 
Nanotechnology in Energy”, “Multi-annual Roadmap”, “The 
Energy-efficient Buildings”, etc.) [4].

Toughening geopolitical rivalry in various areas, including 
the energy sector, poses a challenge to each state to overcome 
energy obstacles against the background of rising energy prices. 
Thus, energy efficiency is an important indicator of enterprise 
performance, especially for energy-intensive industrial produc-
tion, but the question of its relationship with the innovation 
activity of the enterprise remains relevant. Therefore, the topic 
of the relationship between energy efficiency and innovation in 
the industrial sector of the economy is relevant.

2. Literature review and problem statement

The modern enterprise is characterized by a strategic focus 
on sustainable growth based on innovation to gain competitive 
advantage through the use of innovation. In the ordinary mind, 
innovation is understood only in the technological sense, and 
many enterprises follow this understanding. The paper [5] pres-
ents research proving that combining technological innovation 
with governance innovation has a better chance than technol-
ogy-only or governance-only measures to create clearer, more 
scalable, and ultimately successful measures to combat energy 
poverty. Here the question arises as to what innovation is.

Scientific studies contain different interpretations of the 
term «innovation», which can denote both the result or process, 

and the result and process at 
the same time.. For example, 
the study [6] presents inno-
vation as meaningful results 
based on new solutions im-
plemented in an innovative-
ly receptive enterprise. The 
thesis [7] emphasizes that it 
is necessary to distinguish 
between the innovation pro-
cess and the innovation re-
sult, but the desired effects in 
the implementation of inno-
vations may not be obtained, 
because in market conditions 
they are carried out under 
the influence of uncertainty. 
On the contrary, [8] summa-
rizes that innovation, when 
analyzed in depth, represents 
both processes and results 
in a single whole. That is, 
scholars study innovation as 
a theoretical construct, ab-
stracting from the interrela-
tionships of innovation with 
other elements of the enter-
prise as a complex economic 
system. 

In other works of scholars, innovation is most often identi-
fied with the process of «choosing new combinations» within 
the framework of economic development and scientific and 
technological progress. Thus, in [9] innovation is understood 
as the application of any scientific and technical solutions, 

Fig.	1.	The	energy	intensity	indicator:	a	– maximum	values; b	– minimum	values
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both new and previously known, if such application has led 
to positive changes in the financial and economic stability of 
an economic entity. In another study [10], any combination 
of solutions is recognized as an innovation if it was crucial to 
improve the firm’s performance. There is also an opinion that 
innovation can be different combinations of elements of the 
entrepreneurial ecosystem that led to the emergence of new 
opportunities [11]. This approach seems reasonable to us, as 
innovation is considered as a resource of the enterprise aimed 
at common goals in achieving production results.

OECD and Eurostat provide the most popular definition 
in their Guidelines for collecting and interpreting innovation 
data [12]: innovation is the process of introducing a new prod-
uct or process, as well as their significant improvements, a new 
marketing or organizational method into business practice, 
in the processes of organizing jobs and establishing exter-
nal relations. Here, the terminological relationship between 
“innovation” and “innovation” is emphasized, but the focus 
of innovation on the development goals of the enterprise is 
not emphasized. Nevertheless, the broadening of the under-
standing of innovation should be recognized as positive, and, 
developing this approach, it is possible to represent innovation 
as both a management tool for business, an engineering idea, 
and a process of accelerating the development of production.

This understanding of innovation makes it easy to inte-
grate it into any part of the energy efficiency system. Energy 
efficiency, in fact, can be one of the indicators of innovative 
activity of the enterprise, if innovative methods and tech-
nologies are applied to its increase. This is a traditional di-
rection in modern science with a fairly broad research base.

Energy efficiency is defined as a quantitative ratio of the 
volume of output products (goods, works, services, including 
produced energy resources) to the initial energy resources 
spent. Note that the definitions of most foreign studies 
overlap with this and additionally contain a link to environ-
mental efficiency. For example, in the study [13], the ratio 
of enterprise output to energy resources used is proposed 
to be corrected for the change in carbon dioxide emissions, 
and only under this condition take the result as the desired 
effect. But at the same time, this approach has a weak con-
nection with the economic efficiency of production, which is 
very important for enterprises of the developing economy. 
On the other hand, as emphasized in the paper [14], it is for 
developing countries that the environmental component of 
energy efficiency should be a priority, especially in the sec-
ondary industry, as they lag significantly behind developed 
countries in this indicator. However, international organiza-
tions (OECD, Eurostat, IEA) calculate energy and environ-
mental performance indicators separately, so in this study 
we will follow the same approach. The critical review shows 
that in each case innovations applied directly to energy tech-
nologies (energy innovations) are investigated. Accordingly, 
the hypotheses of such studies about the positive impact of 
energy innovation on energy efficiency are a priori provable.

First of all, scientific research on energy efficiency is mostly 
focused on the study of contributing technological processes 
and operations. A study [15] shows a significant relationship 
between the diffusion of foreign technologies and energy 
efficiency performance in a particular country. Within the 
framework of the EU Erasmus+ project [16], the experience of 
developed European countries shows that the focus on energy 
efficiency allowed them to become leaders in the production 
and export of innovative technologies. For example, the Eu-
ropean Environment Agency has developed a reference docu-

ment [17] containing information on the best available energy 
efficiency technologies for the following processes: combustion, 
heat recovery, cogeneration, power supply, heating, ventilation, 
air conditioning, drying, separation, concentration and many 
other process operations used in more than thirty industries.

Another part of the research covers energy efficiency as 
a challenge for the operation of the enterprise as a whole. 
Economists offer recommendations for the formation of an 
energy management system or provide clarification of the 
basic concepts of energy efficiency of the enterprise through 
indicators: thermal efficiency, specific power consumption, 
energy capacity index and others. It should be noted that 
among the various approaches to the organization of man-
agement, different studies often consider issues devoted to 
the justification and selection of energy-saving solutions for 
business. For example, the following is suggested:

– methodology for improving energy efficiency at differ-
ent levels of organization management [18];

– economically justified measures to assist industrial enter-
prises in selecting and applying energy efficient solutions [19];

– methodology for planning economic activities to 
achieve efficient energy consumption [20].

Based on our analysis of the concept of innovation pre-
sented above, all energy efficiency solutions that improve 
production results are innovative. Consequently, energy 
efficiency can be included in the overall innovation sphere of 
the enterprise, which will enhance the multiplicative effect 
if there is a direct relationship between these elements in the 
enterprise as an economic system.

Let us draw attention to the fact that the review of stud-
ies on energy efficiency revealed a significant gap between 
the theoretical foundations and practical application of the 
developed concepts. Modern enterprises apply the process 
approach described in ISO 50001 (international standard 
of energy management). However, this standard establishes 
only basic requirements for the creation, application, main-
tenance and improvement of the energy management system. 
It also does not take into account the industry specifics of 
different business entities.

For many researchers, the issues of studying manage-
ment methods and ways of realizing the current potential for 
improving energy efficiency at industrial enterprises, as well 
as their adaptation to international standards in the energy 
management system and the development of integrated solu-
tions are still relevant. The paper [21] emphasizes the equiv-
alence of energy management and energy efficient technol-
ogies for enterprise development. Using the experience of 
different countries as an example, it was found that up to 
10–12 % of the total energy efficiency improvement poten-
tial can be obtained when energy efficiency is included in the 
strategy of industrial enterprises. Another study [22] sub-
stantiates the need to disseminate international standards 
and successful experience in improving energy efficiency 
at enterprises to optimize costs, improve the quality and 
competitiveness of manufactured products. The paper [23] 
shows how energy audit of an industrial enterprise allows 
one to comprehensively solve the problems of energy costs of 
its functioning. Thus, most of the works in the field of energy 
management are focused on energy costs, which significant-
ly limits the potential of its application.

In some scientific studies [24] energy efficiency is consid-
ered as one of the factors of innovative business development. 
The authors propose various innovative technologies for imple-
mentation in the energy sector [25] and substantiate the impor-
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tance of organizational mechanisms for achieving innovative 
progress in the field of energy efficiency management [26]. But 
such works have as their subject of research innovations within 
the energy system itself, while the relationship between the en-
ergy efficiency of the production process and the innovation ac-
tivity of the enterprise as a whole is not reflected. This scientific 
tendency has a reason for conditional (theoretical) division of 
energy innovations and other innovations at the enterprise into 
different non-intersecting spheres, while in a complex economic 
system there may be latent connections. For example, if there is 
a direct relationship between energy efficiency and innovation 
activity of an enterprise, then in management it is possible to 
use the impact on one sphere in order to influence the other or 
to combine both spheres in the management unit to obtain a 
multiplicative effect.

Based on our review of scientific research, we can 
conclude that the available methods of energy efficiency 
management at industrial enterprises, including the use of 
innovations, are focused on the solution of current problems, 
and innovation activity is carried out as a separate direction. 
However, no studies of their interrelationship have been 
found. Because of this “limitation” there is a gap in science in 
terms of studying energy efficiency and innovation activities 
of enterprises in their interrelation, which could generate a 
lot of constructive solutions at the strategic level. 

3. The aim and objectives of the study 

The aim of the study is to establish the absence or pres-
ence and nature of the relationship between energy efficien-
cy and innovation performance of industrial enterprises.

To achieve this aim, the following objectives are accom-
plished:

– to calculate the energy efficiency indicator and indicators 
characterizing innovation activity for industrial enterprises;

– to assess the impact of indicators characterizing the 
innovation activity of industrial enterprises on the indicator 
of their energy efficiency;

– to assess the impact of the energy efficiency indicator 
on the indicators of innovation activity of the economic en-
tities under study.

4. Materials and methods of research

The object of this study is energy efficiency and innovation 
activity of industrial enterprises in their interrelation. The 
study is conducted on the example of the Republic of Kazakh-
stan – a country with a developing economy of market type.

The study considered the hypothesis that there is a mutual 
influence of energy efficiency processes and innovation activity 
in industry by the nature of a direct relationship. It is assumed 
that the energy efficiency indicator has an impact on such in-
dicators of innovation activity as the share of intangible assets 
and the share of research and development results in the total 
structure of assets of an economic entity, and that these indica-
tors of innovation activity affect the energy efficiency indicator.

To substantiate this assumption, experimental calcula-
tions were carried out on the example of operating Kazakh-
stani enterprises. The indicators were calculated on the basis 
of official reports of enterprises on financial and economic 
activity. In addition, the documents of enterprises on strate-
gic and innovative development were studied.

The first group is represented by the energy efficiency indi-
cator calculated on the basis of the IEA methodology [27]. For 
the second group (the share of intangible assets and the share of 
research and development results in the total structure of assets 
of an economic entity) the classical approach to the calculation 
of indicators characterizing innovation activity was used [28].

The method of correlation and regression analysis was 
applied to test the hypothesis. The least squares method was 
used to estimate the parameters of the regression equation. 
Correlation analysis was performed using “Statistica 10” soft-
ware. The absence of heteroscedasticity was checked using 
the Spearman test.

5. Results of the study of mutual influence of energy 
efficiency and innovation activity in the industrial sector 

of the economy

5. 1. Calculation of energy efficiency indicator and in-
dicators characterizing innovation activity for industrial 
enterprises

For the sample of industrial enterprises the criterion 
used was the first place within their industry in the list of 
the largest taxpayers for 2022. This provided:

– significance of the sample for the industrial sector in 
line with the general population;

– significance of energy efficiency for enterprises using 
more energy;

– availability of financial potential to ensure innovative 
development.

To calculate the energy efficiency indicator, the ratio of the 
received revenue of the enterprise to the total volume of energy 
consumption was used. The formula takes the following form:

,
Q

E
W

=    (1)

where:
– E – energy efficiency indicator;
– Q – company revenue;
– W – total consumption of electricity, heat and fuel.
For validity purposes, energy was converted to prima-

ry fuel used in generation. To adjust the energy efficiency 
indicator of a particular enterprise, recalculation was made 
using the formula: ratio of the economic entity’s indicator to 
the average value for all analyzed enterprises (in this study, 
this value is equal to 100 %). The formulas used here are:

,n
k

m

E
E

E
=  or ,

100 %
n

k

E
E =    (2)

where:
– Еk – adjusted energy efficiency indicator; 
– Еn – energy efficiency indicator of the enterprise n;
– Еm – mean value (in this study takes the value of 100 %).
It follows that if the value of the indicator is 2 times high-

er than the average, a score of 200 % is set, and if it is 2 times 
lower than the average, a score of 50 % is set.

The dynamics of energy efficiency is defined as the 
change in output to the change in energy consumption over 
the study period. The formula is as follows:

,e

V
D

W
∆

=
∆

  (3)
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where:
– De – dynamics of energy efficiency;
– ∆V – change in output for the year;
– ∆W – change in consumption per year.
The second group of indicators relates to the innovative 

activity of enterprises. We used a classical approach to the 
calculation of indicators characterizing innovation activity: 
the share of intangible assets and the share of research and 
development results in the total structure of assets of an 
economic entity [29].

The share of intangible assets (Kа) reflects expenses on 
the formation of intellectual property objects (licenses, pat-
ents, trademarks, etc.) if documented. The following formula 
is used for calculation:

,a
a

a

S
K

P
=    (4)

where:
– Sa – the value of intangible assets at the end of the 

period in the total structure of assets;
– Pa – the value of all assets of the enterprise at the end 

of the reporting period.
Natural resource rights were not taken into account 

when calculating this indicator, as they do not directly char-
acterize innovation activity.

The share of research and development results (Ki) re-
flects the amount of expenditure on completed research and 
development with a result, but which is not protected under 
the provisions of current legislation. The following formula 
is applied here:

,i
i

a

S
K

P
=   (5)

where Si – total research expenses at the end of the reporting 
period in the structure of the balance sheet.

Table 1 summarizes the results of calculations of energy 
efficiency dynamics, the share of intangible assets and re-
search and development results in the asset structure.

As can be seen from Table 1, changes in energy efficien-
cy at the surveyed enterprises are not significant (ranging 
from – 1.205 to 1.670 % per year), nevertheless, for large 
production facilities even such fluctuations have an impact 
on the output of products. In addition, more than one third 
of enterprises (38 %) have negative dynamics of energy effi-
ciency, and all these enterprises have negative dynamics of 
R&D results. The presence or absence of relationships can be 
verified using correlation analysis. The obtained data acted 
as a baseline for assessing the mutual influence of energy 
efficiency and innovation activity of enterprises.

5. 2. Assessment of the influence of indicators of inno-
vation activity of industrial enterprises on the indicator 
of their energy efficiency

The average annual dynamics of change in energy effi-
ciency was chosen as the resultant attribute to solve the first 
task of this study, and the dynamics of change in the share of 
intangible assets and the dynamics of change in the share of 
R&D results in the total structure of assets on average per 
year were chosen as the factor attributes. The method of cor-
relation field analysis was used to establish the relationship 
between the resultant and factor attributes.

Fig. 2, 3 show the correlation fields with a trend line con-
structed to solve the first task of this study for a set of points 
of the resultant (average annual dynamics of energy efficien-
cy, % per year) and factor (average annual shares of intangible 
assets and R&D results as % of total assets) attributes.

The correlation field shows the presence of a linear relation-
ship between the resultant and factor attributes. The result of 
the calculations was the formation of an empirical regression 
equation reflecting the general trend among the variables under 
study. This equation is characterized by the following form:

De=–0.46+0.00750Da+0.0223Di.  (6)

After that, calculations of the indicators of closeness of 
relationships were made. Pairwise correlation coefficients 
took the following values: 0.327, 0.737 and 0.0480 respec-
tively. Cheddock’s scale was used to assess the relationship. 

The following results were 
obtained:

– the presence of an av-
erage relationship between 
De and Da;

– the presence of a 
strong correlation between 
De and Di;

– the practical absence 
of a connection between Dа 
and Di. 

Using Student’s criteri-
on, the relationship between 
De and Di is defined as sig-
nificant, and the obtained 
coefficient is statistically 
significant. All other coef-
ficients are not statistically 
significant.

Further, we calculated 
the multiple correlation co-
efficient R=0.797 and the 
coefficient of determina-
tion, which took the value 

Table	1

Average	annual	dynamics	of	energy	efficiency	(De),	share	of	intangible	assets	(Da)	and	share	of	
research	and	development	results	(Di)	of	industrial	enterprises	of	the	Republic	of	Kazakhstan	

for	2018–2022	

Name of enterprise ΔDe (%) ΔDа (%) ΔDi (%)

Tengizchevroil 1.208 100.000 –5.659

Kazzinc 1.670 19.790 100.000

Kazchrome –1.205 10.287 –11.063

Kazphosphate 0.691 100.000 48.381

Imstalcon 0.243 24.802 44.031

Asia Gas Pipeline –0.494 32.159 –1.388

Altynalmas 0.640 1.747 29.091

BI Development Holding –0.372 –2.114 –8.461

Kazakhstan Aluminium Smelter –0.671 –17.158 –13.639

Kazakhstan Utility Systems –0.250 100.000 –5.424

KATCO JV 0.220 13.424 34.890

RG Brands 0.045 14.895 4.352

ALTAS KZ 0.856 2.836 8.711 

Source: Compiled and calculated by the author on the basis of annual reports of enterprises on financial 
and economic activities

https://altynalmas.kz/
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of R2=0.635. According to Fisher’s criterion, this coefficient 
of determination can be attributed to statistically significant.

5. 3. Assessment of the influence of energy efficiency 
indicator on the indicators of innovation activity of indus-
trial enterprises

To solve the second problem, the average annual dynam-
ics of the share of intangible assets and the share of R&D 
results (in % of total assets) were used as the resultant 
attributes, and the average annual dynamics of the change 
in energy efficiency (% per year) was used as the factor at-
tribute. Contrary to expectations, with regard to the average 
annual dynamics of the share of intangible assets, the study 
of the correlation matrix allowed us to conclude that there is 
no significance between the paired linear correlation coef-
ficients. Therefore, no further calculations were performed.

A positive result was obtained with regard to the average 
annual dynamics of the share of R&D results. Fig. 4 shows 
the correlation field with a trend line plotted for the outcome 
indicator of the dynamics of the share of R&D results.

The least squares method was also used to estimate the 
parameters of the regression equation. The result of calcula-
tions was a regression equation of the type:

Di=23.8170De+13.99.  (7)

Further, the index of closeness of relationships between 
these groups of features was calculated. Pearson correlation 
coefficient rDiDe=0.739. According to the Cheddock scale, there 
is a strong and direct relationship between Di and De traits.

Using Student’s criterion, it was found that the observed 
value (t=4.63) is greater than the critical point (t=2.111), 
hence the correlation coefficient is categorized as significant. 
This confirms the existence of a linear relationship between 
the variables.

The next step was the calculation of the coefficient of 
determination R2=0.549. This indicator characterizes the 
amount of variability of the resultant variable explained by 
the variability of the factor variable. It follows that in 54.9 % 
of cases the variability of De is the cause of variability of Di, 
and in the remaining cases the changes are to be explained 
by other factors that are not taken into account in this mod-
el. In other words, the accuracy of the choice of the regres-
sion equation can be characterized as average. The average 
values of the elasticity coefficient and approximation error 
confirm this. However, verification with Fisher’s criterion 
showed that the coefficient of determination is statistically 
significant, which indicates the statistical reliability of the 
selected estimate of the regression equation.

6. Discussion of the results of mutual influence of energy 
efficiency and innovation activities in the industrial 

sector of the economy

Based on the analysis, it can be stated that the studied 
industrial enterprises are characterized by negative (neg-
ative) trends, both in terms of energy efficiency and inno-
vation activity (Table 1). Here it should also be noted that 
there are no projects combining these directions with R&D 
results. However, the study of intangible assets and R&D 
results renewal coefficients showed a high intensity of 
innovation activity development, for example, the average 
value of intangible assets renewal coefficient is 35 % and 
R&D results renewal coefficient is 63 %. This fact can be 
explained by the presence of medium-term programs with 
measures for innovative development with the indication 
of strategic objectives, allocated timeframes and available 
resources for this purpose. But in practice, problems arise 
with the formality of updating the results. The study [30] 
points out the importance of not only developing new ideas 

Fig.	2.	Trend	line	for	the	dynamics	of	the	share	of	intangible	
assets	depending	on	the	dynamics	of	energy	efficiency	

Source: Compiled by the author based on the results of 
correlation analysis
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and technologies, but also their successful introduction to 
the market.

The analysis of the correlation field of the dynamics 
of the share of intangible assets depending on the dynam-
ics of energy efficiency showed the presence of a linear 
relationship (Fig. 2). The lack of significance between 
the pairwise linear correlation coefficients with respect 
to the average annual dynamics of energy efficiency de-
pending on the share of intangible assets may be due to 
the following:

1. The share of intangible assets (excluding subsoil use 
rights) in the structure of the balance sheet in the surveyed 
enterprises is on average less than 1 %, so they cannot be 
attributed to significant factors affecting production and 
economic activities and strategic directions.

2. Intangible assets as a whole practically do not affect 
the energy efficiency indicators of the enterprises under 
consideration, which is due to the underdeveloped market of 
intellectual property objects in the Republic of Kazakhstan 
and insufficient efficiency of the processes of introduction of 
such objects into practical activities.

The correlation field analysis revealed a linear relation-
ship between the dynamics of the share of R&D results 
depending on the dynamics of energy efficiency (Fig. 3), the 
same relationship was established with regard to the dynam-
ics of energy efficiency depending on the dynamics of the 
share of R&D (Fig. 4). This may be due to the fact that R&D 
results at industrial enterprises are closer to real production, 
as well as energy efficiency, than other forms of intangible 
assets (computer programs, trademarks, licenses, etc.). This 
also emphasizes the paramount importance of the share of 
R&D results in the structure of a company’s intangible as-
sets for its energy efficiency.

As it was shown in the literature review, studies of in-
novation activity of the enterprise and its energy efficiency, 
including by the method of correlation analysis, refer to 
innovations in the energy structure or direct energy support 
of the enterprise operation.  The peculiarities of our results 
are that they refer to the innovation activity of the enterprise 
as a whole, not only to innovations directly related to the 
energy support of the enterprise. A similar study [16] also 
obtained results on the direct close relationship between the 
application of innovations in general at the enterprise and 
energy efficiency, but its subject was only borrowed (foreign) 
innovations.

Shortcomings of the study. Due to the fact that the offi-
cial reporting of the studied enterprises does not present the 
full structure of intangible assets, the study’s shortcoming 
is the lack of analysis of the relationship of energy efficiency 
with each type of intangible assets that are important for the 
innovation activity of the enterprise.

The study has certain limitations, as the dynamics of 
changes in the studied parameters is calculated for the last 
5 years. Expansion of the period can give more accurate 
results.

The obtained results reflect the peculiarities of one coun-
try, as the sample includes only Kazakhstani enterprises. 
To obtain more universal results, a comparative analysis of 
different countries is necessary.

In addition, the results of the study may differ if the 
sample includes not the leading large industrial enterprises, 
but enterprises of high-tech industries. In the latter case, 
the share of intangible assets, the share of R&D in their 

structure, and the value of innovation indicators in real pro-
duction will be different.

Unlike the results of other studies, our results are 
broader than the study of foreign innovation in the firm 
and are not limited to innovation only within the ener-
gy system. In general, we can draw a general conclusion 
about the presence of a direct relationship between the 
indicators of energy efficiency improvement and the de-
velopment of innovation activity of industrial enterprises 
of the Republic of Kazakhstan. Based on the obtained 
results and conclusions these economic entities are rec-
ommended:

– to use energy efficiency improvement as a tool to 
achieve strategic objectives of innovative development of the 
enterprise;

– to integrate the processes of energy efficiency improve-
ment and innovation activity development in the context 
of the management system and within the organizational 
structures;

– to introduce the condition «energy efficiency im-
provement» as a recommended condition for R&D at the 
enterprise;

– to increase the share of R&D in the structure of intan-
gible assets of the balance sheet of the enterprise.

The practical significance of this study is the possibility 
of using the obtained approaches to improve the energy 
efficiency indicators of domestic enterprises in their innova-
tive development. The results and recommendations can be 
implemented in the practice of economic entities of various 
spheres of economic management, but the greatest demand is 
for energy-intensive industries. 

7. Conclusions

1. Dynamics of changes in both energy efficiency and 
innovation activity (by indicators of the share of intangible 
assets and R&D results) of the leading Kazakhstani enter-
prises in different industries over the last period showed 
negative trends. Renovation of intangible assets and R&D 
results is carried out in accordance with the existing pro-
grams, but often formally. Energy efficiency is not included 
in the strategic goals. Thus, there is no constructive manage-
ment in these areas.

2. The dynamics of the share of intangible assets de-
pends on the dynamics of energy efficiency (linear rela-
tionship), but there is no such dependence if the share of 
intangible assets is the resultant indicator. This indicates 
the ambiguity of relationships between these indicators, 
which may be due to the remoteness of the bulk of intangi-
ble assets from real production.

3. The presence of a direct strong relationship between 
energy efficiency and the share of R&D results at any choice 
of the resultant attribute indicates the priority of the share 
of R&D results in the structure of intangible assets for en-
ergy efficiency. This is justified by the establishment of a 
significant and statistically important correlation between 
the studied parameters. Works aimed at the search for new 
knowledge and its practical application for the creation of a 
new industrial product or technology, in one way or another 
affect the energy efficiency of production.  In turn, changes 
in the energy efficiency of production affect R&D conducted 
at an industrial enterprise.
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