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Abstract

Existing forecasts of Russian energy sector development have a number of general pro-
visions and differ in approaches to their construction. The most realistic forecast is 
made within the framework of the Energy Strategy of Russia for the period up to 2035. 
However, the dynamism and high uncertainty of economic processes, international 
relations, domestic policy and the rapid growth of scientific and technical progress 
need a systematic correction of any forecast. The purpose of the article is to develop 
theoretical provisions and practical recommendations for making a forecast for the 
development of the Russian fuel and energy complex based on the application of the 
factor approach.

The forecasting results are used in the development of management decisions, there-
fore, the authors of the article take into account the influence of various factors while 
making the forecast, but they (factors) are all quantitatively commensurable. To make 
a reliable forecast, the internal environment of the research object is studied in detail, 
organizational and economic problems in the development of the Russian fuel and 
energy complex are revealed, and methods for their elimination are suggested. The 
external environment is also analyzed and trends in the development of world energy 
markets are revealed. To forecast the state of the fuel and energy complex, an integral 
indicator is chosen reflecting the level of its technical and economic development.
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INTRODUCTION

The types of economic activity associated with the production and trans-
formation of fuel and energy resources into various types of energy and 
energy carriers have always had a special significance for the national 
economy of Russia. In the second half of the XIX century due to signifi-
cant and available reserves of coal and oil, the country had an optimal 
structure of the fuel and energy balance. The establishment and devel-
opment of all branches of the national economic complex in the Soviet 
Union, the fulfillment of plans for a five-year economic development 
would not have been possible without the availability of its own energy re-
sources in sufficient quantities. The transition to a market economy in the 
1990s, the restructuring of the social and political system in the country 
increased budget expenditures manifold, which were recovered by rev-
enues from energy exports.
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Thus, throughout its existence, the fuel and energy complex (FEC) of Russia is the main strategic security, 
independence and economic development of the country. On the one hand, this is due to geographic and 
climatic factors and significant hydrocarbon reserves on the territory of the state; on the other hand, it is due 
to realizable foreign and domestic policies.

At present, the fuel and energy sector occupies a leading position in the formation of the revenue side of the 
federal budget (Figure 1).

The graph reflects changes in macroeconomic indicators of the complex during the 2008 global economic 
crisis, economic sanctions of 2014, and the global economic slowdown that has been observed for the last 
three years. The economic decline at the global or national level, caused by various reasons, always leads to 
a reduction in energy consumption. The dynamics of exports of fuel and energy products, in addition, is de-
termined by foreign policy.

The above schedule also reflects the existing model of the national economy – raw materials. This can be 
seen from the ratio of the share of the fuel and energy sector to GDP and its contribution to federal budget 
revenues. During the analyzed period, the difference between these indicators almost doubled. This is also a 
negative characteristic of the use of energy resources.

Thus, there is a direct relationship between the quantity and efficiency of energy consumption and eco-
nomic growth. This fact, as well as the raw material model of the Russian economy, makes it necessary 
to study trends and build forecasts for the development of the country’s fuel and energy complex.

1. LITERATURE REVIEW

The work of V. V. Bushuev (2014) provides a fore-
cast for the development of the economy and en-
ergy based on structural principles and spatio-
temporal fractals. In the near future, the economy 
of developed countries will be presented as neo-
industrial, based on energy-information technol-

ogies. Currently, there is a formation of regional 
(international) “infrastructure development corri-
dors”, which include both physical objects (power 
lines, gas and oil pipelines), and institutions (gen-
erally accepted rules, standards for the movement 
of energy resources). The authors predict an in-
crease in the energy self-sufficiency of importing 
states and a reduction in the struggle intensity for 
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Figure 1. Macroeconomic indicators of the fuel and energy complex of Russia in 2000–2016

Source: Russian Statistical Yearbook, the Federal Budget, Execution of the 

Federal Budget, Official Website of the World Bank.
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hydrocarbon energy resources. As a result, the di-
rection of international energy flows will change 
significantly and competition between energy ex-
porting countries will increase. In these conditions, 
revenues from energy exports will decrease. The 
authors note that there will be significant changes 
in energy consumption: the role of electricity will 
increase, but the role of fuel will decrease.

A. A. Galkina et al. (2011) in their study predict the 
diversification and balance of energy consumption 
on a global scale. According to their calculations, 
the leading energy carrier will be natural gas, the 
share of renewable energy sources will increase. 
Against the background of the growing self-suffi-
ciency in unconventional energy resources of im-
porting countries, there will be a change in trade 
flows of energy resources on a global scale. The de-
velopment of regional and global markets for en-
ergy resources, according to the authors’ forecast, 
will be affected by scientific developments. The on-
going changes in the world energy industry will 
lead to a decrease in the income from the export 
of energy resources for Russia.

A. A. Makarov, Т. А. Mitrova and V. A. Kulagin 
(2012) also forecast an increase in the self-suffi-
ciency of the United States and a number of im-
porters with unconventional energy resources. 
The planned increase in energy consumption will 
be covered by inorganic energy resources. Under 
these conditions, the revenues from the export of 
energy resources to the Russian budget will de-
crease, the share of the fuel and energy complex in 
the formation of GDP will triple, and the complex 
will lose its role as a locomotive of the national 
economy so a geopolitical tool.

Ja. M. Mirkin (2014) in his work forecasts pos-
sible options for the development of the Russian 
economy with reference to the dynamics of world 
oil prices: a reduction in the supply of energy re-
sources to Europe and a growth in sales in Asian 
markets, a fall in energy prices and, as a result, a 
decrease in export earnings, problems with trans-
port infrastructure – a high degree of depreciation 
and a lack of funds to create a new one.

Jean-Francois Mercure and Pablo Salas (2013), 
creating a model for the forecast of energy prices, 
note the factors that have the most significant im-

pact on energy, such as environmental and scien-
tific and technical. The authors pay special atten-
tion to how technologies in energy industries will 
spread, and what changes they will entail.

Dirk Jan van de Ven and Roger Fouquet (2017) 
study the impact of a shift in leading energy re-
sources on the cyclical nature of the economy. The 
authors predict the optimization of energy con-
sumption by increasing the share of renewable en-
ergy sources. Researchers point out that the pre-
vious experience of the negative influence of the 
price dynamics of energy resources on the econ-
omy contributes to the search for ways to reduce 
dependence on hydrocarbons.

In general, all these forecasts and a number of oth-
er ones for the development of the world energy 
and economy are based on geopolitical and scien-
tific and technical factors.

1.1. Establishing a research gap

The forecasts for the development of the global en-
ergy and economy have been compiled taking into 
account key factors, mainly foreign policy and are 
presented in scientific papers mentioned in the lit-
erature review.

For energy markets, the direction of commodity 
flows is currently characterized: from the US and 
EU markets to APR markets. This is facilitated by 
changing relations between exporting countries 
and importers, as well as the growing role of the 
environmental component in energy consumption. 
A number of man-made disasters (explosion on 
the Deepwater Horizon platform in 2010, acci-
dents at the Fukushima-1 nuclear power plant, gas 
leakage on the Elgin platform in 2012) reduced the 
popularity of nuclear energy and hydrocarbon fu-
el in developed countries.

In conditions of economic instability, many states 
are changing their tax, customs and environmen-
tal legislation to protect their national interests. 
This, in turn, depending on the situation, can have 
both a favorable and negative impact on the world 
trade in energy resources.

Priority energy problems (environmental friendli-
ness, energy intensity of GDP, limited energy re-
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sources, energy dependence of importing coun-
tries) are being successfully addressed through 
the development of science and technology. The 
influence of the scientific and technological 
progress is changing the demand for energy car-
riers and it happens, first of all, due to new types 
of economic activity. The change in demand 
eventually changes the conjuncture of global 
energy markets (Lin Zheng-Wei, Hsu Sam Ting-
Hsin, & Huang Chin-Sheng, 2014; Postaliuk & 
Kwon, 2014).

The introduction of information technology con-
tributes to the globalization of global energy mar-
kets and the integration of regional ones (a gas 
market in the EU).

Crisis phenomena in the world economy create 
prerequisites for reforming world energy mar-
kets in general and energy markets of participat-
ing countries. The main direction of reforms is 
liberalization and creation of conditions for fair 
competition.

The decline in demand in world energy markets, 
caused by the general economic slowdown, is ex-
acerbated by political factors – exacerbation of 
earlier ones and the emergence of new conflicts 
(Syria, Ukraine, etc.) (Tsakalos Ioannis, Samitas 
Aristeidis, & Kinias Ioannis, 2015).

The above-listed problems and trends in the devel-
opment of world energy markets significantly re-
duced the competitive advantage of Russia.

The instability of world energy markets, the pres-
ence of a large number of globalization threats of 
the world energy, the reorientation from European 
markets to the markets of the Asia-Pacific region, 
long-term relations with China (Bildirici Melike, 
2016) require the development of an effective 
strategy of domestic energy companies in the 
world arena to strengthen their capabilities, to 
strengthen weaknesses and quickly solve emerg-
ing problems.

The authors of this article believe that structural 
factors determining the composition, the perfor-
mance and organizational and economic state of 
the Russian fuel and energy sector are also impor-
tant for forecasts.

1.2. Aim of the study

The purpose of the study is to identify the factors 
that determine the functioning of the fuel and en-
ergy complex in Russia and make a forecast of its 
development based on the regression analysis.

To achieve this goal, the following tasks have been 
solved in the course of research:

• the existing forecasts of the development of 
the fuel and energy complex of Russia have 
been studied;

• in the foreseen forecasts, the factors deter-
mining the state and development of the do-
mestic fuel and energy complex have been 
identified;

• based on the conducted regression analysis, 
accounting for the Energy Strategy of Russia 
and the dynamics of the key factor (innova-
tive activity), the forecast has been made for 
the development of the fuel and energy com-
plex of Russia until 2035-2040.

The object of this research are enterprises of the 
fuel and energy complex of Russia, the subject of 
research is the ways of developing economic rela-
tions between enterprises of the fuel and energy 
complex.

2. METHODOLOGICAL 

FRAMEWORK

2.1. Methods of research

In the course of this research, the following meth-
ods were used: collection and processing of statis-
tical information, method of graphic images, re-
gression analysis and factor approach.

2.2. Experimental research base

The experimental base of this research has been 
made by enterprises of the fuel and energy complex 
of Russia: PJSC “Gazprom”, PJSC “NK Rosneft”, 
State Corporation “Rosatom”, PJSC “RusHydro”, 

“NP Market Council”.
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2.3. Stages of research

The authors of the article have carried out a com-
prehensive analysis of the formation and develop-
ment of industries of the fuel and energy sector of 
Russia and assessed its current state. Based on the 
results of the study, the factors determining the 
development of the complex have been identified 
and evaluated (Table 1).

Table 1. Factors determining the development of 

the fuel and energy complex of Russia

Source: Bushuev et al. (2012). History of the Russian energy sector, Glazʼev 
(2007), M. G. Lapaeva and O. F. Lapaeva (2004).

Factor Possibility 
of influence

Possibility 
of forecasting

The state of sectoral 
industrial markets + +

Domestic policy  
of the state + –

Macroeconomic 
indicators – +

Foreign policy  
of the state – –

Technical and economic 
problems + +

The state of the world 
economy and world 
energy markets

– +

Personal interests 
of owners of energy 
companies’ assets, 
officials

– –

Two criteria have been chosen to assess the factors:

1. The possibility of forecasting is necessary to 
assess the contribution of each factor to the 
state of the fuel and energy complex.

2. The possibility of influence will allow to make 
the forecast.

3. Based on the assessment, the results of which 
are presented in Table 1, the authors have 
compiled a matrix of factors to make a fore-
cast for the development of the fuel and en-
ergy complex (Figure 2).

Taking into account the above mentioned signs, 
we will choose factors from the right upper sec-
tor to forecast the development of the fuel and 
energy complex of Russia – the state of com-
plex’s industrial markets and technical and eco-
nomic problems. Let us consider the essence 
and peculiarities of accounting for these factors 
in forecasting.

One of the structural factors determining the 
development of the fuel and energy sector is the 
model of industrial markets. At present, a num-
ber of programs for reforming the complex’s in-
dustries are being implemented, aimed at creat-
ing markets in them which are close to perfect 
(Ostrouhova, 2015b).

MACROECONOMIC 

INDICATORS

THE STATE 
OF THE WORLD 

ECONOMY AND WORLD 
ENERGY MARKETS

THE STATE 
OF INDUSTRY MARKETS 

OF THE COMPLEX

TECHNICAL AND 
ECONOMIC PROBLEMS

FOREIGN POLICY 

OF THE STATE

PERSONAL INTERESTS 
OF THE OWNERS OF 

ENERGY COMPANIES' 
ASSETS, OFFICIALS

DOMESTIC POLICY 
OF THE STATE

The possibility 

of influence

The possibility 

of forecasting

Figure 2. Matrix of factors for forecasting the development of the fuel and energy sector
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Another internal factor that determines the pros-
pects for the development of the fuel and energy 
sector of Russia is the existing organizational, eco-
nomic and technical issues that are discussed in 
detail in the work of N. G. Ostrouhova (2015a). 
The issues of the fuel and energy complex of Russia 
are presented schematically in Figure 3.

Thus, in the forecasts of the development of the 
fuel and energy complex of Russia, taking into ac-
count this factor, various ways of eliminating the 
above mentioned issues appear. One of the most 
effective and corresponding to modern economic 
conditions is the implementation of innovation.

The implementation of innovative activities will 
also solve one of the key issues of both the domes-
tic energy complex and economy as a whole – a 
high energy intensity of GDP. The energy intensity 
of Russia’s GDP is 0.74, in the USA it is 0.15, in 
Germany – 0.1, and in Britain – 0.07.

The correlation analysis of the energy intensity 
of GDP and the share of R & D expenditures in 
GDP has showed the presence of a reverse close 

dependence between these parameters, which is 
reflected in Figure 4. The correlation coefficient 
was –0.58. With the increase in R&D spending, 
the energy intensity of GDP is declining.

The development of the fuel and energy complex 
of Russia and the economy as a whole is reflect-
ed in the works of V. V. Ivanter and V. S. Panfilov 
(2011), V. Gorshenin (2010), Ju. V. Trifonov and 
L. N. Letjagina (2010). These works and a number 
of others are fragments of the scientific direction 
devoted to the cyclical nature of the economic de-
velopment. The most relevant and in demand are 
the works of S. Ju. Glaz’ev (2007, 2010), Glaz’ev, 
and Kharitonov (2009) on the development of eco-
nomic systems within technological structures.

The fuel and energy complex is a subsystem of the 
complex socio-economic system – national econ-
omy. And at the same time it is a technical and 
economic system. Thus, the complex goes through 
development stages similar to complex econom-
ic systems and is affected by the same factors. 
Consequently, the forecast for the development of 
the fuel and energy complex of Russia should be 

Figure 3. Performance issues of the fuel and energy complex of Russia

Source: Report and presentation to the speech of the Deputy Minister Alexey Teksler on the forum of 

the fuel and energy complex of Russia in the XXI century, Russian statistical yearbook.
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• non-payments
• lack of investment

• lack of quilified personnel

• depriciation of mineral resources base
• depriciation of basic production assets
• accidents
• reduction of PGR

• low technical level
• high energy intensity
• dependence on technology imports

• raw material model of the economy

MARKETS

FINANCE

PERSONNEL

MATERIAL 

AND TECHNICAL BASE

INNOVATIVE ACTIVITY

ECONOMIC POLICY



378

Problems and Perspectives in Management, Volume 15, Issue 2, 2017

drawn up taking into account scientific and tech-
nological progress and the approaching shift in 
technological structures.

The Russian economy of the late twentieth and 
early twenty-first centuries can be characterized 
as multistructural: more than half of all branches 
in the national economy are the leading branches 
of the IV technological order, about a third – the 
branches of the third technological order. The 
share of the fifth, completing in all developed 
countries, technological structure accounts for 
no more than 10% of the branches of the Russian 
economy.

The present (fifth) technological structure accord-
ing to experts’ estimates is close to the limits of 
its growth, as evidenced by a spasmodic change in 
energy prices in 2014–2016.

Crisis phenomena in the world economy and a 
number of national economies, social upheavals 
(armed conflicts in Syria and Ukraine), natural di-
sasters, technogenic catastrophes (accidents at the 
Sayano-Shushenskaya HPP, Fukushima-1 NPP) 
also indicate a change in technological structures. 
These phenomena correspond to the downward 
wave of N. V. Kondratiev cycle. The economic de-

cline, if we trace back to the history of the econ-
omy, is the time to accumulate the potential for 
the beginning of the next cycle, the next wave, the 
next technological order. Toward the end of the 
depression stage, the tendency to invest in fixed 
assets increases, as a result of which it is being up-
dated and radical innovations are implemented.

The branches of the upcoming sixth technologi-
cal order (nanotechnology, biotechnology and 
cognitive technologies, etc.) are not developed in 
Russia. The reasons for this lie in the history of 
the energy development (Gorshenin, 2010; Ivanter 
& Panfilov, 2011; M. G. Lapaeva & O. F. Lapaeva, 
2004; Rybcev, 2011; Trifonov & Letjagina, 2010).

The guidelines for the strategic development of the 
fuel and energy complex within the framework of 
Energy Strategy of Russia for the period up to 2035 
(Report and presentation to the speech of Deputy 
Minister Alexei Texler at the forum of the fuel and 
energy complex of Russia in the 21st century, 2014) 
should be implemented in the process of transi-
tion to the VI technological order that will have 
taken place by 2018 (Gorshenin, 2010). The nucle-
us of the new technological order will be nano-
technology, biotechnology and cognitive technol-
ogies (Rybtsev, 2011).
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In transitional years 2015–2018, Russia needs to 
use all available resources and innovation poten-
tial for restructuring the domestic economy to a 
new technological order. The lost opportunities 
during the redistribution of political and econom-
ic positions in the world will create a threat to na-
tional security.

Changes of technological wave will demand a 
significant amount of various production in-
cluding energy resources. Therefore the role of 
energy industry in the next years will increase 
in economy not as a main source of the budget-
ary income but as an auxiliary element of the 
transition process. To ensure new requirements 
of changing economy and developing industry 
the energy industry has to undergo a number 
of changes. It concerns, first of all, the struc-
ture of the fuel and energy balance. According 
to dialectics of the energy structure, electric en-
ergy should replace oil and gas and has to oc-
cupy the largest part in the structure of ener-
gy carriers of the country in the nearest future 
(M. G. Lapaeva & O. F. Lapaeva, 2004; Bushuev 
et al., 2012).

The sixth technological wave also assumes the 
development of new nonhydrocarbonic, environ-
mentally friendly energy sources, further devel-
opment of energy saving technologies (Ribtsev, 
2011). At this time, according to experts’ forecasts 
(Bushuyev et al., 2012; Plakitkin, 2012), there will 
be the change of structure and reduction of en-
ergy consumption volumes on a global scale, at 
the same time the energy role in production will 
strengthen (Rybtsev, 2011).

Thus, Russia has an opportunity to go away from 
a raw economy model. However, to implement 
this opportunity, it is necessary to use effectively 
all available resources and innovative capacity of 
the country. The effective use assumes not only 
planning and organization of events on economy 
reorganization, but also management of these 
events. It means that there will not be only tech-
nological, but also management innovations: the 
development of new approaches to management, 
modernization of existing ones. Administrative 
innovations will be required also in newly created 
branches, and in existing ones, including energy 
industry.

Management innovations promote an increase 
in efficiency of enterprises’ functioning and cor-
respond to implemented liberalization of energy 
markets. In general, they create a favorable invest-
ment climate in branches of the energy industry. 
Additional capital investments will allow solving 
raw, engineering and technological problems of 
the energy complex.

The increase in demand and prices of oil which 
was observed in 2007–2008 and other energy car-
riers testified about the beginning of the replace-
ment process of the outdated technological wave 
with a new one. The increase in prices for energy 
carriers during the transition period is caused by 
their excess consumption in expanded technologi-
cal chains of the old technological pattern. The ex-
pansion in consumption of raw materials and en-
ergy remains also in the initial stage of the new 
technological wave, however, it is already caused 
by developing new production and it is the share 
of more effective energy carriers. Thus, demand 
for energy resources (including Russian) will in-
crease at the expense of leading countries of a new 
technological paradigm. 

In general, during an upward wave of the econom-
ic development within the technological para-
digm, there will be an increase in prices for energy 
carriers. The increase in prices for energy carriers 
which began in 2016 can also be estimated as the 
indicator of transition to the forth technological 
pattern. The tendency of the increase in prices will 
remain in the next 10 years.

According to S. Ju. Glaz’ev’s forecasts (2007, 2010), 
within the forth technological wave space technol-
ogies, atomic industry, flexible production auto-
mation of constructional materials with the prop-
erties which were set in advance, air transporta-
tion will intensively develop. 

All specified kinds of activity will indirectly or di-
rectly lead to the growth in mining of energy re-
sources and generation of energy.

Atomic energy and natural gas as the main en-
ergy carriers will be added with environmental-
ly friendly hydrogen, and also renewable energy 
sources. Economic growth will require smaller 
amount of energy and materials, therefore, de-
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mand for energy carriers will lag behind the vol-
umes of product output in connection with the 
use of new energy saving technologies. 

According to the analysts’ forecasts in a short 
term perspective (till 2030) the growth in vol-
umes of consumption of fossil energy resources 
(Maslennikova, 2010; Kipnis, 2014; Demina & 
Novickij, 2012) and their decrease in a long-term 
perspective (Plakiktin, 2012, 2013) will be observed. 
It is connected in the first case with the population 
growth of the planet, in the second – with the sci-
entific and technical progress, the transition to the 
sixth technological pattern in which hydrocarbons 
will not be the leading energy carrier.

Within the coming change of technological waves 
and key energy carrier such tendencies of the in-
novative energy development as renewable energy 
sources and distributed energy are getting rel-
evant. In view of geographical and climatic con-
ditions for Russia the distributed energy is more 
important: many areas can’t be connected to the 
integrated energy system and, therefore, they need 
autonomous energy sources which are heat and 
power plants that can work with different types of 
hydrocarbons and different technologies. As gen-
eration sources, in this case, a hydroelectric power 
station and a nuclear power station, aren’t suitable 
because of their technological complexity, they 
need considerable capital investments and devel-
oped infrastructure.

However, the distributed energy won’t be as a 
widespread as traditional one. It is explained by 
quantity and power of its consumers. The areas 
which are not covered with the traditional gen-
eration companies are not the main centers of 
energy consumption. The most power-consum-
ing industries connected with production and 
processing of various minerals, the Ural, West 
Siberian, East Siberian and Far East districts re-
ceive energy from the integrated power system. 

3. RESULTS 

The analysis of the scientific literature, statisti-
cal information, and the results of the activity of 
certain enterprises of the fuel and energy com-
plex, made by the authors of the article, made 

it possible to single out two main factors de-
termining the development of the complex and 
available for management based on the results 
of forecasting:

1) the state of sectoral industrial markets;

2) technical and economic problems.

It is also theoretically justified that the leading role 
in the development of the fuel and energy complex 
of Russia belongs to innovation activity.

To make a forecast for the development of the fuel 
and energy complex of Russia, two main factors 
have been taken into account: “the state of the 
complex’s industrial markets” and “technical and 
economic problems”, then, the regression model 
has been made. It is important to take into ac-
count the fact that the analyzed feature (the state 
of the energy sector of Russia) and identified fac-
tors should have a quantitative feature for the re-
gression analysis.

The state of the fuel and energy complex and its 
impact on the national economy reflects such an 
indicator as the energy intensity of GDP. Its high 
importance is one of Russia’s key energy problems, 
which indirectly reflects structural and financial 
problems of the fuel and energy sector. The reduc-
tion of this indicator is a positive characteristic of 
the development of the complex.

For the regression analysis, the indicator “the level 
of energy intensity of primary energy (MJ / $ in 
prices of 2001 at purchasing power parity of GDP)” 
has been used.

The revealed tendencies of liberalization of world 
energy markets are reflected in domestic energy 
markets of Russia. Therefore, the quantitative ex-
pression of the factor “the state of industrial mar-
kets of the complex” is the level of concentration of 
production in the complex.

The main technical and economic problems of 
the fuel and energy sector of Russia include a 
high degree of depreciation of the basic produc-
tion assets of industries and a low innovation ac-
tivity (a backlog in the level of the technical de-
velopment). To carry out a quantitative analysis 
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of the identified problems of the complex, such 
indicators as “depreciation of fixed production 
assets” and “specific weight of organizations 
that carried out technological innovations” have 
been used.

The main economic problem of the fuel and ener-
gy complex of Russia is the lack of investment. For 
their quantitative evaluation, the indicator “spe-
cific weight in the total volume of investments in 
fixed assets” has been used.

Data on the listed indicators for 2000–2015 are 
given in Table 2.

The conducted regression analysis made it possible 
to compile the following model reflecting the state 
of the fuel and energy complex of Russia:

1 2 3 40.77 0.03 0.11 0.38 0.02 ,y x x x x= − + + +  

where y  is energy intensity of primary energy; 1x  
– share of enterprises that carried out technologi-
cal innovation, %; 2x  – concentration of produc-
tion, %; 3x  – share of investments, %; 4x  – depre-
ciation of basic production assets, %.

It should be noted that the increase in y  is a nega-
tive characteristic of the energy sector and corre-
sponds to the unfavorable forecast.

The development of energy in Russia is a prior-
ity task of the state, as evidenced by the Energy 
Strategy of Russia developed and being imple-
mented at the moment. Let us consider the key el-
ements of the forecast for the development of the 
fuel and energy sector, as amended by the results 
of the regression analysis (Table 3).

According to the authors’ forecast, the growth 
of the share of hydropower resources in the 
country’s fuel and energy balance will take 
place for the following reasons: their stocks in 
the Eastern part of the country and growth of 
energy demand in the outer Eastern market are 
considerable.

The conducted regression analysis has confirmed 
theoretical assumptions about the favorable influ-
ence of innovation activity on the state of the fuel 
and energy sector. According to the results of the 
analysis, this factor contributes to a decrease in 
the level of energy intensity.

Table 2. Initial data for the regression analysis
Source: Russian Statistical Yearbook (Rossijskij statisticheskij ezhegodnik).

Year

The level of energy 
intensity of primary 

energy (MJ / $ in prices 
of 2001 at purchasing 
power parity of GDP)

Depreciation 
of basic 

production 
assets, %

Share of enterprises 
that carried out 
technological 
innovation, %

Concentration of 
production, %

Share of 
investments, %

2000 13.42 52.3 4.6 42.9 16.7

2001 12.92 46.7 4.6 38.6 17.5

2002 12.27 54.8 7.6 41.7 15.5

2003 11.85 54.8 7.3 41.7 14.4

2004 11.09 54.8 6.2 38.8 14.0

2005 10.49 53.3 5.7 32.1 12.4

2006 9.99 53.4 8.0 33.1 13.3

2007 9.23 50.9 6.6 37.8 12.5

2008 8.97 51.1 5.6 21.5 12.2

2009 9.15 50.2 7.0 21.9 12.9

2010 9.52 51.1 8.0 23.4 12.7

2011 9.58 51.4 9.9 34.3 12.6

2012 9.42 49.5 9.6 23.9 13.1

2013 9.54 50.4 9.7 23.3 13.6

2014 9.39 51.6 7.8 23.7 14.6

2015 9.37 50.0 4.5 23.0 16.8
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As a result of the analysis, it has been revealed 
that the energy intensity reduction planned in the 
Energy Strategy will require a significant increase 
in innovation activity of both the fuel and energy 
complex and the entire national economy.

The scientific literature, including where fore-
casting is considered, traditionally indicates 
that depreciation of basic production assets in 
the fuel and energy complex negatively affects 
energy intensity, but in comparison with oth-
er factors its inf luence is insignificant. At the 
same time, the increase in the capital intensity 
of the complex’s branches leads to the signifi-
cant increase in energy intensity of the economy. 
However, more attention should be paid not to 
the volume, but to the structure of investments, 
they should ensure, first of all, the development 
of innovation activities.

The expected results are the results of the regres-
sion analysis with respect to the “concentration 
of production” factor – the withdrawal of branch 
market structures from a perfect condition has a 
negative impact on innovation activity on which 
energy intensity depends.

Thus, the conducted regression analysis confirms 
the theoretical propositions formulated by the au-
thors of the article on forecasting the development 
of the fuel and energy complex of Russia:

3. The condition and development of the fuel and 
energy complex is influenced by such factors 
as “the state of the complex’s industrial markets” 
and “technical and economic problems of the 
complex”. These factors are quantitative, their 
projected values can be estimated on the basis 
of available information and, most importantly, 
they are manageable. These factors should be 
taken into account in the process of making a 
forecast for the development of the fuel and en-
ergy complex of Russia in the first place.

4. The state of the fuel and energy complex of 
Russia is largely determined by innovation. 
Therefore, when predicting the development of 
the domestic fuel and energy complex in the 
factor of “technical and economic problems of 
the complex”, it is necessary to take into account 
such indicators as “innovation activity”, “level of 
innovation infrastructure development”, “costs 
for innovation”.

Table 3. Key directions for the development of the fuel and energy complex of Russia

Source: Key World Energy Statistics (2016), The Global Innovation Index (2016).

Indicators The Energy Strategy  
of Russia till 2035 Authors’ forecast 

Energy carriers Oil, coal, natural gas, nuclear fuel Oil, natural gas, nuclear fuel, hydroenergy resources

Markets

reduction of European markets;
expansion of markets of the Asia-
Pacific region;
decrease in export of oil products;
development of domestic markets

increase in volumes of deliveries to Asian countries;
decrease in volumes of deliveries to European countries;
liberalization of domestic markets;
reduction of specific weight of export of oil products;
export growth of oil products will be promoted by investments 
into branch fixed

Price of energy 
resources 

Increase in prices for oil to 80-95 
dollars a barrel

Increase in prices for energy carriers in connection with the 
development of power-intensive industries. Increase in prices 
will remain approximate till 2040 – a peak of the economic 
development of the sixth technological wave

Consumption Increase in consumption of primary 
energy by 17%

Growth in consumption of energy resources by the branches 
of a new technological wave

Innovation

management and regulation of 
markets;
mining, processing and transportation 
technologies;
state support programs of innovation 
activity;
closed model of innovation process

automation of mechanisms of market interaction by means of 
electronic trading platforms;
mining, processing, generation technologies and technologies 
of transportation of energy resources;
approaches and instruments of enterprises management;
open model of innovation process

Energy intensity of 
GDP

Decrease in energy intensity of GDP 
by 1.6 times

It is possible to achieve the planned reduction in the energy 
intensity of GDP only if innovation activity of enterprises is 
increased by more than 1000 times. The amendment should 
be made: the analysis took into account only innovation 
activity of energy companies, but not all economic activities. 
In addition, there may be other factors that reduce energy 
intensity, which have not been taken into account in the 
simulation

Note: Numerical indicators in the authors’ forecast are the result of the regression and correlation analysis.
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4. DISCUSSION

The development forecasts for FEC, provided 
by the researches from the literary review, are 
limited by foreign policy and economic factors. 
They reduce their relevance in the context of the 
intensive development of science and technolo-
gy, and their considerable inf luence on econom-
ics. The fuel and energy complex represents the 
set of technically challenging production and 
service processes, the efficiency of which is a 
subject of research and development. Besides, 
efficiency of all other branches of the national 
economy depends on the level of the technical 
development and equipment of the FEC. One of 
the key problems and the top-priority goal for 
researchers is GDP energy intensity of Russia. 
That is why it is necessary to consider current 

changes in science and technology on a world-
wide scale and innovative activity in the com-
plex while drawing up the development forecast 
for the native FEC.

The forecast, developed by the authors, considers 
not only the external economic factors, but also 
the dynamics of technological waves, innovative 
activity of enterprises of the complex, and also the 
Energy Strategy of Russia until 2035.

The regression model obtained in the course of 
the study can be improved by reducing the degree 
of multicollinear factors by means of their more 
precise formulation and structuring. In particular, 
this concerns the factor reflecting investments in 
the fuel and energy sector.

CONCLUSION

The study carried out by the authors made it possible to identify and quantify factors affecting the de-
velopment of the fuel and energy complex of Russia. The developed regression model allows predicting 
the state of the complex for different values of these factors. The positive impact of innovation on the 
development of the domestic fuel and energy complex was proved, as well as the fact that the scale of 
this activity should be very significant in order to achieve those indicators that have been planned in the 
Energy Strategy of Russia.

The existing technical and economic and organizational problems of the Russian FEC are the target for 
scientific research and state reforms. Its rapid and effective elimination is possible only as a result of the 
development of the FEC energy industry of innovative activity. The changing conditions of economic 
management at the world and national levels act as an external incentive to enhance innovation activity 
of the complex’s enterprises. Therefore the development of the Russian FEC in the next 20 years (time of 
the formation and development of the VI technological wave) is defined by the development of science 
and technology. The increase in innovation activity both in the complex, and in other branches of the 
national economy will lead to changes in the structure of energy consumption and, as a result, to energy 
intensity of GDP.
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