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Abstract: Recent literature on energy efficiency focuses on the issues of energy security and options
for reducing energy consumption. Measuring energy efficiency properly and forecasting future needs
is critical to the energy policies of any country, especially given the importance of sustainability
in their economic development. The role innovation plays in improving energy efficiency is well
researched. There is a gap in examining an opposite relationship. That is, where energy efficiency
becomes a critical factor for fueling innovation. This impact can occur within a company, a region, a
nation or on an international level. Here we show that regions could motivate business innovations
through policies requiring energy efficiency. Based on observations from a number of regions of
an emerging economy, we show that energy efficiency impacts innovation. As a side effect it can
contribute to export increases, which in turn can improve regional attractiveness for investors. We
believe that the spiral development of the relationship between energy efficiency and innovation
used as a strategy could become sustainable.

Keywords: energy efficiency; innovation; national competitiveness; sustainability

1. Introduction

Energy resources are a critical element in the development of the global economy [1-3].
While well developed nations are concerned mostly about environmental protection, and
transfer to a green energy economy [4], less developed nations focus on cost efficient ways
to grow based on cost saving technologies in industry, agriculture, and services [5]. In
developing and emerging markets, energy cost is often a significant portion of product
cost [6]. Thus, business policies in such economies focus on modernization, production cost
reduction, improving competitiveness on a global scale, and the use of modern technologies
and energy efficient equipment [7,8]. Some policies focus on energy saving campaigns [9],
others advocate nationwide energy savings plans [10] and even the role of liberalization
and industry restructuring for increased energy savings [11].

While less developed and emerging economies have slightly different objectives than
developed ones, all are interested in developing possible ways of measuring and forecasting
energy efficiency. Determining the relationship of energy efficiency with factors critical
to driving economic development and improvement is also important. This is closely
related to strategic management and competitive advantage issues [12-14]. Countries, keen
to develop industries attract multinational corporations by promising cheap resources,
including energy. Accessible and reasonably priced energy and policies supportive of
energy efficiency and innovation play a significant role in improving the attractiveness of
countries for multinational companies’ (MNC) operations [15]. In both well-developed
and less-developed economies, and others, energy efficient new technologies are critical
for implementing competitive strategies [12,16,17]. Due to limited energy sources, current
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energy price volatility, and growing dependence on innovative technologies [18] the role of
energy efficiency in regional and national competitiveness will increase.

Uneven energy resource distribution makes some countries highly dependent on
external sources of supply. Monopoly of a supply of energy can be very painful for the
budget of a country and, as a result, retard economic growth. Europe has developed a
number of policies [19-21] to diversify energy inflows and prevent dependence on just one
or a few supply sources. Europe has also placed a high priority on both energy security
and energy efficiency. Methodologies for measuring and forecasting energy efficiency
are widely discussed in the literature [22,23]. Additionally, a number of articles and
reports on industry developments, and economic growth in an energy crisis era have
appeared recently [24-26]. The environmental impact of energy policies has also been
addressed, primarily in research derived from data from developed economies [27]. The
rational use of energy resources, their preservation and conservation, where possible, and
minimization or even compensation of negative impact on nature and the environment are
considered to be among key factors of such an approach. Renewable and green energy have
gained more attention recently [28] and added to the policies of diversification of energy
resources. This has led to the emergence of new products, new services and even new
industries [29]. Therefore, on a state or regional level, policies supporting the development,
implementation and dissemination of “energy-efficient innovations” are typically seen as a
part of a long-term focus on economic growth.

While the impact of innovation on energy efficiency is well researched, the opposite
relationship—-the impact of regional energy efficiency policies on innovation is clearly under-
researched. The literature review confirms that, in spite of differences in approach and
methods, researchers agree on the importance of energy conservation and energy efficiency
for economic growth [30-32]. Most notably, researchers seem to agree on the critical role of
innovations in achieving a desirable level of energy efficiency [33-35]. We expect that an
opposite relationship is also true. That is, we propose that an increase in regional energy
efficiency also facilitates the innovation process.

Scholarly treatments of energy efficiency revolve primarily around two approaches,
a strategic approach and a tactical approach. The tactical approach to increasing energy
efficiency is based on countries or regions attempting to copy best existing practices [36,37].
Clearly, benchmarking is one approach to achieving a high level of energy efficiency.

A strategic approach is used to satisfy a more dynamic requirement for energy ef-
ficiency. Because desired efficiency levels are greater, current technology and even best
organizational practices would not be sufficient in the future to achieve the needed prospec-
tive energy efficiency level. New technologies and policies need to be created [38] to meet
these more advanced requirements. Obviously, globalization of the World economy and
growing international competition make efficiency requirements even harder to achieve.
This focus on efficiency requirements tends to steer the focus of any country towards the
strategic approach. Thus, energy conservation and energy efficiency goals initiate future
innovations. Among practical examples connecting energy policies with future innovations
is the Chinese government program, “Top 10,000,” and the international, “Energy Star”
program. Although the need for research in this area is clear to practitioners, the scholarly
community has not seemed to agree on mechanisms of this impact on a regional or national
level. There is no systematic vision and understanding of the impact of energy saving and
energy efficiency policies on regional economic development and competitiveness. Thus,
the goal of this study is to uncover the mechanisms of the relationship between energy
saving and energy efficiency on innovation in Russia’s regions. It will be shown that the
relationships are robust in both directions. We will show that while innovations enhance
energy efficiency, energy efficiency as a result of regional business policies positively im-
pacts innovations. Additionally, as a side effect, it also positively affects regional exports.
While the research is limited by a single country analysis and its possible replication in
other countries is not provided here, the results could be applied by policymakers in Russia
and may be useful to other countries.
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2. Relationships between Energy Efficiency and Innovations

The literature investigates relationships between energy efficiency and innovation
on a national, regional, municipal and company level [39,40]. For the purpose of our
research, we focus on energy efficient innovations. On a national level, a number of factors
impact both energy efficiency and innovation. These include changing oil prices [40], the
export/import orientation of a national economy [41,42], the speed of and obstacles to tech-
nology transfer [43], foreign direct investment policies and flows, levels of competition [44],
international trade and access to imports from technologically developed countries [45],
and participation of end-users in the process of developing energy-efficient innovations [46].
At the same time, a number of authors prove that an effective national policy facilitates
innovations within private companies in the energy sector, thereby strengthening the
competitiveness of the national economy in the long run. In his study, Urpelainen [42]
argues that an export driven country would have a strong need for policies supporting
and facilitating energy efficiency innovation as they increase national competitiveness. In
addition, Lipp [47] confirms that the energy related policies in Denmark and Germany
were strongly influenced by the needs of their developing exporting industries. Costan-
tini and Crespi [48] have provided empirical support for a positive relationship between
environmental regulatory requirements and increased exports of new technologies in the
energy sector. Thus, environmental regulations become a kind of mechanism for facilitating
environment-focused technology developments, which could be later exported to other
interested countries. This also corresponds with Porter and Van der Linde [49], where
environmental regulations are seen as a significant source of competitive advantages for a
national economy. The authors justify that harder national environmental requirements
would lead to increased exports of environmentally-focused technologies. Similarly, assum-
ing it is true for the energy sector, energy-efficient policies would then lead to increased
exports of energy related technologies, and, as a result, an increase in national competitive-
ness. This may be particularly important for developing and emerging economies.

Energy efficiency policies on a state level are designed to incentivize for innovations
in the energy sector. State regulation in the energy sector is seen as necessary but needs
to be flexible enough to facilitate innovations [50,51]. These policies have been deeply
investigated for the European Union (EU) and the United States [52]. It has also been
observed that the change in the energy systems in both the EU and the USA affected
innovations. Similarly, a relationship between state energy policies and innovations has
been observed in the United Kingdom'’s (UK) energy sector. Reforms aimed at liberalizing
the UK electricity market had been causing a decrease in innovations until the state
implemented specific policies reversing the situation [53].

At a regional level, there are typically two sets of policies. The first set is focused on
the sustainability of a regional energy system. This is provided through, for example, an
increasing share of renewable energy [54], or creating energy networks [55]. The literature
supports that such goals require management of a regional energy system, based on careful
monitoring, data collection and analysis [56], and delivering needed services [57].

The second set of policies are focused on developing an energy efficient regional eco-
nomic system based on new technologies [58,59]. Here the idea is to use energy efficiency
indicators to analyze and optimize energy consumption. Researchers point out the need
to create a network among regional stakeholders [60], including but not limited to trade
unions [61], households [40], and municipal service providers [62]. They also discuss
promoting energy-saving technologies at a regional level, supporting standardization and
cost saving, sharing information about energy-efficient behavior, and initiating technology
driven structural changes in a regional economy. All of these regional policy examples
connect energy efficiency and innovation.

The literature on the relationship between energy efficiency processes and innovations
shows a lack of studies on a country and regional level for developing and emerging
economies. While there is some research of the phenomenon for developed economies it is
difficult to project these results on developing countries [63,64]. This is because developing
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countries generally recognize the importance of energy-efficient and environmentally safe
technologies but can be too busy with more survival-oriented strategies. This is especially
true for countries with no shortage of energy resources and relatively low energy prices.
Some findings even confirm a negative relationship between energy efficiency policies
and economic growth within developing countries [65]. These contradictory findings, as
well as a lack of research on the relationship between energy efficiency and innovation
in developing and emerging economies, provide additional evidence for the need for
this study.

Thus, in addition to the discussed above traditional approach of innovations influ-
encing energy efficiency at regional and national economies level, we confirm a reverse
relationship and positive affect of energy efficiency on further developments of innovations.
This contributes to understanding of sustainability of economic development as a spiral
relationship within energy efficiency—innovation categories.

3. Energy Efficiency and Innovation in the Russian Economy

Because energy security is critical for national economies, countries focus on energy
efficiency and tend to develop policies aimed at reducing dependence on a specific energy
supply [66,67]. As seen in Figure 1, the nature of the dependence on energy supplies
from country to country is rather diverse. The value on the vertical axis of the diagram in
Figure 1 indicates the coverage of each nation’s domestic needs through imports. Negative
values indicate that a country has a “safety margin” of their own energy resources. In
2013, in Japan, South Korea, Turkey and the EU countries, energy dependence on imported
energy sources was higher than 50% of the total energy need. A slightly smaller ratio is
indicated for India, the USA, Argentina, China and Brazil. Russia is among the countries
that have sufficient resources for its own needs, and also exports energy resources [68].
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Figure 1. Dependence on energy supply in 2002, 2005 and 2013 (by country); in %.

Obviously, the lower the level of energy dependence, the less concern a country has
about its national energy security. Energy exporters are apparently the least concerned with
energy security [69]. This can have both a positive and negative impact. Energy security is
commonly seen as one of the driving forces behind technological innovations in the energy
sector. For countries that are energy resource exporters this force is definitely not a driving
one. Thus, it is up to government policy to support energy efficiency trends, as was done in
Russia [70]. Russia has realized that the share of energy prices in their industrial products
continues to be 2-3 times higher than in well developed economies, which negatively
impacts the competitiveness of Russian products in international markets (Figure 2). The
level of energy intensity in Gross Domestic Product (GDP) is affected by multiple factors,
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including, product technology, energy resource prices, and also the costs, associated with
delivery, distribution and consumption of energy resources as well as state/regional and
municipal energy efficiency policies [71,72].
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Figure 2. Energy intensity in 2002, 2005 and 2012 (by country), in tons of oil equivalent (toe) per
1000 USD of GDP. Source: the indicator is calculated by authors as ratio between the gross inland
consumption of energy and GDP based on the data from Eurostat (2017) and The Organization for
Economic Cooperation and Development (OECD) (2017). [73,74]

4. Energy Intensity

Given that services represent a larger portion of the economy in well developed coun-
tries, the energy intensity of their GDP is lower than for countries like Russia, where the
proportion of heavy machinery industries, metallurgy and other manufacturing industries
is significant [75-77]. The strategic focus of the Group of Twenty (G-20) countries on energy
security and efficiency resulted in a substantial reduction of energy intensity in the GDP of
those countries, as well as a reduction of gross domestic consumption per fuel type per
capita and a reduction in total energy consumption [63,78,79]. In spite of similar actions in
Russia [80], Russia has retained its position as the most energy-intensive economy among
the G-20 countries.

To reduce the energy intensity in their GDP, governments motivate businesses to use
new equipment and new technologies [35,81]. They develop taxation policies and grants,
supporting the focus of research and development on energy saving and energy efficient
technologies [82].

Figure 3 shows the Research and Development (R&D) spending on energy and envi-
ronment protection in 2014. According to the data from the Organization for Economic
Development (The OECD, 2015) [83], the average R&D spending of member states in the
energy sector was about 4.5% of total governmental spending on R&D, with almost 1.7%
spent on environment protection.

The countries that have achieved the best results in energy intensity reduction invested
heavily in R&D. This is true for their energy sectors as well. Russia’s R&D expenditures
on energy efficient technologies are far behind the well-developed countries. While the
United States (1.8%) and Russia (2%) spend comparable proportions of their R&D spending
on energy efficient technologies, when compared in dollar terms, the 337 million USD spent
in Russia varies considerably from the 2952 million USD spent in the United States. Japan
is an example of even higher amounts streamed into R&D in their energy sector, reaching
12.1% (around 4800 million USD).
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Figure 3. R&D budgets for energy and environment protection in all R&D expenditures in 2014 (by country); in % of total
R&D expenditures, and also in million USD in purchasing power parity (PPP). Source: The Organization for Economic
Cooperation and Development (OECD) (2017) [74].

Energy security and energy efficiency goals at a national level are determined by the
strategic interest of a country [84]. Thus, countries adopt various protectionist policies
to support R&D in the energy sector aiming to achieve their goals [85,86]. They typically
come up with criteria and rank them according to their importance. Such policies set a
powerful impetus for innovative modernization of national economies [87], and as a result,
support global competitiveness.

5. Innovation in the Energy Sector in Russia

Russia has been successful in developing innovation strategies in the energy sec-
tor [88,89]. Additionally, the literature [90-92] explains the problems Russia faces with their
traditional short-term approach and somewhat simplified view of energy conservation
and energy efficiency which has been prevailing over the years. A long-term focus has not
been developed. Scholarly analysis of the situation and investigation of the relationship
between energy efficiency and innovation in Russia is an area that has received limited
attention [92].

Similar to other countries, including the United States, where regional economies
are growing unevenly because of their internal policies, Russia’s regions have also been
focusing on economic growth. Decentralization of Russia’s economy calls for energy
efficiency research focused on regional investments [93-96]. The rationale behind regionally
focused energy efficiency policies is connected with the efficient use of fuel and energy
resources in enhancing the competitiveness of regional industries [30]. This helps to reduce
the cost of production and disruption of energy market instability. In addition, it leads
to company internal innovations and improved competitiveness [97]. While it is well
researched at the level of a company or a state [98,99] it has not yet been investigated at a
regional economy level.

6. Measures and Methods.

Our goal was to test the relationship between energy efficiency and the level of
industrial innovation across regions of Russia. In order to test that relationship, we utilized
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2014 data from 83 regions of the Russian Federation. Our measures consisted of two groups
of indicators that reflect energy efficiency levels and regional innovation levels.

6.1. Energy Efficiency Indicators

The energy efficiency indicators were calculated based on a ranking of the energy
efficiency of companies by regions. These data were acquired through an independent
media source, International Services Group Interfax [100]. Energy efficiency is calculated
by dividing the energy cost used to produce a product or service by the total costs of
its production, including the costs of environmental impact. The total environmental
impact is composed of six elements, including the amount of water used, the discharge
of contaminated sewage, the emission of pollution into the atmosphere by polluting
technologies and cars, the waste (of the 14 levels of danger) and the use of land [100].

We calculated the average value of the energy efficiency of the entire sample in order
to use as a base level for comparisons. We use that average as 100% in order to calculate
regional energy efficiency values. Regional energy efficiency was calculated as an average
of the data reported by industrial enterprises in each region. Each value for regional
energy efficiency is then represented as a percentage of the average value of the entire
sample in order to arrive at a ranking. In other words, if the energy efficiency in a region is
twice as high as the sample average, it was recorded at a 200% level. Similarly, if energy
efficiency in a region is half of the entire sample/country average, it was recorded at the
level of 50%. This approach enabled us to compare indicators for regions with different
socio-economic situations.

We used the Interfax [100] ranking for assessing regional energy efficiency instead of
traditional indicators, such as energy intensity of Gross Regional Product (GRP), or energy
intensity of labor, etc., for two reasons. First, the Interfax ranking is based on industrial
enterprise data and does not include the other sectors of each regional economy that
actually have little to do with introducing industrial innovations. Secondly, the “Interfax”
ranking reflects changes in efficiency of production, while, for example, the energy intensity
of GRP depends on the existing composition of the region’s industries [101,102].

6.2. Innovation Indicators

For our second group of indicators we utilized open statistics collected and published
by the Russian Federal Services of Statistics. These indicators include regional innovation
statistics at all three main stages of an innovation life cycle. Those stages include R&D,
introduction of innovation and innovation commercialization. For the R&D stage, a share
of regional expenditures on R&D in the Gross Regional Product (GRP) is used as the first
indicator (Y1). Regional R&Ds include all the research and development costs, including
equipment costs, salaries, etc.

The share of enterprises/companies that undertook technological and organizational
innovations in the reporting year of the total number of organizations surveyed was our
second indicator representing the introduction of innovation stage (Y2). In this research,
we used the open data of the Russian Federal State Agency Russian Export Center [98] on
high-tech exports (it does not include raw materials and energy) to calculate the following;:

Ki o
Y2 = %o 100% 1)
where Ki-number of organizations with innovative activities (marketing, technological,
organizational innovations and others listed in the OECD guidelines [103,104]; Ko—the
number of companies reported on survey to the Russian Federal Services of Statistics.

Finally, at the commercialization stage, the share of high-tech and knowledge intensive

industries in GRP was our third indicator (Y3).

GVA

Y3 = GRp

«100% @)



Sustainability 2021, 13, 4810

8 of 19

where GVA-A gross value-added product of all high-tech activities in a selected region (in
current prices), and GRP is a gross regional product of that region.

We used the data of all three phases of innovation activities: research and devel-
opment, implementation and commercialization. The reason for the detailed analysis
here is to show the relationship between energy efficiency and all these abovementioned
phases as an addition to some authors that underline the existence of a connection be-
tween energy efficiency and the final result of the innovation process, as it was done by
Galeotti et al. [105] for ecological innovations, Irandoust [106] for technology-based inno-
vations and Caramizaru et al. [107] for social innovations. The data for innovation and
energy efficiency of regional economies in 2014 for two major Federal districts, Central and
Volga region, are presented in Table 1. These Federal districts are formally composed of a
number of territorially large (some comparable in area to the areas of European countries)
and economically independent regions with significant autonomy in adoption of economic
policies, like Tatarstan, for example, which has its own internal Parliament and President.
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Table 1. Innovation and energy efficiency: initial 2014 data for Central and Volga-region Federal districts of Russian Federation.

Federal Districts

Russian Regions

Energy-Resource Efficiency
According to Interfax in

Share of Internal Costs for
Research and Development

Innovative Activity of Organizations,
% of Total Number of Organizations

Share of High-Tech and
High-Tech Industries in

2015, % in GRP, % Surveyed GRP, %
Belgorod Region 1119 0.29 12.7 10.4
Bryansk Region 100.5 0.17 7.7 20.3
Vladimir Region 121.2 1.11 11.2 27.2
Voronezh Region 107.2 0.90 11.0 18.3
Ivanovo Region 121.0 0.43 44 22.1
Kaluga Region 106.6 3.17 10.9 35.8
Kostroma Region 121.3 0.06 8.2 17.1
Kursk Region 111.3 1.17 7.3 18.3
L Lipetsk Region 105.8 0.07 20.0 11.6
Central Federal district Mancow Reggion 1233 3.84 8.0 23.7
Orel Region 116.8 0.22 9.6 18.8
Ryazan Region 112.1 0.50 12.7 221
Smolensk Region 93.1 0.45 7.3 21.5
Tambov Region 94.9 0.83 9.6 15.9
Tver Region 102.7 1.35 79 21.0
Tula Region 1222 0.76 129 36.7
Yaroslavl Region 100.20 1.40 8.7 24.3
Moscow 112.6 2.33 19.7 19.2
Republic of Bashkortostan 101.0 0.66 9.1 20.4
Republic of Mari El 108.9 0.10 8.3 242
Republic of Mordovia 103.4 0.57 16.6 21.1
Republic of Tatarstan 116.7 0.73 20.5 19.2
Udmurtian Republic 111.7 0.23 10.2 23.8
Chechen Republic 111.7 0.65 24.0 28.3
Volga-region Federal Perm Territory 95.1 1.21 10.5 29.1
District Kirov Region 100.7 0.54 9.8 28.4
Nizhny Novgorod Region 1324 5.75 135 29.3
Orenburg Region 93.3 0.08 10.8 11.8
Penza Region 1124 1.18 14.7 23.0
Samara Region 105.3 1.27 5.0 26.2
Saratov Region 95.5 0.59 6.3 23.0
Ulyanovsk Region 116.0 3.15 52 30.0

Sources: Federal State Statistic Service, Russian Federation, (2017) [108]; Interfax, (2017) [100].
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Correlation analysis was used to examine possible relationships between the two
groups of indicators. Correlation analysis is widely used in econometric research for
innovations and energy efficiency [109-111]. The limitation of this method is the inability
to confirm the causality of relationships of variables as it is done in Garnger causality tests
(as it is done in Narayan and Smyth [112] for electricity consumption), and also inability to
reach the quality of fixed effect model or random effect model [113]. Although important
limitations exist, they are not diminishing the value of finding out the relationship between
energy efficiency, their direct and reverse influence over each other which is our goal in the
current paper. We would use Garnger test and fixed and random effect models in our other
works to better understand the depth and specifics of these relationship.

Figure 4 shows the results for energy efficiency (X) and innovation related indicators
(Y1,Y2,and Y3).
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Figure 4. Correlation for energy efficiency and innovation X—energy-resource efficiency according to Interfax, %; Y1-share
of domestic expenditures on R&D in GRP, %; Y2-innovative activity of organizations,%; Y3-the share of high-tech and
knowledge-intensive industries in GRP, %. Source: Interfax (2017) [100].

Based on the analysis of the above graph, we expect a linear relationship between
indicators. Next, least squares analysis was used to estimate regression parameters. The
resulting multiple regression equations reflecting the general trend in the behavior of the
variables are presented in Table 2.

Table 2. Regression equations and their main indicators.

Regression Equation (Cjorrel'ajcion Signif'ic‘ance of Correlation Coefﬁ'ci'ent of
oefficient Coefficient, t-test; o = 0.05 Elasticity, E
Y1=0.03X - 1.7 0.438 Significant 3.08
Y2 =0.13X — 4.28 0.502 Significant 1.48
Y3 =0.11X + 8.66 0.309 Significant 0.57

The obtained correlation coefficients between X and Y1, Y2, and Y3 are, respectively,
0.438, 0.502 and 0.309, which, according to the Chaddock scale, denotes the average rela-
tionship between indicators. According to the Student’s t-criterion at o« = 0.05 significance
level, the relationship between the effective traits and the factor trait X is significant, and the
corresponding coefficient is statistically significant. Because heteroscedasticity of random
errors leads to incorrect estimates in least square analysis, a heteroscedasticity test was
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performed. Using the Spearman [114] rank correlation test, the hypothesis of the absence
of heteroscedasticity for each of the regression equations was supported.

As a result of the analysis, the average tightness of the relationship between energy
efficiency and innovation performance was determined. The results indicate support
for the general hypothesis that there is a relationship between energy efficiency and
innovativeness. This is in agreement with the literature based on Russian data [115], as
well as similar empirical studies in other countries [27,116]. Notably, the absence of high
tightness values in our measures can be interpreted in a number of ways. First, energy-
saving and energy efficiency policies are typically planned and implemented separately
with no connection to policies supporting regional innovations [117]. Second, energy saving
and energy efficiency policies in Russia traditionally are focused primarily on residential
housing services, state-owned companies, state educational institutions and, etc., paying
less attention to regional private industrial enterprises [118]. Third, Russian regions use
different policies for motivating regional enterprise efforts in innovation development [119].
The obtained results confirm the relationship between energy efficiency and innovative
developments for Russian regions. As mentioned, correlation analysis has some limitations,
but they are not impacting our current objective which is to establish a relationship between
energy efficiency and innovation. The traditional approach is in focusing on the effect
of innovation on energy efficiency, while we are investigating the reverse relationship.
Correlation analysis is used to confirm statistically that the reverse relationship exists.

7. The Role of Energy Efficiency in Socio-Economic Development of Russian Regions

We also sought to test whether energy efficiency contributes positively to the socio-
economic development of a region. In order to test that we used increased export and
Foreign Direct Investments (FDI) as indicators of a higher level of socio-economic develop-
ment of a region [120,121].

A regional export indicator (export commodity structure) was used as a dependent
variable. In this research, we used the open access data of the Russian State Agency
“Russian Export Center” on the high-tech exports (it does not include raw materials
and energy).

Energy efficiency was used as the independent variable based again on the ranking of
energy-resource efficiency by the Interfax news agency.

We selected portions of the data set of 83 Russian regions to create two groups. The first
group is composed of the 10 regions with the highest energy efficiency (energy efficiency
index 1.2 and higher). The second group is composed of the 10 regions with the lowest
energy efficiency (index of 0.8 or lower). This coefficient is calculated as energy efficiency
divided by the overall average for the data set. This measure is presented in Table 3.

We used ANOVA to detect the influence of energy efficiency on the dependent variable
of export activity. In the analysis, the degree of influence for the factor of energy efficiency
on regions within the sample was determined by comparing the variances of two groups:
those with the presence of the factor (high energy efficient regions) and those without this
factor (low energy efficient regions). The resulting F-values (Table 4) indicate a significant
effect of energy efficiency on regional exports (with energy-resource exports being excluded
from the sample). Additionally, the mutual influence between energy efficiency and
innovation development has a secondary effect on socio-economic development of Russian
regions, including, their exporting activities.
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Table 3. Baseline data for 2014 for regions with high and low energy efficiency.

Energy-Resource Efficiency According Upper Redistribution of Non-Primary

to Interfax [46] in 2015, % Non-Energy Exports, Billion USD
Regions with Low Energy Efficiency

Republic of Kalmykia 48.5 0
Republic of Adygeya 68.3 0.01
Primorye Territory 69.6 0.05

Chechen Republic 729 0
Arkhangelsk Region 74.2 0.21

Amur Region 74.4 0
Khabarovsk Territory 771 0.03
Sakhalin Region 78.2 0.16

Jewish Autonomous Region 78.8 0
Republic of North Ossetia—Alania 78.8 0.01

Regions with High Energy Efficiency

Chukotka Autonomous Area 120.1 0
Ivanovo Region 121.0 0.11
Vladimir Region 121.2 0.82
Kostroma Region 121.3 0.12
Tula Region 122.2 15
Moscow Region 123.3 3.87
Republic of Sakha (Yakutia) 130.4 0.32
Nizhny Novgorod Region 1324 1.13
St. Petersburg 1329 3.41
Tyumen Region 133.8 0.25

Sources: Federal State Statistic Service, Russian Federation, (2017) [108]; Interfax, (2017) [100].

Table 4. Results of ANOVA analysis.

Dispersion Dispersion lethln Groups Total Variance F P Fer
Dependent Variable between Groups (Residual)
SS df MS SS df MS
The upper limit of non-primary 6.11 1 611 17.75 18 098 2386 620 0022 441

non-energy exports, billion USD

The reverse influence of energy efficiency on innovation in purpose of the increase of
regional exports of high-tech industries could be described as following. High-tech enter-
prises establish higher standards and requirements for energy supply for high-tech indus-
tries, digital systems and precision production [122-124]. Given sharp international compe-
tition, such companies require the same energy efficiency level as foreign rivals [125,126].
Thus, regional policies could support innovation and exporting by stimulating energy effi-
ciency in the region. However, energy efficiency supports exports of high-tech industries
in limited conditions. First, it is true for economically well-developed regions with a signif-
icant share of industries producing high-tech goods. They would have strict requirements
for energy infrastructure. Second, the impact of energy efficiency on high-tech exports is
possible only if high-tech enterprises in the region already export their products and feel
the competitive pressure of international markets. In such conditions, high-tech enterprises
become directly interested in regional mechanisms supporting energy efficiency. In turn,
for regional authorities, this opens up opportunities for improving their regional economy;,
and investing in development activities.

8. Regional Policies Supporting Innovation in Energy Efficiency and Energy Saving

The study resulted in several important findings: energy efficiency impacts innovation
in the region; innovation affects energy efficiency. The upward spiral relationship between
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energy efficiency and innovation was found. Mutually impactful energy efficiency and
innovation influence regional economic development and support the development of
exports. Thus, there are the following insights for regional policies. First, regional policies
could focus on innovative technologies requiring high quality and reliable sources of energy
supply. Second, regions could introduce requirements for disclosing energy efficiency levels
for every industry product item. Third, regions could support piloting cooperative projects
introducing new technologies. Finally, regions could support innovation in the area of
energy saving.

We developed a 3 x 4 matrix made of possible components that could be included
in the above policies (Table 5). For the three rows, we used activities on a regional level,
industry level and society in general. The columns include political, economic, social
and technological level policy components. The matrix does not include region specific
conditions and has to be adjusted by each region’s administration accordingly. The energy
efficiency /innovation matrix could be used as a tool for designing regional programs and
strategies supporting energy saving and efficient technologies and industries, as well as
innovations in the region.

Like many countries, Russia adopted the European Union’s ban on the use of incan-
descent lights which fueled the introduction of LED lights, and helped in saving energy.
Other examples of energy efficient policies include long-term agreements to reduce the
consumption of fuel and energy resources and the introduction of a white certificate mech-
anism that supports the implementation of technological innovations in the energy sector;
promoting the use of electric and hybrid vehicles; focus on environmental responsibility
and energy efficiency standards, such as forest and maritime certifications, green house
building standards, etc. Thus policies, could both stimulate energy efficiency and also led
to innovations in housing, forestry and other business areas. All Russia’s regions adopted
such policies and share best practices. The comparative analysis of these policies” outputs
in the energy efficiency and innovation both on country’s and international level is our
future focus.
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Table 5. The matrix of major directions in implementing energy efficiency innovations.

Political Factors Economic Factors

Organizational Level

Commercialization of energy efficient

Social Factors

Technological Factors

Regional Level (Regional

Participating in the announced state

technologies and innovations
programs

Monitoring of energy efficiency and
energy costs at corporate level

Implementing industry best practices
Announcing regional programs for

energy efficiency and innovative

Developing of a positive image of a
benchmarking company through

marketing /advertising campaigns
in media (including social media)

Using the energy saving/efficiency
criteria for adopting designs and
innovative technologies

Powers)

Industry Level (Federal
Ministries)

Supporting the companies implementing
energy saving/efficient innovations
(regional tax policy, grants, etc.)

development
Coordination regional companies

Announcing industry programs for

Developing of a positive image of a
region through
marketing/advertising campaigns
in media (including social media)

Promoting best practices in energy

saving/efficiency through regional

shows and exhibitions focused on
technology innovations

Organizing and sponsoring of industry
wide exhibitions; incentivizing sharing
best practices at industry level

energy efficient innovations
Coordination industry companies

Developing of a positive image of
an industry as a whole through
marketing/advertising campaigns
in media (including social media)

Promoting industry wide
knowledge transfer and

commercialization of best practices

The indicator is calculated as net imports divided by the sum of gross inland energy consumption plus bunkers. Sources: Eurostat (2017) [73]; International Energy Agency (2017) [127,128].
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9. Conclusions and Limitations

The study supports the conclusion that energy efficiency impacts innovative develop-
ment in regional economies. The revealed effect of the mutual influence of energy efficiency
and innovation is significant and statistically stable. It supports regional economic devel-
opment, including exporting.

The theoretical significance of these results is not limited only to the regional economy.
It expands the understanding of the role of energy efficiency in the development of the
competitiveness of national economies, specifically important for emerging and developing
markets. Due to limited energy sources the role of energy efficiency in regional and
national competitiveness would increase. Countries and regions could develop strategies
supporting the rational use of energy resources, reducing industrial waste and reducing
negative impact on the environment. Based on our findings of the mutual impact of energy
efficiency and innovation, the above strategies could be assessed by both level of energy
saving/efficiency and share of innovative products ready for commercialization. Thus,
while started at the regional level of a particular country, this approach could provide a
background for further research of energy efficiency and innovation in a cross-country
setting, and also could lead to recommendations for national policy makers.

The limitations of this study (the data collected within one, although very large,
country) are also opening some future opportunities for us in testing our findings on
other countries. As we discussed the limitations of econometric methods that we used
for the purpose of this research, we pointed out that other methods will be used for
in depth research for the purpose of comparative analysis across regions. We believe
that practitioners and policy makers, as mentioned above, would be able to use our
approach to grow regional economies. We see the opportunity for future sustainability
research based on our research. We consider the relationship between energy efficiency
and innovation to be able to develop in a spiral process: “innovation—energy efficiency—
innovation—energy efficiency”. The already confirmed strong influence of innovation on
energy efficiency [110,129,130] was enriched by our findings of an existence of a reverse
relationship. Therefore, strategic actions, which support innovations would lead to a higher
level of energy efficiency, which in turn could lead again to innovations at the regional
level. This logic for sustainable development of regional economics could be used by
emerging economies.
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