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Abstract. Moving towards “green” economy is currently a priority direction for the development of many
countries, including Russia. One of the key aspects of the concept of green economy is achieving
decoupling or misalignment of economic growth rates, resource consumption and negative environmental
impact. The purpose of the article is to analyze the decoupling of negative environmental impact and
resource consumption in economic activity in border regions of the Russian East and the entities of the
Baikal region with cross-border economic relations with China. The research novelty lies in identifying the
possible impact of cross-border position on environmental and economic development of the areas under
review. Long-term experience of cooperation with the neighboring state demonstrates that prospects are
followed by environmental problems since the economy of Siberian and Far Eastern regions is consistently
focused on raw materials. The decoupling coefficient is calculated to identify the misalignment between
economic growth rates and environmental pollution. The use of natural values as an economic result in
calculations distinguishes this study from similar works focusing mainly on analyazing cost indicators.
The results of eco-economic analysis show that in regions of cross-border cooperation, decoupling is
manifested in discharge of contaminated wastewater. Decoupling was also revealed in most cases due to
the negative impact on the atmosphere. However, economic development in some regions is accompanied
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by increasing air pollution, which is most evident when considering the situation in terms of most common

pollutants and main economic activities. It has been established that rapid development of cross-border

relations with China does not significantly change the situation in the Eastern regions. Further research

prospects are related to detailed study of the aspects of eco-economic development of basic industries in

Russia and the regions of cross-border cooperation.

Key words: economic development, negative environmental impact, natural resources, environmental

capacity, decoupling, regions of cross-border cooperation.

Introduction

Currently, the need and possible ways to
shift towards “green” economy, which is aimed
at improving people’s welfare and quality of life,
as well as reducing risks to the environment and
its degradation [1, p. 1], is widely discussed in
works of Russian and foreign researchers [2—
8, etc.]. One of the key aspects of the concept
of “green” economy is achieving the effect
of decoupling, which is the misalignment
of economic growth rates, on the one hand,
and resource consumption and negative
environmental impact, on the other hand [9, p.
62]. There are two types of decoupling: resource
decoupling and impact decoupling [10, p. 4].
Resource decoupling involves reducing the
consumption of primary resources (energy,
water, minerals, etc.) per unit of economic
result. In this case, we are talking about the
“dematerialization” of economy and improving
efficient use of resources in production of
economic benefits. Impact decoupling implies
an increase in production volume while
reducing the environmental burden (pollutant
emissions into the atmosphere, wastewater
discharge, waste generation, etc.).

A large number of research works are
devoted to studying the decoupling effect. Some
of them focus on analyzing the relations
between economic growth and degree of
environmental pollution at the national
level [11, 12]. The works by Russian authors
pay much attention to the study of trends in
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economic development, resource consumption
and environmental pollution at the level of
federal districts [3], regions, and separate
industries [13—16].

The purpose of the article is to analyze the
effects of decoupling of the negative
environmental impact and resource
consumption in economic activity of
border regions of the Russian East and the
entities of the Baikal region with cross-
border economic relations with China. For
many of them, the problem of the impact of
economic development on the environment
and public health is particularly relevant since
the total environmental load in these areas
(for example, per capita or unit of economic
result) significantly exceeds the average
Russian level [17]. The current form of cross-
border relations with the neighboring state,
within the framework of which projects are
implemented in Eastern regions mainly in
mineral extraction and processing, together
with the prospects poses certain threats [18].
The proximity to China and its interest in
importing fuel and energy, mineral and forest
resources for own production ensure the
focus of economies of most Eastern regions-
participants in cross-border cooperation on
resources. The predominant development of the
primary sector of the economy, characterized
by a low degree of mineral processing does
not ensure an increase in population’s welfare
corresponding to economic growth. Moreover,
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there are cases when Chinese companies do
not fulfill the terms of license agreements. For
example, LuNeng Mining Group' engaged in
iron ore extraction at the Berezovsky Deposit
in Zabaykalsky Krai have repeatedly pushed the
deadline for constructing a mining processing
plant. Currently, open-cast ore is exported to
China, while Russian citizens hired for this
purpose receive monetary remuneration in the
territory of the neighboring state. Thus, China
has greater benefit from this cooperation while
the positive effects from implementing joint
projects for the border territory of Russia are
not so obvious.
Research methods and sources of information
Decoupling can be interpreted in terms
of indicators of environmental capacity [9].
They reflect the degree of natural resource
consumption (for example, energy intensity,
water capacity, etc.) and pollution (eco-
intensity) per unit of economic output, which
is most often used as the main measure of
level of economic development — GDP (at the
regional level — GRP). The concept of impact
decoupling is directly related to eco-intensity,
which is studied in a large number of works by
Russian and foreign researchers [19—-21, etc.].
In order to identify the misalignment between
economic growth rates and environmental
pollution, the decoupling coefficient is used,
which is calculated according to Formula (1)
[12]:
E
t /Yt

" E
O/Y()

D=1 , (1)

' Head of the Nerchinsko-Zavodskoy district demands
that “Luneng” is revoked of the license. Available at: https://
www.chita.ru/news/89339/ (accessed: 01.10.2018); Chinese
company which refused to construct a mineral processing
plant keeps its iron mining license. Available at: https://www.
chita.ru/news/110850/ (accessed: 01.10.2018).
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where E,and E, — indicators characterizing
the negative environmental impact in the
reference and current period; Y, and Y, —
indicators characterizing the economic result in
the reference and current periods, respectively.

The D, coefficient shows the change in eco-
intensity (£ / Y) relative to the beginning of the
study period. Its negative value indicates the
absence of decoupling. The positive value of
D, indicates contrasting trends in economic
development and anthropogenic impact:
the increase in value added is accompanied
by a decrease in environmental load on
the environment. It is noteworthy that this
condition is weaker than the criterion used
in the model of P. Victor [6] for assessing the
performance of eco-economic development
from the perspective of the concept of “green”
growth. However, the decoupling rates of
economic development and environmental
pollution indicate to shift towards “green”
economy [18, 22].

The resource management efficiency in the
process of creating economic benefits can be
assessed through one of private indicators of
environmental intensity — energy intensity, i.e.
energy costs per unit of final product [23]. The
indicator is calculated according to Formula

Q):
(2)

where V' — energy resources consumed in
production process; Q — output (can be expres-
sed both in natural and in cost form).

The present paper uses the following official
data of the Federal State Statistics Service,
Territorial unit of the Federal State Statistics
Service in Zabaikalsky Krai, PAO Territo-
rial’naya generiruyushchaya kompaniya
no. 14 (PAO TGK-14), AO Inter RAO —
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Elektrogeneratsiya, branch of AO SO UES
Trans-Baikal regional dispatching department
(RDD) (values are reduced to comparable
form):

— Gross Regional Product (GRP);

— contribution of main economic activities
(MEA) to GRP;

— pollutant emissions from stationary
sources;

— polluted wastewater discharges;

— produced electric and thermal energy
(kWh) and energy resources consumed by
generation facilities (coal, fuel oil and electric
energy in terms of conventional fuel using
appropriate coefficients?) in the model region
(Zabaikalsky Krai).

The time frame of the research is determined
by the availability of statistics on economic
activities, which are presented for the period
from 2005 to 2016. Two time intervals were
covered:

1) 2005—2016 — to identify the decoupling
in Russia and the regions of cross-border
cooperation with China;

2) 2009—-2016 — to assess the possible
impact of the border position on the eco-
economic development of the Eastern regions.

The assessment of energy intensity of
electric and thermal energy generation in
Zabaikalsky Krai was carried out for the period
from 2009 to 2017.

Research results and their analysis

Impact decoupling. The analysis of the
impact of economic activities on the
environment in regions of cross-border coo-
peration shows that the situation cannot be
characterized as quite good. During 2005—

2 Methodological provisions to calculate the fuel and
energy balance of Russia according to the international
practice. Available at: http://sro150.ru/images/docs/postanov-
lenie_goskomstat_19990623_N46.pdf (accessed: 16.03.2018).
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2016, pollutant emissions from stationary
sources in the Amur and Irkutsk oblasts and
the Republic of Buryatia increased. The
formation of such type of environmental load
in Eastern regions is provided by thermal power
plants operating mainly on solid fuel. Despite
the fact that the main volume of electric
energy in the Irkutsk Oblast is generated at a
relatively atmosphere-friendly water power
plant of Angarskii cascade, the share of power
generation accounts for more than 40% of total
pollutant emissions from stationary sources>.
Figure I presents per capita indicators of
environmental load in Russia and Eastern
regions. In some of them, especially in the
Irkutsk Oblast, the average Russian values for
certain types of negative impact are significantly
exceeded. Moreover, during the period under
review in the Jewish Autonomous Oblast, the
Republic of Buryatia, the Amur and Irkutsk
oblasts there was an increase in total pollution.
To identify decoupling in the development
of national and regional economies we cal-
culated D, coefficient. In all Russian regions,
misalignment of trends in economic deve-
lopment and environmental pollution is
manifested in relation to the discharge of
contaminated wastewater (7ab. I). In the
period from 2005 to 2016, the D, coefficient
is positive, the value varies from 0.17 (Jewish
Autonomous Oblast) to 0.70 (Zabaikalsky
Krai). However, it is noteworthy that the
relatively favorable situation in many regions
may be explained by an insufficiently high
quality of monitoring wastewater discharges
into water bodies, rather than a really reduced
negative impact. For example, in Zabaikalsky
Krai cases of violations of environmental

3 Environment protection in the Irkutsk Oblast in 2016:
state report. Irkutsk: Megaprint, 2017. 274 p.
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Figure 1. Per capita indicators of environmental load in Russia and regions
of cross-border cooperation with China
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Calculated according to: Russian regions. Socio-economic indicators. Available at: http://www.gks.ru/wps/wem/connect/
rosstat_main/rosstat/ru/statistics/publications/catalog/doc_1138623506156 (accessed: 14.06.2018).

Table 1. Impact decoupling coefficient (Dt) in regions of cross-border cooperation with China and Russia

Pollutant Emissions of most common pollutants from stationary sources
Contaminated | emissions Hydrocarbons,
wastewater from Sulphur . Nitrogen . including
discharge stationary dioxide Garbon oxide oxide Solid waste | | -tile organic
) sources compounds
Region/country
© [{e] [{=] (=] (=] © (=] (=] o © © © [{e] ©
S| R 8| 2| || 8| 8| & 8| % |&%8|8%
=] =] =) =) =) =) =) =) =) =) =] =] =] =)
s s S S S S S S s s s s s s
Yo} D Tp] [o2] 0 [*2] e [*2] Yo} [=2] Yo} D [Yp] [*2]
o o o o o o o o o o o o o o
o o o o o o o o o o o o o o
N N N N N N N N N N N N N N
Amur Oblast 0.39 | 0.15 | -0.07 | -0.11 | 0.21 | -0.03 | -0.07 | -0.01 | -0.87 | -0.69 | 0.10 | -0.07 | -5.07 | -2.52
‘(’)ivlva':th Autonomous |, 17 | 02| 043 | -001 | 042 | 015 | 028 | -0.05 | 059 | -008 | 0.49 | 0.01 | 0.38 |-0.002
Zabaikalsky Krai 0.70 | 067 | 0.36 | 020 | 0.12 | 017 | 0.41 | 018 | 0.35 | 0.26 | 0.46 | 0.25 | 0.12 | 0.18
Irkutsk Oblast 0.63 | 040 | 0.25 | 0.15 | 0.18 | 0.13 |-0.003 | -0.09 | 0.002 | 0.22 | 0.56 | 0.36 | 0.61 | 0.32
Primorsky Krai 0.39 | 0.23 | 045 | 0.23 | 0.59 | 0.33 | 0.40 | 0.10 | 0.31 | 0.18 | 045 | 0.32 | -1.77 | -1.42
Altai Republic 0.39 | -0.16 | 0.60 | 0.38 | 0.58 | 0.38 | 0.61 | 0.33 | 0.53 | 0.13 | 0.64 | 0.46 - -
Republic of Buryatia | 0.44 | 0.15 | 0.02 | 0.01 | -0.22 | -010 | 0.17 |-0.004|-0.09 | 0.11 | 0.18 | 0.15 | -4.08 | -3.52
Khabarovsk Krai 0.33 | 020 | 0.34 | 0.11 | 046 | 0.30 | 0.07 | -0.04 | 0.15 | -0.05 | 0.57 | 0.37 | -0.59 | -0.59
Russia 0.38 | 021 | 0.37 | 022 | 0.36 | 0.22 | 0.44 | 024 | 0.18 | 0.10 | 0.54 | 0.37 | 0.23 | 0.18

Compiled from: MNational accounts.

23.05.2018).

Available at: http://www.gks.ru/wps/wem/connect/rosstat_main/rosstat/ru/statistics/accounts/#
(accessed: 23.05.2018); Environmental protection in Russia. Available at: http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/
ru/statistics/publications/catalog/doc_1139919459344 (accessed: 24.05.2018). Main indicators of environmental protection. Available
at: http: //www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/publications/catalog/doc_1140094699578 (accessed:
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legislation are regularly recorded: illegal
discharge of untreated wastewater by resource
users* takes place. Moreover, many operating
treatment facilities are almost dilapidated and
do not ensure proper quality of wastewater
treatment®.

There is no decoupling regarding emissions
from stationary sources in some regions (the
Republic of Buryatia, the Amur and Irkutsk
oblasts, Primorsky and Khabarovsk krais). This
is most obvious when analyzing the situation
in the context of most common pollutants.
During the period of active development of
cross-border relations with China (2009—
2016) in some regions, the D, coefficient takes
negative values. This indicates that economic
development is accompanied by intensified air
pollution. In the Jewish Autonomous Oblast
such a situation is observed in terms of total
pollutant emissions, emissions of carbon
monoxide, nitrogen oxides, and hydrocarbons.

The prospects for socio-economic deve-
lopment of Eastern territories are mainly
associated with the expansion of mining, fuel
and logging, and a significant part of the
Russian-Chinese projects planned and already
being implemented in Russian regions is
focused primarily on the extraction and primary
processing of mineral resources [18, 24]. Thus,
an important aspect of the present research
is the analysis of eco-economic development

4 Housing and communal services in Zabaikalsky Krai
illegally dumped sewage into the settlement lake. Available at:
https://www.chita.ru/news/115752/ (accessed: 27.06.2018);
Environmental Prosecutor revealed cases of millions of cubic
meters of contaminated water dumped into the River Khilok
in Zabaikalsky Krai. Available at: https://baikalproc.ru/v-
zabajkalskom-krae-prirodoohrannyj-prokuror-vskryl-fakty-
sbrosa-millionov-kubometrov-zagryaznyonnyh-stokov-v-r-
hilok/ (accessed: 27.06.2018).

5 Environmental Prosecutor’s Office demand in court that
new sewage treatment facilities are constructed on the Selenga
River. Available at: http://snews.ru/news/prirodoohrannaya-
prokuratura-cherez-sud-potrebovala-postroit-novye-
ochistnye-sooruzheniya-na (accessed: 27.06.2018).
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of the following economic activities: mineral
extraction (Section C of the all-Russian MEA
classifier operating in the study period),
processing (Section D) and production and
distribution of electric energy, gas and water
(Section E). The results were visualized
through a box plot [12], which demonstrates
the distribution of the decoupling coefficient by
analyzed MEA among the regions under review
(Fig. 2). This type of data representation shows
several values at the same time: the first and
third quartiles (the lower and upper surface
of the rectangle separated by 25 and 75% of
the sample), the median (a marker inside the
rectangle), the minimum and maximum values,
and outliers (separate points that stand out from
the total sample).

In terms of the negative impact on the
atmosphere in most Eastern regions decoup-
ling is recorded in the development of all three
types of economic activities. In 2005—2016,
the median value in all cases is over zero (see
Fig. 2a). This suggests that at least 50% of all
test values are positive.

However, it does not exist in some entities.
For example, the minimum value of the D,
coefficient in mining — in the Jewish Autono-
mous Oblast (D =-2.41), where the contribution
of Mining in the region’s gross value added in
recent years has steadily increased. In 2017,
industrial production index in mining grew
4.7 times compared to 2016°. This is explained
by higher iron ore concentrate output due
to the operationalization of the Kimkano-
Sutarskii mining and processing plant, whose
construction was among key projects of the

¢ Information of the results of monitoring study of
forecasts of the socio-economic development in the Jewish
Atonomous Oblast for 2017. Available at: http://www.eao.
ru/o-eao/sotsialno-ekonomicheskoe-razvitie-eao-/prognoz-
sotsialno-ekonomicheskogo-razvitiya/ (accessed: 04.07.2018).

Economic and Social Changes: Facts, Trends, Forecast
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Figure 2. Impact decoupling coefficient (D) distribution among regions of cross-border
cooperation: pollutant emissions from stationary sources
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Compiled from: National accounts. Available at: http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/
accounts/# (accessed: 23.05.2018); Environmental protection in Russia. Available at: http://www.gks.ru/wps/wcm/connect/
rosstat_main/rosstat/ru/statistics/publications/catalog/doc_1139919459344 (accessed: 24.05.2018). Main indicators of
environmental protection. Available at: http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/publications/

catalog/doc_1140094699578 (accessed: 23.05.2018).

Cross-Border Cooperation Program’. Now
this enterprise is one of the main sources
of atmospheric pollutants in the Jewish
Autonomous Oblast®. In another border region
— the Amur Oblast — the misalignment of
economic growth and negative impact on the
atmosphere has not been revealed in all sectors,
while rapid development of border relations
with the dynamically developing China does not
change the situation. The value of decoupling
coefficient is negative for all MEA (7ab. 2).

7 Cooperation program between the regions of the Far East
and Eastern Siberia of Russia and North-East China (2009—
2018). Available at: http://www.chinaruslaw.com/RU/CnRuT
reaty/004/201035210624_735729.htm (accessed: 24.05.2018).

8 Sustainable development. 2016: annual report. Petro-
pavlovsk—Chernaya Metallurgiya Group. Available at: http://
www.petropavlovsk-io.ru/netcat_files/userfiles/1/Godovoy_
otchet GK_PChM_2016.pdf (accessed: 04.07.2018).
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Data in Table 2 suggest that the eco-
economic development of processing industries
in some regions was characterized by lack of
decoupling (Zabaikalsky Kai, the Amur Oblast,
republics of Altai and Buryatia). The minimum
D, value (indicated by a dot in Figure 2
because it stands out from all the values) is
marked in Zabaikalsky krai, where Processing
ensure a small contribution to gross value added
(2.8—4% in current prices). At the same time,
during the period of active development of the
Russian-Chinese relations, we observe a more
unfavorable situation: the value of the studied
indicator is significantly lower (D =-4.87) than
the value obtained for the time interval from
2005 to 2016 (D=-2.34). In recent years, this
region has preserved the downward trend in
production in processing industries (except
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Table 2. Impact decoupling coefficient (D,) in regions of ross-border cooperation
with China and Russia: pollutant emissions from stationary sources

. . Section E
. SeetonC Section D | “Production and distribution of
) Mineral extraction Processing : N
Region/country electric energy, gas and water
2005 and 2009 and 2005 and 2009 and 2005 and 2009 and

2016 2016 2016 2016 2016 2016
Amur Oblast -0.75 -0.65 -0.07 -0.38 -0.34 -0.09
Jewish Autonomous Oblast -2.41 0.14 0.43 0.00 0.82 0.35
Zabaikalsky Krai 0.91 0.86 -2.34 -4.87 0.05 0.35
Irkutsk Oblast 0.46 -0.14 0.20 0.27 0.25 0.18
Primorsky Krai -0.68 -0.98 0.46 0.41 0.29 0.23
Altai Republic - - -0.33 -1.61 0.75 0.38
Republic of Buryatia 0.57 0.30 0.13 -0.34 -0.54 0.30
Khabarovsk Krai 0.09 -0.13 0.27 0.10 0.18 0.17
Russia 0.33 0.14 0.38 0.31 0.23 0.19
Compiled from: National accounts. Available at: http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/accounts/#
(accessed: 23.05.2018); Environmental protection in Russia. Available at: http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/
ru/statistics/publications/catalog/doc_1139919459344 (accessed: 24.05.2018). Main indicators of environmental protection. Available
at: http://www.gks.ru/wps/wecm/connect/rosstat_main/rosstat/ru/statistics/publications/catalog/doc_1140094699578 (accessed:
23.05.2018).

for food processing and other industries)’.
At the same time, the negative impact on the
atmosphere produced by processing enterprises
has increased significantly over the period under
review: pollutant emissions increased more
than three times compared to 2005.

In regions of cross-border cooperation,
Production and distribution of electricity, gas
and water provides from 3.6% (Primorsky
Krai) to 7.3% (the Amur Oblast) of GRP'.
Production of heat and electricity, as well as
mineral extraction has a complex impact
on the environment. In the regions under
consideration, production of electric and
thermal energy is carried out mainly at coal

 Information of the results of monitoring study of
forecasts of the socio-economic development in Zabaikalsky
Krai for January—December, 2016. Available at: http://
MHWH3KOHOM.3abaliKalbCKUIKpaii.pd/action/monitoring-
socialno-ekonomicheskogo-polojeniya-/2016/ (accessed:
04.07.2018).

10" National accounts. Available at: http://www.gks.ru/wps/
wcm/connect/rosstat_main/rosstat/ru/statistics/accounts/#
(accessed: 23.05.2018)
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power plants whose emissions includes
pollutants such as solid particles (soot), sulfur
dioxide, nitrogen oxides and carbon monoxide.
Power engineering companies account for 46%
(Irkutsk Oblast) to 74% (Amur Oblast) of the
total atmospheric pollutants from stationary
sources''. The most noticeable increase in the
contribution of this industry to total pollution
compared to 2005 is recorded in the Amur
Oblast, Zabaikalsky Krai and the Republic
of Buryatia (for the considered time interval
in these regions, emissions from power
engineering enterprises increased by more than
1.3 times).

Analysis of data characterizing the eco-
economic development of electric engineering
helps conclude that there is no decoupling in
two regions: the Amur Oblast and the Republic

" Main indicators of environmental protection. Available at:
http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/
ru/statistics/publications/catalog/doc 1140094699578
(accessed: 23.05.2018).

Economic and Social Changes: Facts, Trends, Forecast
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Figure 3. Decoupling coefficient (D,) for Zabaikalsky Krai’s power
engineering: pollutant emissions from stationary sources
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Calculated according to: Statistical yearbook of Zabaikalsky Krai, 2011. Chita, 2011. 299 p; Zabaikalsky Krai-2016. Chita,

2017. 311 p.

of Buryatia (for 2005—2016). In other cases,
there is a separation of economic development
trends and air pollution. The highest D, values
are recorded in the Jewish Autonomous Oblast
and the Altai Republic, both with a significant
decrease in the environmental load during
the considered time interval. However, it is
noteworthy that the use of natural quantities
as an economic result (for example, an
indicator such as the amount of heat and
electricity generated, kWh) in calculations may
slightly change the resulting situation. This is
demonstrated by analysis of one of the border
regions —Zabaikalsky Krai (Fig. 3).

During 2005-2016, D, takes a negative value
(D=-0.52), which indicates the absence of
decoupling in the development of power
engineering in the region. Thus, the perfor-
mance of cost indicators is influenced by the
effect of rising tariffs for thermal and electric
energy.
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Resource decoupling. Achieving resource
decoupling, which implies reduced consum-
ption of primary resources per unit of economic
result, is a pressing challenge for further
development of Russia. The study of the nature
of economic development of Russian regions
shows that most of them develop due to natural
resource consumption [25]. To date, Russia’s
economy is recognized as one of the most
energy-intensive economies in the world [26].
Figure 4 reflects the performance of primary
energy consumption per unit of economic
output (GDP) in different countries.

There is a noticeable gap in this indicator
even between countries with similar climatic
conditions. Thus, in Sweden and Norway,
which, like Russia, belong to Northern
countries, energy consumption per dollar of
GDP at purchasing power parity is 1.7 and
2.2 times lower, respectively (according to
2014 data). In [26] it is noted that apart from
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Figure 4. Performance of indicator characterizing primary energy
consumption efficiency (energy intensity), 1990-2015
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Source: Energy intensity level of primary energy (MJ/$2011 PPP GDP). Available at: https://data.worldbank.org/indicator/

EG.EGY.PRIM.PP.KD (accessed: 26.03.2018).

climatic and geographical conditions, an
important factor contributing to high energy
intensity is the sectoral structure of economy.
Its peculiarity in Russia is the predominance of
heavy industries which require a great amount
of energy resources.

To assess energy resource consumption
efficiency in Russian regions we use “GRP
energy intensity” indicator. It is regularly
published by the Federal State Statistics Service
of Russia. Table 3 presents GRP energy intensity
in the regions of cross-border cooperation with
China. In most of them energy costs per unit of
value added are higher than in Russia as a whole.
However, it is noteworthy that the indicator
has shortcomings and does not fully reflect
the real situation. This is due to the peculiarities
of statistical accounting: the amounts of
consumed energy resources belongs to one
region, while part of GRP created in its
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territory — to another region due to business
identification according to its main location'?.
Moreover, a marked decrease in energy
intensity relative to the level of the previous
year was mainly due to GRP growth, which is
measured in current prices (i.e., the inflation
component is not taken into account). To assess
the performance of energy intensity it is more
reasonable to use the “Consumption of fuel and
energy resources per one employed in economy”
indicator. During 2012—20135, its value in Russia
did not actually change (13 tons of oil equivalent
per one employed in economy)'3.

12 Energy intensity monitoring. Implementing the policy
of increasing energy intensity based on analysis of energy
intensity of products of industrial enterprises in the Novgorod
Oblast for 2015—2016. Available at: http://nnov.tpprf.ru/
ru/business/energ/otchety.php?clear _cache=Y (accessed:
26.03.2018).

13 Consumption of fuel and energy resources per one
employed in the country’s economy. Available at: https://
fedstat.ru/indicator/50164 (accessed: 26.03.2018).
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Table 3. GRP energy intensity, kg of oil equivalent/10,000RUB.

Region/country 2014 2015 Change over 2014-2015
Altai Republic 142.74 130.48 -9%
Republic of Buryatia 186.36 173.65 %
Zabaikalsky Krai 195.80 177.90 -9%
Irkutsk Oblast 338.50 252.41 -25%
Primorsky Krai 167.40 129.11 -23%
Khabarovsk Krai 133.61 126.01 -6%
Amur Oblast 188.43 166.30 -12%
Jewish Autonomous Oblast 167.16 14413 -14%
Russia* 150.31 136.11 -9%
* The indicator represents the ratio of consumption of fuel and energy resources by Russia’s constituent entities to their GRP.
Compiled from: Technological development of economic sectors. GDP (GRP) energy intensity. Available at: http://www.gks.ru/wps/wem/
connect/rosstat_main/rosstat/ru/statistics/economydevelopment/# (accessed: 26.03.2018).

Due to lack of information characterizing
consumption of energy resources by economic
activity it is difficult to assess energy intensity of
individual industrial sectors in regions. In this
regard, we only analyzed resource efficiency
for electric power industry of one of the border
regions — Zabaikalsky Krai.

The largest electric and thermal energy
generation facilities in the border region
are: Haranorskaya regional power station,
Chitinskaya CHPP—1 and OAO “Priargun-
skoe proizvodstvennoe gorno-khimicheskoe

ob”edinenie” (PPGKhO) CHPP (Fig. 5). A
small share of production (2.4%) accounts
for other generation facilities, which include
Chitinskaya CHPP—-2, Sherlovogorskaya,
Priargunskaya and Pervomayskaya CHPP.
During 2009—2017, the structure of power
generation in the region changed significantly.
The share of Haranorskaya regional power
station in total generation increased signifi-
cantly; in 2017, it provided almost half
of the total volume of generated electrical
energy.

Figure 5. Structure of electricity production, TRANS-Baikal territory

fOFlr.]efr Chitinskaya PPGKhO . O,tlh(?r Chitinskaya
ppGgkho facilities CHPP—1 CHPP acilities CHPP-1
CHPP 3.0% 32.8% 20.7% 2.3% 27.5%
24.7%
Kharanorskaya Kharanorskaya
RPP RPP
39.5% 49.4%
a) 2009 b) 2017

Source: data of PAO TGK-14, AO Inter RAO — Elekirogeneratsiya, and branch of AO “SO EES Zabaikal'skoe RDU.
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Figure 6. Performance of electric and thermal energy production energy intensity
indicators by generation facilities in Zabaikalsky Krai, 2009—-2017
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All reviewed power generation facilities in
Zabaikalsky Krai use coal from local brown
coal deposits and fuel oil as fuel, whose share
in fuel balance is insignificant!*. Energy
intensity is calculated as the ratio of volume
of energy resources consumed in production
process (coal, fuel oil and electricity in terms
of oil equivalent) to electricity and heat
produced (recalculated as kWh). The use of
natural values as an economic result makes it
possible to exclude the influence of inflation
factor on the performance of the indicator
under review.

Power engineering enterprises in Zabai-
kalsky Krai are characterized by different
degrees of energy consumption per volume
of final products (Fig. 6). In 2017, the
indicator value varied in the range from
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163 kg (Chitinskaya CHPP—-2) to 350 kg
(Kharanorskaya regional power station) of oil
equivalent per 1000 kWh of thermal and electric
energy generated.

In [23] it is noted that the use of primary
energy resources in power plants with coge-
neration technology, i.e. joint production of
electricity and heat, is the most effective. This
is confirmed by the results of calculations,
according to which the largest power plant in
the region — Kharanorskaya regional power
pant — has the highest indicator value; the
plant produces mainly electrical energy. For
the considered time interval, a positive change
was observed in two generation facilities:
Chitinskaya CHPP—1 and Priargunskaya
CHPP. Energy intensity of production at these
plants decreased by 18 and 11%, respectively.
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Conclusion

To sum up, we conclude that in all covered
regions of cross-border cooperation with
China decoupling is manifested in terms of
contaminated wastewater discharge. However,
such a relatively good situation may be due to
insufficient quality of monitoring of wastewater
discharge and the fact that the consequences
of violating environmental legislation are not
properly reflected in statistical reporting, rather
than a real decrease in the level of this type of
environmental load.

When it comes to pollutant emissions from
stationary sources, decoupling, i.e. a mismatch
of trends in economic development and air
pollution, was detected in most cases. However,
in some regions this effect is not clear, which
is most evident in the analysis of the situation
in the context of the most common pollutants
and the main economic activities. At the same
time, rapid development of border relations
with China in recent years has not significantly
changed the situation in Eastern regions. Paper
[22] notes that the advantages of the border
position, which in the East of the country
were associated with great expectations due to
the proximity of the fast-growing economy of

China, did not become a significant impetus to
socio-economic development and welfare, an
important component of which is a favorable
environment.

The studies presented in this article are
aimed at solving the scientific problem of
assessing the eco-economic development
of Eastern regions-participants of cross-
border cooperation. This determines their
contribution to the development of theoretical
and applied knowledge. The analysis
results can be used in the development of
management decisions in environmental
and economic interactions, as well as in the
preparation of strategic planning documents.
A comparison of economic development and
environmental pollution rates in the context of
main economic activities may be useful when
considering investment projects planned in the
region, including initiatives involving foreign
investment. In order to achieve decoupling
for certain types of negative environmental
impact, a set of measures is required in order
to improve the environment protecting
mechanism (increasing payment rates for
negative impact, restoring their target use,
etc.).
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