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FORECAST OF REGIONAL STRUCTURE OF OIL

Introduction

The oilindustry is an important element
of the global energy supply system. Qil
is the main source of energy in the world
and its consumption makes about 40% in
the structure of the global fuel and energy
balance [1]. This fact can be explained by
the wide range of oil use, by its demand
in various sectors of the economy (trans-
port, energy, chemical industry, etc.), by
the significant proven reserves, and also
by the modern safety regulations in energy
production and consumption systems.

In recent decades, the oil market has
transformed in the direction of intensi-
fying inter-fuel competition (the role of
renewable energy sources is increasing
due to environmental restrictions) [2] and
regional differentiation. Regional differen-
tiation in oil production and oil consump-
tion is the main feature of the modern
world, reflecting the polarity and uneven-
ness of its development. The key event of
the last decade, which had a significant
impact on the change in regional propor-
tions in oil production, was the beginning
of the development of shale oil reservoirs
in the United States. This factor signifi-
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cantly strengthened the country’s position, made it one of the
technological leaders in the hard to recover oil production sec-
tor, and also allowed it to influence the level of oil prices [3].

Russia also has the unique potential of “difficult” oil (tight
oil), which is concentrated in the Arctic regions of the coun-
try, in Eastern Siberia region and in the Far East, as well as in
the Bazhenov Formation of Western Siberia [4]. Commenced
development of these reserves in the long term may become
the basis for the technological re-equipment of the indus-
try and have a positive effect on the rate of socio-economic
growth of the entire country.

Oil production in Russia is the main source of the federal
budget revenue generation, the guarantor of social stability,
the driver of technological and innovative development and
economic growth of the country during the last decades [5].
At the end of 2018, oil production in Russia grew by 9.0 mil-
lion tons and amounted to 555.8 million tons, approaching
the absolute maximum production of the former Soviet Russia
since 1988 (570 million tons). The share of revenues from oil

productsin the form of mineral extraction tax (MET) and export
duties in the structure of federal budget revenues increased to
35% in 2018.

At the same time, the main feature of the oil and gas sec-
tor development in Russia in recent decades is a change in
the geography of production, with its transition to regions with
harsh environmental and climatic conditions and poor infra-
structure. Furthermore, the production of “difficult” oil grows,
albeit at a slow pace due to the lack of necessary domestic
technologies for the search, evaluation, exploration and pro-
duction of tight oil [6, 7]. That is why there is an objective need
for a comprehensive study into stages of oil production tran-
sition and patterns of productive capacity distribution, with
regard, among other things, to the peculiarities of oil and con-
densate production in the constituent entities of the Russian
Federation and the country’s oil and gas basins. This article
explores prospects of the oil and gas sector and provides a
long-term forecast of changes in geography of the oil industry
in Russia.
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The role of the oil and gas sector
in the Russian economy

The studies into the role of the oil and gas sector in the
country’s economy first appeared during the formation of the
fourth technological order (the Oil Age). The intense competi-
tion for energy and the rising oil prices in the 1970s increased
researchers’ interest in analyzing and evaluating the role of
oil production in the economies of individual countries. The
pioneers in the analysis of the economic effect of changes in
the oil and gas sector were American scientists [8—-10], who
analyzed the impact of sharp fluctuations in oil prices on the
US economy. Later on, scientists investigated the influence of
oil price fluctuations on the economy of various macro regions
and countries [11-14].

Also in the mid-1970s and early 1980s, the studies into the
economic advance in the regions with the prevailing oil and gas
sector were initiated. J. Sachs and A. Warner [15] highlighted
a slowdown in the development of countries with significant
resource potential. In this respect, the concepts of “enclave
type of development”, “resource curse”, “oil curse”, “Dutch
disease”, etc. found widespread occurrence [16]. The authors
[15, 16] emphasize the negative impact exerted by the mining
industry expansion on the economies of developing countries
holding huge natural resources. First of all, the adverse effect
manifests itself in the strengthening of the real exchange rate
of the national currency, which hinders the competitiveness
of domestic goods and services in the world market, and also
slows down technological, macroeconomic and institutional
development. On the other hand, the more recent studies
[17-19] subject the “resource curse” to valid criticism. The
authors note that the benefit from the expansion of production
is achieved due to the multiplicative effect in the conditions
of sustained diversification of public revenues from the non-
mining sector of the economy.

At the beginning of the 2000s, researches started to
address various scenarios of the economy transition from a
resource type of development to a resource-inertial one. The
interest was rekindled due to rising world oil prices, as well as
owing to the necessity to find effective directions of oil rent
distribution and a new model for the development of the Rus-
sian economy to avoid the consequences of the “Dutch dis-
ease”. Polterovich V. M., Popov V. V., Tonis A. S. [20] evolved
the idea of institutional transformations required to overcome
the “resource curse” and convert income from the export of
raw materials into a source of socio-economic growth and
advancement of economy in Russia.

Sustainable Russian and international trends in the oil and
gas sector are the subject of the analysis undertaken by many
research teams aimed to forecast the future oil market. The
analytical reviews of the United States Department of Energy
(EIA), International Energy Agency (IEA) and the Organization
of Petroleum Exporting Countries (OPEC) have received suf-
ficient popularity. The long-term forecasts of the development
of the world energy by these organizations are also popular
in the scientific community. Furthermore, oil production fore-
casts are published by major energy multinational companies
such as Shell, Exxon Mobil and British Petroleum.

Large academic institutes and centers (such as the Energy
Research Institute of the Russian Academy of Sciences (ERI
RAS), Institute of Petroleum Geology and Geophysics (IPGG
SB RAS), Melentiev Energy Systems Institute (ESI SB RAS),
Institute of Economic Forecasting (IEF RAS), Institute of
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Economics and Industrial Engineering (IEIE SB RAS) and some
others) develop methodological frameworks for forecasting oil
production in Russia and for assessing the impact of the sec-
tor on the country’s economy.

In terms of the fundamental approaches to forecasting oil
production, three main levels can be distinguished: macro-
level, meso-level and micro-level. At the macro-level, the
methodological approaches to forecasting oil production take
into account the cross-influence of internal and external fac-
tors and use the models of the scale of the world economy
or individual countries. The forecast of oil production at the
meso-level, as a rule, creates the basis for planning the sec-
toral and socio-economic development of individual regions or
groups of oil fields. The approaches to forecasting oil produc-
tion at the micro-level are of interest to subsoil users since they
assess the production potential of individual fields, reservoirs
or wells. The simultaneous consideration of an object at differ-
ent forecasting levels is enabled by the variety of existing tools.

Retrospective analysis of oil production in Russia

The world oil production in 2018 amounted to 4.5 billion
tons, whichis 2.2% more than in the previous year (Fig. 1). The
increment in oil production in 2018 (94.5 million tons) was pro-
vided by the countries outside the group of OPEC, in particular,
the United States, whose share in the annual growth reached
almost 80%. The U.S. oil production increases owing to the
beginning of shale oil development, which is very sensitive to
changes in oil prices. At the end of 2018, oil prices rose to US$
85 per barrel, which was the main factor to spur oil compa-
nies to increase the number of drilling sites and, as a result, to
enhance the production. Under favorable pricing conditions,
oil production growth was observed in 2018 in Saudi Arabia
and Russia, while other OPEC countries decreased the pro-
duction by 0.5%. At the end of 2018, the share of OPEC coun-
tries in world oil production amounted to 41.3%.

The Russian oil industry arose in the 19th century in Baku.
Oil production in the territories adjacent to Baku was the world
leader at the turn of the 19th and 20th centuries. The second
promising region for oil production in the country was the
Volga-Ural oil and gas province, which reached the peak in
production around 1975. The third-largest oil production cen-
ter in the USSR was Western Siberia [21, 22].

The maximum level of oil production in Russia was reached
in 1987 and totaled 570 million tons or 20% of the global value.
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After 1989, a gradual reduction in oil production began in
the country due to going on the shelf and falling production
in the unique and large fields discovered in the 1960s-70s in
Western Siberia.

In the period of 1994-1999, oil production in the country
remained at the level of 300-310 million tons, or 9-10% of the
world production. The main cause for the decline in production
was a break in economic ties and a change in the organizational
structure of the industry. During mortgaging auctions in 1995,
the main oil and gas producing plants of the Soviet Union were
privatized, and the modern vertically integrated oil companies
formed. As a result of the systemic crisis accompanied by high
rates of inflation and depreciation of the national currency, the
underfunding of many industries, including exploration, took
place. Therefore, the natural depletion of large reservoirs in
Western Siberia was only balanced after 2000, through the
increase in reserves owing to new deposits in the Russian Far
East and Eastern Siberia.

The increase in the world oil prices in 1999-2008 and the
stabilization of the political and new organizational and eco-
nomic conditions for the industry at the end of the 1990s
allowed initiation of technological renewal [23]. Thanks to
influx of high export earnings, companies began to form
sources of investment in the production intensification tech-
nologies and in the exploration of new fields, which led to a
rapid increase in oil production. In the period of 2000-2004,
the annual increase was approximately 8—10%.

Since the 2000s, the system of pipeline transportation
of oil began to develop rapidly. An independent export route
was built to supply Russian oil to consumers in North-Western
Europe, bypassing the Baltic countries (Baltic Pipeline Sys-
tem (BPS-1 and BTS-2)). The Eastern Siberia—Pacific Ocean
(ESPO) trunk pipeline in the line of Taishet-Skovorodino—
Kozmino, with branch pipelines Skovorodino—Mokhe and
Kuyumba-Taishet was commissioned. The construction of the
northernmost Arctic Circle-Purpe—Samotlor pipeline system
was also completed. The port infrastructure for the delivery of
oil and oil products by sea (Nakhodka, Primorsk, Novorossi-
ysk, Tuapse, Ust-Luga, etc.) was significantly expanded and
modernized.

The period of high oil prices, coupled with the active con-
struction of transport infrastructure and improvement of tax
legislation, launched the investment cycle in the industry: oil
and gas companies began to attract funds in the development
of oil reserves in Eastern Siberia and in the Far East of Russia,
in the Arctic continental and offshore zones, as well as in min-
ing of hard-to-recover reserves of Western Siberia [24]. Thus,
oil production in the country over the past few years has been
steadily growing and holding at the level of 550-560 million
tons.

Current oil production in Russia

The largest regions of oil production in Russia, starting
from the 1960-70s, are Western Siberia and Volga-Ural oil
and gas provinces. For another thing, oil recovery is carried
out in the Timan-Pechora and Northern Caucasus oil and gas
provinces. In 2008, the Eastern Siberia—Pacific Ocean oil trunk
pipeline was commissioned. This fact has become a power-
ful incentive for the development of the Lena-Tunguska and
Okhotsk oil and gas provinces.

Oil fields in Western Siberia provide 57% of the total oil
production in Russia. On the other hand, the fields feature high
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depletion and water cut to 80-90%; so the share of the region,
mainly Khanty—Mansi Autonomous Okrug, reduces gradually
in oil output in Russia. At the same time, profitability of the oil-
field development lowers and oil companies regularly apply to
the Government of the Russian Federation for additional ben-
efits to stimulate production and investment in the methods
of maintenance of reservoir pressure and enhancement of oil
recovery (Fig. 2).

Oil production in the European part of Russia has stabi-
lized since 2012 and slightly grew henceforth. The share of
the region in the total oil output in Russia is about 30%. The
increase in the output of the traditional oil production centers
in the European part of Russia (Tatarstan, Bashkortostan,
Orenburg Oblast, etc.) became possible due to the active use
of new technologies for the extraction of oil with peculiar phys-
icochemical properties (viscous, dense, and sulfurous).

Since 2008, the Russian Far East and Eastern Siberia had
become the new center of oil production in the country, pro-
viding up to 10% of the annual increase in national oil output.
Production is performed in the three major oil fields—Vankor
(Krasnoyarsk Krai), Verkhnechonsk (Irkutsk Oblast) and Tal-
akan (Republic of Sakha (Yakutia)). In recent years, due to
active subsoil use along the ESPO route, new oil reservoirs are
put into operation.

Technological features of oil production in Russia

The main characteristics of the technological development
in the industry are the operating well stock and derivatives
(percentage of idle wells, penetration of wells, average flow
rate, etc.), reflective of the steady trends and regular patterns
in industrial expansion of the Russian oil and gas sector. The
operating well stock is divided into active and inactive wells,
and the latter include wells that have been in operation for at
least a short time in the reporting period.

In 2018 the operating well stock amounted to 177 thou-
sand wells, which is 2 thousand more than in 2017. Since 2009
the number of the operating wells increased annually by an
average of 2%, except for the drop in 2015 during the crisis
period (Fig. 3).
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However, due to the quality deterioration and depletion of
field reserves, the average daily production rate of one oil well
has been steadily declining in the last 10 years, from 10.6 tons
in 2009 to 8.5 tons in 2017. In 2018 the average daily flow rate
increased to 8.8 tons of oil.

The inactive stock includes wells out of operation for more
than one calendar month either in the present or previous years.
In 2018 idle wells made the minimum percentage for the entire
considered period—8.3% (14.8 thousand wells). From 2008 to
2018, the dynamics of the idle stock was unstable, although,
there was a general trend toward a two-fold decrease in per-
centage of idle wells in the total operating well stock.

Putting of oil wells into production. In 2018, 7946 new
wells were put in production in Russia, which was less by 238
wells (3%) than in 2017, while the average production drilling
depth of new wells increased by 100 meters. Between 2010
and 2018, percentage of new wells put into production grew
by 37% from 5802 wells in 2010 to 7946 wells in 2018. The
average penetration depth of the wells increased by 22%: from
2848 meters in 2010 to 3478 meters in 2018 (Fig. 4).

New oil fields in Russia. On average, about 35.5 million
tons of oil (about 7%) annually fall on new fields in Russia, with
a commissioning period of no more than 5 years, and in 2018,
the oil output of such fields reached its maximum value of 42
million tons over the period of 2010-2018 (Fig. 5).

In 2018, 54 new oil reservoirs were put into production,
including the large fields of Russkoe, Tagulskoe and Kuyumba
in the Krasnoyarsk Krai and Yamal-Nenets Autonomous Okrug.

In the last year, 625 production wells were placed into pro-
duction in new fields with a commissioning period not longer
than 5 years—the highest number for the period from 2010 to
2018. However, over the past 10 years, the average flow rate of
wells in all fields decreased by 13%, while the production drill-
ing increased almost twice. Capital expenditures grew by 2.8
times, and the cost of producing one ton of oil—by 2.4 times.
Nevertheless, new deposits are being put into operation, and
their output keeps growing, reaching maximum values in the
period under discussion.

Prospects for changes in geography
of the Russian oil industry

Following the paradigm formulated by A. E. Kontorovich
based on the strategy for changing the Arkhangelsky—Gub-
kin—Trofimuk geography of oil production, the structure of the
mineral resource base is transformed, which defines a new
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paradigm for the development of the Russian oil industry for
the long term. The main objects and top-priority tasks of oil
prospecting, exploration and recovery will be [25]:

- sedimentary basins on the Russian shelf of the Arctic
Ocean (Barents, Kara and Pechora seas);

+ poorly studied oil and gas provinces in the east of the
country (Lena-Tunguska oil and gas province);

- conventional oil reserves in the north of Western Siberia
(Yamal-Nenets Autonomous Okrug, Gydan Peninsula, includ-
ing the Ob and Taz Bay);

- tight oil reserves subject to development and creation of
the search, appraisal, exploration and recovery technologies
(Bazhenov, Abalak, Kuonam, Tyumen Formations, etc.);

+ enhanced recovery of residual oil in the unique and large
fields in the traditional areas of oil production;

+ search, exploration and development of small and small-
est pools in the mature oil and gas basins (Khanty—Mansi
Autonomous Okrug, Tomsk Region, Republic of Tatarstan,
Republic of Bashkortostan, Orenburg Region).

The existing oil resource base in most oil-producing
regions of the country allows forecasting ambitious levels of
oil production in fields not yet discovered. However, actual
oil output will depend on preparedness of this resource
base for development, i.e. on allocations, scope of explora-
tion and increment in commercial quality reserves. In view of
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Forecast of oil production in Russia up to 2040 per oil
and gas provinces, million tons (optimistic scenario,
excluding condensate) [26]

Oiland gas | 5151 5000 | 2025 | 2030 | 2035 | 2040 | Total
province

West Siberian,

including the

left bank of the 320 | 331 | 330 | 393 | 414 | 428 | 8439

Yenisei River

Lena-Tunguska | 25 31 51 63 73 80 | 1425

Timan—-Pechora | 31 B85 38 38 39 39 | 1036

Volga-Ural 116 | 109 | 96 78 63 51 | 2248

Northern 5 2 3 3 3 3 76

Caucasus

Shelf 14 | 21 34 | 40 | 48 | 49 945

Russian 508 | 529 | 552 | 615 | 640 | 650 | 14169

Federation

unfavorable pricing conditions on the world markets, oil com-
panies primarily reduce investment in exploration.

Another important factor contributing to the growth of oil
production in Russia in the long term is the development of
technologies for the extraction of unconventional sources of
hydrocarbons, especially oil from the Bazhenov Formation. In an
optimistic scenario, it is possible to intensify the search, devel-
opment and implementation of technologies for the efficient
extraction of oil from sediments of the Bazhenov Formation.

As a result, the significant changes in the regional structure
of oil production in Russia may occur in the coming decades. The
share of oil production in the eastern regions and on the shelf
of seas will almost triple. Oil production in the Lena—Tunguska
province may increase from 4.8% in 2015 to 12% in 2040 (See
Table). The share of sea shelves in the structure of oil production
in Russia will increase from 2.8% in 2015 to 7.9% in 2040.

Conclusion

The main trend in the development of the world energy
markets is the escalation of regional differentiation and inter-
fuel competition. The development of the oil industry in Russia
follows the world trends. The objective law of the oil and gas
sector expansion in Russia is the change in the regional struc-
ture of oil production. Qil extraction geography shifts from
west to east and northeast. New production regions feature
harsh climatic conditions and low level of transport infrastruc-
ture, which necessitates promotion of the governmental sup-
port and stimulation of oil-producing companies.

At the same time, the analysis of the oil reserves and the
current situation of the Russian oil industry allows anticipat-
ing an increase in the oil production in the country, subject
to financing of exploration, expansion of transport and pro-
cessing capacities, and development of tight oil production
technologies. Western Siberia will retain the role of the main
oil-producing center in Russia for the long term, despite the
decline in oil output in the unique and large fields. In case of
the beginning of large-scale reservoir development at the
Bazhenov Formation and the discovery of new deposits, it is
possible that oil production in this region stabilizes and grows.

Oil extraction will drop most rapidly in the Volga—-Ural oil and
gas province, where the depletion rate is one of the highest
in the country. In some regions of the Volga-Ural oil and gas

province, such as the Republics of Tatarstan and Bashkorto-
stan, the small and smallest oil pools are already being actively
put into development to maintain production at a stable level.

In Eastern Siberia within the Lena-Tunguska province,
the increase in the oil production in the discovered fields is
expected in 2040. The development of the Russian sector on
the shelf of the Okhotsk, Caspian, Pechora and Barents Seas
will continue due to discovered and prepared for industrial
development deposits.

At the same time, in the long-term perspective, the oil
industry will retain the role of the national economic advance
driver and guarantor of fulfilment of social and international
obligations at the regional and global levels.
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ECONOMIC EVALUATION OF ENVIRONMENTAL
IMPACT OF MINING: ECOSYSTEM APPROACH

Introduction

Nowadays one of the main sources of environ-
mental problems continues to be the mining sec-
tor, under the anthropogenic impact which hurts
almost all elements of the biosphere. According to
the authors’ estimates [1], in the industry break-
down, the greatest damage of unit production is
caused in the power industry and the coal industry.
The proportion of damage caused by the produc-
tion in mineral industries such as fuel, ferrous and
nonferrous metallurgy is about 70% of the total
damage impaired by pollution of the atmosphere
and water bodies. Given the link between the level
of economic advance, which is determined, first of
all, by the development of the primary sector, and
the degree of environmental pollution, we cannot
expectimprovement in the environmental situation,
because mining today and in the foreseeable future
is the unalienable necessity of mankind existence.

The Russian Strategy Concept of Socio-Eco-
nomic Development until 2020 declares one of

The article considers the most important aspects of ecosystem approach imple-
mentation in mining. It requires the integrated economic assessment of the environmental
consequences and the entire list of ecosystem services supplied by forest ecosystems most
subjected anthropogenic impact of mineral mining. The authors identify the main ecosys-
tem services supplied by forests and indirectly providing economic benefits to their consum-
ers: maintenance of air composition in the atmosphere (carbon sequestration and oxygen
production); air purification and water protection associated with an increase in precipita-
tion and soil protection from erosion. The scientific novelty consists in the improvement of
guidelines for economic assessment of ecosystem services generated by natural capital of the
territories under consideration. The guidelines are developed for assessing the ecosystem
service on air composition maintenance at various degree of detalization. The introduction
of the decrease in precipitation due to rainfall retention by forest canopy in the economic
assessment of water protection service is substantiated. The article systematizes approaches
to economic assessment approaches of soil protection ecoservice, which allows selecting the
most appropriate method for the specific conditions. The experience of using the discount-
ing procedure in economic valuation of ecosystem services is summarized and analyzed.

Key words: mining, impact, consequences, economic assessment/evaluation, eco-
system services, economic damage.
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