resources @\py

Review

The Role of Hydrocarbons in the Global Energy
Agenda: The Focus on Liquefied Natural Gas

Vladimir Litvinenko

Doctor of Engineering, Academic Supervisor of Research Center “The Arctic”, Saint Petersburg Mining
University, Saint Petersburg 199106, Russia; river4020@yandex.ru

check for

Received: 17 April 2020; Accepted: 19 May 2020; Published: 21 May 2020 updates

Abstract: Presently, there is a paradoxical situation in the global energy market related to a gap
between the image of hydrocarbon resources (HCR) and their real value for the economy. On the
one hand, we face an increase in expected HCR production and consumption volumes, both in the
short and long term. On the other hand, we see the formation of the image of HCR and associated
technologies as an unacceptable option, without enough attention to the differences in fuels and
the ways of their usage. Due to this, it seems necessary to take a step back to review the vitality
of such a political line. This article highlights an alternative point of view with regard to energy
development prospects. The purpose of this article is to analyse the consistency of criticism towards
HCR based on exploration of scientific literature, analytical documents of international corporations
and energy companies as well as critical assessment of technologies offered for the HCR substitution.
The analysis showed that: (1) it is impossible to substitute the majority of HCR with alternative power
resources in the near term, (2) it is essential that the criticism of energy companies with regard to their
responsibility for climate change should lead not to destruction of the industry but to the search of
sustainable means for its development, (3) the strategic benchmarks of oil and coal industries should
shift towards chemical production, but their significance should not be downgraded for the energy
sector, (4) liquified natural gas (LNG) is an independent industry with the highest expansion potential
in global markets in the coming years as compared to alternative energy options, and (5) Russia
possesses a huge potential for the development of the gas industry, and particularly LNG, that will be
unlocked if timely measures on higher efficiency of the state regulation system are implemented.

Keywords: energy sector; hydrocarbon resources; liquified natural gas; LNG; alternative energy
technologies; state regulation; market conditions; energy balance; sustainable development

1. Introduction

Recent decades have demonstrated an intensive development of theories, concepts and approaches
related to various aspects of sustainable development such as circular economy [1], waste management [2],
cleaner production [3], environmental economics [4], etc. Within these approaches, a special place is
occupied by the fight against global warming, which is caused by human activities, namely by higher
emissions of man-made greenhouse gases, mainly CO, [5].

As a result of multiple environmental studies carried out in relation to the above concepts, it has
been found that the energy sector is one of the main sources of greenhouse gas emissions among all
types of human activity [6]. This fact has become one of the main reasons for combatting the already
existing energy system [7], which is founded on hydrocarbon resources (HCR).

Examples of this combatting are seen in the political arena, where it is openly declared that the
era of hydrocarbons is over, and we need to switch to alternative energy sources as quickly as possible.
This assertion can be found in the declarations of the G7, the World Bank, the European Investment
Bank and many other international corporations that restrict access of production and geological
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survey projects to the investment capital. An example of large-scale “anti-hydrocarbon” policy based
on environmental taxes (Figure 1), can be seen in Europe, which has been continually criticized by the
industry companies due to worsening investment climate and lower production profitability [8].
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Figure 1. Average carbon tax rate in Europe, Euro/t. CO; [9].
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It is remarkable that the real activities of these international corporations significantly differ
from their declared policy, as shown, for instance in [10-12]. For example, despite declarations, they
continue to provide financial support for hydrocarbon energy projects, although indirectly.

An increase of 0il production volumes in the United States of America (USA) by 8410 thous.
bbl/day for the period of 2015-2018, which is twice as high as total global increase in production over
the same period, is a clear example of such two-track policy (Figure 2). At the same time, a major part
of USA production is shale oil, which is much more cost-intensive than conventional oil. Additionally,
according to the data of the State Energy Department [13], the USA has been implementing an extensive
program in support of gas hydrates studies, which is related to prospective HCR.
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Figure 2. Global and USA oil production dynamics. Based on BP Energy Overviews.
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Additionally, the collapse of oil prices in March 2020 has triggered a proactive purchase of cheap
Arab Light oil by the USA and Urals oil by China to refill strategic reserves. These examples clearly
show that there is no intention to decrease our activity in the hydrocarbon energy sector.

The real state and trends of the energy sector can be seen when considering forecasts of leading
global companies, for example British Petroleum (BP), over different years (Table 1).
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Table 1. The comparison of BP Energy Overviews (EO) for the period of 2014-2019.

Indicator EO14 EO15 EO16 EO17 EO18 EO19

Proportion of HCR as primary energy sources in 2025, incl.:

oil, % 30 30 30 30 31 31
gas, % 24 25 24 24 25 24
coal, % 30 29 27 27 25 24

Proportion of HCR as primary energy sources in 2035, incl.:

oil, % 27 28 29 29 29 29
gas, % 26 27 26 25 27 26
coal, % 27 27 25 24 22 21

Aggregate consumption of energy

resources in 2035, bln toe 17.6 17.5 17.3 17.2 17.1 17

The Table shows that the forecast proportion of HCR in the global energy balance varies slightly
despite milestones with respect to their substitution for alternative energy sources. The highest decrease
is shown by coal (-=6%), while the proportion of oil went up by 1-2%. The share of natural gas
demonstrates minor fluctuations, contributing as little as 1-2%. Taken as a whole, and based on the
latest BP report, the proportion of HCR (oil, coal and natural gas) in the global energy balance will
amount to nearly 76% in 2035, which is equal to 12.9 bln toe. This means a guaranteed demand for
HCR, as well as tougher competition and intensification of the struggle for access to them, resulting in
HCR earning a status as a geopolitical resource that can be seen even today.

A somewhat different forecast based on plotting “Hubbert curves” is provided in [14], whereby
the production peak of oil will occur in 20092021, of gas in 2024-2046, and of coal in 2042-2062.
It should be noted that these results should be treated with some care, since Hubbert curves may be
modified when affected by economic and technology factors. Nevertheless, similar results have been
obtained by other authors [15,16]. Despite some variations within the ranges in years, all of the above
forecasts came to the same conclusion: the production peak of the majority of HCR is still ahead of us.

It should be understood that all of the above scenarios expect that, within the next few years, oil
and gas production volumes will increase due to fields with complex subsurface conditions or located
in adverse climatic conditions. Pursuant to [17], the cost for development of such reserves can be
3—4 times greater than the conventional reserves of fields in the Middle East (production cost below
10 $/bbl). Taking into account current prices for oil (around 30 $/bbl), the development of such reserves
may become economical in the case of state support or where there is intensification of technical progress
rates in the production of hydrocarbons, incl. due to the digitalization of operating activities [18].

At this point, the main question is whether global regulators will be able to create the conditions
required for reaching and passing the HCR production peak with regard to sustainable development
principles [19], or whether industries will survive amid discriminatory financing of potentially attractive
but presently non-competitive technologies.

This study presents the analysis of alternatives offered today for substitution of HCR and an
assessment of their viability. The further contents of this article are organized as follows: Section 2
describes the main critical comments for HCR; Section 3 reviews the main alternative energy technologies
and their strengths and weaknesses; Section 4 gives a consolidated description of the current position
of HCR and a detailed analysis of liquified natural gas (LNG) development prospects as one of the
most prospective HCRs; Section 5 contains conclusions and reasoning of the author.

2. Climate Change and Public Image of HCR as a Source of CO; Emission

Climate change is definitely a significant issue on a global scale. There are two opposing opinions
about its nature. The first opinion is that the main reason for Global Warming is the increase in the
emission of technogenic greenhouse gases, mainly CO;. This is the most widespread point of view,
which is partly explained by possibility of studying this phenomenon. To date, there have been many
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compelling studies [20], proving that mankind is provoking climate change on the planet through its
activities. This has been reflected in strategic intergovernmental agreements aimed at decreasing the
rate of temperature growth, such as the Paris agreement, which, however, may not be enough [21].

The main concern is that human activity may lead to the passing of a tipping point, after which
climate stabilization will become impossible, even if the emissions of technogenic greenhouse gases
were to be reduced [22]. Moreover, it has been shown [23] that there are many tipping elements that
could lead to irreversible climate consequences. This creates confusion in the process of defining the
strategic aims of global environmental activities and the ways to achieve them [24].

According to the International Energy Agency (IEA), volumes of CO, emissions in 2019 amounted
to 33 Gt, which is the peak value of all time. In addition, a significant part of these emissions is
formed as a result of HCR use [25]. Multiple studies have been dedicated to the assessment of indirect
losses [26] from the use of various HCR, for example: the use of land for the construction of power
plants, accidents at production enterprises, servicing of nuclear waste sites, the higher probability of
military conflicts due to rights of access to raw material resources, and many others. In accordance
with several obsolete assessments, such factors may increase the cost of using energy resources by
0.29 $ (wind energy sector)-14.87 $ (coal) per 1 kWh [27]. However, to be relevant and useful, such
assessments should be conducted on a regular basis and for different regions, with respect to the
specifics of local legislation.

The second position on Global Warming suggests that the main drivers of climate change are
not related to human activity, but are connected with natural reasons. For example, NASA believes
that global warming is mainly caused by changes in the Earth’s orbit related to the sun. This opinion
is based on the Milankovitch theory [28], which was initially ignored by the scientific community,
but after the release of the study of Hays et al. [29], proving its validity in many aspects, much more
attention has been given to it. However, it is extremely difficult to push this idea forward, due to
objective technical and technological reasons.

Another example is related to the influence of natural disasters. In accordance with [30], the annual
volumes of CO, emissions caused by volcanic activity may amount to almost 0.05-0.3 Gt per year.
Another CO, source is fires. For example, in 2010, forest fires in Russia resulted in CO, emissions
of more than 0.25 Gt [31]. Following the results of [32], the annual volume of CO, emissions caused
by forest fires in Russia amounted to more than 0.12 Gt for the period of 1998-2010. Forest fires in
Indonesia in 1997 produced from 0.81 to 2.57 Gt of CO; [33]. CO; emissions as a result of burning
peatlands in South-Eastern Asia are estimated at 0.637-2.255 Gt per year [34]. These are some examples
of natural factors influencing the higher volume of greenhouse gas emissions, while forest fires
occur regularly, especially on peatlands. In addition, according to [35], the entire volume of carbon
accumulated in the atmosphere is less than the basis point of total carbon on the planet, while 99%
is underground. Emissions of other greenhouse gases (CH4, NOXx, etc.) have been studied to a very
limited extent [36-39], making it quite complicated to assess their volumes in a substantiated way.

The main critical argument towards the volumes is that they make up less than 10% of total
man-made CO, emissions. However, it should be taken into account that volcanic activity, as well as
fires, has taken place for thousands of years, while mankind only started to emit such CO, volumes
in recent decades. At the same time, it is obvious that additional technogenic emission is not a way
to balance the global carbon cycle [40], and the contribution of mankind has become more visible in
recent centuries [41].

Based on this, society is fed the idea that we should immediately reject usage of HCR without
details about the dependence of our economic stability on these resources. Such an approach is
questionable, because, in fact, we have to find a consensus on the need to improve the environmental
safety of the processes in this industry and to support its development.

Therefore, if the significance of HCR in the economy is indisputable, the political rhetoric in this
field and the attempts to create a strongly negative perception of all HCR among the public, without
attention given to the differences between fuels and between the technologies of their production and
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use, is a point of debate. Hence, it is a very important question: “Should we continue a discrimination
policy towards the HCR due to their contribution to a global carbon emission, or should conditions for
the sustainable development of this industry be created?”, since forecasted HCR production shows
that they will play a significant role in the global economy for several decades in the future.

3. Alternative Energy Technologies. Problems and Prospects

Technological transformations, especially within such a key area as the energy sector, go hand in
hand with the transition to a new technological order, which is a very long-term process that may take
up to several decades [42]. The creation of conditions for the implementation of these transformations
and transitions with minimum losses will be of high importance, both for the environment and the
economy, i.e., in view of the sustainable development principles [43]. The variety of terms defining
sustainable development in modern publications does not change its common nature, offered in
1987 [44], while the principles and methods of sustainable development mainly depend on a regulator,
i.e., on politics and policy [45], and may be implemented on national, regional, and local and lower
levels [46,47].

The entire list of factors influencing the implementation of transformations at every level can
be roughly divided into the technology-readiness level, the regulatory-readiness level, and the
market-readiness level [48]. However, despite the fact that the focus of key policy provisions can be
made on the basis of climatic (Kyoto Protocol) and technological (Paris Agreement) considerations,
the objective fact is that there are no reliable scientific results showing how exactly technological factors
influence policy development [49]. In other words, the extent of the influence of technology readiness
on the formation of policy and, as a result, on the readiness of the regulatory framework, is unknown.

Elimination of this gap in knowledge requires an interdisciplinary approach [50] with studies
executed by international scientific groups. This is related to a need for deep modernization of the
already established global infrastructure, and requires some strategic decisions on the support of
certain technological niches (technological groups) to be supported by scientifically substantiated
and realistic recommendations on the determination of overall vector of activities [51] and specific
measures. For further analysis, the most promising technological niches were selected from among
those available today [52-54], and are reviewed below.

3.1. Nuclear Energy Sector

Nuclear industry, accounting for 4.5% in the global energy balance, has already made a considerable
contribution to energy sector development (Figure 3), due to the relatively low cost of electricity
generation [55]. The development dynamics of the nuclear energy sector differ greatly in various
countries, because of varying available resources and access to alternative sources of energy, as well as
project experience.

Prospects for its further development are questionable. On the one hand, the low production
cost of energy generation, as well as the higher efficiency of the plants (the majority having a capacity
use rate of more than 80%) [56], could mitigate the technological transformation of the energy sector.
On the other hand, the diagram shows that sharp declines in nuclear energy generation are caused by
accidents at plants that directly influence not only the energy generation process, but also produce fears
on the expediency of the further use of nuclear energy. Here, for example, a final decision about the
immediate decrease in the share of the nuclear energy in the country balance was taken by Germany
in 2011 after the accident at Fukushima and the first-step measures included the shutdown of power
units commissioned before the 1980s.
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Figure 3. Dynamics of nuclear energy generation volumes. Based on BP Energy Overviews.

The problem of existing physical depreciation of energy generating facilities is topical for the
nuclear energy sector even today. As of the end of 2018, the number of nuclear reactors in the world
amounted to 450 [57], 281 of which (62.4%) were more than 30 years old, 26% were aged 10 to 30 years,
and only 11.6% were younger than 10 years old. In accordance with IEA data [58], the highest average
ages of nuclear plants are seen in the USA (39 years old), Europe (35 years old), Russia (31 years old)
and Japan (29 years old). The highest shares of nuclear plants under 10 years old are observed in China
(80%), India (40%), Russia (25%) and Korea (24%).

Strengthening security measures taken during the construction of the third-generation reactors
enables the mitigation of risk of accidents, but increases the unitary cost of the generated energy
(more than doubling the cost, compared to fully depreciated facilities) [59]. In general, with the
increasing wear and tear of the reactor, the risk of unforeseen incidents increases, and therefore,
activities in the field of nuclear energy should be accompanied by the availability of an appropriate
license confirming the safety of power generating facilities.

It can be said that nuclear energy has some advantages compared to other energy technologies.
First of all, a comparatively low energy generation cost with a minimal carbon footprint. Secondly,
technology readiness with high technical efficiency. Thirdly, the technological scalability of both small-
and large-scale capacities, which may ensure stable and uninterrupted energy generation.

Despite this, there are three key barriers that do not allow a significant expansion of nuclear plant
usage. Firstly, the development of nuclear energy generation is associated with the development of
nuclear weapons, which is a very negative and destabilizing factor [60].

Secondly, notwithstanding their higher reliability, global history knows examples of man-made
catastrophes, which has produced a very adverse effect upon acceptance of the technology. To restore
its image, great pains must be taken in terms of marketing and notifying society about the safety
measures taken at modern energy generating facilities [61].

Thirdly, one of the most complicated problems is the handling of nuclear waste [62], requiring
significant financial costs on the one hand and availability of hi-tech facilities preventing radioactive
contamination of the environment on the other.

3.2. Renewable Energy Sector

Renewable energy sources (RES) are promising in the long-term development of the energy sector.
As such, the question of their high use efficiency is one of the most discussed issues of recent decades.
RES have several key features that ensure their high demand:

1. RES are a group of primary energy resources that are considered inexhaustible for foreseeable
future consumption. Moreover, they have an extensive geographical range to allow the creation
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and scaling of decentralized energy supply systems [63] and, as a result, avoid the problems
related to the creation of centralized infrastructures.

2. Theoretically, RES technologies are carbon-free, with some exceptions. Nevertheless, when
considering them in view of the entire lifecycle, including the production and use of worn
equipment, environmental issues become more controversial [64].

Despite differences in nature, the majority of RES have similar problems that do not allow them to
be considered a complete substitution for HCR at the current stage of development.

1.  Similar to HCR, some RES have non-uniform geographical distribution. Significant differentiation
can be seen even in one country [65]. Resources of wind and solar energy show the most
wide-spread distribution in the world, though they do have certain restrictions.

2. Another issue is dependence on favourable weather conditions, prediction of which is a complex
scientific task. The most predictable sources are biomass, geothermal energy and hydro-energy
due to their low dependence (or independence) on changeable weather conditions. This issue
also determines the complexity of energy transformation process control and maintenance of
required levels of effectiveness [66].

3. The third issue is related to the immaturity of most RES-based technologies, which affects energy
generation cost. The most cost-intensive options are solar and oceanic energy plants, with the
electricity cost being an order of magnitude higher than that of HCR. The most competitive are
large-scale hydro and wind plants, the energy cost of which is only a few times higher than that
of HCR. Additionally, a comparatively low production cost of energy can be obtained during the
processing of biomass, including peat, due to the high rate of its reserve base replenishment [67].
Low competitiveness in terms of price necessitates seeking ways of defining the project’s potential
based on theoretical prospects, rather than on the completeness of technologies and potential
profitability [68].

4. The fourth, and probably main, issue with RES is the accumulation and storage of energy. Today,
many technologies have been developed in this area, but there are objective problems with their
effectiveness and possible storage period [69]. In accordance with market needs, RES development
is impossible without these key stages of energy generation [70].

Coping with these four barriers is the main task of RES development proponents. Due to this, it is
one of the most invested-in sectors today [71-73]. However, it should be taken into account that while
seeking higher volumes of investment, one may forget that the efficiency of studies and innovation
progress may grow disproportionately with the investment volume [74].

There are no studies of investment volume influencing their efficiency, due to objective problems
of scientific and innovation activity assessment. Similar to market mechanisms, unlimited financing
leads to a loss of competition, and this would result in lower quality and efficiency. The same can be
applied in the global scientific sector; however, additional studies will be required to prove this.

A step towards the short-term global transition to RES is an attractive perspective, but hard to
access due to some objective reasons [75]. Gradual transition is required, which can be objectively traced
against a gradual decrease in the share of hydrocarbons in the global energy balance. Additionally, this
transition must occur under the influence of objective competitive factors other than political influence
and creation of artificial conditions for the displacement of existing hydrocarbon technologies.

3.3. Hydrogen Technologies

Hydrogen fuel is a potential solution for several energy generation issues typical of both RES and
HCR. On the one hand, the production of hydrogen will enable the conversion, accumulation and storage
of energy generated from any primary source in the long run. This will enable the use of hydrogen as a
mobile energy carrier [76]. On the other hand, hydrogen is recognized as an environmentally clean
secondary energy resource due to the lack of any pollutant emissions during its use [77]. Additionally,
its energy intensity in relation to weight units is much higher than of any HCR.
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Despite this, the hydrogen energy sector is in its primary stage of development and is not ready
for large-scale implementation in the global energy system. There are several main factors hindering
this process.

1. Unlike HCR, hydrogen is a secondary energy resource since its production from the natural
environment is hard to implement. Many concepts and technologies have been developed for
generation of hydrogen [78], which can be provisionally divided into two groups: (1) based
on RES, and (2) based on HCR. The first group uses thermochemical or biological processes.
The second group uses HCR reforming and pyrolysis processes. The problem is that the majority
of accessible technologies are not sufficiently tested for their industrial implementation.

2. The cost of hydrogen production is quite high due to the initial stage of technology development
and it does not allow competition with traditional HCR-based technologies. The study [79]
includes a comparative analysis of 19 technologies for the production of hydrogen fuel. Based
on this analysis, the authors drew several important conclusions in terms of the potential of the
development of hydrocarbon resources. First of all, the reforming of the hydrocarbon feed has
the highest energy efficiency among all of the options considered. Secondly, the exergy efficiency
of hydrocarbon reforming is one of the highest (45-50%), with only biomass gasification being
ahead of it (60%). Thirdly, it was shown that the cheapest hydrogen could also be obtained from
the hydrocarbon feed, with a price of nearly 0.75 $/kg H2. The use of technologies such as water
electrolysis will enable generation of hydrogen with a cost 1.5 times higher and more.

Price-specific advantages of hydrogen generation based on hydrocarbons can be seen in [80],
as well, pursuant to which the generation based on natural gas varies from 1.34 $/kg (without CO,
sequestration) to 2.27 $/kg (with sequestration); and with coal: 1.34 $/kg to 1.64 $/kg; while the majority
of other generation methods are 1.5-6 times more expensive. The generation of hydrogen based on
methane pyrolysis is the most economically efficient option, enabling a price of 1.22 $/kg. The authors
did not point out a single potentially leading production technology, but stated that the preference
should be given to hybrid methods.

Equivalent results have also been obtained on the basis of a fuzzy logic method [81], proving that
the highest technical and economic efficiency, as well as level of readiness and level of reliability, was
typical for technical chains based on hydrocarbon resources.

3.  Transportation and storage processes are the foils of the hydrocarbon energy sector [82]. An increase
in the efficiency of the processes is related to the solution of two key issues: the transformation of
hydrogen into a form with higher density (for example, liquefaction), and an increase in the safety
of tanks and delivery systems. In addition, while the first problem already has some practical
solutions, the issues of safe hydrogen handling have not yet been studied. However, nearly
70 mln t are produced, presently, and as a rule is used during the processing of metals.

Therefore, despite the prospects for hydrogen in the long run, the current level of global economic
readiness for the development of hydrogen infrastructure is less than that of the renewable energy
sector, due to: a complete absence of market mechanisms; the lack of technologies and infrastructure
enabling the efficient generation, distribution and storage of hydrogen; huge problems with the safety
of its use; and other [83] issues typical of technologies at the initial stages of development.

4. Hydrocarbon Resources. Focus on LNG

4.1. The Role of Hydrocarbons in the Energy Sector

HCR have played an important role in the global economy for centuries. They are real drivers
for the development of both industry and society as a whole. Currently, the most influential HCRs
for the economy are coal, oil and natural gas. Due to external reasons related to the “greening”
of global economies (not only the reduction of greenhouse gases emission), multiple technological
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transformations of industries will take place in the near future, mainly in the oil and coal industries,
for the purpose of enhancing the raw material conversion ratio due to stronger vertical integration
links with enterprises in the chemical industry. These transformations will lead to a change in the role
of hydrocarbons in the global economy (Figure 4) and, most probably, to a partial substitution of some
of them with alternative energy technologies.

The forecasted changes in the Global energy balance
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Figure 4. Forecasted change in the global energy balance. Based on [84].

HCR released due to such substitutions may be redirected to chemical facilities, but these processes
require the development of international norms and standards of coal use, in order to improve its
purity as an energy and chemical resource.

The economical prerequisites of such processes can be clearly seen in the oil industry, as they are
associated with some negative factors that hinder its further development:

1.  There is no system for the international regulation of processes connected with the development
of the traditional oil and gas sector, whether by increasing the effectiveness of internal processes
or by integration with associated industries.

2. Rapid depletion of the raw materials base of easy-to-recover reserves and, as a result, higher
operating and investment costs. By some estimates, the refilling of reserve volumes trails behind
the volumes of produced oil and gas resources by 20%-30% [85], which will lead to industrial
stagnation and destabilization of the raw-material and associated markets in the long term.

To some extent, these negative effects can be compensated by manufacturing of scientific-intensive
products with high added value. Even today, oil and gas giants such as ExxonMobil (7th place in the
C&EN 2018 rating of chemical companies [86]) implement large-scale investment programs in the area
of chemical enterprises development (Figure 5).

3. The comparatively low level of oil recovery at multiple fields. The average value of the global
recovery ratio is around 20%—40% [87]. In some cases, such rates are connected with the
possibility of reorientation to new “effortless” reservoirs; however, such policies may become
impracticable soon.

4. Lack of investments in the development and implementation of innovative technologies [89]
dealing with shale oil and procedures concerning the development of arctic and deep-water
fields [90], i.e., dealing with all sources of hydrocarbons that can be categorized as “alternative”.

5. The lack of commonly accepted indicators for assessment of oil and gas companies’ performance
based on sustainable development principles [91]. For example, it is evident that using nuclear
energy resources must be regulated and controlled at an international level. Due to this, it is not
quite clear why hi-tech oil and gas industries bearing huge technological and environmental risks
are completely self-regulated.
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Figure 5. Increase in production of chemicals by ExxonMobil. Based on [88].

Unlike the oil and coal industries, the gas sector is on the rise and is demonstrating intensive
expansion. This is due to both the cost performance of natural gas, which is slightly more expensive
than oil, and environmental features. According to [92], CO, intensity during the generation of 1 kWh
of electricity from natural gas is nearly 450 g, which is almost a mean value between hydro power
plants (10 g/kWh) and coal (1000 g/kWh). Therefore, natural gas is a somewhat “win-win” solution
as it makes it possible to balance the interests of the “green” energy sector and hydrocarbon energy
sector supporters.

The gas industry is one of the most rapidly developing parts of the energy sector, which is
mainly related to the intensive growth of capacities for the production of liquified natural gas (LNG),
which have doubled every 10 years since 1998 [93]. Existing forecasts of LNG industry development
provide for the increase in both demand and supply, though there is a certain probability of product
surplus amounting up to 100 mln t per year [94], provided that all planned production facilities are
commissioned and demand remains constant. If only the most probable projects are implemented, then
by 2025 LNG shortage will amount to nearly 30 mIn t. Figure 6 demonstrates these trends. Data were
taken from various reports and publications of VYGON Consulting Co. [94], International Gas Union,
International Group of Liquefied Natural Gas Importers (GIIGNL), and other agencies.
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Figure 6. Expected production and consumption of LNG (bottom) and capacity use of LNG-plants in
2000-2018 (top).
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When planning production volumes, certain problems with capacity use should also be considered.
Before the economic crisis of 2008, the average capacity use of plants amounted to nearly 91%. After 2008,
increased interest in LNG industry development resulted in the redistribution of investments for the
development of new projects. This caused the reduction of capacity use in existing plants. This trend
may continue in the medium term, with fiercer competition and an ambition to displace the active
players by creating new hi-tech production facilities.

In accordance with Shell forecasts, LNG consumption may reach 800-900 bln m? by 2040 (Figure 7);
however, the main drivers of LNG demand growth are the necessity to compensate decreased domestic
gas recovery and the need to diversify supplies. The reliability of the forecasts is confirmed by the
fact that almost half of the prospective production capacity of LNG plants in 2035 has already been
contracted (7%-9% of the contracts in Russia).

Domestic Domestic
2019 production  Pipeline import LNG umport 2035 production  Pipeline import LNG import 2040
5000
m
z 4300 Drivers of LNG
= — . 6%
g demand growth o
=%
g 2 4000 The major part of LNG o
8.3 volumes has already 26%
5 2 been contracted
Z =
53 37%
=7 3500 n2025 2040
2 X
= 920y
= 2035 - ‘- :
E <10 65%
£ 3000 51%
5 31%
£ 2035
499, LNG to compensate domestic production decline
2500 2030 LNG for diversification of gas supplies
35% \ % " ?Ot cumrzcted LNG as a single source of gas
- §
2025 onfracte LNG for bunkering

o
2000 9%

Figure 7. Expected growth in the consumption of natural gas by sources. Based on [95,96].

However, there is already a steady trend towards expanding the geography of LNG consumption
(Figure 8), mainly due to Asia-Pacific Region (APR) countries (+220.6 bin m?), especially China (+73 bln m?).

Exporter Importer Exporter Importer
North . North North North
America America America America
Central and Central and Central and Central and
South America South America Trade flows South America ‘ South America
[ >100 bln. m3
Europe Europe B 45-100 bln. m3 Europe Europe
T 5.45pIn. m3
Middle Fast Middle Fast | ™ <5bln.m3 Middle Fast Middle Fast
and Asia and Asia and Asia and Asia
APR APR APR
2001 2018

Figure 8. Change in geography of LNG flows. Based on BP Energy Overviews.

Higher demand for LNG import in Asian countries (Figure 9) has mainly been driven by a rapid
increase in energy consumption, but if the growth in China can be partially covered by domestic
production (more than 160 bin m?) and pipeline supplies (nearly 110 bln m3), the countries of Southern
and Southeastern Asia will mainly depend on external supplies (about 50% of expected consumption)
in the near future.
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Figure 9. Expected gas consumption in various regions. Based on Shell LNG Outlooks.

In addition, the growing interest of the European Union in increasing LNG import is evident.
The main reasons for increased interest in LNG in Europe are, firstly, the increasing energy needs of
its countries. Secondly, a rapid decrease in the volume of domestic gas production at the Groningen
field (the Netherlands) due to complex seismic conditions. While 53.87 bln m? was produced in 2013,
only 18.83 bln m® was produced in 2018. The Dutch Government is still under pressure from the local
community to completely stop natural gas production, which could happen as early as in 2022 [97].
Thirdly, a less rapid but stable decline in gas production in the United Kingdom and Norway, in the
short term.

To compensate for the fall in domestic production and diversification in supplies, Europe is
implementing an extensive program for the development of LNG facilities. Almost every European
country with access to the sea has its own regasification terminals (15 countries), which imported
69 miIn t of LNG in 2018 (15%-20% of the global market), with an average capacity use below 60% [98].
Total capacity of regasification terminals in Europe including pre-FEED projects may exceed 200 mln t
per year in the nearest future [99].

4.2. The Role of Russia in the Development of the LNG Industry

The situation in the European market creates favourable conditions for increasing the share of
Russian gas in the region. However, following the implementation of the “Nord Stream-2” (+55 bln m3
per year) and “Turkish stream” (+31.5 bln m? per year) projects, a further growth in Russian pipeline
gas supply seems unlikely, thus opening extensive prospects for the development of LNG. This suggests
that Russian pipeline gas and LNG are not competitors on European markets.

At the same time, it is a mistake to believe that Russian gas supplies to Europe are completely
protected from competition with the USA. In March 2020, the price of natural gas in the USA (Henry Hub)
was 1.79 $/MBTU, and in the European market about 2.72 $/MBTU. When a spread of 2 or more
$/MBTU is reached, LNG supplies from the USA could be profitable, and this situation has already
been observed in 2017-2019. Given that gas consumption in Europe will grow at an accelerated pace in
the coming years, it is likely that prices will rise, and competition risks will increase. This indicates the
need to take urgent measures to increase the competitiveness of Russian natural gas export.

It is remarkable that even today a significant share of the increased LNG import to Europe is accounted
for by Russia (with a more than 18% increase in 2018-2019), which has exclusively been regarded as
pipeline gas supplier. The current situation demonstrates the inadequacy of this preconception, despite
Russia’s share in the global export of LNG, which is still relatively low (Figure 10).
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Figure 10. Russia’s share in the global LNG market (on the left) and total LNG capacity of global plants

in 2019 (on the right). Based on [100].

Similar prospects are also seen in Asian markets, the entry to which for a long time was only
associated with the “Power of Siberia” (38 bln m3 for export) project development. However, as shown
in Figure 9, the share of the project is just a small part of the potential growth of China’s gas consumption.
Additionally, the markets of Southern and Southeastern Asia will be 50% supplied by imported LNG,
which may be a favourable factor for Russia, since the efficiency of LNG production at Russian plants
is among the highest in the world. This can be seen when comparing the cost of final products with

delivery to APR (Figure 11).

As a whole, Russia is implementing an extensive program to develop production capacities and
to realize the potential of the LNG industry on global markets. By 2025, the total annual capacity of
plants will amount to 61 mln t, excluding low-tonnage facilities, and by 2035, about 140 mln t [101-105].
In total, there are three key centres of the growing gas industry in Russia (Figure 12): the Baltic region
(with a focus on Europe), the Far East (with a focus on Asian market), and Arctic regions (with a focus

on both Europe and Asia).
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Figure 11. Comparison of LNG production costs with the delivery to APR. Based on [106,107].
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Figure 12. Prospective centres of the growing gas industry in Russia and options for gas resource
commercialization.

A basic factor for the development of these growth centres is to define efficient methods for
monetization of gas industry products (Figure 13). Based on the current level of technological
development, it can be concluded that LNG production is very promising and can be diversified due
to gas chemical enterprises, which currently have a capacity use level below 65% [108]. This is due to a
lack of export infrastructure and limited demand in the domestic market [109]. On the other hand,
the forecast for the development of the methanol production industry alone is indicative of potential
market growth by 50% before 2025 [110].
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Figure 13. Conceptual scheme for commercialization of gas industry products.

To ensure the stability of gas monetization schemes, it is necessary to ensure the stability of the
raw materials base for such projects for at least 25-30 years, both through their implementation at
the most promising existing fields and through the search for new sources of raw materials, which is
normally associated with the Arctic regions being quite an ambiguous factor.
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On the one hand, the potential resources of natural gas in the Arctic amount to nearly 30% of the
global volume [111]. However, a major portion of the resources is concentrated in the Western part of
the Russian Arctic zone [112], which will enable the supply of plants with volumes of raw materials
sufficient to produce around 150 mIn t LNG per year. This will theoretically ensure nearly 30% market
growth. The location is also favourable, as it will allow entry into both European and Asian markets,
as well as contribute to the development of the Northern Sea Route, which is important for the social
and economic development of all Arctic regions.

On the other hand, implementation of projects in the Arctic is a very labour- and capital-intensive
process due to the influence of natural, climatic and infrastructural factors, the mitigation of which
requires state support. Moreover, the unit costs for Arctic hydrocarbon production projects may be
2-10 times higher than that in Southern regions, especially at offshore deposits [113]. The development
of practical solutions to reduce the cost for the development of such fields [114] will be one of the main
drivers for the development of the Arctic hydrocarbons.

5. Conclusions and Discussion

5.1. Global Energy Markets

The influence of the fuel and energy sector on the global economy is impossible to overestimate,
because energy is a basis for the development of enterprises, industry and society as a whole. Today’s
transformation processes in the energy sector need thorough control and attention from international
regulators, as they are knowledge- and capital-intensive.

The allocation of significant volumes of financial, human and material resources for the
development of alternative energy technologies is an integral part of the technological process [115],
as confirmed by several studies in the field of building strategies and policies for the development
of technological niches [116]. However, it should be understood that balanced political strategies
must pay attention not only to projects with prospects in future decades, but to current operating and
tactical needs.

In other words, instead of implementing a unilateral and comparatively simple policy of supporting
one group of technologies, today’s infrastructure and dynamics of markets should be taken into account.
Scientifically substantiated portfolio strategies should be developed [117] to include not only potentially
promising technologies, but also to take current economic needs into consideration. The strategies
should also determine methods and procedures for a smooth transition from the traditional use of
HCR to its advanced conversion and gradual transition to alternative energy technologies, as soon as
they are ready and competitive.

Creation of favourable conditions for the rational use of HCR may ensure sustainable development
of the fuel and energy sector and, more importantly, may create conditions for the development of
alternative technologies. This thesis is confirmed by the existing investments of the largest oil and
gas companies [118], while the reverse process is impossible under current conditions due to the low
competitiveness of alternative energy options.

This study tried to expand the discussion field formed around energy sector development and
balance it with critical analysis of existing image of HCR. The following conclusions were made on the
basis of this analysis:

1. Today we face a paradoxical situation. International corporations and politicians calling for the
need for an immediate transition from HCR to alternative energy technologies. However, the real
activities of leading global economies show that they are not planning to decrease their footprint
in the hydrocarbon energy sector and, moreover, they are expanding scientific and technical
potential in geological surveying and the production of HCR.

2. Environmental protection is one of the main barriers to sustainable development in the energy
sector, which is unlikely to be eliminated within the next few decades due to our current level
of technological development. The risk of climatic catastrophe is extremely high. At the same
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time, the lack of knowledge of the secondary theories of Global Warming mechanisms makes this
issue even more complicated. On the one hand, we could have a chance to receive extra time to
improve the environmental efficiency of our technologies. On the other hand, there is a risk that
it is too late, and we will see the forecasted consequences much earlier than expected.

3. The most promising alternative energy options include RES, nuclear energy, and hydrogen.
Theoretically, each of these resources is able to solve the HCR environmental issue, but there are
some concurrent critical disadvantages that prevent them from being a complete alternative in
the observed future:

- the majority of RES-based technologies will be non-competitive within the next ten to twenty
years due to insufficient efficiency of energy conversion and storage processes;

- the generation of nuclear energy is associated with significant risks of a mainly technical
(environmental) nature, mitigation of which is impossible at present;

- hydrogen itself is not an energy resource, as much as a method for storage and transportation
of primary energy and its broad application requires a solution to safe-storage and
transportation issues, a higher efficiency of production, the creation of new infrastructure
and the development of market-interaction mechanisms.

4. The global resource potential of the oil and gas industry as a whole is able to ensure the sustainable
development of the world economy under the conditions of a better investment climate and the
formation of an international regulation system for the sector. Here, special attention must be
paid to ensuring good conditions for the development of hard-to-recover reserves in terms of
geological and environmental factors.

5. The vector for the development of 0il and coal sector has shifted towards integration with the
chemical industry to enable the diversification of sectoral enterprises activities, but their role in
the energy sector will not be reduced within the next few decades.

6.  LNG production is the independent sector of the gas industry with the highest expansion potential
in the long run. First of all, this can be attributed to the environmental and economical properties
of LNG, which enable its consideration as a “win-win” solution for energy supply to satisfy
even the strict requirements of European Union. Moreover, the flexibility of LNG logistic chains
compared to pipelines is a very important factor.

Therefore, a comprehensive assessment of the potential for the implementation of new energy
technologies shall be made in view of the needed preservation and development of the foundation of
energy that is HCR. It should be noted that there has been no situation in the history of the energy
sector in which new technology has completely displaced and substituted an older technology within
a short period of time [119]. Gradual substitution is a conventional process that can be implemented at
various rates, but on a long-term basis. Due to this, the immediate transition from HCR to alternative
energy sources is not possible. The development of studies based on the agenda proposed in this
article would create more realistic, viable and scientifically substantiated recommendations on the
formation of climatic and energy policies, which are lacking today [120].

5.2. The Role of Russia in the Development of the LNG Industry

Russia has significant resource potential to develop LNG plants with a prospect to reach
140-160 mIn t production capacity by 2030 (20% of the global market). Such intensive growth
can be driven by limited prospects in the increase of Russian pipeline gas supplies to European
countries as a result of the export’s monopolistic nature.

Export monopoly is not only a barrier to entering foreign markets, but also prevents the creation
of a competitive environment within the industry. Due to this, its rate of development is much slower
than the worldwide average values, which is indicative of the stagnation of the sector.
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Today, the export monopolization factor does not yet negatively affect the LNG industry. However,
promising markets mentioned herein could be closed for Russian companies, if the situation with state
regulation of the sector remains unchanged.

In this context, the speed of decision-making is crucial, and governs what share of markets
Russian companies will be able to occupy. Taking into account the fact that nearly 50% of the designed
capacities of LNG plants has already been contracted until 2035, it is quite realistic that after 2025,
the second part of demand will be covered for the next decade, and it is unlikely that there will be
potential for new companies to enter the market.

A transition to market methods for regulating industry activities seems necessary and timely,
since direct involvement of the state in the production activities of companies has failed. This will
improve the performance of companies and, as a result, additional advantages will be gained both
for the country’s budget and for the development of associated sectors, as well as social-economic
infrastructure of the regions of the Russian Federation. Initially, switching to mechanisms for market
regulation can be supported with tools such as golden shares, enabling the state to reserve the right to
control only a few company operating aspects, but not to shape its future generally.
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