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Abstract: The 21st century is characterized not only by large-scale transformations but also by the
speed with which they occur. Transformations—political, economic, social, technological, environ-
mental, and legal-in synergy have always been a catalyst for reactions in society. The field of energy
supply, like many others, is extremely susceptible to the external influence of such factors. To a large
extent, this applies to remote (especially from the position of energy supply) regions. The authors
outline an approach to justifying the development of the Arctic energy infrastructure through an
analysis of the demand for the amount of energy consumed and energy sources, taking into account
global trends. The methodology is based on scenario modeling of technological demand. It is based
on a study of the specific needs of consumers, available technologies, and identified risks. The paper
proposes development scenarios and presents a model that takes them into account. Modeling results
show that in all scenarios, up to 50% of the energy balance in 2035 will take gas, but the role of
carbon-free energy sources will increase. The mathematical model allowed forecasting the demand
for energy types by certain types of consumers, which makes it possible to determine the vector of
development and stimulation of certain types of resources for energy production in the Arctic. The
model enables considering not only the growth but also the decline in demand for certain types of
consumers under different scenarios. In addition, authors’ forecasts, through further modernization
of the energy sector in the Arctic region, can contribute to the creation of prerequisites that will be
stimulating and profitable for the growth of investment in sustainable energy sources to supply
consumers. The scientific significance of the work lies in the application of a consistent hybrid
modeling approach to forecasting demand for energy resources in the Arctic region. The results of the
study are useful in drafting a scenario of regional development, taking into account the Sustainable
Development Goals, as well as identifying areas of technology and energy infrastructure stimulation.

Keywords: SDG-goals; Arctic; energy supply; scenario modeling; technological demand; energy
scenarios; sustainable energy; hydrogen; renewable energy sources; sustainability

1. Introduction

A combination of external factors (political, economic, social, technological, environ-
mental, and legal) has led to the emergence and consequently the aggravation of global
challenges [1–4]. Among them are over-population and urbanization, decentralization of
the world, environmental and climatic changes, increasing consumption of energy and
resources. Delay in addressing these global challenges undermines the sustainability and
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security of the development of all mankind. Both for Russia and the whole world, the
Arctic can become an answer to these challenges [5,6].

Quite a lot of research is directed towards the Arctic, this region and its features have
always attracted the scientific community, much attention is paid to the social component.
Recently, the region has attracted even more attention due to climate change and new
opportunities, both predictable and unpredictable [7].

The Arctic zone has potential as a resource base of hydrocarbon, which is about
13 billion tons of oil and 86 trillion m3 of gas. Their development is both a driver of
economic sector progress and a lifeline for the implementation of the energy transition [7].
The value of the region is supported by the status of the guarantor of national security
of the country and the cultural significance of the indigenous peoples of the North [6].
Mistakes made in the development of the potential of the Arctic can turn into both an
ecological catastrophe and an economic foul—the cost of wrong decisions is several times
higher [8,9]. Therefore, our study develops and complements the forecasting made earlier
in order to reduce the risks of making decisions on development and focus on the resources,
levers, and incentives for the necessary development.

According to the analysis of scientific works in the field of forecasting quality demand
due to the growth of specific consumers, it was revealed that research is aimed at obtaining
energy in certain conditions and in the short term. Many researchers resort to statistical and
machine learning methods. In [10], the mixed integer programming method is used, which
allows determining the state and power level of all generators to maximize the profit of
the gas company. In [11], a support vector machine-based simulation is applied to predict
solar and wind energy resources. The study [12] proposes a typical-load-profile-supported
convolutional neural network for predicting plant-level electrical load. In [13], the forecast
for natural gas consumption is based on a decomposition method by combining three
different components: a trend-driven time series, a seasonal component based on a linear
loop model, and a transit component to estimate daily fluctuations using explanatory
variables.

In the field of research devoted directly to forecasting the growth of the Arctic region
and demand in the Arctic, a small amount of work has been identified. Thus, in [14],
the application of statistical models and neural networks to predict energy demand for
two settlements was studied. Of course, in connection with the environmental agenda,
attention is paid to renewable energy sources. In work [15], using econometric modeling,
the potential impact of renewable sources in the Arctic on the sustainability of the region is
estimated.

Thus, no potential models have been identified that could carry out strategic forecast-
ing according to the risks and allow allocating a relevant set of resources in accordance
with consumers. In connection with the goals of achieving carbon neutrality, the demand
for hydrocarbons as a source of electricity is not predicted. Demand response activities
are geared towards optimizing load schedules and lowering costs but do not take into
account customer characteristics and do not take a long-term perspective. In the works on
forecasting the growth of demand for electricity, the regional potential is not considered in
terms of the development of tourism, science, the provision of medical services, and others.

Our proposed research is based on the growth of consumers, taking into account their
qualitative characteristics, taking into account the opinions of experts, taking into account
the analysis of interrelationships, and building the growth of demand for power, energy,
and types of energy as a single structure. This will enable early preparation of energy
infrastructure and long-term assessment of the dynamics of carbon footprint and climate
change while maintaining the region’s environmental sustainability and energy supply.

The study not only proposes a forecast of energy demand in various scenario condi-
tions but also reveals the structure of this demand on the part of the consumer and the
types of energy that will ensure sustainable energy supply in the Arctic.

The complex approach in the estimation of the needs of consumers of energy will
allow to level gradually the naturally arising risks. It is necessary to create a solid foun-
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dation to ensure the development of resources, despite the specifics of the region. The
basis for this should be infrastructure with a new logic of functioning, interaction, and
sustainable development within the framework of the growing digitalization and transition
to Industry 4.0.

Given the exhaustion of the continental resource base and taking into account the
potential of the Arctic zone in terms of reserves, enhanced by the creation of transport
and logistics hubs and the military-political aspect, the exploration, and development of
the Arctic zone become a strategically important and economically beneficial step [16,17].
Hence, it is necessary to ensure the development of promising areas, maintain and mod-
ernize the existing, often outdated infrastructure, and create comfortable conditions for
people to live in.

An indispensable condition for the development of the region is a reliable uninter-
rupted power supply to the territories, following global trends and sustainability require-
ments [18]. The progress in energy supply in the AZRF is determined by the global level of
energy development, where a significant impact is made by the ongoing energy transition
and digital transformation of energy. This is reflected in the 5D concept, which reveals the
direction of current trends and tendencies and on the basis of which the analysis of current
ways of possible development is carried out in Figure 1.

Figure 1. Linking the Sustainable Development Goals, technological trends and tendencies, and the resources under
consideration for energy supply in the Russian Arctic.

Digitalization changes the work of the energy system; there is a new understanding
of the use of electricity, power generation, and supply, the functioning of consumers and
systems for the production, transporting, distribution, and storage of energy.

Decarbonization is related to climate change and primary fuel supply, electrification,
and energy conservation and brings economic, environmental as well as social benefits.

Decentralization is related to changing the growth logic of energy systems and the
distribution of energy consumption trends toward a larger number of small energy and
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economic nodes, which stimulates innovations from energy storage to intelligent data-
based control systems.

Dependence is about the increasing information and technological dependence of pro-
duction, transportation, and use of different types of energy on each other [19]. Integration
of electricity, gas, water, heat, cold, and collaboration with all participants of the fuel and
energy complex [20].

Decrease indicated a trend to reduce consumption not only of energy but also of all
kinds of resources and materials, reduction of waste, and their increasing involvement in
recycling [21]. This trend is facilitated by a qualitative change in consumer behavior and
new production technologies that allow customizing products [22].

In its turn, each trend corresponds to a certain set of technological tendencies in
the energy supply. Considering the current tendencies in energy supply, a certain set of
necessary energy resources for regional development is formed [23,24]. Thus, it is possible
to estimate the need for energy resources for this or that investment project. Given the need
for sustainable development of the Arctic region [25], the development of technologies
in the field of renewable energy and the achievement of carbon neutrality is a priority.
However, to reduce the share of traditional hydrocarbon raw materials, it is necessary to
properly plan the development of energy demand and its environmental friendliness in
the short term until 2035 [26].

2. Materials and Methods

The model proposed in the article is based on the Delphi method. The Delphi method
is designed to assess the aggregate expert opinion on complex problems, potential con-
sequences and the effectiveness of the use of cost measures. The structured opinion of a
group of experts in comparison with the opinion of one specialist is a tool for further and
more accurate forecasting [18,19,27–29].

Following the basic structure of Delphi, the authors developed a questionnaire, the
passage of which was allocated 1.5 weeks for 60 experts: employees of companies and
universities of the mineral and fuel and energy complexes. The purpose of the survey was
to determine the priority set of fuel resources for individual consumers, taking into account
the political, economic, social, technological, environmental, and legal risks of using each
resource. Risks were assessed on a nine-point scale, where 1 is the minimum risk impact;
9—the maximum impact of risk. Also in modeling, the influence of external factors was
considered on the basis of scenario forecasting [18,30,31]. Given that many works noted
the importance of risk assessment in the scenario forecasting based on expert evaluations,
in our scenarios, we necessarily considered:

• Technologies and lines of their development of primary interest;
• Analysis of the current state and prospects for the development of the energy sector in

the Arctic;
• Comprehensive analysis of global factors affecting the development of consumers [32,33];
• Consideration in modeling expert assessments based on the results of a survey of

pro-field experts.

The study was divided into three stages, which are shown in Figure 2. The research
methodology includes the following stages: first, a review of the region—the current state
of the energy system and energy infrastructure, a study of the resource base, the fuel and
energy balance, and related problems, including climatic. Then the study is divided into
technological modeling of demand and scenario modeling. In the technological section,
the list of key consumers is determined, and current and future centers of energy loads
are highlighted. Based on an analysis of trends and tendencies, requirements are derived
for each type of consumer, in terms of reliability category, required installed capacity,
mobility, seasonality, and carbon footprint. Similarly, an assessment of possible resources
by technical and economic criteria and CO2 emissions is carried out. Scenario modeling
generates scenarios according to the conditions of which and the results of a survey among
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experts the demand for energy consumption will change, as well as the probability of
meeting the demand for different types of resources.

Figure 2. Research Methodology.

2.1. Analysis of the Development Potential of the Arctic

The Russian Arctic (AZRF) is a geographical area within the Russian Federation,
located above the Arctic Circle. It includes Murmansk and Arkhangelsk Regions, the
Komi Republic and Yakutia, Krasnoyarsk Territory, Nenets, Chukotka, Yamalo-Nenets
Autonomous Districts, Belomorsk, Kemsk, and Lo-Ukhsk districts of Karelia, as well as
lands and islands located in the Arctic Ocean and some uluses of Yakutia [34].

The study identified the following types of prospective consumers for the territory of
the Arctic—they are also referenced points and points of growth (consumer agglomera-
tions), on which the further development of the territory will be built:

1. Military bases;
2. Hydrocarbon deposits and rare-earth metal deposits;
3. Settlements (single-industry towns);
4. Scientific research bases;
5. Logistic clusters, hubs;
6. Medical bases;
7. Agricultural complexes;
8. Tourist bases;
9. Data centers (DPCs).

The study analyzes the development potential of all of these types of consumers, but
in the final version of the work, the authors formulate conclusions only on some of them.

Hydrocarbon deposits and rare-earth metals. The scales of the Arctic resource potential
are estimated as follows: about 70% of the total unexplored gas reserves in the Arctic are
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managed by the Russian Federation [35]; in the Arctic regions of the country, there are
strategic and rare-earth metals—about 10% of the world reserves of nickel, 19% of the
platinum group metals (PGM), 10% of titanium, over 3% of zinc, cobalt, gold, and silver;
the largest coal and diamond deposits [36]. It is worth noting that 70% of the Arctic oil
resources are concentrated in the shelf areas, and most of the explored fields are difficult
to extract. Moreover, it is estimated that up to 25% of hydrocarbon reserves lie under the
ocean strata on the Lomonosov Ridge [37].

Currently, coal and oil products have a significant advantage in the energy balance
of the mainland Arctic, which negatively affects the fragile ecosystem of the region [38].
An essential role in reducing the negative impact and increasing the added value of the
product will be played by such technologies as Clean Coal and the introduction of digital
tools throughout the supply chain. Gas and gas-condensate potential can occupy a niche of
gas-chemical production and ensure the production and export of liquefied natural gas
(LNG) and hydrogen, which will not only make up for export losses due to the accelerating
decline in demand for oil but also provide new investment and return flows [39].

Single-industry towns. The development of the Arctic’s natural potential first of
all requires a huge number of qualified specialists, but the actual living conditions [40]
lead to a migration outflow of population. The difference in the socio-economic situation
is due to the high diversification of the economy of single-industry towns and depen-
dence on enterprises and is emphasized by the division of towns in the Arctic zone into
categories [16,41–43].

Logistics clusters. One of the most important vectors of the development of the
transport industry of the Russian Federation in the Arctic region is the establishment
of permanent communication along the Northern Sea Route (NSR) [44], which requires
the development of mainland infrastructure [45]. The Arctic zone is also characterized
by a well-developed railway network; at present, there is the financing of the Northern
Latitudinal Railway (NSR), Northern Latitudinal Railway-2, and Belkomur projects. The
estimated traffic volume along the Northern Movement is 23.9 million tons of various
cargoes per year [46]. The aviation infrastructure of the Arctic zone is currently represented
by more than 160 airports and airfields.

The places of intersection of air, rail, and water hubs are the so-called transport hubs.
In the complex development and development of the Arctic zone, they acquire enormous
importance due to the tendency of formation of agglomerations near such clusters, trans-
port accessibility, and available infrastructure. The work identified the following hubs: the
currently existing ones (5) in Murmansk, Arkhangelsk, Sabetta, Vladivostok, Dudinka and
the ones to be built (3) in Ust-Luga, Tiksi, Korsakov.

2.2. Energy Characteristics of Energy Consumers in the Arctic

Given the resource potential of the Arctic in the conditions of the gradual depletion of
the continental base, the creation of transport and logistics hubs capable of giving a new
impetus to the development of world trade, as well as the military and political aspect,
the development and exploitation of the Arctic zone acquire a new strategic and economic
momentum [47].

The development of the Arctic is a sequential and multistage process. It is necessary
to ensure the development of promising areas, the maintenance and modernization of the
existing infrastructure and the creation of comfortable living conditions for the popula-
tion [48]. The remoteness from the main industrial centers of the country creates the need
to build a large network of railways and roads: first, to maintain a high level of mining,
and second, to supply the Arctic regions [49,50].

An indispensable condition for the development of the region is a reliable uninter-
rupted energy supply to existing and prospective consumers following global trends and
requirements. Arctic states face a number of common problems in this area, among which
are remoteness from central energy networks, the use of expensive diesel fuel for energy
generation, the high level of tariffs for energy services, as well as the specifics of the life
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of small indigenous peoples. Arctic conditions require the development of affordable,
reliable, and easy-to-operate technologies that can supply energy to remote areas under
icing conditions, high humidity, and critically low temperatures, using environmentally
friendly energy carriers.

As a result of research, the following characteristics of consumers have been revealed:
the peculiarity of power supply of military bases—the necessity of independence from
each other, energy sources working independently according to the special group of the
first category of reliability and uninterruptibility of electric receivers. The power supply of
military bases does not have to take into account its environmental and economic efficiency.
In the structure of generating capacities of single-industry towns, there are a large number
of boiler and diesel-generator sources. Low efficiency of heat and power networks and
their significant wear and tear is observed. The Arctic region has great potential in the use
of non-conventional renewable energy sources [51]. Wind energy has the greatest potential
in the Murmansk region and can be used to create Power-to-X systems [52]. Power-to-
X technology is a solution to the problem of the interconnection of energy sectors [53].
Steam-gas turbine units (SGU) are often used for distributed generation to obtain electric
and thermal energy due to their high efficiency. The technology of converting electricity
into heat (in this case Power-to-Heat) using heat pumps or heating rods is an innovative
environmentally friendly way of heating buildings and even providing industrial enter-
prises with process heat. In the Arkhangelsk region, there is an active development of the
industry of environmentally priority fuel-liquefied natural gas. The creation of an efficient
support system for the development of small-scale power engineering, disclosure of float-
ing nuclear power plants, and the increase of local resources efficiency will become the
starting point of socio-economic development of North-West Russia. At present, scientific
stations are mainly equipped with diesel power plants. For onshore research stations, the
energy characteristics vary depending on the activity of use and the focus of research. It is
perspective to use biofuel as a resource for the energy supply of agricultural complexes,
which is received as a result of the cultivation of certain crops or animals’ vital activity. In
its turn, the transition to the use of biofuels will take a long time, so at the first stages, it is
advisable to use wind-diesel installations, which are already in operation in the Murmansk
Region [54]. The energy supply of data processing centers is characterized by reliability
and uninterrupted operation. Most of the energy is consumed for cooling and operation
of the equipment located in data centers. Currently, most data centers are powered by
diesel generators, while large IT companies follow the trends and use renewable energy
sources [55].

2.3. Requirements for Energy Consumers

For each of the allocated types of consumers, the requirements for energy supply were
formed. For the convenience of perception, analysis, and application in the mathematical
model, the selected requirements are summarized in Table 1.

Table 1. Requirements for consumers.

Type of Consumer Reliability
Category

Required
Installed Capacity Carbon Footprint Mobility Seasonality, m

Logistics hubs First Large

Regulations on
reduction

(international
market)

Stationary 0–12

Sanitary unit
Hospital

Second
First special

Small
Small

Voluntary
agreements

Mobile
Stationary

0–12
12

Scientific bases Second Small Regulation on
reduction Variable mobility 0–12

Agricultural
complexes First (second) Medium Voluntary

agreements Stationary 0–12
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Table 1. Cont.

Type of Consumer Reliability
Category

Required
Installed Capacity Carbon Footprint Mobility Seasonality, m

Military bases First special Large/Medium No requirement for
reductions Stationary/mobile 12

DPCs First special Large Voluntary
agreements Stationary/mobile 12

Single-industry
towns Third Medium Regulation on

reduction Stationary 12

Mining and oil &
gas enterprises

Depends on the
raw material. First,

first special,
second [56,57]

Large Regulation on
reduction Stationary/mobile 12

Tourist bases Third Small Regulation on
reduction Variable mobility 0–4

The transition to qualitative characteristics is due to the task of implicitly comparing
the requirements of consumers and the criteria for energy sources: we resorted to this
method so that it would be easier for experts to compare the resource and the consumer
and assess the weight coefficients of their connection. In addition, due to a large variation
in the installed capacity, we decided to assign such parameters as “capacity” qualitative
characteristics. If you have close values of the installed capacity of the compared consumers,
it may be more convenient for you to go to quantitative characteristics. Each of the
qualitative characteristics presented by the authors is inherent for a certain primary resource.
The method with their use emphasizes the influence of characteristics on the choice of
consumers due to their specific’s requirements for primary resources. The use of this
connection when analyzing the compatibility of a resource with a consumer’s requirement
distinguishes our method from others.

2.4. Resources for Power Supply to Consumers

The main energy resources in all regions of the Arctic zone are fossil resources: natural
gas, coal, diesel, fuel oil, gasoline, kerosene, associated petroleum gas (APG), coke, peat,
and oil shale. The leading positions in the structure of the fuel and energy balance (FEB) of
the Russian Arctic are taken by such resources as natural gas, coal, and oil products.

Natural gas. The priority in the use of this resource is given to the western regions of
the Arctic zone (Yamal-Nenets Autonomous Okrug, Komi Republic, Arkhangelsk Oblast,
Republic of Karelia, and Murmansk Oblast), where the infrastructure of local and main
gas pipeline networks is developed. The YNAO and the Komi Republic are gas suppliers
for the other western regions mentioned above. The Taimyr-Turukhan zone (Krasnoyarsk
Krai) is the “greenest” of all the zones, with 60% of installed capacity coming from gas and
the remaining 40% from water flow energy.

Coal. This resource is widespread in those Arctic regions where there is direct ex-
traction, for example, in Chukotka AD. In other regions of the Arctic zone, coal is usually
transported.

Oil products. Fuel oil and diesel oil are delivered to the territory of the Arctic in full. In
the structure of fuel and energy mix of the Murmansk Region and the Republic of Karelia,
they account for a significant part.

Nuclear fuel plays a significant role in the energy supply of the Murmansk Region
and Chukotka AD. Further development of nuclear power in the Arctic is promising due
to floating nuclear power plants. The energy of water streams is used in the energy balance
of the Murmansk Region, and the Republic of Karelia has potential for the development
of hydroelectric power. Associated petroleum gas is used in the energy regions where
oil production takes place. In areas with a predominance of the woodworking industry,
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wood and municipal solid waste are used. Now, renewable energy sources do not make a
significant contribution to the fuel and energy mix of Arctic consumers.

It is necessary to note the important role of LNG in the resource market. Considering
the resource potential of the Eastern Arctic, that is, gold, tin, copper deposits, remote from
fuel bases, it is necessary to have a resource that allows increasing the necessary capacities
under requirements of carbon footprint reduction. Taking into account the course on the
gasification of the Arctic region and development of the main transport route—the NSR,
LNG has the prospects to take the leading position in the nearest decade not only on the
external resource market but also on the domestic one.

Hydrogen is a potential resource, which in 2035–2050, with the development of
appropriate technologies and the accumulation of sufficient experience in its use, could
take significant positions.

Criteria for resources. All resources that are consumed in the region or are perspective
from the point of view of use for energy supply are summarized in Table 2. They are
evaluated by criteria, among which are economic and environmental: the capital cost of
building a generation unit based on the selected resource (CAPEX), the average present
value of electricity over the life cycle of the resource (LCOE), the net present value of
building and operating a generation unit for the resource (NPV), as well as emissions,
expressed in the equivalent of CO2. Economic indicators are one of the most important
assessed parameters of electrical engineering complexes, as a rule, they act as optimization
criteria [58]. Quantitative indicators by criteria are given, which reflect in point expression
the minimum (1 point) and maximum (5 points) level for the selected criterion.

Table 2. Criteria for resources.

Resource
Criteria

CAPEX CO2 LCOE NPV

Fuel oil 4 5 1 2
Gas 5 3 2 5
Coal 4 5 3 3

LNG and CNG 5 2 2 4
Nuclear 5 2 4 5
ARES 4 2 3 4

Associated
petroleum gas 4 4 3 4

Diesel 4 5 3 3
Hydrogen 5 2 3 4

All fuel resources (except for solid fuel and resources) at the stage of realization
require considerable capital costs but getting energy from them entails consequences for
the biosphere, which are caused by a different set of processes and the nature of their
appearance. Thus, obtaining the end product from wind, solar, water, and land energy is
less destructive to the environment in terms of disturbances and pollution due to the lack
of transport processes and resource extraction [59]. Renewable energy sources are used
locally and are not “transportable”.

Hydrocarbons and coal are the most capacious fuels in terms of the number of pro-
cesses and require a well-developed transportation infrastructure. Hydrogen fuel is a
possible alternative to fossil fuels, which is worth considering as a source of clean energy
and a means of storing it for Arctic consumers while developing technologies for the
production, storage, transportation, and consumption of hydrogen. In its turn, natural gas
has great potential in terms of exportable resources to the EU and APR countries due to the
development of LNG production technologies.

We should also note the possibility of risks of LNG supply reduction to other countries
through the use of hydrogen energy, the development of which generally helps to reduce
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the global dependence on gas. Petroleum products are ubiquitous and widely used fuels
for all types of consumers.

Nuclear energy is also applicable to many consumers, is environmentally friendly due
to minimal CO2 emissions, and is convenient in terms of the long-term use of nuclear fuel,
which is imported from other regions of Russia.

Using estimates for petroleum products as an example: CO2 emissions for 2020 in
the world amounted to more than 12 billion tons, or 30% of the total amount of emissions,
respectively, the authors assigned a maximum rating of 5 points [60]. The LCOE for diesel
installations varies according to specifications and fuel prices. On average, the LCOE
will hover around $50/MWh for small installations, while for solar panels, it will be over
$150/MWh, so an average rating of 3 was given [61,62]. CAPEX for oil fields continues to
grow due to growing concerns about ESG and pressure on investors [63,64].

As a result of the analysis of review and analytical articles, a list of major global
technological trends and related technologies was identified [65–70]. The existence of each
trend is confirmed by examples of Russian and foreign company cases.

Against the background of global goals to reduce the carbon footprint of most indus-
tries, companies are striving to implement RESs and renewable energy, combining them
with traditional sources under the control of IT technologies. Storage of produced energy
is a no less urgent issue, which is solved by companies at the level of technology in the
struggle for primacy in the creation of new storages [71]. Digitalization, implementation of
microgrids, and active-adaptive networks are a number of additional technological trends
caused by the global agenda.

At the moment, Hevel is building an autonomous hybrid power plant with a total
capacity of 2.5 MW in the village of Tura. Hywind Scotland wind farm, built jointly by
Equinor and Masdar, is operating in the Scottish waters. The total capacity of all wind
turbines is 30 MW, the capacity factor is 50%. The development of hydrogen energy and
transport should be singled out in the cases of RESs and RES companies: Airbus hydrogen
gas turbines, Alstom hydrogen fuel cells [72]. For 6 years, Rubin Central Design Bureau
has been preparing the Aisberg project, which includes the development of underwater
production complexes of northern fields. The work includes the development of specialized
drilling rigs, production stations, process control, and energy-saving equipment.

ROSATOM has developed a number of small nuclear power plants (SNPPs) designed
for service in remote areas of the Arctic. Among them, there are transportable complexes, as
well as complexes designed for offshore operation, so power units from 1 to >100 MW are
represented [73]. The harsh conditions of the Arctic, in general, promote the development
of autonomous technologies, as well as remote control technologies. Even today, there
are a large number of Russian and foreign projects in the field of unmanned technologies,
flying and underwater vehicles for remote control for transport, construction, research, and
oil and gas industry needs. The Russian Helicopters Holding Company has developed
the VRT-300 multifunctional unmanned helicopter for the Arctic and NSR development,
capable of cargo transportation, environmental monitoring, search and rescue operations,
as well as equipment and road infrastructure diagnostics. Kalashnikov Concern, Lazurite
Central Design Bureau, and others are also engaged in the design of drones.

2.5. Scenario Development

The methodological approach in the study is based on several forecasting scenar-
ios, which are broken down into a sequence of time intervals of 2020–2025; 2025–2030;
2030–2035. Planning or scenario analysis is a consolidated and structured process of cre-
ating future opportunities that have socio-economic, environmental, and technological
implications.

Scenario planning was based on an analysis of the Arctic’s external environment,
followed by the identification of the main factors affecting consumer development, elec-
tricity demand, and capacity. As a result of the analysis of the external environment, a list
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of macro-environmental factors that have the greatest influence on the development of
consumers in the Arctic in the period under consideration was compiled.

Based on the brainstorming method, the most significant factors were identified
and optimized using cause-effect diagrams. This resulted in the selection of the most
significant and independent factors. The brainstorming method has established itself as
an effective way to generate creative and effective ideas when solving outstanding and
complex problems that require the involvement of specialists from different specialties. The
method is widely known and applicable, including in solving scientific and engineering
problems [74–76]. The research work presented in this article implies a comprehensive
study and the involvement of specialists and young scientists from different areas of the
fuel and energy complex and MSC, which makes it necessary to organize work, including
by the brainstorming method. Based on this method, the most significant factors were
identified and optimized using cause-effect diagrams.

During the forecasting phase, several variants of different scenario outcomes were
generated. The purpose of combining the most significant factors was to establish the
interdependence between the predicted outcomes of the factors under consideration and
to write scenarios.

The scenarios (Table 3) combine a variety of factors. For example, such as global
economic growth, political factors, environmental issues, and technological development,
that illustrate the relationship between the main driving forces. Scenario driving forces
include various types of factors, some of them, such as the COVID-19 pandemic, arise
spontaneously. Others represent sustained trends, such as Digitalization, Decarbonization,
Decentralization, Dependence, and Decrease. Today’s policies of companies and govern-
ments take into account the need to achieve sustainable development goals. Thus, the
SDGs are also becoming one of the most important drivers for scenario planning.

Table 3. Description of scenarios.

Title 1 2025 2030 2035

Negative scenario
“Cold Menace”

1. Virus development and
mutation—not being able to

financially overcome the vaccine race;
2. Reduction of energy consumption

by 5% annually;
3. Oil price of $50–60/barrel;

4. A set of measures to support new
fields at the level of 20% profit tax and

15% mineral extraction tax;
5. Lack of transparent regulation and

certainty in the FEC and MRC;
6. Lack of international investment in

Arctic development projects.

1. Reduction of the industry of offline
culture and public events;

2. Minimum consumption of energy
and services;

3. High volatility of prices for energy
resources—lack of investments in

projects to develop new fields;
4. Oil price $40–55/barrel;

5. Lack of possibility to enter foreign
markets due to sanctions pressure;

6. World trade declines by
3–5% annually.

1. The energy poverty of
the countries;

2. Lack of any investments in energy
infrastructure, and their

subsequent outflow;
3. Growing risks of man-made
accidents and lack of funds to

eliminate natural disasters;
4. Oil price 40–50 USD/bbl;
5. Increase in social tensions;
6. Low level of innovation,

education, and culture.

Neutral
scenario“Northern

Outcast”

1. Containment of coronavirus
infection without significant

quarantine restrictions;
2. Electricity consumption increases

by 40%;
3. Energy intensity of GDP does not

change, specific consumption per
capita grows by 1%;

4. Export restrictions—instability of
mineral and energy supplies;

5. Stabilization of energy consumption
at the same level, without regard to

environmental and climatic situation;
6. Increase in global energy by 1–3%

annually.

1. The lack of the former level of
international trade in resources due to

the import substitution race;
2. Inability to fix the carbon footprint;

3. Taking and holding leadership
positions in creating international

transport and logistics systems, and
developing and using the Arctic is

impossible;
4. Maximum oil price—$55–65/barrel;

5. Carbon footprint of energy
resources is not a reference point for

the energy supply of consumers;
6. Emergence of conflicts over

resource shortages due to climate
change;

7. Military build-up.

1. The development of territories is
carried out at the expense of

orientation on the domestic market;
2. The growth of investment in
research and development is

up to 8%;
3. Threat of development of Arctic
territories because of cataclysms,

caused by global warming;
4. Set of measures to support new

mines at the level of 10% income tax
and 10% mineral extraction tax.
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Table 3. Cont.

Title 1 2025 2030 2035

Positive scenario
“Energy Awakens”

1. Leveling the negative consequences
of the crisis and quarantine measures;

2. Restoring the disrupted supply
chain of energy, materials, and goods;

3. Sustainable development of the
FEC and MRC in the Arctic on the
basis of digital technologies [77,78];

4. Oil price—$70+/barrel in all
scenarios;

5. Renewal of fixed assets in the
energy sector and network

infrastructure;
6. Growth of global trade by 3–5%

annually;
7. Set of support measures at the level
of 0–3% profit tax and 4–5% mineral

extraction tax.

1. Formation and development of
ecologically and socially oriented

points of growth;
2. Growth of demand for new

technologies and equipment in the
Arctic;

3. Infrastructural and legislative
opportunities for small and medium

businesses to locate in the AZRF;
4. Transparency and openness to
internal and external consumer

markets through digital technology;
5. Scientific and technological

breakthrough at the global level
through digital integration of

stakeholders;
6. Emergence of a window of

opportunity for companies supplying
technologies;

7. Increase of R&D investments up to
20% relative to 2021 due to

appearance of venture capital.

1. Coordinated development of the
Arctic through international

planning, funding, and regulatory
frameworks;

2. Digital transformation in the
management of the life cycle of

energy and mineral resources in the
Arctic;

3. The emergence of digital
industries, smart factories, and
high-tech spaces that operate
through platform solutions;

4. Sustainability and reliability of
energy supply to the Arctic

consumers through new approaches
to resource supply to consumers;
5. Innovative rebirth of the Arctic

FEC and MRC into a high-tech and
efficient infrastructure, providing

quantitative and qualitative growth
of the Russian economy.

Survey design methodology and results of the survey. To form scenarios for the
development of electricity and energy supply of the Arctic consumers, a survey was
conducted on the basis of expert evaluations. A poll was developed to get expert data to
forecast Arctic energy development and the priority set of fuel resources for three time
intervals: 2020–2025, 2025–2030, 2030–2035, taking into account the political, economic,
social, technological, environmental and legal risks of each resource’s use in the Arctic
zone. The risks were assessed on a nine-point scale, where 1 is the minimum impact of risk;
9 is the maximum impact of risk. An expert assessment was made of the development of
types of consumers and demand for energy resources.

Each region in the Arctic zone is characterized by its own set of fuel resources, which at
the moment is conditioned by the presence of hydrocarbon or coal deposits and developed
transport infrastructure of resources.

Since hydrocarbons and coal occupy priority positions in the structure of the region’s
fuel and energy balance, it was decided to divide the Arctic zone into three groups following
the affiliation of hydrocarbons (gas, oil, and oil products) and coal to these territories:

I. Regions where fossil resources are predominantly “imported”, that is, the Mur-
mansk Region, the Republic of Karelia, the Arkhangelsk Region, and the Komi
Republic.

II. Regions where fossil resources are “local”, that is, are extracted in the regions in
question—Republic of Karelia, Yamalo-Nenets AD.

III. Regions where fossil resources are both “local” and “imported”—“mixed”, that is,
Krasnoyarsk Krai, Yakutia, and Chukotka AO.

Figure 3 presents a map of the fuel and energy balance of the Arctic region.
The time frame for the survey was 1 month. The expert group was selected from

various structures, scientific and social schools. During this time, 64 people took part in
the survey: employees of 5 educational institutions, employees of 5 companies of mineral
complex, employees of 7 companies of the fuel and energy complex.

Thus, the forecasting of the energy sector development is based on a survey of a large
number of professional workers and teachers of specialized institutions, close to the subject.
As a result of this research, key consumers and the most sought-after resources for energy
supply were identified.
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Figure 3. Structure of the fuel and energy balance of the Arctic region.

A complex step-by-step work was carried out: from assessment of the current situ-
ation in the energy sector of the Arctic to the choice of research method, the concept of
questionnaire and experts, data analysis, and its use for forecasting in various scenarios.

Figure 4 shows a generalized methodology of building a mathematical model of
scenario forecasting.

Figure 4. Methodology for constructing a mathematical model of scenario forecasting.

• Step 1: Calculation of the generalized risk impact factor Kn for each of the formed
scenarios, based on the risk analysis and identified consumption trends from the
processing of data on electricity consumption for the period 2010–2020;

• Step 2: Calculation of the cumulative impact of risk on the development of Arctic
consumers. Calculation of energy consumption W in three scenarios at different time
ranges based on an assessment of the impact of global challenges on consumption
trends;



Resources 2021, 10, 124 14 of 25

• Step 3: Calculation of energy consumption and distribution by types of consumers
based on the calculation of the basic vector of the probability of development of a
certain type of consumer Bvpn and the results of the calculation of the total weight
coefficients of the connection between risks and types of arctic consumers RG;

• Step 4: Calculation of the distribution of demand for resources between types of
consumers based on the calculation of the basic vector of the probability of an increase
in demand for resources Hvpn and the matrix of the relationship of weight coefficients
of consumers with resources.

2.6. Mathematical Model of Scenario Forecasting

To formalize and establish the numerical values of the mutual influence of risks
in different scenarios on the development of Arctic consumers, the interaction matrices
compiled by the research participants were used [79]. The application of the method of
interaction matrices makes it possible to identify the degree of mutual influence of the
factors of the considered set and predict their behavior in the future. After analyzing and
processing the results of the survey of the expert group, the risks were arranged on the
plane (Figure 5) in accordance with the following axes:

• Ks is the axis of ordinates, the strength of the influence of risks on the development of
arctic consumers; it takes values from −1 to 1 (strength decreases/increases);

• Kd is the abscissa axis, the influence of risks on the rate of change in the number of
consumers; it takes values from −1 to 1 (inhibits/accelerates);

• S characterizes the size of the bubbles, which reflects the significance of the respective
risk for the growth of energy consumption in the Arctic; takes values from 0 to 1.

Figure 5. Results of PESTEL-risk analysis under different scenarios:(a) neutral scenario with K = 0.095; (b) negative scenario
with K = 0.21; (c) positive scenario with K = 0.585.

Risk assessment varies depending on the scenario. The brainstorming session ana-
lyzed how risks would manifest themselves in negative, neutral, and positive scenarios.

It is important to note that we propose a methodology and demonstrate approaches
to its implementation. When implementing the methodology in the future, the results
will depend on the expert group; in this case, the forecast will be adjusted not in terms
of the methods used, but in terms of expert opinion. The team of authors allows such a
dependence, since the study is devoted to strategic planning, and it is necessary to use
the knowledge of experts. The scenario conditions proposed by the authors are based on
the study of risks and their impact, as well as on the assumptions of the development of
certain risks for the worse or for the better, which is described in Table 3. The assessment
and application of this approach were based on the literature, but specific assessments in
the works are always different since they are formed on the basis of various scenarios. We
propose a specific sequence of actions that allows for a more comprehensive assessment of
future needs and the development of their sustainable provision.
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It is also worth emphasizing that the matrix is dynamic; over time, it is possible to
reassess the risks, since they are not static in nature, but undergo changes over the entire
time interval considered in the study.

Based on the data of the interaction matrix, each group of risks (political, economic,
social, technological, environmental, legal risks) is presented in the form of a generalized
impact factor Kn, which is derived from the Formula (1):

Kn =
(KS + Kd)S

2
(1)

Based on these interaction matrices, each of the scenarios can be represented in the
form of a generalized influence coefficient Kn.

Based on the results of the analysis and calculations for each of the scenarios, the
final generalized impact factor (total) can be found, which determines the final degree
of significance of the three indicators of each risk group for the development of Arctic
consumers and, consequently, the growth of energy consumption and demand for the
construction of energy sources and energy infrastructure.

The results of calculations of the generalized coefficients of influence of risk groups
and scenarios are presented in Table 4 and Figure 5.

Table 4. Values of generalized coefficients of influence Kn.

Risk Group Kn (Neutral
Scenario)

Kn (Negative
Scenario)

Kn (Positive
Scenario)

G1. Political −0.07 −0.025 0.07
G2. Economic 0.045 −0.25 0.195

G3. Social 0.09 −0.12 0.12
G4. Technological 0.07 0.03 0.06

G5. Environmental −0.08 0.05 0.02
G6. Legal 0.04 0.03 0.12

Total 0.095 −0.285 0.585

2.6.1. Forecast Development of Consumer Types

The next stage of the study is to assess the impact of global challenges on the de-
velopment of different types of consumers in the Arctic in order to further forecast the
demand for energy by different consumers, taking into account the mutual influence of
global challenges.

A total of nine types of consumers P1–P9 were identified (Table 5).

Table 5. Symbolic designation of Arctic consumers.

Type of Customer P

Military bases P1
Hydrocarbon deposits P2

Settlements (single-industry towns) P3
Scientific research bases P4

Logistics clusters P5
Medical bases P6

Agricultural complexes P7
Tourist centers P8

Data Processing Centers (DPCs) P9

Based on the survey, the influence of risk groups on the development of consumers
for different time ranges was determined. At the same time, the processing of questions
about the impact of risks at different time intervals was carried out. Coefficients take
values from 0 to 1 in increments of 0.01. Taking into account the ranges, three effects were
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identified: 0.3 characterizes a weak effect; the range 0.3–0.6 corresponds to the medium
effect conditions; 0.61 is in the context of a strong effect. It should be noted that these
values were averaged for all experts, excluding observations with incomplete information
about the main types of consumers. Thus, we obtained weighting coefficients, which allow
assessing the degree of risk impact on the development of energy consumers (Table 6).

Table 6. Impact of risks in consumer development in 2020–2025.

Type of Customer P G1 G2 G3 G4 G5 G6 Cumulative Impact
of Risk RYi

Military bases P1 0.3 −0.2 0.07 0.1 0.01 −0.02 0.0433
Hydrocarbon deposits P2 −0.28 0.17 0.11 0.14 −0.4 0.11 −0.043

Settlements (single-industry
towns) P3 0.01 −0.32 −0.21 0.12 −0.4 0.04 −0.127

Scientific research bases P4 0.05 0.18 0.04 0.03 0.2 0.09 0.098
Logistics clusters P5 −0.3 0.12 −0.1 0.2 −0.08 0.3 0.023

Medical bases P6 0.07 0.16 −0.3 0.01 −0.1 0.06 −0.016
Agricultural complexes P7 0.06 0.15 0.11 0.07 −0.22 0.05 0.036

Tourist centers P8 −0.4 0.1 0.08 0.04 −0.06 0.04 −0.033
Data Processing Centers

(DPCs) P9 0.31 0.15 0.25 0.2 −0.35 0.12 0.113

Total 0.094

Further, the total weighting coefficients of the relationship between risks and types of
Arctic consumers were summarized in Table 7.

Table 7. Total weighting coefficients of the relationship between risks and types of Arctic consumers.

G1–G6
(2020–2025)

G1–G6
(2025–2030)

G1–G6
(2030–2035) G1–G6 (2035+)

RGj 0.094 0.101 0.37 0.55

Based on the final weight coefficients of the connection between risks and types
of consumers, the forecast of energy demand for consumers at different time ranges is
determined.

The value of the base vector of the probability of development of a certain type of
consumers, obtained from a survey of experts, is used. This vector is normalized internally
by Formula (2):

Bvpn =
Bvpi

∑n
i=1 Bpi

·100 (2)

where Bvpi is the basic vector of the probability of development of the consumer species;
Bvpn is the internal normalization of the basic vector of the probability of development of
the consumer species.

The final forecast of energy demand growth for certain consumer types by years,
taking into account scenarios, is calculated by Formula (3):

Wiyn =
W f (t)·(1 ± Kn·RGj)·Bvpni

100
(3)

where Wf(t) is the allocated trend of electricity consumption for the period preceding the
forecast one. The available data on the consumption of the period from 2010 to 2020 on the
territory of the Arctic were taken as the basis.

Table 8 shows the results of calculations of energy demand up to 2025. For other time
intervals, similar calculations were made.
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Table 8. Forecast of energy consumption by type of consumer by 2025.

Type of Customer P
Basic Vector of

Probability Based
on the Survey

Neutral Scenario
(2020–2025),

Billion kW·h

Negative Scenario
(2020–2025)

Billion kW·h

Positive Scenario
(2020–2025)

Billion kW·h
Military bases P1 0.760606 5.041147651 4.849507195 5.288262977

Hydrocarbon deposits P2 0.912121 6.045359407 5.815543595 6.341700847
Settlements (single-industry towns) P3 0.693939 4.599291828 4.424448628 4.824747533

Scientific research bases P4 0.657576 4.358284983 4.192603717 4.571926615
Logistics clusters P5 0.690909 4.579209581 4.405129813 4.803680861

Medical bases P6 0.475758 3.153230877 3.033360036 3.307801171
Agricultural complexes P7 0.409091 2.711375053 2.60830147 2.844285727

Tourist centers P8 0.342424 2.26951923 2.183242903 2.380770283
Data Processing Centers (DPCs) P9 0.457576 3.032724141 2.917434393 3.181387236

Total 35.79014275 37.120479 36.59403675

On the basis of the expression, which takes into account the energy consumption
change on the time interval and the normalized total risk influence, the distribution of the
energy consumption increase (decrease) by consumer types was obtained.

Thus, at this stage, the prognosticated development of consumer types and the associ-
ated scenario change in energy consumption are justified.

2.6.2. Forecast for Resource Use Development

For the scenario study, the main resource types were considered: fuel oil, gas, coal,
LNG and compressed natural gas (CNG), nuclear, nontraditional, and renewable energy
sources, associated petroleum gas, and hydrogen H1–H9 (Table 9).

Table 9. Symbolic designation of resources.

Type of Resource H

Fuel oil H1
Gas H2
Coal H3

LNG and CNG H4
Nuclear H5
ARES H6
APG H7

Diesel H8
Hydrogen H9

The energy requirements (Table 1) of consumers determine the strength of the con-
nection with the types of resources based on their criteria (Table 2). The table of weight
coefficients is compiled based on the results of processing the experts’ evaluation of the
connection. According to the results of the analysis and comparison of consumers’ require-
ments and characteristics of resource types, the connection matrix is compiled (Table 10).
The highest value indicates a more appropriate choice and compliance with the resource
to provide the given type of consumers, taking into account the fullest satisfaction of
requirements. The coefficients take values from 0 to 1 in increments of 0.001 and, with this
in mind, range as 0.001–0.3, a weak relationship; 0.301–0.6, a medium degree relationship;
0.601–1, a strong relationship.
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Table 10. Matrix of connection of weight coefficients of consumers with resources.

H/P P1 P2 P3 P4 P5 P6 P7 P8 P9

H1 0.86 0.5 0.55 0.57 0.1 0.3 0.1 0.1 0.1
H2 0.8 0.94 0.87 0.65 0.87 0.67 0.67 0.77 0.64
H3 0.86 0.76 0.56 0.45 0.58 0.34 0.22 0.1 0.1
H4 0.89 0.3 0.67 0.34 0.56 0.34 0.78 0.82 0.34
H5 0.67 0.92 0.45 0.34 0.87 0.32 0.45 0.34 0.89
H6 0.76 0.56 0.78 0.88 0.45 0.67 0.78 0.89 0.68
H7 0.3 0.8 0.5 0.4 0.76 0.45 0.65 0.43 0.78
H8 0.89 0.32 0.45 0.54 0.23 0.34 0.21 0.2 0.12
H9 0.78 0.56 0.67 0.45 0.67 0.56 0.78 0.67 0.9

As a result of a survey of experts, it was proposed to put the strength of influence and
the direction of the influence of risks on the development of bases, then the assessment was
averaged and entered into the appropriate cell. The expert assessments in the questionnaire
were processed in the standard way adopted for this approach [79].

Changes in demand for certain types of consumers in the Arctic will determine
changes in the demand for energy resources. For this purpose, based on the table of weight
coefficients of connection between consumers and resources, the forecast of energy demand
from a certain type of resource was determined.

Forecasting the increase in demand for energy resources (4) was carried out taking
into account the basic vector of the probability of an increase in demand for resources
(Hvi) and its internal normalization (Hvn). This vector was obtained on the basis of survey
data. Then we modeled the connection matrix of electricity consumers and resources in the
form of normalized vector (Lvn), which corrects the forecast of demand for certain types of
resources and reflects the competitive distribution as a result of the scenario conditions but
does not change the value of total demand.

Hi = ∆Wiyn f (t)· Hvin·Lvin·100
∑n

i=1 Hvin·Lvin
(4)

where ∆Wiynf(t)—changes in energy consumption, taking into account the scenario condi-
tions in the allocated time range.

Table 11 shows the results of the calculations of scenario forecasting of an increase or
decrease in demand for resources in the time interval 2020–2025. Similar calculations were
conducted for other time intervals.

Table 11. Results of calculations of scenario forecasting of demand for resources by 2025.

Type of Resource H

Hv Base
Probability

Vector Based
on the
Survey

Hvn Internal
Normaliza-

tion of Basic
Probability

Vector

Lvn Normal-
ization with
Connection

to Consumer
Types

Neutral
Scenario

(2020–2025),
Billion kW·h

Negative
Scenario

(2020–2025),
Billion kW·h

Positive
Scenario

(2020–2025),
Billion kW·h

Fuel oil H1 0.760606 14.0853 7.038513 3.155958122 3.037160292 3.309144796
Gas H2 0.912121 16.89113 15.22798 8.18813799 7.879916847 8.585581042
Coal H3 0.693939 12.85072 8.787074 3.594644762 3.459333716 3.769124795

LNG and CNG H4 0.657576 12.17733 11.15538 4.324347858 4.161569039 4.534246863
Nuclear H5 0.690909 12.79461 11.62019 4.732867717 4.55471123 4.962595818
ARES H6 0.475758 8.810333 14.27623 4.003962935 3.853244171 4.198310814
APG H7 0.409091 7.575759 11.22178 2.706276212 2.604405488 2.83763583

Diesel H8 0.342424 6.341185 7.304117 1.47442394 1.418923088 1.545990828
Hydrogen H9 0.457576 8.47363 13.36875 3.606155464 3.470411128 3.781194214

Total 100% 100% 35.786775 34.439675 37.523825
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3. Results and Discussion

Figure 6 presents the results of the forecast of energy consumption by the Arctic con-
sumers based on the scenario conditions and risks, where three scenarios of development
of electricity consumption and the process of change in the fuel and energy balance in the
Arctic for the period from 2021 to 2035 are considered.

Figure 6. Forecast of energy consumption by Arctic consumers, billion kW·h.

The R2 value—the coefficient of determination is the difference between the unit
and the proportion of unexplained variance. This coefficient is applicable to determine
the degree of correspondence between one random variable and many others. R2 can be
calculated automatically using, for example, standard MS Excel tools, as was done by the
authors of the article.

The results of the calculated determination coefficients prove that the obtained math-
ematical model for predicting energy consumption using the developed hybrid method
corresponds to the data from [80] sufficiently and does not contradict them. Relying on
the available data on energy consumption by consumers in the Arctic, made it possible to
carry out the initial iterations of the model tuning. In turn, this made it possible to impose
on the collected database the influence of risks migrating over time.

Figure 7 shows the results for the distribution of the projected increase in energy
consumption by type of consumers, which takes into account the energy consumption
change on the time interval and the normalized total risk influence. The results indicate
that the increase in electricity will be mainly due to data processing centers, hydrocarbon
deposits and logistics clusters in neutral and positive scenarios. The growth will peak in
the 2030s. Following the same scenarios there will be a degeneration of settlements based
on industry. During the period under consideration, from 2021 to 2035, the volume of
energy consumption will change mainly due to an increase or decrease in the demand for
gas depending on the scenario variant of the Arctic zone development. The high potential
of gas use is due to the large reserves of this resource in the Arctic and the developed
infrastructure of gas pipelines in its territory. Thus, natural gas will occupy a leading
position in the structure of the Arctic fuel and energy balance.

Accepting the positive development scenario as the best in terms of sustainability, a
rather high contribution to the increase of energy consumption will be made by unconven-
tional energy sources, such as atomic and hydrogen energy. The use of nuclear energy in
the Arctic has proven its validity and effectiveness in the case of small and floating nuclear
power plants. The results of the prognosis point to the development of hydrogen fuel
as a new perspective energy source, which is planned to be produced based on the Kola
NPP in the Murmansk Region and Yakutia, as well as on pilot sites in the Yamal-Nenets
Autonomous District; and to start supplying LNG in nuclear tankers to remote Arctic areas.
If the scenario is positive, there will be an increase in demand for LNG use, although this
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increase will not have a significant impact on the fuel and energy balance of the Arctic.
Following the trend of decarbonization, the development of RESs will continue, but the
increase in these resources is not comparable in volume with other resources under con-
sideration, so it is not reflected in the simulation results. The largest increase in energy
consumption will be achieved in 2030 due to gas, which is due to the planned gasification
of the regions. The share of petroleum products will decrease and become equal to the
share of hydrogen fuel. Such diversification of the resource mix will allow not to disturb
the sensitive ecosystem of the Arctic and ensure an innovative breakthrough in Russia’s
energy industry, as well as the country’s competitiveness in the market of clean fuels.

Figure 7. Distribution of the projected increase in energy consumption by type of consumers.

The model allowed taking into account not only the growth but also the decline of
certain types of consumers under different scenarios. There is a noticeable increase in
energy consumption of data centers, which is due to the emergence of new strategic and
economic facilities, which will appear by 2025–2030 (supply of the NSR, SSH, military
bases, research bases). Similarly, the demand for hydrocarbon deposits will increase, as
the Arctic has a large potential of natural resources, which are already being exploited,
and the development and emergence of technologies specialized for the Arctic conditions
will have a high demand for energy consumption. Investment in the NSR, SSH, and the
development of ports, railways, and highways will also be an impetus to increase the energy
consumption of logistics clusters in the Arctic. The model clearly shows a drop in energy
demand in single-industry towns. This can be explained by their low attractiveness to their
current state and the prospect of attracting residents to live in these cities permanently is not
observed. Consequently, we can conclude that mono-cities with the existing infrastructure
and economy are a dead end, and in the Arctic, such development of territories is ineffective.
Figure 8 shows the results of scenario forecasting of an increase or decrease in demand for
resources at the corresponding time intervals.

The results showed that demand for hydrogen will increase over time due to loyalty
and investment in hydrogen by large companies, as well as the emergence of infrastructure
and research centers adapted to hydrogen fuel. Also, demand for gas, APG, LNG, and
CNG will increase as LNG and CNG transportation campaigns will continue to roll out.
The emergence of small NPPs and the prospect and approval by the Russian government
of floating NPPs will be a step toward the growing demand for nuclear power in the Arctic.
Demand for petroleum products will decrease due to the risks of spills leading to large
fines, sanctions, and restrictions, which reduces the competitiveness of these fuels (fuel oil,
diesel) compared to others. In the next 5–10 years, coal will still be in demand as a fuel for
the Arctic, but gradually the demand for its use will start to fall.
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Figure 8. Results of resource demand forecasting.

Thus, scenario modeling of the impact of risks due to global challenges on the devel-
opment of consumers in the Arctic, and the assessment of changes in demand for energy
resources will allow tracing the mutual influence of risks, taking into account the scenario
conditions on energy supply technology. This, in its turn, makes it possible to identify,
through resources, the key technologies necessary for energy supply to Arctic consumers,
taking into account all efficiency requirements while reducing the negative impact on the
environmental situation in the region to achieve the goals of sustainable development.

4. Conclusions

Energy supply to consumers must be built on the principles of reliability, availability,
and flexibility. Our research follows these principles and focuses on the consumer, con-
sidering his characteristics and needs. Energy supply also depends on the availability of
resources, and our study answers this question using the potential of the region under
consideration. The process of energy supply in the Arctic region should be considered as a
single interconnected structure, where different types of consumers and energy sources are
codependent. We have proposed a strategic planning approach based on the classification
and analysis of the above variables, considering the opinion of experts, and scenario model-
ing of factors. The application of the relationship between consumer characteristics and the
criteria for resources distinguishes our method from others. We understand that authors
may encounter some limitations when repeating this technique. The risk groups identified
in this study are applicable to the designated growth zones of the Russian Arctic. However,
the technique is universal, which makes it possible to apply it in other studies, where their
own risk groups and an expert group will be distinguished according to the specific request
of the authors. Among the limitations, it is also worth highlighting that this approach does
not consider the limitations caused by the infrastructure necessary to create conditions for
the supply of energy with one or another resource in certain regions. The exact location of
the growth in needs is also currently not determined by this method, which does not allow
creating the necessary incentives for development at the regional level.

We would also like to emphasize that the study has great potential for development,
among a number of urgent tasks for future work, the following can be distinguished:
presentation of factor analysis of risks, which will allow us to assess the dynamics of
changes in risks over time, as well as to highlight the group of the most significant risks
and their relationship with each other; solution of the optimization problem: regional
optimal distribution of resources with the least carbon dioxide emissions and financial
investments. In addition, research on limiting the use of various resources, especially
hydrogen, is promising.
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