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Abstract. The regional authorities, solving energy issues via the development of small-scale energy
capacities, enable more adaptive and economical solution of the problems of energy development at the
regional level. Thus, one of the foundations of small-scale energy is the use of alternative energy sources.
Formation of schemes and procedures for the development of regional energy modalities based on the active
use of alternative energy sources is the objective of developing the energy industry, both at the regional
level and throughout the country. In order to solve this problem, an analysis of all available alternative
energy sources in the regional energy system is carried out. Although the discussion on this issue is
extensive, special attention is paid to the analysis of the problems associated with the introduction and
development of alternative energy systems. This article describes procedures for generating a set of global
factors that can have a significant impact on the implementation or operation of alternative energy systems.
Based on the systematic approach and the resulting composition of global factors, a composition of eighteen
influencing factors was identified. The presence of a systemically complete set of indicators describing the
factors of influence on the process of functioning of alternative energy systems in the region makes it
possible to set and formalize a number of important ones. The descriptions of three interesting issues for the
implementation and development of alternative energy systems are given in this paper. For future
developments, we plan to list models of the issues, as well as to develop practices to overcome these issues.

1 Introduction
Currently, most of the developed countries of the world
consider the development of small-scale power
engineering as one of the important directions of
development of the energy sector. This is due, in
particular, to the fact that small-scale energy is
perspective for implementation at the regional level
without attracting large centralized funds. In addition,
small-scale energy is often more environmentally
friendly than large-scale energy. Finally, the regional
authorities, solving energy problems through the
development of small-scale power generation capacities,
make it possible to more adaptively and economically
solve the problems of energy development at the
regional level. It should be pointed out that small-scale
energy is a segment of the energy economy, which
includes small generating plants and small generating
complexes, including those not connected to centralized
power grids, operating on the basis of traditional fuels
and on the basis of renewable energy sources [15].
The modern attitude to alternative energy - in
contrast to past years, when renewable and alternative
energy was considered as great assistance in solving
many pressing issues in the energy sector, in the
environment, in the field of security - has become more
balanced and rational. Namely, a number of serious
shortcomings associated with alternative energy have
*

emerged, which are not so acute in the case of
traditionally energy based on fossil energy sources. The
main disadvantages are discussed below. Here are some
of the economic aspects of this issue.
Lately, huge funds have been invested in the
development of alternative energy - from 2011 to 2018,
about 55% of the 3.66 trillion dollars (that is, more than
2 trillion), which were spent on combating climate
change; in particular on the development of solar and
wind energy in order to reduce greenhouse gas emissions
and other impacts on the environment from fossil fuels.
During this period, the capacity of solar energy increased
by 33%, wind power by 22%, other types of renewable
energy by 10%, that is, in general, a significant increase
in alternative energy sources capacities. For comparison,
we present data on the percentage of various types of
energy at the end of 2018: thermal power plants using oil
34%, coal-fired 27%, gas-fired 24%, hydropower plants
7%, nuclear power plants 4%, wind power plants 2%,
solar power plants 1 %, other 1%.
It should be noted that there are many papers on the
alternative energy sources; in particular [1], [2], [3],
[10], [13]. There are relatively few papers on the given
topic; specifically these [4], [5].
Thus, one of the foundations of small-scale energy is
the use of alternative energy sources. Therefore, the
formation of schemes and procedures for the
development of regional energy modalities based on the
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active use of alternative energy sources is the objective
of developing the energy industry both at the regional
level and throughout the country. This objective will be
discussed in this paper.

composition of indicators by which the comparison of
various alternative energy sources is carried out.

3 Formation of the composition of the
criteria
for
comparing
various
alternative energy sources

2 Classification of existing alternative
energy sources

Earlier in his paper [6] one of the authors dealt with this
issue. However, in this paper, when forming the list of
indicators by which the significance of the considered
alternative energy sources was assessed, they did not
take into account, firstly, the entire list of possible
alternative energy sources given above, and secondly,
the regional aspects of this task were not taken into
account. In addition, a number of studies in recent years
have revealed a number of negative consequences of the
development of alternative energy, which significantly
reduced its value as an alternative to traditional energy
[7], [8]. In this regard, a number of countries have begun
to partially scale back their large-scale programs for the
development of alternative energy as opposed to
traditional, based on fossil energy sources. Therefore, the
question naturally arises of identifying the most optimal
combination of traditional and alternative energy.
Alternative energy undoubtedly has a number of
important environmental benefits. Almost all of its types
(with the exception, perhaps, biofuel) do not have any
harmful emissions, process waste, do not require the
laying of power grids. More precisely, if necessary,
alternative energy sources can be connected to existing
networks or combined into networks. But they can also
work autonomously. It is these advantages that were one
of the driving motives for the large-scale development of
alternative energy in a number of countries - Germany,
China, etc [11].
However, alternative energy has a number of
disadvantages. Below is the list some of the most
important identified disadvantages of alternative energy
[8].
1. Impact on the environment. In some cases, for
example, wind farms and solar panels increase the
temperature of the soil below them, which leads to the
activation of soil microbes and soil plants. On the one
hand, this leads to an increase in the emission of carbon
dioxide - negative effect, which can be significant with a
large scale use of wind and solar energy, and on the
other hand, it can be successfully used in highmountainous and other areas with low seasonal
temperatures, as well as in certain economic areas, for
example, in pasture animal husbandry. Thus, this factor
associated with the use of alternative energy sources has
both positive and negative aspects, and in each case, it is
necessary to assess its complex significance, taking into
account all the positive and negative aspects.
2. The development of many areas of alternative
energy sources leads to significant indirect costs
associated with the extraction of mineral resources in
comparison with electricity generated by burning fossil
fuels; in particular cobalt, neodymium and lithium, as
well as copper.

In order to solve this problem, first of all we will analyse
all available alternative energy sources at the regional
level.
Based on the analysis of literary sources, it is
possible to briefly list the following types of the main
alternative energy sources that may be of interest at the
regional level. More meaningfully with these types of
alternative energy sources can be found in [1], [2], [3],
[6], [12], [14]. Note that currently, research is underway
on other types of alternative energy sources; in
particular, cryogenic energy, thunderstorm, gravitational,
etc.
1. Solar energy. Includes solar energy (used in more
than 80 countries); also power towers, photovoltaic cells,
nanoantennas.
2. Wind power. The use of wind power plants is
developing intensively, especially in Europe: Denmark
(48% of electricity is from wind, Ireland (33%), Portugal
(27%), Germany (26%), Great Britain (22%). Also, wind
energy is intensively developing in China, USA, India.
3. Biomass energy operated on biofuels: liquid
(biodiesel, bioethanol), solid (primarily all wood, fuel
briquettes), gaseous (biogas, synthesis gas).
4. Wave energy. It relies on obtaining electrical
energy by converting the energy of underwater currents
and waves.
5. Gradient temperature energy. Relies on energy
production based on temperature differences. Most of the
gradient-temperature power plants are located on the sea
coast and use sea water for operation, more precisely, the
temperature differences between cold waters at a depth
of several hundred meters and warm waters at the
surface.
6. Tidal energy. It uses the energy of the tides.
7. Geothermal energy. It relies on generating
electricity by converting the Earth's internal heat (energy
from hot steam-water sources) into electrical energy.
8. Energy based on the shape memory effect. This
effect is observed in special alloys and refers to parts
being restored to the initial shape after deformation
under thermal action. In this case, the useful output of
restoring the original form is performed. For now, there
is low efficiency - only 5-6 percent.
Naturally, in specific regions, not all of the listed
sources may be available, and, if available, may be of
interest from the point of view of their potential
effectiveness. Therefore, the choice of the composition
of possible types of alternative energy sources in each
specific case, as applied to each specific region, should
be individual and adaptive. For a scientifically grounded
choice of the alternative energy sources composition in a
specific region, it is first necessary to form a
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3. Solar and wind parks require tens and hundreds of
times more land surface than electricity from fossil fuels.
Moreover, emerging changes in land use patterns can
have a devastating impact on biodiversity. The impact of
bioenergy on biodiversity is even worse.
Consequently, the first group of criteria is designed
to assess and take into account all positive and negative
environmental aspects of the development of alternative
energy.
One of the main goals of the development of
alternative energy is associated with ensuring the most
acceptable energy conditions to meet the needs of the
population in the energy sector, as well as for the
development of certain sectors of the economy that can
effectively take advantage of all the advantages of
alternative energy and are significant for the regional
economy. That is, it is necessary to determine those
economic areas in which it is advisable to use various
types of alternative energy, the volume of its use,
associated costs and expenses, implementation
mechanisms, etc. However, when using alternative
energy sources, certain difficulties also arise on these
issues. We list some of them.
1) Relatively low efficiency. 2011 to 2018 the
development of wind and solar energy was spent an
amount of about two trillion dollars. Ultimately, these
energy sectors produce only 3% of world consumption
(in 2011 - 0.5%). While fossil energy sources without
such significant costs produce 85% of energy
consumption. The question arises about the profitability
of the development of alternative energy. Further, for 8
years with large-scale investments, the growth is only
2.5%. Then bringing the share of alternative energy to
several tens of percent, as planned by some countries,
will require enormous costs and take long time, which
raises the question of the feasibility of large-scale
development of alternative energy.
2) Technological impediments. Wind and solar parks
have a significant technological drawback: they generate
energy periodically, more precisely, only if there are
appropriate wind conditions or lighting conditions,
which is not always the case. The problem could be
solved by using large-scale accumulator energy storage
devices. However, modern technologies are such that the
implementation of such systems will require huge land
areas - about 1 hectare (completely filled with technical
devices) for 130 MW*h of energy produced (taking into
account the peak load). Then the average Russian region
will require many tens and even hundreds of hectares of
such hectares clogged with technical equipment.
3) Social aspects. Studies in a number of European
countries and in China [9] have shown that fossil energy
sources are the most affordable and cheapest energy
sources in many countries, especially for the poorest
households and in rural areas. The large-scale
introduction of alternative energy will lead to the fact
that the main burden on the development of alternative
energy systems will fall on these poorest segments of
society, which violates the principles of social justice. In
addition, the creation of large-scale storage batteries
requires huge amounts of cobalt and lithium, which in
many cases will lead to disruption of the usual way of

life of the ordinary population adjacent to the places of
their extraction, especially taking into account the
environmental hazard of these extractive industries.
However, there are a number of important
advantages of alternative energy that make it attractive
precisely for solving problems of energy supply to the
region. First of all, it is adaptive. Alternative energy
sources can be located in the most unfavourable
conditions, far from developed territories, in high
mountains (for example, on pastures or tourist camps), in
deserts, in harmful climatic and other conditions.
Further, alternative energy sources requires costs
comparable to the capabilities of the regional budget,
individual organizations, entrepreneurs, and individual
households. Finally, alternative energy sources in many
cases can be mobile transferred, if necessary, from one
place to another.
From all of the above, we conclude that the second
group of criteria should be aimed at identifying the needs
of the region in alternative energy, based on its economic
opportunities, including economic, technological and
social aspects.
When solving the problem of developing regional
energy (RE), including alternative energy, it is also
necessary to rely on the plans of the federal government
in the field of energy, the possibility of participating in
these plans, adjusting them taking into account the
interests of the region in order to attract financial
resources from the federal budget for the development of
alternative energy, active participation in solving
regional energy problems, in providing more favourable
conditions for the development of the regional economy.
One of the forms of participation is also the receipt of
grants and subsidies from various sources, including
non-governmental ones. Therefore, the third group of
criteria describes the degree of interconnection and
complementarity of regional and federal programs for
the development of alternative energy.
The next most important group of criteria are the
criteria associated with assessing the degree of efficiency
of the selected composition of alternative energy
sources, investment options and their development,
which allows you to choose the most appropriate option.
These criteria shall, first of all take into account the
technological and economic capabilities of the region
when solving this problem, as well as social and
economic aspects related to the degree of satisfaction of
the population and economic entities with services in the
energy sector. The foregoing emphasizes the complex
nature of the indicators of the fourth group, covering
many aspects of the development of alternative energy
sources.
Finally, in view of fairly wide variety of options for
the development of energy potential when using
alternative energy sources, it is necessary to take into
account the main trends in the development of energy
and alternative energy sources, the prospects of various
options for the development of alternative energy
sources, the possibilities of their modernization and
development. All these aspects of alternative energy
sources development shall be taken into account in the
indicators of this group. The significance of this
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indicator is also determined by the fact that alternative
energy at the regional level is subject to greater
uncertainty associated, in particular, with possible
changes in energy policy at the federal level, and
therefore should have greater adaptability to possible
changes in the system.
It is proposed to use an interval of 20 years as the
time duration for the relevance of the criteria, which is
necessary for substantive content of the criteria and its
numerical assessment. This time period is often used in
long-term planning tasks.
The above descriptions of influencing factors on the
effectiveness of the introduction and functioning of the
alternative energy at the regional level are shown in Fig.
1 as a diagram of influencing factors. Some clarifying
explanations on the diagram in Fig. 1.

project for the development of alternative energy in the
region - from global factor IV, associated with finding
the most acceptable and effective ways to develop
alternative energy in the region.
With regard to global factor IV, the following
influencing factors are identified.
1) Taking into account the restrictions on the
development of the regional economy. The development
of alternative energy in the region directly depends on
the financial and economic state of the regional
economy, since the main share of funding for projects
related to the development of alternative energy at the
regional level comes from regional funds. In this case,
not only the general state of the region's economy is
important, but also the dynamics of its development,
since the dynamics of the development of alternative
energy can be synchronized with changes in the financial
and economic capabilities of the region (for example,
after the completion of a major project in the region).
2) Taking into account social and political
constraints. The issues of social support and
development of certain districts and settlements of the
region, as well as certain areas of activity, may require
the creation of energy capacities in these territories,
despite the presence of more economically promising
development options. The need to make adjustments and
changes to plans for the development of alternative
energy may also be due to political reasons: for example,
in order to maintain certain more preferred regions.
3) Taking into account technological limitations and
capabilities of the region. The development of regional
energy is often connected and more efficient in the
presence of a specific road transport system. In addition,
the creation, operation and development of alternative
energy is much more efficient in the presence of a
certain qualified human potential and appropriate
production capabilities.
4) The availability of opportunities for the
development and comparison of various options for the
development of alternative energy in the region. This
factor is one of the most important after factor 1). It
presupposes the presence of a certain scientific and
engineering-technical potential, capable of either
participating in exploratory research, in relevant
technological developments, or capable of adequately
assessing the quality of developments performed by
third-party performers. If there is no such potential in the
region, then it is possible to attract outside experts.
However, it is often necessary to adjust the developed
projects even after their completion. Therefore, it is
advisable to have your own scientific and technical
potential in the region, and in its absence, create it.
Now consider the global factor V "Analysis of the
prospects of the selected alternative energy development
option".
1) Comparative analysis with other countries and
with other regions. This factor assumes the fullest
possible use of experience in this area in other countries,
as well as in other regions of the country, if such
experience exists. Analysis of the experience already
accumulated in this or a related area, its adaptation to the
conditions of the region with full consideration of all its

Fig. 1. Influence factors classification diagrams on the
efficiency of implementation and functioning of alternative
energy in the region.

The central element of the diagram is the rectangle in
its centre, which is the formulation of the main goal of
the development of alternative energy - ensuring the
maximum efficiency of its functioning from the point of
view of the interests of the region. The concept of
efficiency requires clarification and disclosure of the
content, it has a complex character, covering both
economic aspects and socio-political, technological and
regional aspects. For different regions, the content of the
concept of efficiency may be different.
Directly the content and state of the efficiency of
alternative energy is determined by five global factors
influencing efficiency, described above and numbered in
the diagram in Latin numbering.
Each of the global factors of influence breaks down
into a number of simpler factors, most of which were
discussed above. However, some of the factors above
were not discussed in detail, and therefore we will clarify
their content. This concerns, first of all, global factors IV
"Selection of effective options for the development of
alternative energy" and V "Analysis of the prospects of
the selected option for the development of alternative
energy". Now take a closer look at these influencing
factors. Starting with the most important from the point
of view of developing technology for implementing a
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features and its specifics. This factor may be decisive in
the process of choosing options for the development of
alternative energy.
2) Possibilities for building up and modernizing the
alternative energy system in the region. In the field of
alternative energy, there is currently rapid development
in all areas: the search and development of new
technologies and sources of renewable and alternative
energy, more advanced technical solutions and devices,
control systems that increase the efficiency of systems
operation, their functioning, and profitability. Therefore,
the analysis of possible changes in the selected option
and rapid modernization of the system is very important
from the point of view of the prospects for its long-term
use.
3) The degree of the region's readiness to implement
the selected option. This factor presupposes the
elimination of those elements of the chosen option for
the development of alternative energy that are less
acceptable for the region for a variety of reasons, ranging
from natural and climatic and socio-political and ending
with purely subjective, associated with the positions of
responsible and authorized persons and leaders.
Thus, five global factors have been identified that
determine the effectiveness of the introduction and
operation of alternative energy at the regional level. On
their basis, a composition of eighteen factors of
influence on the process of functioning and improvement
of alternative energy in the region was formed. The next
stage in the implementation of the task is the formation
of a list of measurable indicators for each factor. Next, it
is necessary to develop and describe methods for
assessing the values of these indicators. Then, to form
procedures for a comprehensive and integral assessment
of the chosen option for the development of alternative
energy and alternative options in order to create a
procedure for comparing all possible options for the
development of alternative energy on the basis of a
single methodology.
The presence of a systemically complete set of
indicators describing the factors of influence on the
process of functioning of alternative energy systems in
the region makes it possible to put and formalize a
number of important ones. The following three tasks
listed below with the description.
Objective of an optimal resource allocation. There is
a certain amount of financial resources allocated for the
development of alternative energy in the region for a
given regulatory time period.
For each type of alternative energy sources, there are
a number of options for its placement in the region; for
each placement, the following are known: its energy
capacity at different periods of time during a regulatory
period of time and for a given amount of investment;
acquisition, installation and operating costs; risks and
losses associated with operation; the expected demand
for the generated energy. Find such a composition and
allocated funds for each placement point, at which the
total reduced profit (that is, minus all losses, costs and
risks) would be the greatest, and the total costs did not
exceed a given value. The considered objective is one of

the main tasks being solved in the process of developing
alternative energy systems in the region.
Assess the most acceptable scale of development of
alternative energy in the region, at which the total costs,
losses and costs are minimal. Recall that, as indicated
above, the large-scale development of alternative energy
is practically impossible due to massive environmental,
technological, and financial costs. Therefore, there is an
optimal average level of development, which must be
determined.
For the chosen alternative energy development
option, determine the optimal sequence and stages of
implementation of alternative energy systems. That is,
what and where to create and implement in the first
place, what in the second (and when to implement the
second), what in the third, etc.
The formalization of the list of tasks, as well as the
development of methods for their solution is supposed to
be carried out in the subsequent works of the authors.

4 Conclusion
This paper analyses the problems associated with the
introduction and development of alternative energy
systems. The sequence for the formation of a set of
global factors that can have a significant impact on the
implementation or operation of alternative energy
systems is described. On the basis of systematic
approach and the obtained composition of global factors,
composition of eighteen influencing factors was
identified. Descriptions of three tasks of interest in the
implementation and development of alternative energy
systems are given.
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