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Abstract. The article covers the study of measures aimed to improving the reliability of electrical power
systems at the present stage. It considers the integration of the global electricity industry. The article
analyzes the latest technical work in the field of automation, such as Smart Grid and intelligent power

systems.

Introduction

Patterns of changes in the conditions for the
development and functioning of electric power systems
(EPS) lead to significant transformations in the structure
of systems and their modes of operation. These
transformations are caused by a number of objective
factors that determine the shape of EPS of the future.
They continue to increase the scale of EPS, expanding
the territories they serve, uniting various EPS for joint
work with the formation of interregional, interstate and
intercontinental energy associations [1,3,4,9]. The
formation of interstate electrical connections (ISEC),
associations (ISEA) and markets is a global integration
process that has been going on in various regions of the
world for almost a century. The chronology of the
development of the ISEA since the first quarter of the
twentieth century is detailed considered in [9-13 and 16-
21].

Integration of the global electrical

power industry

In studies [9-12], it is noted that the ISEA of the UES /
EES is currently very poorly integrated. It should be
expected that in frame of the formation of a common
economic space in the integration projects of the
Customs Union and the EAEU, the disintegration trend
in the electric power industry of the post-Soviet space
will finally change to integration trend, which, as was
evident from the consideration of world experience,
corresponds to the global trend.

Recently, the problem of the formation of the Global
Super-Energy Association has been raised again, and
promising electric power mega-projects that will make
up its important elements are being considered [9]. In the
zone of influence of the Unified Energy System of
Russia and the ISEA of the OEC / UES, various
interstate electric power projects, that actually determine
the direction of Russia's integration into the electric
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power space of Eurasia, are being implemented (Fig. 1)
[9]. Among them, the interesting one is the CASAREM
project - Central Asia South Asia Regional Electricity
Market (SHPP project between the countries of Central
and South Asia).
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Fig. 1. Directions for the integration of the UES of Russia into
the Eurasian ISEA [9].

UES of Russia (as noted in [9]), as well as UES of
Uzbekistan, participating in electric power integration
projects with neighboring countries, can become the link
between national and regional EPS in a significant part
of Europe and Asia, contributing to the formation of the
Eurasian transcontinental energy association. In the end,
this helps to increase the reliability of power systems in
the Central Asian region.

Given the new technologies in converting technology
based on power electronics, reducing costs, increasing
reliability and ensuring high controllability of direct
current power transmission, they will receive significant
development in the transmission electric network. At the
same time, the widespread use of devices that form
flexible AC power transmission (FACTS) based on the
use of power electronics will radically increase the
controllability of the AC transmission network [3]. New
technologies, including the use of FACTS devices, will
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significantly increase the reliability and controllability of
the distribution electric network.

The use of energy storage systems in
modern energy systems

Another direction in the development of measures to
increase the reliability of EPS is the active introduction
of energy storage systems (ESS) [13]. Taking into
account that the new economy of the future is neo-
industrialization, based on a combination of large
installations and distributed generation, power and
information processes, physical and intellectual systems,
in the near future energy will be combined systems
designed for a wide range of energy services offered to
consumers at the right time and necessary quality.

Especially small (in terms of wunit capacity)
generation is rapidly developing, which provides a more
complete use of local (both renewable and other
alternative) resources. At the same time, a consumer can
simultaneously become a producer of electricity, which
must either be accumulated on-site or delivered to the
network. In recent years, the development of electric
power transmission systems in the world is characterized
by their significant complication, increase of their
intellectual level, the active introduction of renewable
energy sources (RES), distributed generators, end-users
with controlled consumption, as well as communication
systems and control systems. These changes are
designed to provide benefits, such as the ability to meet
the objectives of the state policy to diversify the
electricity industry and provide consumers with greater
choice while ensuring their own electricity supply [2].
However, these transformations encounter certain
problems indicated in [13].

Implementation of
systems

energy storage

Active implementation of energy storage systems (ESS)
in energy systems to some extent will overcome the
above problems.

Each energy storage technology is characterized by
capital expenditures for its implementation, as well as
operating costs. The cost of various ESS and the benefits
of their use depend to a large extent on their structure in
terms of discharge power (MW) and energy capacity
(MW-h). Independent system operators (ISO), energy
companies, sellers and providers of energy storage
technologies need actively formulating the rules of the
emerging ESS market, as well as operational
requirements, in order to achieve maximum economic
efficiency from the use of ESS.

Ten key areas represent the predominant use of ESS
and are most interesting for potential ESS owners and
electricity market operators. Due to the high capital costs
for most ESS, it is advisable to use separate devices to
perform several tasks simultaneously, corresponding to
those areas of application, indicated in the table 1.2.

Table 1. Definition of the main areas of application of ESS at
the level of generation and power systems [13]

Application Description

Services in the
wholesale electricity
market

ESS installed in the power system for
bidding on the electricity and capacity
market and on the system services
market])

RES integration in
the energy system

ESS installed in the power system and
providing a shift of the maximum
load in time and system services to
ensure parallel operation of renewable
energy with the power system

Stationary ESS to
support
transmission and
distribution of
electrical energy

ESS to support the transmission and
distribution of electricity, increasing
the efficiency of the transmission and
distribution network, as well as
savings due to the rejection of the
construction of additional network
facilities

Mobile ESS to Mobile ESS to support power

support power transmission and distribution while
transmission and delaying the entry of transmission and
distribution distribution network facilities in many

places as needed.

D only large ESS operating simultaneously in the electricity
market and in the system services market

Table 2. Identification of the main ESS applications at the
level of transmission and distribution network [13]

Application Description
ESS in distribution Centrally managed, modular
networks systems providing increased

reliability of power supply,
support for transmission and
distribution networks, and
potentially system services

ESS, installed and serviced living
spaces, aggregated and centrally
managed for distribution systems.

ESS aggregated by
energy companies
providing electricity
in the retail electricity

market.

ESS to ensure the ESS to ensure the quality and
quality of electricity reliability of electricity supply to
and reliability in the commercial and industrial

supply of electricity to
commercial and
industrial consumers

consumers

ESS for ESS to reduce the time of use of
power the energy supplied from the
management power system during hours of
for maximum load of electricity by
commercial commercial and industrial

and industrial consumers.

consumers.

The European Association for the Development of
Energy Storage Technologies, together with the
European Alliance for Energy Research, has developed a
roadmap for the development of ESS until 2030 [14].
The tables 5 and 6 [13] provide information from this
roadmap for lithium-ion batteries and flow redox
storage. These two types of electrochemical ESS are by
far the most common in the world.
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The development of smart energy
systems taking into account the
reliability factor

The idea of intellectualization of EPS is close to the
principles of cybernetic control, and this is largely due to
advances in engineering and technology [15-20, 22-24].
Initially, the concept of constructing intelligent EES
(IES) in foreign countries - Smart Grid - was aimed at
the development of power supply systems for end
consumers with the installation of control systems and
power consumption (Smart metering) and providing the
ability to connect distributed power sources to the EES,
first turn, autonomous wind turbines and photovoltaic
panels. Today, the ideology of the development of Smart
Grid includes almost all the main areas of activity in the
electric power industry and the corresponding
technological and information-communication bonds
between them [15, 22, 24].

The term Smart Grid has not received a unified
definition. To characterize the diversity of the meaning
of this concept, a series of definitions of the leading
organizations of the USA (EPRI, IEEE) and Western
Europe in the field of developing the Smart Grid
ideology are given in [15].

Smart Grid refers to the modernization of the power
supply system aimed at the ability to monitor, protect,
optimize the functioning of all elements of EPS -
centralized and distributed generation, high-voltage
transmission and distribution networks, industrial
consumers and building management systems, energy

storage  devices, end-users, electrical transport,
household appliances [17].
Smart grid is a combination of energy,

communication and information technology for an
improved power infrastructure that enables continuous
evolution of end use devices [18].

Smart Grid is an electric network that can cost-
effectively combine the modes and actions of all
connected users - generators, consumers and their
associations, to ensure a cost-effective and sustainable
energy system with low losses, high quality and
reliability of power supply and safety [19].

The Smart Grid functional model, presented by the
USA National Institute of Standards and Technology
(NIST) in 2009, identifies the main areas of activity in
the electric power industry, represented by seven areas-
domains, combined by technological and communication
links (Fig. 2.) [19]:

o Bulk Generation;
Transmission;
Distribution;
Operations;
Customer;
Markets;
Service provider.
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Fig. 2. Conceptual model of Smart Grid
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The issues of standardization in the formation of
intellectual EPS are in the focus of attention of leading
international organizations and institutions [15, 16, 19-
217

o International Electrotechnical Commission
(IEC);

e International Council for Large Electrical
Systems (CIGRE);

e Furopean Standards Committees (CEN and
CENELEC);

e European
Standardization Institute (ETSI);

e Institute of Electrical
Engineers (IEEE);

e US National Institute of Standards and
Technology (NIST);

e Electric Power Research Institute (EPRI).
As noted in [15, 17], a number of international standards
on which the design and operation of Smart Grid
elements can be based already exist (Fig. 3.).
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Fig. 3. Standards for Smart Grid.

For example, these are standards for the IEC 61850
series digital substation, IEC 61970/61968 standards for
the CIM common information model, IEEE 802.15.4
standard for interacting with consumer devices using the
ZigBee protocol, etc.

Technical Committee 57 of IEC develops
international standards (Fig. 4) for EMS, SCADA,
automation of distribution networks, information
exchange, real-time control, etc., which will be used in
the planning, use and operation of the IES [20].
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Discussion

Another important new factor for future EPSs is the
emergence of active consumers who independently
manage their own energy consumption depending on
price conditions in the retail electricity market by
transferring electricity consumption by some power
consumers from periods with a high price of electricity
to periods with a low price.
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Fig. 4. IEC Standards for Control Systems.

Such a load control of active consumers, independent
of the dispatch schedule, creates problems for managing
the EPS modes due to the uncertainty in the power
consumption of active consumers. Therefore, the
interaction between EPS and consumers on joint control
of system modes using the regulatory capabilities of
consumers is promising [3].

Conclusion

1. The proposals given in this article open the prospect
of further research on an extremely important problem in
assessing the reliability and safety of energy facilities
and systems.

2. With the development of future EPS on the
technological base of the intelligent energy system, new
problems will become aggravated in the future, related to
the need to strengthen coordination of control of EPS
modes at various levels, increase management
efficiency, and ensure the reliability of the control
system for EPS modes. The issues of information and
cyber security during monitoring and control of EPS are
especially acute [16].

3. All of the mentioned above requires serious in-
depth research to study the properties of future EPS, to
develop principles and methods for their formation,
taking into account changing conditions, as well as
dispatch and automatic control systems for future EPSs.
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