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Optimizing existing energy systems can increase their efficiency without
significant capital investments in new energy production, transmission and
distribution technologies [1]. The Smart Grid concept is a fully integrated, self-
regulating and self-healing electric power system that has a network topology and
includes generating sources, trunk, distribution networks, and consumers of electric
energy managed by a single information system in real time [2].

The implementation of the Smart Grid network is aimed at ensuring the
reliability and energy efficiency of electricity supply, improving the quality of
electrical energy, the throughput of electrical networks and their manageability,
equalizing variable load schedules, organizing monitoring of parameters and
controlling the state of the power system, integrating renewable energy sources [3].

The effective solution of technical tasks for the implementation of the Smart
Grid network largely depends on the capabilities of power electronics [4]. In Fig. 1
shows the hierarchical levels of the Smart Grid network scheme, which combines two
non-synchronized AC networks Network 1 and Network 2 with DC insertion HVDC
and two distributed networks with renewable energy sources Microgrid.

Solar panel Battery Electric drive [
J@ ﬁPV J@ I — Jﬂ} E ZEEJL Windgenerator e Turbogenerator
o 1K [E| £ 1 &7
Fuel Non-linear Diesel nu
element load 8 generator

Microgrid I ~ Non-linear ) Microgrid 2
load ~ Charging MVDC

e .
: r;‘ﬁ? &ﬁé i

Combusrzon T TSCT

3
=
2 )

Network 2

HVDC E ?
FC/TCR gARSV
\%S ‘#Z J%}f Bﬁ Non-linear

- I | load
Pumping ‘%g Jgiz é DC ozl

Figure 1 — Construction of the Smart Grid network scheme
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Practically all elements of the Smart Grid network contain semiconductor
converters, the purpose of which is not limited to their main functions — the formation
of voltages or currents and the stabilization of electrical energy parameters.
Semiconductor converters also control the change in configuration of the electrical
network and optimize its operation in different modes.

If consider the Smart Grid network as part of the alternative of a single energy
system, it is possible to distinguish several basic levels of its organization. The first
level is related to the preservation of the existing structure of the network during the
transmission of AC electrical energy. The second level determines the connection
between networks, whose parameters of electric energy may differ. The third level is
formed by distributed generation objects at the stage of distribution and consumption
of electricity — power plants based on alternative energy sources, "active" and
"passive" consumers, as well as electricity storage devices connected to the network.
According to the selected levels, the role of power electronics devices in the
organization of the Smart Grid is determined.

The functioning of the first level of the Smart Grid hierarchy is associated with
devices for flexible alternating current transmission systems (FACTS). The second
level is provided by conversion devices for high-voltage direct current lines (HVDC)
and middle-voltage direct current lines (MVDC). The third level of the hierarchy is
provided by converters for connecting alternative energy sources, electricity storage
(including electric cars), consumers, as well as conversion systems to ensure the
necessary quality of electric energy at the points of joint connection of loads (power
active filters). One of the requirements for semiconductor converters of all three
levels of the hierarchy is the ability to ensure bidirectional energy flow with high
quality of transmitted electrical energy.The topology of devices for FACTS allows to
classify them according to the way they are connected to the electrical network.

FACTS devices are divided into 4 groups:

— transverse compensation devices (shunt controllers);

— longitudinal compensation devices (series controllers);

— combined longitudinal and transverse compensation devices (combined series-
shunt controllers);

—combined longitudinal compensation devices (combined series-series
controllers).

Devices for transverse compensation are divided into static thyristor
compensators (STC) and static synchronous compensators (STATCOM).

STC devices are the most simple and common devices, which are designed to
increase the efficiency of operation and energy saving of power transmission and
distribution systems (reduction of voltage fluctuations, increase of power factor,
balancing of loads, reduction of current of higher harmonics, stabilization of voltage
on load buses). The basic elements are thyristor controlled reactor (TCR), capacitor
battery with thyristor switching (TSC), controlled shunt reactor (TSR). These
elements are usually part of the STC and are installed together with other static
compensators, for example, non-commutated capacitor batteries. Braking resistors
with thyristor control (TCBR) are used to ensure network stabilization and flexible
control of the acceleration of energy flows of generating units in emergency modes.
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STATCOM devices are the most advanced controllable static cross-
compensation devices designed to increase the power factor of the network, maintain
the required level and form of voltage, increase the carrying capacity of power
transmission lines and reliability of power supply, and optimize energy flows. The
power part of the converters is made according to the scheme of the voltage inverter
on powerful transistor modules. According to its functionality, STATCOM is most
suitable for use in the Smart Grid system.

Static synchronous longitudinal compensator (SSSC) is also a static
synchronous device made on the basis of elements of modern power electronics.
When using devices SSSC, synchronous converting systems are free from the
drawback inherent in thyristor longitudinal compensators, which consists in the
impossibility of a smooth transition from capacitive to inductive mode. SSSC devices
are designed for flexible dynamic control of electrical energy transmission.

FACTS combined longitudinal-transverse compensation devices represent a new
class of ultra-complex devices (UPFC). Such devices include: unified power flow
management system (UPFC); generalized unified power flow control system
(GUPFC); phase shift transformer with thyristor control (TCPST) or phase regulator
with thyristor control (TCPAR). A unified power flow control system is a
combination of STATCOM and SSSC connected by a common DC circuit. UPFC
provides bidirectional energy flow between serial and parallel FACTS devices
without the use of high-capacity energy storage devices. The application of UPFC
devices solves a number of tasks: direct control of the line voltage, bidirectional
regulation of reactive power and energy flow, performance of the functions of a
phase-shifted device.

For the Smart Grid concept, power electronics conversion devices were
systematized, since one of the components of the successful implementation of Smart
Grid is the effective use of the existing element base of power electronics.
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