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THE SMART GRID CONCEPT IMPLEMENTATION BY EXPANDING
THE USE OF DEMAND SIDE MANAGMENT AND MODERN POWER
ELECTRONIC INSTALLATIONS

Modern trends in electricity supply grids aimed on intellectualization of existing grids, energy supply and
creating Smart Grid systems to ensure a high level of reliability and power quality. As part of the Smart Grid
concept demand side management programs play an important role in solving technical and technological
problems in concept implementation process. The grid must implement a catena of demand side management
programs by providing various services according to the situation, requirement contracts, forecasting of
consumption/demand and collect information about energy savings. This requires the study of existing and
development of new programs. According to traditional grid in Smart Grid transformation appears the wide-
spread use of modern power-electronic installations in electrical power grids. Research of existing models and
structures provide base for installations improvements and trends understanding. Proposed practical solutions
for power electronics arrangements, either dedicated or capable of adaptation to the distribution systems.
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Introduction.

Smart power grid is an intelligent electrical grid used for improving efficiency, sustainability, flexibility,
reliability and security of the electrical system by enabling the grid to be observable, controllable, automated and
fully integrated [1].

In contrast with the existing electrical grids, the intelligent electric grids have digital structure, two-way
communication, distributed generation, numerous sensors, self- monitoring, self-healing capabilities, remote
checks/tests, pervasive control and many customers fig. 1 [2].

The Smart Grid is more than any one technology, and the benefits of making it a reality extend far beyond
the power system itself.

Fig. | Smart Grid structure
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The transition from the grid we know today to the grid of tomorrow will be as profound as all of the
advances in power systems over the last hundred years, but it will take place in a fraction of that time. It will
require a new level of cooperation between industry players, advocacy groups, the public and especially the
regulatory bodies that have such immediate influence over the direction the process will take. In the end, though,
a fully realized Smart Grid will benefit all stakeholders [3].

Aim of the article.

Formation of an overarching framework of Smart Grid. Research of existing demand side management
programs and formation of demand side management structure for region. Power-electronic installations
application in Smart Grid networks analysis. Provide examples of power-electronic installations for existing
systems.

Up until now smart integration of grid-connected photovoltaic (PV) systems is a concept that has been
neglected in part due to the availability of subsidies. These subsidies given under different forms of national
incentive schemes have made PV the fastest growing energy source in the last few years. In the future, as direct
financial incentives and other types of subsidies to PV systems are gradually phased out, smarter grid interface
will become an essential feature of future PV systems design.

Renewable energy systems (RESs) cannot directly replace the existing electric energy grid technologies. The
latter are far too well established to abandon, while the new technologies are not sufficiently developed to meet
the total energy demand. Therefore, it is sensible to gradually infuse renewable energy sources into existing grids
and transform the system over time [4].

A smart information grid the energy internet for the electric grid is seen as necessary to manage and
automate this new world. Smart Grid concepts encompass a wide range of technologies and applications. Early
stage in the development of Smart Grids, the role of control, especially advanced control, is limited [46]:

1) Advanced metering infrastructure (AMI) is a vision for two-way meter/utility communication. Two
fundamental elements of AMI have been implemented. First, automatic meter reading (AMR) systems provide
an initial step toward lowering the costs of data gathering through use of real-time metering information. Second,
meter data management (MDM) provides a single point of integration for the full range of meter data. It enables
leveraging of that data to automate business processes in real time and sharing of the data with key business and
operational applications to improve efficiency and support decision making across the enterprise.

2) Distribution management system (DMS) software mathematically models the electric distribution grid
and predicts the impact of outages, transmission, generation, voltage/frequency variation, and more. It helps
reduce capital investment by showing how to better utilize existing assets, by enabling peak shaving via demand
response (DR), and by improving grid reliability.

3) Geographic information system (GIS) technology is specifically designed for the utility industry to
model, design, and manage their critical infrastructure. By integrating utility data and geographical maps, GIS
provides a graphical view of the infrastructure that supports cost reduction through simplified planning.

4) Outage management systems (OMSs) speed outage resolution so power is restored more rapidly and
outage costs are contained.

5) Intelligent electronics devices (IEDs) are advanced, application-enabled devices installed in the field that
process, compute, and transmit pertinent information to a higher level. IEDs can collect data from both the grid
and consumers’ facilities (behind the meter) and allow grid reconfiguration either locally or on command from
the control center.

6) Wide-area measurement systems (WAMS) provide accurate, synchronized measurements from across
large-scale power grids. WAMS consist of phasor measurement units (PMUs) that provide precise, time-stamped
data, together with phasor data concentrators that aggregate the data and perform event recording.

7) Energy management systems (EMSs) at customer premises can control consumption, onsite generation
and storage, and potentially electric vehicle charging. EMSs are in use today in large industrial and commercial
facilities and will likely be broadly adopted with the rollout of Smart Grids.

In terms of market reforms any energy company that aims to be popular, requires modern IT technologies,
which ensure it highly competitive and effective management of business processes. Implementation of
enterprise informational platforms can quickly obtain the necessary data on the current affairs in the company,
develop tactics and strategy of its development, manage personnel and predict future sectoral changes and
prepare for them in time.

Relevance of the change in strategy of supply companies due to the new level of grid management, ensuring
guaranteed efficiency and reliability of the distribution electric grid complex [6]. The key to the success of any
energy company is its customer-oriented strategy. As any services must meet customer needs, market allows the
client to choose. Preferences motives may be different, but the determining factor is the ratio between the
electricity price and the risk level. Everyone chooses a risk level that may afford. An example of such balancing
is demand management programs, Demand Side Management (DSM) that do not require significant investment
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from the energy supply companies. DSM is traditionally seen as an instrument to reduce peak demand in
electricity grid.
By reducing the overall load in grid, DSM can reduce the number of accidents by reducing the number of
disconnections and increase system reliability [7].

DSM allows customers to make informed decisions regarding their energy consumption, helps the energy
providers to reduce the peak load demand and reshape the load profile [8]. DSM is carried through demand task
scheduling, usage of stored electric energy and real-time pricing [9].
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Fig. 2 European Union extension of the NIST Model [5]

DSM techniques increase the operational complexity of the power system, redistribute the load but do not
reduce the total energy consumed by the appliances [10, 11]. In case of loading the system with its max capacity,
the value of DSM is high. Otherwise, it is low in systems with spare capacity. For this reason, the generation
capacity of electricity grid represents the main challenges for DSM [10, 12]. On the one hand, the lack of
knowledge about demand response(DR) programs, the response fatigue caused by keeping track of frequently
varying prices and the extensive payback time for recovering the installation costs of smart meters are
considered as consumer-based barriers [13, 14].

On the other hand, the existence of substantial confusion about whose responsibility the promotion of DR
programs is, the loss of revenue for firm due to the lowering peak usage in case the electricity is more expensive
and the lack off measures for the recovery of initial investment in DR infrastructure are regarded as producer-
based barriers [13,15]. In some countries, it is difficult to establish a unified standard policy system due to the
imbalance regional development of DSM [16]. In addition, are bound of energy use after high price signal can
caused bigger peaks appearance in DSM [17].

As an important branch of DSM, DR (Fig. 2) can be viewed as a new development of DSM with power
market and SG technology evolution. According to [18], DR refers to changes in electric use by demand-side
resources from their normal consumption patterns in response to electricity price changes, or to incentive
payments designed to induce lower electricity use at times of high wholesale market prices or when system
reliability is threatened. Thus DR programs can be classified into incentive-based ones (DLC, IL, DSB, EDR and
CASP) and price-based ones (TOU, RTP and CPP).

Specific classification of DRPs is shown in Fig. 3. In those listed in Fig. 3, DLC, IL, TOU and RTP are the
most common DRPs, among which RTP is the most ideal form of DRP.

Numerous studies conducted in France and other countries have found that cost-effective demand
management software make it possible to reduce energy consumption and peak demand by about 20% without
centralized control [17].
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With DSM programs not only households, businesses and municipal structures receive benefit but also the
general public, such as [19]:
1) reducing bills for electricity from consumers;
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2) reducing the demand for construction of new facilities;

3) promote economic development;

4) the creation of long-term jobs that benefit the economy;

5) increase of competitiveness of local businesses;

6) reduced maintenance costs and replacement of equipment;

7) reducing air pollution locally;

8) the emission reductions affecting national and international environmental issues such as global warming;
9) strengthening national security by easing dependence on external energy sources;

10) increased comfort and a working space, which in turn can increase productivity;

11) promoting market reforms with long-term results.

Management in Smart Grid has to implement a number of DSM programs by providing various services
according to the situation and contracts requirements, including cooperation EV-EMS, FEMS and HEMS,
consumption forecasting and supply and energy savings information collection. Consideration of various energy
management concepts types according to Smart Grid enabled services classification by DSM system level. In
Table. 1 shows the level of system elements for which these services are intended.

Control storage equipment efficiently by distribution level energy management system (D-EMS) in addition
to distribution management system (DMS) to utilize renewable energy.

Realize DSM by providing various services according to the usage situation and contract terms such as data
cooperation with demand side (such as EV-EMS, FEMS and HEMS) and provision of supply and demand
forecast and power saving information.

Table 1 — Levels of services integration

System Ivl System element Services
Large-scale centralized power
Power system Renewable Energy EMS — Energy Management System

Energy storage batteries

DMS - Distribution Management System
Distribution Distribution system level energy | CEMS — Community Energy Management System
system management D-EMS Distributed Energy Management System
DSM - Demand Side Management

HEMS — Home Energy Management System

AMI — Advanced Metering Infrastructure
FEMS/BEMS - Factory Energy Management
System

EV-EMS Electric Vehicle Energy Management
System

User Region/Customers

Support minimum energy to keep up life even during an emergency. Introduce each function of CEMS and
demand side according to the object function and scale step-by step and partially by autonomous decentralized
system.

Controllability and responsiveness of highly distributed resources and assets within electric power systems.
Renewable generation will make an increasingly important contribution to electric energy production into the
future. Integration of these highly variable, widely distributed resources will call for new approaches to power
system operation and control.

Likewise, new types of loads, such as plug-in electric vehicles and their associated vehicle-to-grid potential,
will offer challenges and opportunities [20].

The EU’s Smart Grids technology platform summarizes the benefits of Smart Grids as follows. They [4]:

1) better facilitate the connection and operation of generators of all sizes and technologies;

2) allow consumers to play a part in optimizing the operation of the system;

3) provide consumers with greater information and options for choice of supply;

4) significantly reduce the environmental impact of the whole electricity supply system;

5) maintain or even improve the existing high levels of system reliability, quality and security;

6) supply, maintain and improve the existing services efficiently and foster market integration.
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One of the basic conditions of transforming a traditional grid to Smart Grid is the wide-spread use in
electrical power grids of modern power-electronic installations (PI), in which there are installations of the type
FACTS (Flexible AC Transmission System) and HVDC (High Voltage DC) [3-5], either M (Medium)VDC or
L(Low)VDC, as well as a great many installations of the type CPS (Custom Power Supply) [6]. Widespread use
of PI is recommended also in modernized traditional grid. For example, switchgear equipment used up to the
present is in the majority of cases mechanical devices. Their speed of operation is satisfactory for the control of
European power network (EPN) in given situations, but is inadequate in situations demanding reactions to
unexpected changes in voltage and flow conditions. This negative feature of mechanical devices is particularly
demonstrable in response to ever-increasing demands in the area of quality of electrical energy [7-9]. A wider
application of PI in grid today would allow for a fuller exploitation of existing distribution and transmission
resources, while maintaining the status so far, and even improving the safety of the power supply and energy
efficiency.

The area of PI application in Smart Grid can be generally divided into:

1) electrical energy transmission system;

2) electrical energy distribution system.

The transmission system is composed basically of two complementary technologies for controlling the
transmission of energy [5]:

1) with conversion to DC current — HVDC devices;

2) directly — FACTS devices.

An advantage of HVDC devices is the capability to transmit energy between systems of various frequencies.
However, in the case of conventional HVDC, i.e., with the use of SCR thyristors, it is necessary to use large
filters and there is no possibility of supplying power to end-users on the side from which the source is
disconnected. This drawback does not occur when using modern devices, such as GTO thyristors or IGBT
transistors [30]. Here, one should note that with HVDC devices the entire energy from one system flows into the
other through converters. As a result of this the cost is high, even in single-station installations. While in FACTS
devices, such as: SVC (Static Var Compensator) and STATCOM (Static Synchronous Compensator), TCSC
(Thyristor Controlled Series Compensator), TSSC (Thyristor Switched Series Compensator) and SSSC (Static
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Synchronous Series Compensator), SPS (Static Phase Shifter), supply voltage, as well as compensation for
distortion, asymmetry and phase shift in load current.

The most frequent area of application of PI in wind installations is in generators [10,11]. In the beginning
the most commonly applied device was the squirrel cage induction machine (IM) connected directly to an EPN,
and power-clectronics used solely in a simple connection-starting device. As a result, in such installations there
occurs a transfer of the pulsation of the wind power to the power grid and, moreover, there is no means of direct
control of the active and passive power. The significance of such control, desirable for the control of voltage and
frequency in an EPN, increases along with the rise in power [10,12]. As a result of this, generators with squirrel
cage induction machines connected directly to an EPN are sporadically applied to new installations of large
power. Rarely installed too, on account of power losses and limited means of regulation, are generators with
wound rotor induction machines (WRIM) and power-electronic adjustable resistance in the rotor circuit [13].

Popular turbines uses are:

1) double feed wound rotor induction machines (DFIM) with an AC-DC/DC-AC converter in the rotor
circuit,

2) synchronous machines (SM) with an AC-DC/DC—AC converter in the main line and an AC-DC/DC-AC
converter in the exciter circuit,

3) permanent magnet synchronous machine (PMSM) and AC-DC/ DC-AC converter in main line. There are
also generators with squirrel cage induction machines (IM) but with self-excitation and an AC-DC/DC-AC
converter in the main line (designed for full power) [13—15]. All these solutions, although more costly than the
ones applied at the beginning of the development of wind power in Poland, are characterized by much better
regulatory qualities, among which are: the capability of adjusting active and passive power; the capability of
operating at varying shaft rotation speeds, rapid reaction to change of wind conditions (0.5—1 ms); avoiding
influence and resistance to deteriorating quality of EE in an EPN; and the capability to work in islanding mode
[10,12]. These aspects support the implementation of the vector control method applied originally to the motor
drives [16-18], as well as the MPPT (Maximum Power Point Tracking) algorithms enabling full use of the
available wind energy [14]. Multipolar SM and PMSM permit through this the elimination of a mechanical
transmission system, which raises the reliability of the turbine. Heavy-duty power-electronic converters are
equally employed on wind farms, taking care of at least a few connected turbines situated close by. The
configuration of farms is equally dependent on the kind of generator as well as the type of converter used and the
topology of the EPN [10-12].

Energy storage, in the form of batteries, is widely used in backup power supplies. In such devices flywheels
exploit greater power [18], amassing kinetic energy.

Quite small fast-rotating kinetic storage resources are connected to an internal DC bus through an AC-DC
converter, and only then through a DC—AC converter to an AC line. It should be emphasized that the greatest
difficulty in constructing a modern kinetic storage is tied not to power-electronics, but to high-speed flywheel
rotation technology (60,000-90,000 RPM). Batteries, flywheels and other storage, such as: water containers,
hydrogen systems, heat energy storage, supercapacitors, superconductive storage or compressed air tanks are
also used in distributed sources [2,20]. The goal is the improvement of the availability of these sources, i.e., the
amelioration, or even elimination of the influence of external conditions (weather) on the power temporarily
supplied to the EPN. For the connection of such resources to the grid various PI are employed

The degree of compensation depends on the size and dynamic qualities of the energy storage as well as the
control algorithm used [21]. This in turn has an influence on the power of the converter, the type of which is
chosen with respect to bidirectional energy flow and kind of energy storage. For example, for batteries it will be
an AC-DC converter, and for a flywheel with an AC motor, an AC-AC converter. The power of the converter
depends, too, on its additional functions, e.g., its passive power compensation efficiency. In the case of the
exploitation of energy storage and low-voltage sources, the configuration of the source and the means of
matching the voltage levels have a decisive influence on the qualities of the chosen solution. Typical examples
here would be a power supply with a photovoltaic cell (PV) and a fuel cell (FC) [22—24], in spite of the fact that
such cells, in contrast to energy storage, do not have the capability for bidirectional energy flow. PV systems are
differentiated by three basic connection configurations.

The most demanding in respect to the PI, is a configuration with a modestly sized DC-AC converter
integrated into the PV module. The converter should be characterized by: very high efficiency and minimal size,
increased voltage cell and sinusoidal output voltage as well as the ability to work with parallel connections.
These requirements enable the connection to various PI with impulse modulation [22,23,25-29], realized on the
basis of currently available power-electronic components [30—33]. In conventionally configured PV systems,
generally of greater power, an internal DC bus is frequently used. A DC bus also permits easier galvanic
isolation of the PV cell with the help of high frequency transformers and in addition, may be an integrated part of
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the internal direct current microgrid [34—37]. In a similar way to the PV system, with the use of a geminate PI
and DC bus, systems with FC elements are likewise configured [24,38]. In this case, taking into consideration
the soft output characteristics and low voltage of individual cells, the connection of fuel cells in the stack is of
decisive significance to the required output voltage and load capabilities.
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Fig. 6 Public network level structure

Because grid transformers increase in a significant way the size of coupling installations, there has been
quite recently development of new coupling devices with galvanic separation, aided by DC-DC converters with
a high-frequency transformer [50]. The idea of such devices, known also as integrated distribution transformers
[51]. Each phase consists of M identical AC-DC-AC-Tr—AC-DC-AC converter cells, series connected on the
side of the higher voltage, and in parallel, on the side of the lower. Possible are other cell connections, by which
it is always necessary to ensure equal loading and equal voltages. It is estimated that high power and medium
voltage integrated distribution transformers, ensuring the same functional capabilities as typical “back-to-back”
couplers, will be about one third the size of conventional transformers. Modern Pls serving to couple AC and DC
grids as well as to match distributed sources and energy storage already today enable the building of local micro-
grids as a part of an IEPN [2,34-37,52]. For example, if we consider the micro-grid structure, we gain a highly
flexible integration of distributed sources and the capability of ‘‘plug-and-play’’ type functions at every level,
without the necessity of implementing non-standard solutions. Here it is understood that the most effective
working conditions of the power grid (with a micro grid in it) occur in the case of steady loads with a power
coefficient of 1 1 [8]. With the aim of improving the coefficient 1 < 1, on the output or directly on the input
(load), various compensatory-filter devices are installed. Among the implemented solutions [8,53], the most
universal are active power filters (APF) [8,9,19,41,42,53,54]. APF devices, depending on the control algorithm,
enable a connection that the UPQC device may also function as a DVR, but such a solution is unnecessary and
uneconomical. A smaller energy storage is likewise necessary in inter-line DVR devices, which results from the
possibility of exchanging active power between power lines.

As a result of research:

Presented main early stages in Smart Grid development. Actualized the DSM evolution in market reform
period. Given specific classification of the DRPs where compeers the most common programs which RTP is
most ideal form of DRP. Concluded DSM benefits for households and ore structures. Conducted DSM services
according to system level organization. Demand side management structure for regional energy management
system. EU's Smart Grids technology platform benefits overviewed. Analyzed the application of PI in Smart
Grid. Important is the fact that such PI can usually fulfill many different functions connected with conditioning
of the EE. This all means that power electronic technology oriented towards EPN leads significantly over
traditional technologies, supported by passive LC elements and mechanical switch-coupling devices.
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YIK 621.31
C.I1. leHucwoK, 1-p TeXH. HayK, mpo¢., B.Il. Onpuiko, acr.,
HanionanbHuii Texniunuii ynisepcuter Ykpainu «KuiBcbknii noairexniunmii incrutyt imeni Iropst Cikopcbkoro»
Pumapa Crmenenski, 1-p TeXH. HayK, pogd.
Enextporexniunuii incrutyt, Bapmana
PEAJIIBAIIISA KOHIEIIII SMART GRID 3A PAXYHOK BUKOPUCTAHHS ITPOT'PAM 3
KEPYBAHHS IIOIMUATY I CYYACHUX CUCTEM CHJIOBOI EJJEKTPOHIKH
Cyuacnui menoenyii ¢ mepescax eieKmponoCmaiaHts CAPAMOSAHE HA IHMENeKMYanizayito iCHYIOUUX Mepextc
enepeonocmauanus ma cmeopenns cucmem Smart Grid Ona 3abesneuenHs UCOK020 pigHs HAOIUHOCMI ma
Axkocmi enekmpoenepeii. B pamkax npozpam 3 kepysanns nonumom, kouwyenyis Smart Grid eidiepae saxciugy
PONb 8 piueHHi MeXHIYHUX [ MeXHONOSIMHUX npobiem 6 npoyeci peanizayii Oanoi kouyenyii. Mepeoica
€/IeKMPONOCMAYAn ST NOBUHHA Peanizy8amu HU3Ky NpOSPaM Kepy8auHs NONUMOM UWIAXOM HAOAHMS PI3HUX
nocuyz 8 3danedcHocmi 6i0 cumyayii, 6uMo2 KOHMPAKMIG, NPOSHO3YBAHHA CHOJICUBAHHA / NONUMY | HAAEHOT
ingopmayii npo pisenv exomomii emepeii. Lle eumazac O0emanvHo20 AHANIZY ICHYIOUUX | PO3POOKU HOBUX
npoepam. 3eiono xouyenyii Smart Grid 6ce Oinvbui020 BUKOPUCTNAHHA 8 PO3NOOITbHUX MEPENCAX OMPUMYIOMb
CYYacHi YCmamKy8anHs CUN080i eneKmponiku. JJocniodxcents icHyrouux mooeneti i KOHCmpYKyill 3a6e3neyyoms
6a3y 07151 YOOCKOHANEHH S ICHYIOUUX KOHDIZYpayiil ma po3yMIHHS CYUACHUX MEHOeHYil 8 2any3L.
Knirouogi cnosa: Smart Grid; kepysanms nonumom, eilexmpuyHi Mepesici; Cuioea eleKmpomiKa.
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