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Abstract. In the modern world, electricity has become a vital resource that ensures the functioning of almost all
aspects of our daily lives. However, despite the rapid development of technology and infrastructure, power supply
networks are increasingly facing challenges such as power shortages and congestion. This is where an innovative idea
comes on the scene that could change the way we meet our electricity needs. We are talking about the concept of
"automatic small-scale power generation” - an intelligent system that automatically activates small power plants located
close to end users in the event of a power shortage in the main grid. This is not only a way to increase the reliability of
electricity supply, but also to make it more stable and affordable.

The purpose of this study is to study and analyze the potential of small-scale power generation to improve the
sustainability of energy supply, especially in regions with a power shortage, and to determine the best strategies for
integrating such systems into the existing power grid with minimal losses and maximum efficiency. The situation in the
industry is becoming increasingly difficult due to the growth of small generation capacities, which are changing the nature
of electricity production.

Key words: Electric power, power plant, content analysis, statistical analysis, comparative analysis, relay
protection.

Introduction. One of the key issues facing the deployment of small-scale electricity generation
is its successful integration into the existing electricity grid. This is an important link in the transition
to a more sustainable and efficient energy system. Optimal integration of small-scale generation
allows you to minimize energy losses and maximize overall efficiency.

Coordination between small generators and grid operators is also an important aspect of
integration. Effective coordination between these parties allows you to manage the distribution of
energy and ensure the stability of the network.

The topic of small-scale power generation is highly important and brings a number of
significant advantages:

Reducing dependence on large centralized power plants - Traditional power plants, such as
coal-fired and nuclear power plants, are often characterized by a high degree of centralization and
monopoly. This can create vulnerabilities in the event of accidents, technical failures, or even terrorist
attacks, which can lead to massive power outages.

Minimizing the risk of power outages - Small-scale generation contributes to the creation of a
decentralized energy infrastructure. This means that in the event of problems or accidents at one of
the small generation systems, the other systems remain active and can continue to supply electricity.

Decentralization in regions with a power shortage - In regions where there is a power shortage
and power outages are frequent, small-scale generation can be a lifesaving alternative.

The key problem that should be considered within the framework of this study is the
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development and implementation of strategies and technologies for small-scale power generation to
increase the level of energy independence and stability of energy supply in the city of Aktobe[1].

Material and research methodology. The following methods were used in the course of the
work: content analysis, statistical analysis, comparative analysis, expert survey.

An analysis was conducted on the operations in the field of electricity generation and supply in
regions facing power shortages and high dependency on external sources. Additionally, data analysis
was carried out using information obtained from 'KEGOC' (Kazakhstan Electricity Grid Operating
Company) and the Joint-Stock Company 'Kazakhstan Power Grid Operating Company'.

An analysis was undertaken to examine the experiences of foreign countries in addressing
issues specific to regional power systems, employing a method of comparative analysis. Specifically,
the adaptive utilization of several examples in Russia was scrutinized.

An expert survey enabled the identification of key issues, opinions, and suggestions from
specialists in this field, serving as the foundation for formulating proposals to address them [2].

Splitting the generators of small power plants into a local load with minimal latency in
case of failures in the external network.

Relevance of small-scale power generation research in the modern electric power industry. The
situation in the industry is becoming increasingly difficult due to the growth of small generation
capacities, which are changing the nature of electricity production. These capacities, although they
make up a relatively small part of the installed capacity, play a key role in providing electricity in
regions with a shortage.

Figure 1 shows a generalized structural diagram of a power system with large centralized,
small distributed power plants.
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Figure 1. Generalized Block Diagram of Electric Power System with Distributed
Generation.

In the context of partial decentralization of industrial capacities, the electric power system
acquires new characteristics:

1. The traditional mechanism of "production, transmission, distribution, consumption™ of
electricity is changing: energy production, including decentralized production, is beginning to be
carried out near end consumers;

2. Large distributed energy can be represented both by individual power plants connected at
the level of distribution networks and by entire areas of the distribution network with small power
plants of various types, local power systems or so-called microgrids [3,4].
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The variety of generation technologies used is growing. Gas turbine and gas piston units are
widely used, and renewable generation technologies (wind, solar energy, etc.) are being developed.
At the same time, it should be noted that the units of small power plants have a number of features
that differ from the sources of large power plants and affect their behavior in static and dynamic
modes: piston units and gas turbine units are power turbines, the stochastic nature of electricity
generation, the wide use of switching circuits through inverters and frequency converters [5].

With regard to electric power systems containing small distributed power plants, it seems
appropriate to distinguish the following levels of relay protection and protection (Figure 2):

¢ ARP (Automatic reley protection) external network;

¢ ARP subnets;

e Long-term protection and automation (LtPA).
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Figure 2. Relay Protection Levels in an Electric Power System with Small Power Plants.

The power plants are designed to ensure the proper operation of small power plants and prevent
their possible negative impact on electrical modes and the operation of external network relay
protection and automation devices. As a rule, the operation of the power supply system is considered
in case of system failures, modes of loss of connection with the network of the external electrical
system, external short circuits. It should be noted that in the implementation of small power plants,
the issues of creating LtPA are of great importance, including due to the fact that relay protection and
protection systems of the adjacent network are designed, as a rule, without taking into account the
possibility of its occurrence. Power plants in the distribution network, even when improvement
measures are implemented, cannot fully solve all the problems of managing distributed generation
during failures and emergencies [6,7].

The above-mentioned approaches and the corresponding requirements from the point of view
of the organization of relay protection are of a conceptual nature and, of course, require clarification
and addition. For typical typical situations, it seems expedient to draw up and structure a set of relay
protection requirements and formalize them in the form of a regulatory document. Structural
requirements should be met taking into account the following factors:

¢ Type and capacity of connected power plants, total share of power plants in the electric area;

e \/oltage class, diagram and characteristics of the neighboring network.

It is worth noting that today the share of small power plants in the energy system is small, and
these power plants are mainly owned by industrial enterprises, so the regulatory documents should
pay special attention to the requirements for the power plant, while making decisions on
implementation. RPA for power plant generators and the internal grid can still be solved at the
discretion of the plant owners in most cases [8].

Results and discussion of it. Analysis of load data for each hour of the day on the longest day
of the year on June 15 and the shortest on December 21, 2022 shows that peak electricity consumption
is usually at 19:00, reaching 892 MW, while the minimum consumption is observed at 6:00 and is
788 MW. This fluctuation in electricity consumption can overload the power grid, especially during
peak hour [9].
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In most cases, an electric power system with small power plants is characterized by the
accumulation of operating currents and short-circuit currents. The reason for this may be a decrease
in the current component from the external network in the event of a fault at nearby sites or in the
event of a short circuit through transient barriers: in addition, the short-circuit currents of small power
plants may correspond to the currents in the pre-fault mode. For the example under consideration
(Figure 3), the areas of location of operating mode currents and fault currents in the complex plane
are shown [10].
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Figure 3. Areas of currents of operating and emergency modes when connecting to a
"weak'" 35 kV distribution network of a mini-power plant with a capacity of 16 MVt.

Must provide sufficient sensitivity to external influences; act in the first place to shut down the
generators of a small power plant with a regulated time delay from the moment of operation of its
own protection or technological automation; as well as perform the functions of non-selective
protection of high-level elements on the part of the Small Power Plant [11].

The following starting elements can be added to the LtPA: voltage decrease, increase, frequency
decrease, increase, as well as those that respond to zero circuit voltage, negative circuit voltage, and
current.

In table 1 shows an example of establishing the composition and operating parameters of the
functions of the LtPA, formed on the basis of the study of the experience of a number of foreign
countries [12,13].

Table 1.
An example of the composition of functions and operating parameters for LtPA.
U< uU> f> f> I,> df
a >
< 0,6Unon > 1,5U 0 47-59 51-52 (0,05 = 0,2) Loy >25
0,05s
(0,6 — 0,8)Upoy 0,1-1 03-0,5 0,3-0,5 0,1-10 >0,1
>0,5s
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Conclusion. In today's world, electricity plays a key role in sustaining our daily lives and
economies. However, as electricity consumption increases, power grids face increasing demands,
especially during peak hours. This can overload the grid and eventually cause a power outage.

Thus, the key problem that should be considered within the framework of this study is the
development and implementation of strategies and technologies for small-scale power generation to
increase the level of energy independence and stability of energy supply in the city of Aktobe.

The task of developing algorithms that ensure the adaptation of the response time of the LtPA
to the parameters of the current mode is urgent.

The implementation of the third approach requires the improvement of emergency automation
in the distribution network, taking into account its topology and the features of the previously
described transient processes; In particular, Equipment Overload Limitation (AOPQO) — Automatic
Equipment Overload Limitation, Automatic VVoltage Reduction Limitation — AOSN) — is a study of
technical solutions to limit automatic voltage reduction and it is worth paying attention to the
development. The task of identifying and eliminating asynchronous modes in the distribution network
(in particular, with several small power plants) is becoming relevant.
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croco0 YIOBJIETBOPCHHSI HAIIUX MOTPEOHOCTEH B AJIEKTPOIHEPTUU. Peub UIeT 0 KOHICNIUH "aBTOMAaTHYEeCKON Maoi
TeHEepaly JIEKTPOSHEPTUU" - HHTEIUIEKTYalbHOH CHCTeMe, KOTOpas aBTOMAaTHYECKH aKTHBUPYET HeOOJIbIIne
AJIEKTPOCTAHIIMH, PACIIOI0KEHHBIE BOJIM3M KOHEUHBIX [TOTPEOUTENEH, B ciIydae IeHIUTa 3JIeKTPOIHEPTHU B OCHOBHOM
ceTu. DTO HE TOJBKO CIOCOO MOBBICUTH HA/EKHOCTH DJIEKTPOCHAOXKEHMS, HO W cleNaTh ero Oosee cTaOWIIBHBIM U
JIOCTYITHBIM.

Lebt0 HACTOSAIIIETO UCCIICTOBAHUS SIBIIICTCS H3YUICHUE U aHAJIHM3 TIOTEHIIAAIA MAJIOH SHEPTETHKH [T TIOBBIIICHUS
YCTOHYHMBOCTH SHEPrOCHAOKEHHUS, OCOOEHHO B PErHMOHAX C NSPHUIIMTOM >SJICKTPOSHEPTHH, a TaKXKe OIpeleIeHue
HAWTYYIIAX CTPATETWii MHTErpallid TaKHUX CHCTEM B CYIIECTBYIOIIYIO 3JIEKTPOCETh ¢ MUHHMAIBHBIMH MOTEPSIMU U
MakcuMalbHOH 3¢ (dekTnBHOCTRI0. CHTyanus B OTPAacid CTAHOBUTCA BCE 0OJIEE CIIOKHOW B CBSI3H C POCTOM MAlBIX
TCHEPHUPYIOUINX MOIIHOCTEH, KOTOPBIE MEHSIOT XapaKTep MPOM3BOACTBA AIICKTPOIHEPTHH.

KiioueBble cioBa: DJICKTPOIHEPTETHKA, DICKTPOCTAHIM, KOHTCHT-aHAlM3, CTATUCTHYCCKUNA aHaIW3,
CPaBHUTENbHBIN aHANN3, peleiiHas 3aIuTa.



