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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
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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
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:
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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].

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;

¢ \/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
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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].

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].
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Table 1.
An example of the composition of functions and operating parameters for LtPA.
U< u> f> f> o> df

a >

< 0,6Uyom > 1,5U 0 47-59 51-52 (0,05 — 0,2) Loy, >2,5
0,05s

(0,6 — 0,8)Ue 0,1-1 03-0,5 0,3-0,5 0,1-10 >0,1
>0,5s

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 Voltage 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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JKETICTICYIITUTIT XKoHE KENTeJNic CUAKTBI Macenenepre kooipek tam 6osryaa. 1o ockl skepe Oi3/iH AJIeKTp dSHEPTUsIChIHA
JIETeH KaXETTUTIKTePiMi3/li KaHAFaTTaHBIPY TOCUTIH ©3repTe alaThlH MHHOBALMSIIBIK Uaes naina 0onaasl. bi3 "mareH
KOJIEM/1 3JIEKTP YHEPTUACHIH aBTOMATTHI TYpJe OHAIPY" YFBIMBI Typajibl alThII OTBIPMBI3-HETI3T1 JKeJi/ie AIEKTP KyaThl
TaNIIbUIBIFBI KaF/IaiibIHa COHFbl TYTHIHYIIbUIAPFA JKAaKbIH OPHAJIACKAH IIAFBIH AJIEKTP CTaHLMUIAPHIH aBTOMATThI
TYp/e iCKe KOCaThIH MHTEJUICKTYAJIIbl XKyie. by anexTpMeH »xaOabIKTay blH CEHIMALTITIH apTTHIpY/IbIH FaHa eMec,
COHBIMEH KaTap OHBI TYPAKTHI KOHE KOJDKETIM/II €Ty IiH O1p >KOJIbI.

By 3eprreyaiH MakcaThl-DHEPIUSIMEH >KaOAbIKTAY/IbIH TYPAKTBUIBIFBIH apTTHIPY YIIiH, dCipece 3JEKTp KyaTbl
TaNIBUIBIFBI 0ap aliMaKTap/a, MAFblH KeJIeM/Ii 3JIEKTp SHEpPIUsChIH OHJIPY/IiH 9JEeyeTiH 3epTTey JKOHE Tallay JKoHe
MYH/all JKylenepai WHTerpaunusulayAblH €H J>KakCchl CTpaTerHsulapblH aHBIKTay.MHUHHMAJIbl IIBIFBIHIAPMEH JKOHE
MaKCUMaJIIbl THIMIUTIKIICH KOJIJAHBICTAFbl JJICKTP JKENiCiHEe. OHEPKACINTETi JKaFgail 3JCKTp SHEPTUSACHIH OHIIPY
CHTIATHIH ©3TePTETiH IIaFBIH TeHEepaIsIay KyaTTapblHBIH oCyiHe OaillaHBICTHI KYPACICHE TYCYE.

KinT ce3aep: DnekTp OSHEpPreTHKAchl, OJIEKTP CTAHIMSCH, KOHTEHT-aHAJW3, CTATUCTUKAIBIK Tajjiay,
CaJIBICTBIPMaJIbI TAJIZAY, PENETiK KOPFaHbIC.
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AHoTanus. B coBpeMEHHOM MHUpE 3JCKTPHUYCCTBO CTAJIO KM3HEHHO BaKHBIM PECYPCOM, OOCCICUMBAIOIINM
(YHKIMOHUPOBAHHE NMPAKTHICCKH BCEX ACMIEKTOB HAIIeH TOBCEAHEBHOM *M3HH. OHAKO, HECMOTPSI Ha CTPEMHUTEIBHOE
pa3BUTHE TEXHOJOTHH W HHPPACTPYKTYPHI, DIEKTPOCETH BCE Yalle CTAIKHUBAIOTCA C TAaKAMH IPOOJIeMaMH, Kak
HEXBaTKa JJIEKTPOIHEPTUN U Teperpy3ku. IMeHHO 37ech Ha CIICHY BBIXOIUT WHHOBAIIMOHHAS HIC, KOTOpas MOXKET
W3MEHHUTH CI0COO YIOBICTBOPEHHUS HAMUX IMOTPEOHOCTEH B IJNEKTPOSHEPTHU. Pedb WOET O KOHICNIHU
"aBTOMaTHUYECKOM MaJlol TeHepaluuu 3JEKTPOIHEPTHUHU" - HMHTEUIEKTYaJbHOM CHCTEME, KOTOpas aBTOMAaTHYECKU
aKTUBUPYET HEOONBIINE SJICKTPOCTAHIMH, PACIIONOXKCHHBIC BOJM3M KOHEYHBIX MOTpeOuTeneil, B ciydae aedumuta
9JIEKTPOIHEPTUU B OCHOBHOW CETH. DTO HE TOJBKO CIOCOO MOBHICUTH HAJCIKHOCTh JICKTPOCHAOKEHHS, HO U CIENIaTh
ero 0ojee CTaOMIIBHBIM M JOCTYITHBIM.

enpro HACTOALIETO WCCIEAOBAaHUS SIBIISETCS HM3yUYE€HHUE M aHajdu3 TOTEHIMana Majod DHEPreTHKH IS
MOBBIIICHUSI YCTOHYMBOCTH DHEPTOCHAOKEHHsI, OCOOCHHO B PETrHOHAX C JACQUIIMTOM 3JCKTPOIHEPTHH, a TaKKe
OTIpe/IeNICHNe HAWIYUIINX CTPATEruii MHTETPAIMUA TaKUX CHUCTEM B CYIIECTBYIOUIYIO 3JIEKTPOCETh ¢ MUHHUMAIbHBIMH
MOTEPSIMA ¥ MAKCHUMAITBHOU 3((eKTUBHOCTHIO. CHTYyaIUs B OTPACIIA CTAHOBHUTCS BCe 00JIee CI0KHOM B CBS3H C POCTOM
MAJTbIX TEHEPUPYIOIINX MOITHOCTEH, KOTOPhIE MEHSIOT XapaKkTep MPOU3BOICTBA JCKTPOIHEPTHH.

KiaroueBble ciaoBa: DIEKTPOIHEPTeTHKA, JJIEKTPOCTAHIUS, KOHTCHT-aHANN3, CTATUCTHYCCKUN aHAIU3,
CpaBHUTENBHBIN aHAIH3, PEICHHAS 3aIIUTa.
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