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Abstract. The article addresses the problem of rational fuel use at Thermal Power
Plant No. 1 in Semey, which is essential for ensuring reliable and efficient heat and
power supply. The relevance of the study is determined by the need to analyze the annual
fuel consumption structure for planning supplies and optimizing boiler operation. The
methodology is based on data from the automated fuel supply control system. Annual
consumption volumes were calculated for three steam boilers of type E-90-3.9-440 and
two hot-water boilers of type KV-TK-116.3-150. The results showed that coal is the
plant’s dominant fuel: annual consumption reached 162,678 tons, accounting for more
than 99% of the balance. The highest value was recorded for steam boiler No. 6 —
42.577.4 tons. The other steam boilers consumed 31,903.7 and 34,687.7 tons. Hot-water
boilers used 22,467.4 and 31,041.8 tons, and their combined consumption exceeded
53,000 tons, which is comparable to the steam boilers and confirms their significant
role in covering the heat load. Fuel oil use was relatively low and limited to startup and
combustion stabilization, with a total of 778 tons per year. The maximum value was
observed in steam boiler No. 7 — 198.5 tons. The findings confirm a balanced load
distribution, stability of the fuel scheme, and efficiency of the plant’s operation. The
results can be applied to fuel supply planning, optimization of combustion regimes, and
improving the reliability of heat supply in Semey.

Keywords: fuel consumption, steam boiler, hot-water boiler, coal, fuel oil, automated
control system

66




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

OA. Xaxuaunosa'*, A. Xaxuaunos?, 2025.
'Tokopim ynuBepcuteri, Cemeii, Kazakcran;
2SI mpoITbIK, METUITIHA JKOHE OHKOJIOTHS opTanbirbl, Cemeit, Kazakcran.
E-mail: khazhidinoval991@mail.ru

KBLTY JIEKTP CTAHUUACBIHBIH OTBIH T¥TBIHY MOCEJIECI

XaxuanaoBa Ak6ora — PhD, xaysiMaacTeipsurran npogeccop M.a., TeXHHKAIBIK (HU3MKa )KOHE JKBUTY
sHepreTrka kKadenapacel, [llokopim yrusepcuteti, Cemeit, KazakcraH,

E-mail: khazhidinoval991@mail.ru; ORCID: https://orcid.org/0000-0001-8802-1559;
XaxuauaoB Azamar — (QU3UKa MarkucTpi, HUKJIOTPOH UHXKEHEP], SIAPOIIBIK MEAUIMHA JKOHE OHKOJIOTHSI
opranbirbl, Cemeii, Kazakcran,

E-mail: khazhidinov@mail.ru; ORCID:https://orcid.org/0009-0008-9900-4111.

Annoranus. Makamana Cemeil kamaceiHAarbl Nol JKbUTy SJEKTP OpPTaIbIFBIHIA
OTHIHJIBI YTHIMJIBI TIAlJJalaHy MoceJieci KapacThIpbliaabl. byl Macerne aiimak
TYPFBIHJIAPBIH KBUTYy JKOHE SJIEKTP SHEPIUsSCHIMEH CEHIMJI opi THIMJI KaMTamachl3
eTy YIIiH epekiie MaHb3Fa ne. KazakcTan sHepreTHKachiHIa KOMIPAIH YiIeci )KOFapbl
OOJIFaH/IBIKTaH, HAKThI KOCIOPBIHAAPAAFbl OThIH KYPBUIBIMBIH TaJlIay FHUIBIMH JKOHE
TOXKIPUOCIIK TYPFBIJIaH ©3€KTI OO0JIbIN TaObLIaabl. 3EPTTEYIIH ©3CKTLIIr — KBIIIBIK
OTHIH TYTHIHY KOJIEMIH aHBIKTay apKbLJIbl OTBIH JKETKI3YIl JKOCIapiay, Ka3aHJIbIK
JKYMBICBIHBIH PEXHUMJICPIH OHTANIAHIBIPY JKOHE KaJbl KYHCHIH TYPaKThLIBIFBIH
Oaranay KaKETTUIINIMEH TYCIHIIpUIeai. OAicTeMe aBTOMATTaHIbIPbUIFAH OTBIH Oepy
Oackapy JKyHecCiHIH HaKThl JEpPEKTepiH MaijanaHyra Herizuesui. JKbUIIbIK TYTBIHY
kesemuepi yir E-90-3,9-440 Oy kazanawirsl xoHe exki KB-TK-116,3-150 cy kbI3asipy
Ka3aHJbIFbl VIIIH €CENTeNil, OJapAblH CalbICTBIPMaJbl KYKTEMECI aHBIKTaJIIbI.
Hotmxenep kKeMip/iH HETi3ri OThIH €KEHIH KOPCETTI: KaJIbl ILIFBIHBL 162 678 ToHHA
OoubIll, KYpBUIBIMHBIH 99%-1aH actaMblH Kypaiabl. EH skorapel TyThiHy Ne6 Oy
KazaHbIiHAa Tipkeaai — 42 577,4 tonna. backa Oy kasaHabikrapsl THicidme 31 903,7
xoHe 34 687,7 TonHa xxymcasipl. Cy KbI3ABIPY Ka3aHABIKTAPhI a3y TYThIHFaHbIMEH (22
467,4 xone 31 041,8 ToHHA), OJap/IbIH KUBIHTHIK Kejiemi 53 000 ToHHanaH ackll, Oy
Ka3aHJIbIKTAPbIMEH CAJIBICTBIPMAJIbI ICHI€UTe )KETT1 JKOHE XKBUTY KYKTEMECIH xKa0ynarbl
MaHbBI3/IbI POJIIH aNKbIHIAABl. Ma3yT IIbIFBIHBI IIaMajbl OOJIbI JKOHE HETI3iHEH
Ka3aHJbIKTap/Ibl 1ICKe KOCY MEH >KaHYJ/Ibl TYPaKTaAHABIPY YIIIH KOJIAAHBULABL. JKbIIIbIK
KeJsieMi 778 TOHHaHBI KYpaJibl, OHBIH 1IIIHIE eH >korapbichl No7 Oy KazaHbiHga — 198,5
TOHHA. AJIBIHFAH HOTHXKEJEDP KYKTEMEHIH TEHrepimai OesiHYyiH, OThIH CXEMaChIHBIH
TYPAKTBUIBIFBIH JKOHE CTAHIUS KYMBICBIHBIH THIMJIUTITIH pacTaiabl. KopeIThiHIBLIAD
OoJamakTa OThIH )KETKI3y/i )Kocapiayaa, )KaHy pesKUMIIepiH xKeTuiaipyne xone Cemeit
KaJIaChIHbIH KBLTY KaObIFBIHBIH CEHIMJIIITIH apTThIPYa KOJIIaHBLTYbl MYMKIH.

Tyiiin ce3mep: OThIH TYThIHY, Oy Ka3aHIbIFbI, Cy Ka3aHJbIFbI, KOMIp, Ma3yT,
aBTOMATTaH/IBIPbUIFaH OacKapy Ky#eci
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AHHoTanus. B cratbe paccmarpuBaeTcst mpobiemMa paroHaIbHOTO MCIOIb30Ba-
HUS TOIUIMBA Ha TeryioanekTpouenTpanu Ne 1 ropona Cemeit, YTo UMeeT BaKHOE 3Ha-
YyeHue Jisi obecredeHus: Haié&KHOCTU U dPGEKTUBHOCTU TETIO- U SHEPTOCHAOKEHUSI.
AKTyabHOCTb HCCIIeIOBAHUS OIpeeIaeTcss HeOOXOIMMOCTBIO aHAJIN3a CTPYKTYPHI I0-
JIOBOTO TOTUTMBOIIOTPEONICHUST IS TNIAHUPOBAHMS TOCTABOK M ONITUMH3ALINHU PEKUMOB
paboThl KOTENBLHOTO 000pyAOBaHMs. MeToIMKa OCHOBaHA Ha MCIIOJIL30BAHUH JTAHHBIX
ABTOMAaTU3UPOBAHHON CHUCTEMBI yIIpaBJICHUs noaadeil tormsa. [Iposenén pacuér ro-
JIOBBIX 00BEMOB MOTpeONeHHs s TPEX MapoBbIX KOTIOB Tuna E-90-3,9-440 u nByx
BogorperHpix kKoTiioB Tuna KB-TK-116,3-150. Pe3ynprars! moka3anu, 4To yroyib sBis-
€TCsI OCHOBHBIM TOIUTMBOM CTAHIIUU: €T0 TOI0BOH pacxon coctaBmwi 162 678 TOHH, 4TO
npesbimaetT 99% B cTpykrype norpebienus. Hanbomnbimas Harpy3ka NpUXOIUTCs Ha
napoBoil KoTén Ne 6 — 42 577,4 tonH. [[ns AByX APYTHX MapOBBIX arperaTtoB pacxoi
coctasuia 31 903,7 u 34 687,7 TonH. Bogorpeiinbie KOTIIBI MOTPEOAIOT MEHbIIIE — 22
467,4 u 31 041,8 TOHH COOTBETCTBEHHO, OIHAKO MX CYMMAapHBIA pacxoj MpeBbIIIaeT
53 000 ToHH, YTO COTOCTAaBUMO C ITOKAa3aTEIIMHU MapOBBIX KOTIOB M MOATBEPKIAET UX
BaXHYIO POJIb B TMOKPBITUU TEIUIOBOW Harpy3ku. Pacxon MaszyTa HEBENMK M OrpaHU-
yuBaeTcsd (PyHKIUAMH pOIPKUATA M cTaOMIM3anuu ropeHus. ['onoBoit 00bEM cocTaBui
778 ToHH, HauOoOJIbIIICe 3HAUCHUE 3a()UKCHPOBAaHO Yy mapoBoro korna Ne 7 — 1985
ToHH. ClenaHHbIE BBIBOJBI CBUIETENBCTBYIOT O COATAHCHPOBAHHOM paclpe/eleHun
Harpy3Ku, YCTOHUMBOCTU TOTUTUBHON CXeMbl M d((GEKTHBHOCTH IKCIUTyaTalldl CTaH-
1un. Pe3ynsraTsl MOTYT OBITH HCIIOJIB30BAaHbI TPH TUTAHWPOBAHUH TOTUIMBOCHAOKEHNS,
COBEpPIICHCTBOBAHUH PEKMMOB TOPEHUS M MOBBIIICHHN HAIEKHOCTH TETUIOCHAOKEHHS
ropona Cemeii. KiroueBble cioBa: morpeOlieHHe TOTUTUBA, TAPOBOH KOTEN, BOJIOTpEii-
HBIHA KOTEJN, Yroyb, Ma3yT, aBTOMAaTU3UPOBaHHAS CHCTEMa yIPaBICHNUS.

KuioueBble cjioBa: moTpebIeHNE TOIUINBA, MAPOBON KOTEN, BOJOTPEHHBIA KOTEM,
yTOJIb, Ma3yT, aBTOMaTU3MPOBAHHAS CHCTEMA YIIPaBICHUS
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Introduction. Energy supply for industrial and residential consumers in modern
cities is predominantly provided by combined heat and power plants (CHPs), which
play a key role in the cogeneration of thermal and electrical energy (Lepiksaar et al.,
2023; Ogbuabia et al., 2023; Smagulova et al., 2023; Chen, 2022; Safari et al., 2025).

Amid the global intensification of the greenhouse effect, rising atmospheric pollution,
and increasingly stringent environmental requirements, the reliability and operational
efficiency of coal-fired CHP plants have become critically important (Li et al., 2025;
Wang P. et al., 2025). Maintaining stable and efficient plant operation is essential not
only for ensuring uninterrupted energy supply but also for reducing pollutant emissions,
optimizing fuel consumption, and improving overall energy efficiency, thereby
supporting sustainable and environmentally responsible power generation (Wang C. et
al., 2023).

Recent advances in intelligent coal-fired power technologies have significantly
improved the reliability and operational efficiency of CHP plants (Liu et al., 2025).

CHP-1 in the city of Semey is the only thermal power plant in the city and has been
in operation since 1931, supplying thermal energy and steam to both residential and
municipal facilities as well as industrial enterprises. The heat consumers are located on
the left bank of Semey and include residential buildings, administrative institutions, and
industrial sites (BAQ.KZ, 2023). Figure 1 presents the thermal schematic of the steam
circuit of CHP-1 in Semey, illustrating one of the two main pathways of heat generation
at the plant.

The main source of thermal energy in the presented scheme is the steam boiler unit
(1) of type E-90-3.9—440, designed to produce high-pressure water steam (Serikkazinov
et al., 2025). CHP-1 operates three such steam boilers. The generated steam is directed
to the steam turbine (2), where it is converted into mechanical rotational energy that
drives the electric generator (3) to produce electricity. The installed electric capacity of
the plant is 18 MW. The generated electricity is used primarily for internal needs.

After exiting the turbine, the exhaust steam enters the condenser (4), where it
transitions to the liquid phase. The condensate pump (5) transfers the condensate to
the feedwater tank (6), from which water is returned to the boiler using the feedwater
pump (9). To compensate for losses, chemically treated water is supplied to the circuit
via pipeline (10).

Thermal energy for district heating is extracted from the turbine system and delivered
to heat consumers (7), while circulation in the heating network is maintained by the
district heating pump (8).

It is worth noting that, in addition to steam boilers, CHP-1 also operates two hot-
water boilers of the KV-TK-116.3-150 type, which are used to produce thermal energy
depending on district heating demand (Khazhidinova et al., 2023). The thermal capacity
of CHP-1 reaches 413 Gcal/h, which enables coverage of a significant portion of the
annual thermal load.
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Figure 1. Thermal schematic of the steam circuit of CHP-1 in Semey: 1 — boiler unit E-90-3.9-440;
2 — steam turbine; 3 — electric generator; 4 — condenser; 5 — condensate pump; 6 — feedwater tank;
7 — heat consumers; 8 — district heating pump; 9 — feedwater pump; 10 — pipeline supplying
chemically treated water

The city's district heating system is a complex and dynamic mechanism, whose
efficiency largely depends on the rational use of fuel. The primary fuel used at CHP-1
is Karazhyra coal, delivered by rail and stored in an open yard. For boiler startup and
combustion stabilization, fuel oil grade M-100 is used, delivered in rail tankers and
stored in dedicated reservoirs (Stepanova et al., 2024). The main factors affecting fuel
consumption are presented in Figure 2.
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Figure 2. Main Factors Affecting Fuel Consumption
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The equipment and boiler units of the CHP plant are relatively new — installed
after 2015, which ensures stable operation and compliance with modern technical
requirements.

The use of two types of fuel provides flexibility in the operation of boiler units,
depending on production conditions and seasonal fluctuations in heat demand.

To ensure that the fuel meets established technical requirements and to support the
efficient operation of the boiler equipment, fuel quality analysis is carried out in the
laboratory at the CHP plant.

To ensure reliable and efficient operation of the fuel supply system, an automated
control system (ACS) for fuel supply has been implemented at the CHP. The main
function of this system is to monitor and regulate the fuel delivery processes from the
storage yard to the boiler units in accordance with the current thermal load (Serikkazinov
et al., 2025; Khazhidinova et al., 2023; Stepanova et al., 2024).

The automated control system (ACS) provides:

— automatic control of main and auxiliary fuel supply mechanisms (belt and
scraper conveyors, crushers, feeders);

—  monitoring of process parameters (fuel consumption, bunker levels, operation
of actuators);

—  equipment protection from emergency situations through the implementation of
interlock and alarm algorithms;

—  collection, storage, and real-time display of information on equipment status
and process parameters.

The system is equipped with specialized software. The use of the automated control
system (ACS) significantly improves control accuracy, reduces fuel losses, minimizes
the human factor, and enhances the overall reliability of the fuel supply process.
Additional advantages of the ACS include faster decision-making, stable equipment
operation under variable loads, reduced risk of overloads and fuel delivery failures, and
simplified maintenance through a built-in diagnostics and parameter archiving system
(Janta-Lipinska et al., 2024; Lee et al., 2025).

The aim of this study is to analyze the structure of fuel consumption at CHP-1,
determine the annual volumes of coal and fuel oil usage, and identify the operational
characteristics of the boiler equipment. The results make it possible to assess the current
efficiency of fuel resource utilization.

Material and methods. The object of this study is the fuel supply system of CHP-
1 in the city of Semey, which includes steam and hot-water boilers operating on solid
and liquid fuels. The aim of the research is to conduct a quantitative and qualitative
analysis of the annual fuel consumption at the plant, taking into account the specifics of
operating different types of boiler equipment.

The analysis is based on actual operational data on annual fuel consumption for
the 2024 - 2025 heating period. These data were obtained from operator workstation
readings and from the interface of the automated fuel supply control system (ACS).
The 2024 — 2025 heating period represents the most recent fully completed reporting
period at the time of the study.
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The analysis was based on actual data on annual fuel consumption for a defined
reporting period. Data were obtained from readings displayed on operator station
monitors and in the ACS interface, ensuring high accuracy and real-time data collection.
Coal and fuel oil consumption for each boiler was recorded separately, allowing for a
comparative assessment of thermal load levels and operating intensity.

To visualize and interpret the data, a diagram of annual fuel consumption was
compiled, with coal consumption presented as bars and fuel oil as a line chart. The
visual representation made it possible to identify both absolute consumption values and
the share of each fuel type in the overall consumption structure. Particular attention
was given to the ratio between steam and hot-water boilers. Since hot-water boilers are
operated on par with steam boilers, the fuel distribution analysis was carried out without
a preliminary division into base and peak units.

Thus, the applied research method represents a systematic technical analysis with
elements of statistical processing of operational data. This approach makes it possible
to reasonably assess the effectiveness of the current fuel supply structure at CHP-1 and
identify key trends and features in the operation of thermal equipment.

Results and discussion. Figure 3 shows the annual fuel consumption by boiler units.
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Figure 3. Annual fuel consumption by boiler units

The highest coal consumption is recorded for steam boiler No. 6 of type E-90-3.9-
440 and amounts to 42,577.4 tons per year, indicating a high thermal load and intensive
operation. For the other steam boilers, this indicator is 31,903.7 and 34,687.7 tons per
year, respectively. Hot-water boilers show lower coal consumption volumes — 22,467.4
and 31,041.8 tons per year, which corresponds to their operational purpose.

Fuel oil consumption is significantly lower compared to coal. The highest consumption
of fuel oil is observed for steam boiler No. 7 — 198.5 tons per year, likely due to more
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frequent startups and the need to stabilize combustion. For steam boilers No. 1 and
No. 6, fuel oil consumption is 150.1 and 160.0 tons per year, respectively. Hot-water
boilers No. 1 and No. 2 consume equal amounts of fuel oil — 137.7 tons per year each,
which indicates stable operating conditions and a standardized ignition approach.

The total annual coal consumption amounts to approximately 162,678 tons per year,
while the total annual fuel oil consumption is 778 tons per year. This confirms that
coal is the main fuel used at CHP-1 for all boiler types. Fuel oil is primarily used as
startup and auxiliary fuel, as evidenced by its minor share in total consumption and the
distribution pattern across boiler types.

The analysis of annual fuel consumption at CHP-1 in Semey provides a comprehensive
understanding of the operational balance between steam and hot-water boilers. The
results obtained in this study generally confirm the well-documented trends in the
literature, according to which coal remains the predominant fuel for combined heat and
power plants in Kazakhstan and other Central Asian countries (Ogbuabia et al., 2023;
Smagulova et al., BAQ.KZ, 2023). The calculated annual coal consumption of more
than 162,000 tons, representing over 99% of the total fuel balance, is consistent with
previous studies emphasizing the critical role of coal-fired boilers in ensuring regional
energy stability (Li et al., 2025; Wang C. et al., 2023; Stepanova et al., 2024).

Compared with earlier works that mainly focused on combustion efficiency of
non-design or low-grade Karazhyra coal (Serikkazinov et al., 2025; Khazhidinova et
al., 2023; Stepanova et al., 2024), this study expands the scope by analyzing not only
combustion aspects but also the overall fuel consumption structure at the plant level. This
comprehensive approach highlights the operational significance of hot-water boilers,
whose total annual coal consumption (over 53,000 tons) is comparable to steam boilers.
Previous studies tended to describe hot-water boilers as auxiliary or peak-load equipment
(Wang P. et al., 2025; Wang C. et al., 2023); however, our findings demonstrate their
permanent contribution to covering base thermal loads, which represents a distinctive
feature of Semey CHP-1.

The relatively small share of fuel oil consumption (778 tons per year, less than 1%
of the balance) confirms its strictly auxiliary role. This is consistent with international
practice, where liquid fuels are primarily used for boiler startup and flame stabilization
(Chen M., 2022; Li et al., 2025). At the same time, the observed differences in fuel oil
consumption across boilers (e.g., higher use in steam boiler No. 7) suggest possible
differences in startup frequency or operational regimes, which require additional
investigation.

The strength of this study lies in the use of actual operational data from the automated
control system, which ensures accuracy and minimizes subjective interpretation. Such
an approach corresponds to modern research practices in the field of intelligent coal-fired
power plant monitoring (Liu et al., 2025). Nevertheless, the study also has limitations.
It covers only one reporting period and does not analyze seasonal variations in fuel
consumption, which may affect the overall balance. In addition, the environmental
dimension — such as emissions of SO[], NOy, and particulate matter — was not
included in the present analysis, although this factor is becoming increasingly relevant
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in the context of sustainable power generation (Li et al., 2025; Janta-Lipinska et al.,
2024).

Future research should therefore focus on a more detailed assessment of seasonal
consumption patterns, efficiency of individual boilers under varying loads, and the
integration of advanced combustion optimization technologies, including artificial
intelligence-driven control systems (Safari et al., 2025; Lee et al., 2025). In addition,
linking fuel consumption data with environmental performance indicators would
provide a more holistic evaluation of the plant’s operation.

In summary, this study contributes to the understanding of fuel consumption patterns
at CHP-1 in Semey, confirms the predominance of coal as the primary energy resource,
and emphasizes the significant role of hot-water boilers in ensuring the reliability of
district heating. The findings provide a useful basis for practical applications in fuel
supply planning, optimization of combustion regimes, and enhancement of energy
security in the region.

Conclusion. The analysis of the annual fuel consumption at CHP-1 in the city
of Semey made it possible to determine the fuel consumption structure and identify
operational features of the boiler equipment. Coal from the Karazhyra deposit is the
primary fuel for all types of boilers — both steam and hot-water. Its share in total
consumption constitutes an overwhelming majority — more than 99%, with a total
annual consumption of approximately 162,678 tons.

Fuel oil grade M-100, with an annual consumption of 778 tons, serves a strictly
limited auxiliary function. Its use is mainly associated with boiler startup and combustion
stabilization during initial operating modes, which is particularly relevant during start-
up and unstable operating conditions.

It is important to note that the hot-water boilers at CHP-1 do not operate as peak-load
or standby units, but function alongside the steam boilers, providing a significant share
of the thermal load. This is reflected in the high coal consumption — over 53,000 tons
per year for the two hot-water boilers, which is comparable to that of the steam units.

The joint operation of steam and hot-water boilers at CHP-1 allows for flexible
response to varying loads and ensures the supply of both electricity and heat in
accordance with current demand. Thus, the fuel consumption structure of CHP-1
demonstrates stability and efficiency, as evidenced by the balanced load distribution
among boiler units.

The scientific novelty of the study lies in the comprehensive assessment of fuel
consumption for both steam and hot-water boilers, taking into account their joint
operation, which makes it possible to more objectively characterize the load structure
and the efficiency of energy resource utilization.

The practical significance of the work consists in the possibility of using the obtained
results to optimize fuel regimes, improve the planning of coal and fuel oil supplies,
increase combustion efficiency, as well as to develop measures for energy saving and
enhancing the reliability of the city’s heat supply system.
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