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ENVIRONMENTAL PROBLEMS
OF SOLID FUEL HEATING PLANTS
(ON THE EXAMPLE OF EKIBASTUZTEPLOENERGO LLP)

The article presents the ecological assessment of heating plants
operating on solid fuel. Types of negative impact and sources of emission
of pollutants from thermal power plants into the environment are given.
The degree of air pollution in Pavlodar region is analyzed, including
the share of emissions of the city of Ekibastuz. The article is devoted
to the environmental assessment of solid fuel heating plants and the
development of environmental protection measures on the example of
Ekibastuzteploenergo LLP (Limited Liability Company under the laws
of the Republic of Kazakhstan). The authors paid attention to the study
of the system of operation, technology, and equipment of the Ekibastuz
CHP. According to the obtained data, a comparative analysis of pollutant
emissions and the dynamics of CO, emissions is made. Components released
into the atmosphere during fuel combustion are nitrogen, sulfur, carbon
oxides, soot, and ash. Incomplete combustion, in particular, leads to
emissions of hydrocarbons like methane and ethane. Solving the negative
environmental impact of heating plants necessitates a comprehensive
approach that entails multiple measures. Measures to reduce emissions
into the atmosphere are suggested.

Keywords: coal power, thermal power plants, environment, impact,
atmosphere, emissions, measures.
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Introduction

In contemporary times, coal power plays a crucial and consistent role [1].
Thermal power plants produce both thermal and electrical energy, with up to
75% of the world's total power generation stemming from this source. However,
these plants have a notable impact on their environmental surroundings. The vast
majority of fuel is converted into waste, manifesting in the form of gaseous and
solid combustion products that enter the environment. Meanwhile, the volume
of waste exceeds several times the mass of the fuel consumed. Environmental
decline is correlated with the release of extensive amounts of contaminants,
which spread over a span of 25 radii spanning several kilometers and result in
respiratory and associated illnesses in people and animals. Moreover, it impacts
photosynthesis in plants, mineral equilibrium, and the vital nutrients required by
plants, while also affecting the structure of soils, buildings, and structures due to
corrosive reactions [2; 3].

The detrimental effects of trace elements and radionuclides present in ash and
slag wastes generated by coal-fired power plants, as well as the flue emissions of
trace elements containing fly ash from TPPs, on the health of personnel working
at coal-fired power plants and the surrounding environment are documented [4].

Climate change has a considerable effect on electricity demand and supply.
Future projections indicate that climate change-induced efficiency reductions
may lead to significant energy supply reductions. The closure of small and older
units enhances generation efficiency but is insufficient to offset the decline in
supply resulting from their closure. Given the rapidly growing need for electricity,
ensuring stable and sustainable energy supply presents greater challenges [5].

In recent years, there has been a global interest in analyzing the environmental
impact of fuel and energy complex (FEC) development. Additionally, attention
has been focused on assessing the investment potential of energy efficiency
programs and projects, which may involve reducing greenhouse gas emissions in
accordance with the economic mechanisms of the Kyoto Protocol. Improving fuel
and energy resource efficiency is crucial in the midst of increasing anthropogenic
influence on the ecology and climate of territories. This is particularly relevant as
more resources are being attracted into the sphere of economic activity. The state's
energy policy ranks this objective among its highest priorities [6;7].

Kazakhstan possesses the largest thermal coal deposit in the world, which
is conveniently located near the earth's surface, thus allowing for the lowest
production costs worldwide. The energy sector in Kazakhstan emits the most
greenhouse gases, as it accounted for 77.6 % (272.5 million tons of CO, equivalent)
of all annual greenhouse gas emissions in the country during 2020, mainly due to
the significant usage of fossil fuels. Although coal and its refined products account
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for 29.4% (in comparable energy units) of fuel and energy resources utilized, their
contribution to national net emissions exceeds 55.7%. Thus, gradually transitioning
the Kazakh economy from reliance on coal is critical for low-carbon development
and the achievement of carbon neutrality by 2060. Carbon capture and storage
technology is expected to be utilized in capturing gases over the medium to long
term. In this regard, a plan will be formulated to decommission coal-powered
capacity with a lifespan of over 30 years and introduce carbon capture and storage
technology for plants that will operate past 2035. Additionally, the deactivated coal
plants will be granted priority access to implement renewable energy initiatives.
Research, innovation, and education play vital roles in achieving low-carbon
development, transitioning to carbon neutrality, and adapting to the impacts of
climate change. In Kazakhstan, transforming the economic structure to align with
these goals requires a well-equipped and highly skilled workforce that possesses
scientific and technological knowledge [8].

Materials and methods

The article uses statistical data on the emission of pollutants from open
sources. An analysis of current methods for assessing the patterns of distribution
of pollutant emissions into the atmosphere from TEP sources was carried out.
An analysis of the substances that are the main components emitted into the
atmosphere during the combustion of various types of fuel was carried out. A
statistical analysis of the relationship between the amount of greenhouse gas
emissions and the volume of fuel combustion (coal and fuel oil) was carried out.

Results and discussion

The operation of many plants and units has an impact on the environment
(Figure 1)

Sulfur oxides
electromagnetic field
water vaper

Figure 1 — Scheme of TPP impact on the environment:
1 — boiler; 2 — chimney; 3 — turbine; 4 — generator; 5 — substation;
6 — condenser; 7 — circulation pump; 8 — condensate pump; 9 — power line;
10 — electricity consumers; 11 - water body.
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In general, the negative impacts of TPPs on the environment are classified
into several types. These include:

- atmospheric pollution caused by suspended particles like soot, ash, and
chemicals like SO,, NO , CO, CO,, etc.;

- greenhouse effect;

- consumption of oxygen, leading to a reduction in its concentration in the
atmosphere;

- pollution of the lithosphere with solid waste materials such as slags and ash
dumps, as well as the deposition of harmful emissions on the soil surface that can
migrate deep into the lithosphere;

- excessive consumption of water and pollution caused by sewage;

- acid rains;

- thermal emissions;

- other negative impacts including noise and electromagnetic disturbances.

The thermal power industry emits over 300 types of substances into the
environment, with sulfur dioxide, carbon oxides, nitrogen oxides, and various
dusts comprising the majority.

Table 1 provides a comprehensive list of substances discharged by heating
plants when using different types of fossil fuels.

Table 1 — List of substances discharged by heating plants when using different
types of fossil fuels

Type

of fuel Gaseous substances Aerosols Impurity elements
NO, NO,, SO,, SO,, Flv ash. soot: As,Cd,Pb,Ti,Cr,Na,Ni,
Coal | €O, HCL HF, Hg forfnal diotocde. | Vs Cu, Zn, Mn, Mo, Sb,
(fume), As (fume), H.S, yae, Si0_,A10,TiO,, NO —,
2 benzapyrene ¥l 2 3
NH3 SO,
Ash (V, O,),

NO,NO,, SO,, SO,

Fuel : formaldehyde, | As, Cd, Pb, Ti, Cr, Na,Ni,
oil CO, CO2, Hg (fume), benzapyrene, V, Cu, Zn, Mn, Mo,Sb
hydrocarbons
soot
NO, NO,, CO, CO
Gas 2, traces of SO,, Hydrocarbons —
hydrocarbons

This substance list demonstrates that the primary components released into the
atmosphere during fuel combustion are nitrogen, sulfur, carbon oxides, soot, and
ash. Incomplete combustion, in particular, leads to emissions of hydrocarbons like
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methane and ethane, polycyclic hydrocarbons such as benz(a)pyrene (C20H12),
formaldehyde (NSON), and vanadium oxide (V) [9].

The quality of atmospheric air is crucial in terms of human health, and the
well-being of flora and fauna is closely tied to air quality.

A significant number of pollutants is annually emitted into the atmosphere.
Based on the Regional Environmental Protection Department's data, a comparative
evaluation can be made regarding pollutant emissions into the atmosphere.

The air pollution near industrial centers such as Pavlodar, Ekibastuz, and Aksu
has adverse impacts on vital activities of animals, plants, and microorganisms,
besides causing immense economic damage to the urban areas.

For instance, the emission share in Ekibastuz is over 40 %. About one ton
of harmful substances are emitted per person annually. This level of pollution is
unacceptable. Despite a significant decline in production in the Ekibastuz industry
during half of the last decade, Kazhydromet data showed that each analyzed
substance exceeded the maximum concentration limit (MCL).

The city faces a challenging predicament due to the presence of nitrogen
oxides and dust. Emissions from coal mines, thermal power plants, and
transportation contain hydrogen sulfide, manganese oxides, silicon compounds,
fluorides, and vanadium pentoxide. Moreover, 14.5 tons of dust are removed per
year from 1 hectare of the operational section of the bulk ash disposal site with
dust levels exceeding regulatory limits by 11.9 times [10].

An environmental impact assessment of Ekibastuz CHP (ECHP) revealed
that in 2022, production decreased by 2.6 % and fuel consumption decreased by
10.4%. This resulted ina 19.9 % decrease in gross pollutant emissions. Specifically,
emissions of sulfur oxides (SOx) decreased by 16.0 %, emissions of solid particles
(coal ash) decreased by 17.0 %, and emissions of nitrogen oxides (NOx) decreased
by 16.0 %. Accordingly, there has been a 13-15 % decrease in specific pollutant
emissions, and greenhouse gas emissions were lower in 2022 than in 2021. This
reduction can be attributed to lower fuel combustion (coal and fuel oil) caused by
decreased production output (see Figure 2).
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Figure 2 — Dynamics of carbon dioxide emissions from Ekibastuz CHP
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The Ekibastuz CHP of TOO Ekibastuzteploenergo is designed to produce hot
water and steam for heating and technological purposes in Ekibastuz (Figure 3).
Moreover, the ECHP generates electricity for its own consumption [11].

Figure 3 — The Ekibastuz CHP of TOO Ekibastuzteploenergo
(https://ru.wikipedia.org/wiki)

- The primary fuel for the boiler units is Ekibastuz coal, and occasionally,
fuel oil and diesel are used (including oil sludge). Sources of pollutants emitted
into the atmosphere at ECHP are:

- Open coal storage;

- Fuel oil farm with fuel oil tanks;
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- Steam boiler units BKZ-75-39FB - 5 pcs;

- Water-heating boiler units KVTK-100-150 - 5 units;

- Oil storage tanks;

- Overfilling units.

Steam boilers in the ECHP are fitted with second-generation "Panarin"
system battery emulsifiers, while water-heating boilers have wet ash collectors.
The ash collecting system can absorb up to 6% sulfur dioxide from flue gas when
running on clarified water with alkalinity of 3.3 mg-eq/dm3. The fuel supply path
is equipped with aspiration units which have coagulation wet dust collectors [11].

Minimizing pollutant emissions into the atmosphere is a crucial aspect of
environmental preservation for heating plants. Thus, implementing ongoing
environmental impact monitoring is essential to take measures that reduce
emissions and prevent violations of environmental laws.

The replacement of outdated energy generating facilities with new ones that
meet modern environmental protection requirements has the greatest impact on
reducing emissions [12].

Thus, the goal of atmospheric protection should be to decrease emissions. This
can be accomplished through the implementation of several measures, including:

1) the introduction of new fuel combustion technologies, such as fluidized
bed combustion, which reduces the number of pollutants in exhaust gases;

2) the development of new methods for purifying fuel combustion products
of sulfur compounds;

3) reducing the amount of sulfur in fuel to minimal values before combustion;

4) replacement of dust-cleaning equipment at thermal power plants (TPPs)
with new, higher-efficiency equipment;

5) equipping TPP equipment and facilities with protective and shielding
devices;

6) ensuring compliance with all environmental protection and regulatory
acts in the design of facilities and structures.

Conclusions

In contemporary times, coal power plays a crucial and consistent role.
The primary components released into the atmosphere during fuel combustion
are nitrogen, sulfur, carbon oxides, soot, and ash. The Ekibastuz CHP of TOO
Ekibastuzteploenergo is designed to produce hot water and steam for heating
and technological purposes in Ekibastuz. The primary fuel for the boiler units
is Ekibastuz coal, and occasionally, fuel oil and diesel are used. Greenhouse gas
emissions were lower in 2022 than in 2021. This reduction can be attributed to
lower fuel combustion (coal and fuel oil) caused by decreased production output.
Solving the negative environmental impact of heating plants necessitates a
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comprehensive approach that entails multiple measures. This includes equipping
new thermal power plants with efficient methods of cleaning exhaust and pollutant
emissions, waste management, and the use of environmentally safe fuels in their
design and construction.
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KATTBI OTBIH KbIJIBITY KOHABIPFbIJIAPBIHBIH
KOPHIAFAH OPTA MOCEJIEJIEPI
(AKHUBACTY3XKbIUTYIOHEPI'O KIIIC MBICAJIBIH/IA)

Makanaoa kammel OMbIHMEH JHCYMbIC [CMEUMIH JHCLLILY
KOHObIP2bLIAPLIHLIY IKOA0SUANBIK Oazacel Oepineen. JKolny snekmp
CMAHYUALAPLIHAHK Kopuiazan opmaaa mepic ocep emy mypaepi
JCOHe acmayulbl 3ammapovly Wel2apbliy Ke30epi KelmipinceH.
Iasnooap obnvicviHbIY ammochepanvlk ayacbiHbIY J1ACMAHY 08pextceci,
onblH Twinde Exibacmys KanaceiHvly wbl2apblHObLIAPLIHBIY Yieci
mandanzan. Maxana «Exibacmysoiceinysnepeoy KIUIC (Kaszakcman
Pecnybnuxaceineiy 3ayHamacs 60oublHUIA JdHcayanKeputiniel wekmeyJi
cepikmecmizi) MblCanbIHOA KAMMbl OMbIHMEH HCYMbIC ICMEUmiH HCbLTY
KOHOBIP2bLIAPLIHLIY IKOAOSUANLIK CAPANMAMACHIHA JHCOHE KOpudeaH
opmansl Kopeay wapaniapuln ozipaeyee apnanean. Asmopaap Exidacmys
KDO-HbIH drcymbic icmey JHCYUeciH, MexXHOL0UACHIH, HcaDObIKMAapbiH
3epmmeyze Hazap ayoapovl. Anvinzan monimemmep 6OUBIHUA IACMAYULLL
sammapoviy weleapvindvliapvina scone CO, wibleapblHObLIAPbLIbLY
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OUHAMUKACHIHA CALICMBIPMATLL MAnoay dcacanean. Ammocgepaza
Wbl2apbiHObLIIAPObL A3aUMY WAPaLapsbl YCbIHBLIAOL.

Kinmmi co30ep: komip snepeemuxacul, Jcoliy d1eKmp CmaHyuaiapbol,
Kopwazan opma, acep, ammocgepa, wbl2apblHObLIAp, Wapaap.

K. H. Opasbaesa’, *A. B. Yoacvrun?,

K. . Axmemoé’, T. XK. Abvinixacanos’

'«TOO «borateips Komup»,

Pecny6imka Kazaxcran, r. Okubacrys.

*TopaiireipoB yHuBepcuTeT, Pecryonuka Kaszaxcran, r. [laBnoaap,
IpunsTo k nznanuto 04.12.23.

80

SKOJOI'MYECKHUE MPOBJEMbI
TBEPAOTOIVIMBHBIX OTOIMUTEJBHBIX YCTAHOBOK
(HA TIPUMEPE TOO «9KUBACTY3TENVIOOHEPT O»)

B cmamve npedcmasnena skonocuueckas oyeHKa KOMeabHbIX,
pabomarowux Ha meepoom monause. Ilpusedenvi ubl He2AMUBHO2O
6030€UCmEUs. U UCMOYHUKU 8bLOPOCOB 3A2PAZHAIOWUX BeuyecmE
MENN0BbIX INEKMPOCMAHYULL 8 OKpYdicarowyio cpedy. [poananuzuposana
cmenensb 3aepaznenus ammocgeprnozo 6030yxa Ilasnodapckoi
obracmu, 8 mom uucie 007 8blopocos 2opooa Ikubacmysa. Cmamos
NOCBAUEHA IKOIO2UUECKOU OYeHKe MEEPOOMONIUBHBIX KOMENbHBIX U
paspabomie Meponpusimuii o oxpane oKpycalouel cpeobl Ha npumepe
TOO «3Ixubacmysmennosnepeor (Tosapuwecmso ¢ oepanuyeHHoU
omeemcmeeHHOCmyblo no 3akonodamenscmey Pecnyonuxu Kasaxcman).
Aemopul yoerunu GHUMAHUE U3YHEHUIO CUCIEMbl pabombl, MEXHON02UU
u obopyoosanus Ixubacmysckon TOL]. Ilo nonryuennvlm OaHHbIM
npou3eeder CpasHUMeNbHblll AHAIU3 8bIOPOCOG 3ACPAZHAIOWUX BeUeCmE
u dunamuxu 6v10pocos CO,. [Ipednodicensl mepbl o CHUICEHUIO 6b10POCOE
6 ammocghepy.

Kniouesvie cnosa: yeonvhas snepeemura, meniogule 21eKmpocmanyui,
OKpydcarouas cpeoa, 8ozoelicmsue, ammocgepa, 8blOPOChl, Mepbl.

Xumusi-6uonocusiivl cepusicol. Ne 4. 2023



Tepyre 04.12.2023 . xibepinmi. bacyra 28.12.2023 x. KoJ1 KOWBUIIHI.
DJeKTPOH/BIK 0aChUTBIM
2,14 Mb RAM
[HapTTe! 6acna Tabars! 8,28.
Tapanbever 300 mana. barackr kemiciM OOWBIHIIIA.
Kommerotepne 6erreren 3. XK. IllokybaeBa
Koppexropnap: A. P. Omaposa
Tanceipsic Ne 4244

Crnano B Habop 04.12.2023 . [Tognucano B neuats 28.12.2023 1.
DIIEKTPOHHOE U3AaHUE

2,14 Mb RAM
Ve n. i 8,28. Tupax 300 3x3. Llena norosopHast.
Kommerotepnas Bepcrka 3. XK. HlokybaeBa
Koppextopsr: A. P. Omaposa
3axa3 Ne 4244
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