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Abstract

Main problem: Ensuring environmental safety of thermal power plants by reducing emissions of
harmful substances, in particular nitrogen oxides. When all types of fossil fuel, including solid fuel, are burned,
nitrogen oxides are formed in the boilers of TPPs. The sources of their formation are air nitrogen and nitrogen-
containing components of the organic matter of the fuel. As you know, they adversely affect the health of
humans, plants and animals. Therefore, it became necessary to consider and analyze methods to reduce these
emissions.

Purpose: To review and analyze various ways to reduce nitrogen oxide emissions and propose a new
scheme for reducing these emissions by recirculating flue gases.

Methods: This is achieved due to the fact that in the known method for purifying the flue gases of steam
generators from nitrogen oxides by lowering the temperature in the furnace of the steam generator by supplying
flue gases with a temperature below the temperature in the furnace of the steam generator, it is proposed that the
flue gases be fed into the furnace of the steam generator after ash cleaning. At the same time, as a result of the
supply of recirculated gas cooled after filtering and passing through the main smoke exhauster into the
combustion chamber, having a temperature of 110-170 °C, in comparison with the initial version, a greater
decrease in temperature in the furnace of the steam generator occurs, which in turn leads to a decrease in the flue
gases of oxides nitrogen, since the chemical reaction of their formation goes with the absorption of heat.

Results and their importance: The technical result at the proposed method of cleaning from nitrogen
oxides is to reduce the consumption of electricity by eliminating the collateral wear of the recirculation gas duct,
due to the cleaning of time gases from ash (a requirement of the rules of technical operation of PTE).

Keywords: Steam generator, nitrogen oxide, recirculation, pollutant emissions, smoke exhauster,
thermal power station, environment.

Introduction

One of the agent modern tasks is to ensure the cleanliness of the air basin. To ensure this, it is necessary
to clean the combustion products of the fuel removed from the boilers after their cooling into the atmosphere
from harmful substances, including nitrogen oxide.

Materials and methods

The sources of formation of nitrogen oxides during combustion can be nitrogen - consuming air, which
is used as an oxidizing agent for combustion. Owing all combustion processes, nitrogen oxides are formed, and
most of them are in the form of oxide. Nitric oxide is quickly oxidized to dioxide, which is a red — white gas with
an impuissant odor, strong on the human mucous membranes in addition, it is one of the causes for the
destruction of the Earth's ozone layer. The higher the combustion temperature, the more intensive is the
formation of nitrogen oxides [1; 261].

There are different ways to reduce nitrogen oxide emission:

— limiting the proportion of the oxidizer in the initial section of the flame big choosing the appropriate
level of excess air on the burners;

— reduction to the technological possible minimum fraction of primary air;

— input into the primary air of the maximum possible amount of recirculating gases under the conditions
of sustainable combustion;

— The maximum possible temperature reduction in the zone and the exit from the active combustion
zone, according to the conditions of stage ignition of combustion on and fuel burn out [2].

There is a device for absorption cleaning of temporary gases in order to remove moisture from them.
Next is the catalytic nitrogen oxide of nitrogen oxides. In the controlled bed, we use gases by means of a natural
gas enhancing sorbent and air duct desorption.

The disadvantage at this method is that its implementation requires high costs, and the process itself and
its punctuation is complicated. For this reason, this method final turtle use in heat power engineering.

There is also a way to reduce emission of nitrogen oxides, into the environment by lowering the
temperature in the furnace of the steam generator by supporting fine gases with a temperature in the furnace of
the steam generator. This is done by reiterating fine gases at a temperature of 300-400 °C and taken from the
steam generator.
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Despite the fact that the know method of painting nitrogen oxides in the environment from steam
generators is simple and cheap, its use leads to premature wear of the heating surface of the steam generator and
the recirculation of the due to the fact that together with the fine gases snowing the course of the recirculation, a
large amount of ash parties are formed as a result of the combustion of solid fine that enters the furnace. For
coals with high ash content, for example, for Ekibastuz coal, such abrasive wear will be the highest. In addition,
an additional recirculation smoke exhauster is required, that increases the energy consumption for the
implementation of the method [1; 262].

In this regard the task arises to develop a simple method for cleaning the fine gases of the steam
generators from nitrogen oxides, excluding the wear of the heating surface of the steam generator and
recirculation exhaust fan by the abrasive head.
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Figure 1 — Scheme of the proposed method for cuaning gases from a steam generator from nitrogen oxides

In this diagram, the steam generator 1, the pulverized coal burners 2, the ash collector 3, the main
smoke exhaust 4 and the gas recirculation pipeline 5.

The technical result at the proposed method of cleaning from nitrogen oxides is to reduce the
consumption of electricity by eliminating the collateral wear of the recirculation gas duct, due to the cleaning of
time gases from ash (a requirement of the rules of technical operation of PTE).

Results

This is achieved are to the fact that the known method of cleaning the gases of steam generators from
nitrogen oxides is by lowering the temperature in the furnace by supplying time gases with a temperature below
the temperature in the furnace, it is proposed to supply the gases to the furnace at the steam generator after the
ash cleaning. At the same time, as a result at supplying a gas cooled after filtration to the combustion chamber
and passing through the main exhaust tan of recirculation gas having a temperature between 100-170 °C,
compared to the original version there is a large decrease in temperature in the steam generator, in turn it reads to
a decrease in nitrogen oxides in the time gases, since the chemical reaction formation proceeds with the
absorption at heat.

Discussion

Recirculation of flue gases into the combustion chamber of a steam generator is widely used today in
boiler technology. In this case, the input conditions can be different. The method is carried out in the following
way (Figure 1): in the steam generator 1 through the burners 2, Fuel is supphed as the fuel is used for example,
coal dust.

As a result of fuel combustion the gases are formed which are directed from the steam generator to the
ash catcher corrector 3. After cleaning the fine gases with an ash catcher corrector 3 it is directed by means of
smoke exhauster 4 pressure on gas duct 5 into chimney (not shown in the diagram).

From the pressure gas duct 5 fine gases are partially removed an by gas duct 6 the recirculation is
directed to the combustion center reduces the combustion temperature, as a result, the formation of nitrogen
decreases, since the chemical reaction of their formation goes with the absorption of heat [1; 3].

Conclusion

The proposed method can be implemented at thermal power plants of Pavlodar. Let us consider as an
example for assessing the impact of the environment the boiler shop one of the power plants of Pavlodar. It is
equipped with power boilers of the Barnaul Boiler Plant (BBP) that generate superheated high-pressure steam
(live steam) using the chemical energy of the fuel. Steam is directed to turbines and Reduction and cooling unit.
TPP has 6 boilers BKZ-420-140 with a steam capacity of 420 t/h, with a design heating capacity of 249,9 Gcal



Becmuux Uunosayuonnozo Eepasutickoco ynusepcumema. 2021. Ne 1 _ISSN 2709-3077

113

/h. Ekibastuz coal is used as the main fuel, and M-100 fuel oil is used as a starting fuel. The share of fuel oil in
the total fuel consumption is less than 5 % [3].

The boilers are equipped with auxiliary equipment: raw coal feeders, mills, draft equipment, electric
feed pumps, etc., as well as ash collectors. At TPP steam boilers BKZ-420-140 No. 1, 2, 3, 4, 5, 6 are equipped
with 2nd generation battery emulsifiers. According to the measurements in 2013, the cleaning efficiency was
99,55 % for boiler unit TPP No. 1, 99,3 % for No. 2, 99,5 % for No. 3, 99,39 % for No. 4, No. 5-99,5 %, No. 6

~99.3 % [3].

Every year the company carries out current and major repairs to improve the reliability of the ash
collection plants. The main fuel for the boilers is Ekibastuz coal, the starting fuel is M-100 fuel oil.
Characteristics of the fuel used at the station [3]:

For Ekibastuz coal:

ash content Ap — 40,4 %;

sulfur content Sp — 0,41 %;

the lowest heat of combustion Q - 3972 kcal/kg;

The annual consumption of coal is 2 404 071 tons.

For M-100 fuel oil:

ash content Ap — 0,04 %

sulfur content Sp — 2,2 %;

lower calorific value Q - 9 668 kcal/kg;

Annual fuel oil consumption is 3 324 tons.

The share of fuel oil in the structure of the fuel balance is less than 5 %, therefore, the maximum one-
time emissions from BKZ-420-140 boilers are determined only when burning coal.

Table 1 — Characteristics of boilers TPP

Stationary Boiler type Steam Main fuel Reserve Fuel
boiler number generator rate, fuel consumption
t/h at nominal
load when
converted to
equivalent fuel
01 BKZ-420-140, steam 420 Ekibastuz coal Fuel oil 42
02 BKZ-420-140, steam 420 Ekibastuz coal Fuel oil 42
03 BKZ-420-140, steam 420 Ekibastuz coal Fuel oil 42
04 BKZ-420-140, steam 420 Ekibastuz coal Fuel oil 42
05 BKZ-420-140, steam 420 Ekibastuz coal Fuel oil 42
06 BKZ-420-140, steam 420 Ekibastuz coal Fuel oil 42
Table 2 — Operating mode of boilers TPP
Indicators
Excess air ratio Flue gas temperature Heat losses with Content of
Operating Boiler in flue gases after the exhauster mechanical combustible in
mode number | after the smoke unburning the
exhauster entrainment
a 1,°C q4+% G un, %
1 1,16 74 5,68 7,00
2 1,2 76 4,15 5,20
§ 3 1,42 80 4,32 5,4
g E 4 1,29 68 4,74 5,90
2 3 5 1,2 73 6,17 7,55
= E 6 1,22 76 5,35 6,60
1 1,16 74 3,66 4,65
2 1,11 70 4,54 5,70
o § 3 1,33 77 3,61 4,60
£ g 4 1,36 74 4,83 6,00
£ % 5 1,2 74 4,62 5,80
% & 6 133 75 3.95 5,00
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Table 3 — Operating mode of boilers TPP

Operating | Boiler Indicators
mode number | Steam capacity | Boiler efficiency Maximum one-time Degree of ash
fuel consumption (coal) collection

DO,T/lI 77K,% B g/s n,%
1 423 85,13 22254 99,55
_ E 2 431 83,66 21169 99,3
ag é 3 427 86,94 21991 99,55
'§ = 4 431 85,94 21632 99,52
g8 5 423 84,4 19572 99,49
6 400 81,49 20093 99,32
1 433 87,68 18905 99,55
5 g 2 437 85,71 18529 99,3
g E 3 354 85,28 16516 99,55
S % 4 423 87,00 18153 99,52
= 5 426 85,54 18264 99,49
6 403 85,03 16516 99,32
1 428 86,4 18778 99,55
& E 2 434 84,69 18416 99,3
5.8 3 391 86,11 17468 99,55
35 4 427 85,94 17540 99,52
= 5 5 425 84,97 18429 99,49
6 402 83,26 17710 99,32

As can be seen from tables 3, the collection rate in all boilers exceeds 99 %.

Table 4 — List of pollutants emitted into the atmosphere [3]

Pollutant code Name of the MPCmr, MPCss, Hazard Substance Substance
pollutant mg / m’ mg / m’ class emission emission
including including
treatment, treatment,
g/s t/ year (M)
0301 Nitrogen (IV) 0,2 0,04 2 348,9509 | 12258,6141
dioxide (4)
0304 Nitrogen (II) 0,4 0,06 3 56,7046 1991,952
oxide (6)
0330 Sulfur dioxide 0,125 3 872,9652 | 19287,399
(526)
0337 Carbon Oxide 5 3 4 81,432 | 1943,1039
(594)
2904 Fuel oil ash 0,002 2 0,0022
from TPP in
terms of
vanadium (331)
2908 Inorganic dust: 0,3 0,1 3 288,9033 | 6904,4202
70-20 % silicon
(503)
Total 1648,956 42385,49

As you can see, most of the emissions of medium substances are sulfur dioxide and nitrogen dioxide.

Table 5 — Parameters of emissions of pollutants into the atmosphere [3]

Source of emission of | Number of Height of the| Diameter | Parameters of the gas-air mixture at
pollutants hours of source of of the the outlet from the pipe at the
- operation per | emissions, m | pipe maximum one-time load
2 year mouth, m
_;::’ Name Quantity, Speed, [Mix volume, | Mix
e pcs m/s m’/s temperature
~ C
001 | Chimney 1 8760 180 7,2 29,76 | 1211,68245 | 74,5
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End of the table 5.
Name of gas | Substance Gas Maximum Substance Pollutant emissions
cleaning for which cleaning degree of name g/s MgN/m’ t/year
units, type gas ratio,% purification,
and cleaning is %
measures to | performed
reduce
emissions
Battery Inorganic 94 94 Nitrogen 348,9509 | 366,579 | 12258,6141
emulsifiers | dust: 70-20 dioxide (4)
% silicon Nitrogen 56,7046 | 59,569 | 1991,952
dioxide oxide (6)
Sulfur dioxide | 872,9652 | 916,051 | 19287,399
(526)
Carbon Oxide | 81,432 85,546 | 1943,1039
(594)
Fuel oil ash 0,0022
from TPP in
terms of
vanadium
(331
Inorganic 288,9033 | 303,496 | 6904,4202
dust: 70-20 %
silicon (503)

According to the Environmental Code of the Republic of Kazakhstan, in accordance with clause 1 of
article 40, CHPP-3 belongs to category 1. The actual (and calculated) size of the sanitary protection zone of the
CHPP-3 industrial site is 1000 m in accordance with clause 13, clause 4 of the Sanitary Rules "Sanitary and
Epidemiological Requirements for Establishing a Sanitary Protection Zone of Production Facilities" approved by
the Government of the Republic of Kazakhstan. No. 93 dated January 17, 2012. TPP belongs to the I hazard
class. The size of the sanitary protection zone of CHPP-3 -1000 m is approved by the Sanitary and
Epidemiological Conclusion of the State Institution UGSEN for Pavlodar. Within the boundaries of the
regulatory sanitary protection zone, there is no housing, arable land, forest plantations and recreation areas. The
performed calculation of dispersion for the period of operation showed that the surface concentrations for all
pollutants at the border of the sanitary protection zone, in summer cottages and in the residential area, taking into
account the background pollution, do not exceed 1 MPC, except for dust concentrations, due to the already
existing excess in the atmospheric air, according to the issued certificate issued by KAZHYDROMET [3]. We
assume that the introduction of flue gas recirculation at this station will reduce the emissions of nitrogen oxides,
which will have a beneficial effect on environmental protection.
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A.IlL ILneBako
WunoBamusuteik Eypasus yausepcureri, Kazakcran

By renepaTopiapbiHia OThIH KAHFAH Ke3iH/e a30T OKCHATEPiHiH MbIFAPBIHAbLIAPLIH TOMEHAETY

3usHABl 3aTTapIblH, aTan aWTKaHAa a30T OKCHATEPIHIH WIBIFApbIHABUIAPBIH a3alUTy apKbUIbI HKBLIY
QJIEKTP CTAHUMSUIAPBIHBIH 3KOJIOTHSJIBIK Kayilci3airiH kamMmramachi3 ery. OTBIHHBIH OapiiblK TYpJepi, COHBIH
IIIiHAe KaTThl OTHIH JKarblUIFaH keszne, JKOC Oy reHeparopiapblHa a30T okcuaTepi Tysiteni. OmapasH naiiga
6oiry Ke3epi - ayaJarbl a30T J)KOHE OTHIHHBIH OpraHUKaJIBIK 3aTTapbIHBIH KypaMbIHIa a30T 0ap KOMIIOHEHTTEp.
OsnepiHi3 OineTiHmeld, omap amampaap, eCIMIIKTED MEH >KaHyapJiapIblH JICHCAYJBIFBIHA Kepi dcep eTeli.
COHIBIKTaH OCHI IIBIFAPBIHIBLIAPIBI 32Ty SICTEPiH KapacTHIPY JKOHE Talay KaKeT OOJIBL.

Maxcart - a30T OKCH/II IIBIFapPBIHABUIAPEIH a3alTyIBIH OPTYPIIl 9iCTepiH KapacTHIPY JKOHE TauIay MEH
TYTIH ra3fapblH aifHaJIBIMFa JKi0epy apKblIbl OCHI IIBIFAPBIHABUIAPABI a3aHTYyIbIH JKaHA CXEMAChIH YChIHY. byran
Oy reHepaTOpPbHIHBIH NEMIiHAeT1 TeMIIepaTypaHbl TOMEH TeMIIepaTypa apKbUIbl TYTiH ra3gapbelH Oepy apKbUIbI Oy
TeHEPaTOPBIHBIH TEIIIHAETI TeMIEpaTypaHbl TOMEHAETY apKblibl Oy FeHepaTOpIapbIHbIH TYTIH ra3iapblH a30T
OKCHITEpiHEH Ta3apTyAblH OeNrimi omiCiHAe TYTIH ra3gapbelH Oy TeHEepaTOphIHBIH MENIiHe KYJAi Ta3ajlaraHHaH
KeiliH ycpiHbUIaAbl. COHBIMEH Karap, HErisri TYTIH ILIBIFapFBILTAH JKaHy KaMepachlHa ©TKEHHEH KeHiH
CaJIKbIH/IATBUIFaH, LUPKYJSLMUsIIaHFaH ra3ablH xkaHy kamepacbiHa 110-170 °C temmnepatypacsl 6ap, 6acTarksl
HYCKaMeH CaJbICThIpFaH/a, Oy IeHepaTOPBIHBIH IEIIIHAET1 TeMIlepaTypaHblH KeOipeKk TOMEH/Ieyl OpbIH ajajbl,
OyJ1 ©3 Ke3erinae OKCUATEPAIH TYTiH Ta3apbIHbIH a3aoblHA oKeleli. A30T, OHTKEH] oap/bIH Maia OoIybIHbIH
XUMUSUTBIK  PEAKIMSIChl KBUTYJIbl CIHIDYMEH Kypeai. A30T OKCHITEPIHEH Ta3apTy/IblH YCHIHBUIFAH O[ICiHIH
TEXHHUKAJIBIK HOTHKEC] - JIEKTP SHEPTHUSICHIH TYTHIHYABIH TOMEH/IEYl, TYTiH Ta3apblH KYJJIEH Ta3apTy eceOiHeH
PELMPKYIAIUAIBIK Ta3 KaHABIHBIH KYJ TO3ybIH 0f0 (IIET TexHuKanbIK maiifanany epexenepiHiy Taaa0sr).

Tytiin cesnep: Oy reHepaTopbl, a30T OKCHI, PEIUPKYIISAINSL, JTACTAYIIBI 3aTTap IIBIFAPBIHIBUIAPEL, TYTiH
LIBIFAPFBILI, XKbUTY 3JIEKTP CTAHIMSCHI, KOPIIaFraH OpTa.

A.IL IlnneBako
WuHoBarmonHslit EBpa3suiickuii yauBepcutet, Kazaxcran

CHm:KeHHe BHIGPOCOB OKCH/IOB 230TA NPHU CKUTAHUH TOIUIMBA B aporeHepaTropax

Cratbsl mOCBsIIEHa IpoOsieMe 00ecTieueH s IKOIOTHIECKON 0€30MacCHOCTH TEIUIOBBIX 3JIEKTPUYECKUX
CTaHIIM{ 32 CUET CHIDKEHHUS BHIOPOCOB BPEIHBIX BEILECTB, B YaCTHOCTH, OKCHIOB a30Ta. IIpu cxxuraHum Bcex
BHJOB OPraHMYECKOTO TOIUIMBA, B TOM 4YHWCIE W TBEPAOTO, B MaporeHepaTopax TEIUIOBBIX SHEPreTHYECKHX
crcTeMax 00pa3yloTCst OKCHABI a30Ta. VICTOUHMKaMU NX 00pa30BaHUS SBISIOTCS 30T, KOTOPBIH BXOANT B COCTAB
BO3/1yXa, WAYIIETO Ha OKHCJIECHHE TOIUIMBA, @ TAK)KEe KOMIIOHCHTHI OPTaHWYEeCKOW MAaccChl TOIUIMBA, B COCTaB
KOTOPBIX BXOIUT a30T. Kak M3BeCTHO, OHM HEOIArompUsATHO BO3ACHCTBYIOT HA 3/10POBbE YEIOBEKA, PACTCHUS U
XKHUBOTHBIX. 1103TOMy BO3HHKIIa HEOOXOANMOCTb PACCMOTPEHHS M aHAIN3a METOJOB ISl YMEHBIICHUS JTaHHBIX
BBIOPOCOB.

Lenb - paccMOTpeHHE M aHATIM3 PA3IMYHBIX CIOCOOOB YMEHBLICHUs BHIOPOCOB OKCHJIOB a30Ta, a TaKXkKe
Npe/II0KEHHE HOBOM CXEMbl YMEHBIIECHHS IaHHBIX BHIOPOCOB 33 CUET YaCTMYHOTO BO3BpATa JILIMOBBIX I'a30B B
TOTIKY IaporeHeparopa. B CBsi3u ¢ 3TUM aBTOpaMH IpelaraeTcss BO3BpallaTh B TOINKY MaporeHeparopa 4acTb
00pa3oBaBIIMXCSl B TIpOLEcCe TOPEHUs! JBIMOBBIX T'a30B, YTOOBI CHHM3WMTH TEMIIEpaTypy B camoii Tomke. B
TOIOYHYIO KaMepy MOJaloTCsl OXJIaXICHHbIE Tasbl, Npomenmue (GuibTpoBaHHe, TeMIepaTypa OCHOBHOTO
JBIMOCOCA  ycTaHaBiMBaeTcs Ha ypoBHe 110-170 °C, mpoMCXOMT SHIOTEpMHUECKAs peakiys, KoTopas
MIPUBOJNUT K CHIDKCHHUIO TEMIIEpaTyphl B TONKE M yMEHBIICHUIO COICp)KaHMs OKCHIOB a3oTa. IIpeamaraemsrit
CIOCO0 OYHCTKH JBIMOBBIX I'a30B OT OKCHZIOB a30Ta NMPUBOAMT K CHIDKCHHIO MOTPEOJICHHS 3JIEKTPOIHEPTHH,
HCKJIIOYAeTCs M3HOCA 32 CUET 30J1bI [a30X0/1a PEUUPKYJIISIINH 33 CUET OYMCTKH JBIMOBBIX T'a30B OT 30JIbI.

KnroueBble c1oBa: MaporeHepaTop, OKCHA a30Ta, PEHUPKYJIALMSA, BHIOPOCHI 3arpsI3HSIOLUINX BEILECTB,
JBIMOCOC, TETIIOBAs ANEKTPHUECKasi CTAaHLIUS, OKPYXKAIOIIas cpefia.
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