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CALCULATION OF STANDARDS
FOR PERMISSIBLE ENVIRONMENTAL IMPACT
FOR BOILERS WITH KNOWN TECHNICAL CHARACTERISTICS

Emission of thermal power stations and boilers is regulated in accordance with the unified national
regulatory requirements, taking into account the specifics of energy production, its life-sustaining
function and is aimed at ensuring that air pollution is prevented as much as possible. The purpose of
the regulation of emissions of thermal power plants is to limit its adverse impact on the air basin by
developing, for the entire thermal power plant and each source of emissions on it, the maximum
allowable emissions — control (in grams per second) and per annum (in tons per year), ensuring sanitary
hygienic standards. Sanitary standards include the maximum permissible concentration, which reflects
the level of components in the air that is safe for humans. In practice, several substances are
simultaneously present in the air, the presence of which causes multicomponent air pollution. The
atmospheric pollution index, which is calculated for a group of substances, is often used as a complex
indicator of the degree of air pollution. Currently, mostly applied methods of component-wise
assessment of atmospheric air quality are used in practice. When calculating atmospheric pollution by
boiler houses, the total volumes of fuel combustion products are determined experimentally or by
calculation. This article provides empirical formulas for calculating the above standards — the volume
of flue gases, the maximum one-time emissions of ash, sulfur oxides, carbon and nitrogen for various
boilers with known technical characteristics. Also, using the above formulas, a comparative analysis of
the level of air pollution depending on the quality of various types of fuel burned in various types of
boilers.

Key words: thermal power plants, maximum one-time emissions of ash, sulfur oxides, carbon,
nitrogen.
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beAriAi TexHMKaAbIK cMnaTTamaAapbl 6ap Ka3aHAbIKTap YLUiH
KOpLUAFaH opTafa PyKcarT eTiATeH acep eTy HoOpMaTUBTepiH ecenTey

JKblAy 3AEKTp CTaHUMSIAAPbI MEeH Ka3aHABIKTapAbIH, WbIFAPbIHABIAAPBIH HOPMAAAy 3HEPreTUKaAbIK,
OHAIPICTIH epeKLUeAiriH, OHbIH TbIHbIC-TIPLIAITIH KaMTamachbl3 eTeTiH (OyHKLMIAAPbIH ecKepe OTbIpbir,
GipblHFai >KaAMbl MEMAEKETTIK HOPMATMBTIK TaAarTapfa COMKeC >KYPri3iAeAi xeHe aTMocdepasbk,
ayaHblH AaCTaHyblH 6apbiHLLIA bIKTUMAA 60AAbIPMAYAbl KaMTaMachI3 eTyre 6aFbiTTaAFaH. XXbIAy 3AKTP
CTaHUMSAAPbIHbIH LWbIFapbIHABIAAPbIH HOpMaAayAblH MakcaTbl CaHUTAPAbIK-TUIMEHAABIK,
HOPMaTMBTEPAIH CaKTaAyblH KamTamacbi3 eteTiH 6apAblk XKIC >keHe OHAAFbl WblFapbIHAbIAAPAbIH
opbip Kke3i YWiH, wWeKTi XOA 6GepiAeTiH LWbiFapbiHAbIAAP-6aKbIAAY (CEKYHAbIHA FPaMMEH) >KoHe
KbIAABIK, (KbIAbIHA TOHHaMeH) 83ipAey >KOAbIMeH aye 6acceiHiHe OHbIH, KOAAMCbI3 aCepiH LekTey
60AbIN TabbiraAbl. CaHUTAPABIK-TUIMEHAABIK, HOPMAaTMBTEPre atMOC(epPaAbIK, ayaAarbl KOMIMOHEHTTEP
KYPaMbIHbIH aAaM YLUiH Kayinci3 AeHreiH KepceTeTiH LWeKTi )KOA OepiAeTiH KOHLEHTpaums >KaTaAbl.
MNpakTkapa ayapa 6ip mesriaae OipHewe 3aTTap 6Gap, oAapAbiH, 6OAybl aTtMocepaHbiH  Ken
KOMIMOHEHTTI AACTaHyblH TyAblpaAbl. ATMOCKEpPaAbIK, ayaHblH AaCTaHy ASPEXeCiHiH KelleHA|
KepceTKilli peTiHAae 3aTtTap TOObl YILiH ecenTeAeTiH aTtMocdepaHblH AaCTaHy WHAEKCIH Kui
narMaanaHaabl. Kasipri yakpiTra npakTMkaAa aTMOCqepaAblK, ayaHblH canacbiH Ko6iHece KOMMOHEHTTIK
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Garanay oaicTepi KOAAAHbIAAAbL. ATMOC(EpPaHbiH Ka3aHAbIKTAPMEH AaCTaHyblH ecenTey Ke3iHAe
OTbIHHbIH, XKaHY 6HIMAEPIHIH >KaAMbl KOAEMIH TaxipnbeAik Hemece ecenTik >KOAMEH GeAriaenai.bya
MakaAapa >KOFapblAa aTaAFaH HOPMATMBTEPAI ecenTeyre apHaAFaH 3MMUPUKAAbIK, (DOpMyAasap
KEATIPDIATeH — TYTiH rasAapblHbiH KOAeMi, OeAriAl TexHMKaAbIK, cunaTTaMasapbl 6ap 8pTYpAI
Ka3aHAbIKTapFa apHaAfaH KYAAIH, KYKIPT OKCHMATEPiHiH, KeMipTeriHiH, a3oTTbiH eH ken 6ip peTtTik
wbiFapbiHAbIAapbl. COHbIMEH KaTap, KeATipiAreH (opMyAasapAbl MaaasaHa OTbIpbI, 8p TYPAI
Ka3aHAbIKTapAQ XKaFblAaTblH OTbIHHbIH 8P TYPAI TYpPAEpiHiH canacbliHa 6GalAaHbICTbI aTMOC(EPAABIK,
ayaHblH AACTaHy AEHreiiH CaAbICTbIPMaAbl TaAAQY >KY3€ere acbIpbIAABI.

TyHiH ce3Aep: KbIAy 3AEKTP CTAHUMSAAPbI, KYAAIH MAaKCUMaAAbl 6ip peTTikK wibiFapbiHAbIAAPbI,
KYKIpT OKCUAI, KOMipTekK, a3oT.
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Pacuerbl HOPMATUBOB AOMYCTUMOIO BO3AEHCTBUS HA OKPYXKAIOLLLYIO CPeAY
AASl KOTAOB C M3BECTHbIMM TEXHUYECKMMM XapaKTepUCTUKaAMMU

HopmupoBaHue BbIOPOCOB TEMAOBbIX 3AEKTPUUECKMX CTaHUMM UM KOTEAbHbIX MPOU3BOAUTCS B
COOTBETCTBUM C EAMHbIMM  OBLLErOCY AQPCTBEHHBIMM  HOPMATUBHbLIMW  TPEGOBAHMSAMM C  YUYETOM
CNeunMUKM 3HepreTMYeckoro NpomM3BOACTBA, ero >kmaHeobecneumBaioulen yHKUMM M HarpaBAEHO
Ha obecrieyeHne MakCMMAAbHO BO3MOXHOMO MPEAOTBPALLEHMS 3arpsi3HeHMs aTMOCEPHOro BO3AyXa.
LleAblo HOPMMPOBAaHMS BbIBPOCOB TEMAOBbIX AEKTPUUYECKMX CTAHUMIA SBASETCS OrpaHuyeHue ee
HebAAronpusTHOro BO3AEMCTBUSI Ha BO3AYLUHbIA GaccerH nyTem pas3paboTtku, aas Bcer TIC wm
KaXXAOr0 MCTOYHMKA BbIOPOCOB HA HEM, MPEAEAbHO AOMYCTMMbIX BbIOPOCOB — KOHTPOAbHbIX W
roaoBbiX, obecneunBaloLMX COBAIOAEHME CAHUTAPHO-TUIMEHUYECKMX HopmaTuBoB. K caHuTapHo-
FUrMeHNYeCcKMM HOPMATMBaM OTHOCUTCSI MPEAEAbHO-AOMYCTMMAs KOHLIEHTPaUmMs, KoTopas oTpaXkaeT
6e30MacHbIi AASl YEAOBeKa YpPOBEHb COAEPXKaHUSi KOMMOHEHTOB B atMmocepHom Bo3ayxe. Ha
npakTuKe B BO3AYXe OAHOBPEMEHHO MPUCYTCTBYET HECKOABKO BELLLECTB, HAAMUME KOTOPbIX Bbi3biBaeT
MHOrOKOMIMOHEHTHOe 3arpsi3HeHne atmocdepbl. B KauecTBe KOMMAEKCHOro mnokasateAsl CcTerneHu
3arpsi3HeHUs aTMOCEPHOro BO3AYXa YaCTO MUCMOAb3YIOT MHAEKC 3arpsi3HEHUS aTMOCepbl, KOTOpPbIi
paccuMTblBaeTCs AASl TPynnbl  BewecTB. B Hactosiee BpeMsi Ha MpakTUKE MPUMEHSIOTCS
NPEUMYLLEECTBEHHO METOAbI TMOKOMMOHEHTHOM OLIEHKM KadyecTBa aTtMocdepHoro Bosayxa. [lpu
pacyetax 3arpsi3HeHusi aTtMoCqepbl KOTEAbHbIMM YCTaHaBAMBAIOT 06LiMe OObeMbl MPOAYKTOB
CropaHus TOMAMBA OMbITHbIM MAM pPacyeTHbIM MyTem. B AaHHOWM cTaTbe MpUBEAEHbl AMMMpUYUEcKUe
hOpMyAbl AAS pacueTa BblleHa3BaHHbIX HOPMATMBOB — OOGbEMOB AbIMOBbIX ra30B, MaKCMMAAbHO
pa30BbIX BbIOPOCOB 30Abl, OKCMAOB CEPbl, YIAEPOAQ, a30Ta AAS PA3AUMYHbBIX KOTAOB C WM3BECTHbIMM
TEXHUYECKMMM XapaKkTepucTMkamu. Takxke, C MCMOAb30BaHWEM MPUBEAEHHbBIX (DOPMYA, OCYLLECTBAEH
CPaBHUTEAbHbI aHAAM3 YPOBHS 3arpsi3HeHMsl aTMOC(EPHOro BO3AyXa B 3aBUCMMOCTM OT KauecTBa
Pa3AMUHBIX BUAOB TOMAMBA, CKUIaeMoro B Ppa3AMUHbIX TMMaxX KOTAOB.

KAtoueBble CAOBa: TEMAOBbIE DAEKTPUUECKME CTaHUMM, MAaKCMMAAbHO Pa3OBble BbIGPOCHI 30Abl,
OKCMAQ Cepbl, YTAEpPOoAR, a3oTa.

Introduction

Thermal power plants are one of the largest
sources of heat and electricity, however they are
sources of air pollution. The release of thermal
energy of fuels (the energy of chemical bonds in
molecules) occurs in a purely chemical way due to
the rearrangement of the outer electron shells, i.e.
at the atomic—molecular level, without affecting
deeper structures (ions, electrons of internal shells
and their excited states). With the help of thermal
energy of organic fuels in boilers of thermal power

plants, steam is produced from water, which enters
the turbine, rotates of the electric generator [1-3].
However, at the same time, a large amount of
harmful combustion products is emitted with the
flue gases of the boilers. Possessing high toxicity,
they cause significant harm to the environment and
human health. Large volumes of exhaust gas
streams of products of combustion — complicate the
effective use of cleaning devices. The construction
of high chimneys allows dispersing harmful
substances over a large area, reducing locally the
surface concentration of pollutants, but does not
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reduce the general pollution of the atmosphere as a
whole [4-9].

Environmental protection in close proximity to
thermal power plants is a very urgent task that
requires solving a whole complex of scientific and
practical problems. One of these problems is the
problem of quantifying possible negative effects
from the systematic effects of thermal power plants
on the atmosphere for a particular region [10-12].

In accordance with the law on the protection of
atmospheric air in Kazakhstan, the following
regulatory indicators are established: maximum
permissible concentrations (MPC) of pollutants in
the air, maximum permissible emissions (MPE)
and temporarily agreed emissions (TAE) of
harmful substances into the atmosphere. The
procedure and methodology for the development of
standards for emissions of pollutants into the
atmosphere for existing, reconstructed, constructed
and designed TPPs and boilers of any capacity is
established by the “Industry instruction on the
rationing of emissions of pollutants into the
atmosphere for thermal power plants and boilers”.

The purpose of rationing emissions of thermal
power plants is to limit the adverse effects of
thermal power plants on the air by developing
maximum permissible emissions — control in g/s
and annual in t/year, ensuring compliance with
sanitary and hygienic standards; the establishment
of schedules to achieve the level of MPE,
temporarily agreed emissions (if necessary), as well
as technological (specific) emission standards for
each boiler plant [13-16]. When calculating the
pollution of the atmosphere by boiler-houses, the
total volumes of the combustion products of fuel
are established by trial or calculation. The
calculation and practical methods for assessing the
quality of atmospheric air include methods that
allow the construction of mathematical models of
atmospheric pollution [17].

Calculation method

The enlarged calculation of emissions of
pollutants into the atmosphere is based on the
following basic data: the amount of fuel burned in
the region (in tons of standard fuel) by type (gas,
fuel oil, various types of solid fuel, including coal);
the characteristics of the types of fuel burnt at the
power plants of this region, including their calorific
value, sulfur content, ash content, etc .; indicators
of fuel combustion regimes affecting the release of
pollutants; the effectiveness of environmental
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protection equipment (ash collectors, flue gas
desulfurization devices and flue gas cleaning from
nitrogen oxides).
The calculation in this case is carried out
according to the dependencies given below.
Amount of ash, solid particles, thousand t/year:

Mash — yn M2k, (1)

where i is the type of fuel; n is the number of types
of fuel burning at the power stations of the region
in the year in question; M — the amount of waste
ash generated in the boilers of power plants in the
region that burn this type of fuel in the year under
review, thousand t/year, is calculated using the
following formula:

e
MEE = 0.01 % B (@gye AY + 235)  (2)

where q is heat loss with ash from mechanical
incomplete combustion of fuel, %; o is the
proportion of ash carried away from the furnace to
the boiler flue gas ducts when burning the i-th type
of fuel (can be taken as 0.9); Ay and @g; ash
content (%) and heat of combustion (kJ/kg) of the
i-th type of fuel, respectively, 32680 — heat of
combustion of carbon, kJ/kg.
The amount of sulfur oxides, tons/year, is

determined by the formula

MSQZ — 211-1=1 MSUE (3)

out euti

where Mgftz 1s the amount of waste sulfur dioxide

produced in boilers of power plants of the region
burning this type of fuel in the year under review,
thousand t/year, is calculated using the following
formula

MJS%, = 0.02BSY(1 — 5o )1 —nlp,) ()

outl

where §Wis the sulfur content in the fuel per
working mass,%, ';”;r;rgzis the fraction of sulfur

oxides bound by fly ash in the boiler; '*‘?.5502 — the

proportion of sulfur oxides trapped in the ash
collector along with the capture of solid particles;
0.02 is the conversion factor for the molecular
weight of sulfur to the molecular weight of sulfur
dioxide.

Nitrogen oxides, thousand t/year (in terms of

NO,):
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Outgoing

where M:ﬁ?is the amount of nitrogen oxides
generated in boilers of power plants in the region

M
92 = Xie1 M.wt; (5)  that burn this type of fuel in the year in question,
thousand t/year:
N -
MO = 00345 107KBQY (1— ) 8 (1 — £,7) = fafse (6)

where 11 is a coefficient characterizing the yield
of nitrogen oxides, kg/g of reference fuel; B —
fuel consumption of this type burned at power
plants of the region in the considered year,
thousand t/year; Q"f.}? — calorific value (kJ/kg) of
the i-th type of fuel; f#, is the coefficient taking
into account the effect on the yield of nitrogen
oxides on the quality of the burned fuel; £, —
coefficient taking into account the design of the
burners; f#; — coefficient taking into account the
type of slag removal: with liquid slag removal

and #;= 1.4, in all other cases ff;=1,¢&, is the
coefficient characterizing the efficiency of the
effect of recirculating gases depending on the
conditions of their supply to the furnace; ¢, is
the coefficient characterizing the reduction of
nitrogen oxide emissions when part of the air is
supplied in addition to the main burners, is
determined from Figure 1; r is the degree of
recirculation of flue gases. The values of the
coefficient €, at nominal load and ¥ = 30%; are
taken in accordance with the data below.

&
]. _'\
0.8 -
0.6 -
0.4 .
0 5

5
15 20 2%

Figure 1 — Graph of determining the values of the coefficient £5:
1 — gas, fuel oil; 2 — coal; 3 — gas; dg — the proportion of air supplied in addition to the main burners

The results of determining the volume of the maximum single emissions during coal

Technical characteristics of the boiler:

Estimated fuel consumption in the boiler, B
Exhaust gas temperature at the mouth of the pipe, T,
Coefficient of excess air in front of the chimney, &,

Heat loss with ablation from mechanical incomplete combustion of fuel

Mechanical, qpecn

Chemical, qchem

Proportion of solids retained by ash collector

The proportion of sulfur oxides associated fly ash in the boiler

1000g/s
145°C
1.75
1.00%
4.00%
1.00%
0.85
0.10
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Characteristics of the investigated coal are given in the Table 1.

Table 1 — Fuel characteristics

Fuel Coal composition, %
W S A C H N (0] Q
Karaganda 10.6 1.04 35 43.21 3.6 1.21 5.24 18.56
Ekibastuz 8.43 0.7 43 0.79 2.64 0.79 6.07 16.83
From the task 32.8 4.1 28.8 24.7 3.6 24.7 5.0 11.48
Odds characterizing:
Proportion of heat loss due to CO content in combustion products R 1.0
The effect of heat on the output NO, , .&1 0.9
Burner design, ﬁg 1.0
Type of slag removal, ﬁg 1.0
The effectiveness of the recirculating gases, depending on the condition of their submission to the L0
furnace,£4 '
Emission reduction NOy with two stage afterburner £5 1.0
Flue gas recirculation rate, r 0
Output of nitrogen oxides, kg/t, conditional fuel, i 5.9

The results of the calculation of maximum one-time emissions (according to the “Era” program) are

given in Table 2.

Table 2 — Calculated theoretical volume and maximum one-time emissions

Theoretical volume, m3/kg Maximum one-time emissions, g/s
Fuel * Sulfur Carbon Nitrogen
atm g
Yo ?Z v Ashes, M, dioxide, SO, | monoxide, Mo oxide, NO
Karaganda 8.49 3.81 9.54 48.03 18.72 17.58 3.21
Ekibastuz 8.25 9.19 24.11 54.08 12.6 15.94 291
From the task 3.12 8.22 22.32 38.83 73.8 11 2

Preliminary electron-beam processing of coal
leads to a reduction in emissions into the
atmosphere, reduces the amount of ash and slag,
and reduces maximum-one-time emissions (Table
2-3) from at least 0.6% to 9% for different
greenhouse gases.

Conclusion

The establishment of standards for the
allowable impact of the activities of heat and
power engineering facilities on the environment
should ensure compliance with the quality
standards of its components the purity of the
atmospheric air. Emissions of pollutants
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contained in the flue gases are subject to
normalization, if they create minimum
calculated surface concentrations.

For the quantitative determination of emission
standards of nitrogen oxides, sulfur oxides, carbon
oxides and other toxicants used empirical formula.
The calculations carried out according to these
formulas showed good consistency with the data
found experimentally for boilers with known
technical characteristics in which coals of different
quality were burned. Also, using the above
formulas, a comparative analysis of the level of
atmospheric air pollution was carried out,
depending on the quality of various types of fuel
burned in various types of boilers.
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