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CyuacHi NpUpPOAO0OXOPOHHI BUMOTH CTaBJISATh HAa MOPSAOK IEHHUN PO3BUTKY
TEIUIOCHEPTETUKN TUTAHHS CKOPOYEHHS BUKHJIB 3a0pyIHIOIOYHMX DPEUOBUH Ta
NMAapHUKOBHUX Ta3iB. TerioeHepreTMYHa yCTaHOBKAa MAa€ BiANOBINATH MPUHIIUITY
HELE - High Efficiency and Low Emission (BucOkoi €(heKTUBHOCTI Ta HU3bKHX
BUKU/IIB), 100 OyTH KOHKYPEHTHOIO B 4Yac OypXJIMBOr0 PO3BUTKY BiTHOBIIFOBAJIbHUX
JoKepen eHeprii. Jlis 3MEHINIEHHS HETaTUBHOTO BIUIMBY Ha HABKOJIMIITHE
CEpEeIOBHINE KOTEIbHI YCTAHOBKM MOBHUHHI OCHAIYBAaTHUCS CUCTEMaMH OYHUIIECHHS
JMMOBHMX Ta3iB BiJl 3a0pyJAHIOIOYMX PEYOBUH, SKI 3JaTHUMH 3a0€3MEUUTH
JOTPUMAHHS BHUMOT €BPOMEUCHKUX EKOJOTIYHWX. BHKOpHCTaHHS HamiBCyXUX
TEXHOJIOT1H CIPKOOUYHUIICHHS € JOIIBHUM 3aX0JI0M 3HIKCHHS BUKHIY JTIOKCHIOM
CIpKM Ha KOTEJIbHUX arperaTtiB CepelHbOl MOTYKHOCTI, OCKUIbKM BOHHU MAalOTh
HEBEJIMKI KalliTajdbHI Ta eKCIUTyaTalliiHl 3aTpaTH Ta JOCTaTHIO €(QEeKTHUBHICTD
BunangeHuss SO». g 3HWKEHHS BUKHUIY OKCHAIB a30Ty ISl KOTJIIB CEPEIHbOI
MOTY>KHOCTI JIOIIJTLHO 3aCTOCOBYBATH CEJICKTHBHE HEKATAITUYHE BiTHOBJICHHS, SIK
3axiJl, 10 JO03BOJIIE 3HU3UTU BUKUAM NOx 0€3 CHOpPYMKEHHS CHelialbHUX
IIPUCTPOIB Ta BUKOPUCTAHHA KaTaiizaTopiB. BukopucTaHHs aMOHIMHHMX peareHTiB,
TaKUX SK aMOHIaK 4M KapOamia B MPOLEC CIPKOOUUIIEHHS € MEPCIeKTUBHUM 32
pPaxyHOK OTpUMaHHS K KOPHCHOTO CYONPOAYKTY CyIb(haTy aMOHif0 (MiHEpaIbHOTO
noOpuBa). 3acToCyBaHHS aMOHIWHUX CIOJYK JO3BOJIUTh OO0 €IHATH CHUCTEMU
HAIIBCYXOTO CIPKOOYHMIIEHHS Ta CHUCTEMH CEJEKTUBHOTO HEKATATITHYHOTO
BITHOBJICHHS B OJIHy KOMIUIGKCHY CHCTEMY Ta300YHMIICHHS JHUMOBHUX Ta3iB.

BuxopuctanHs amoHIaKy $SK €KOJOTIYHO YHCTOrO MaiuBa [JIsl €HEPreTHYHUX
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3aCTOCYBaHb JIO3BOJUTHh 3HU3UTH BHUKUAM TAPHUKOBUX Ta3iB Ta TOKCHYHHUX
pevoBUH. AJie HOTO 3aCTOCYBaHHS SIK MAJIHMBA CTHUKAETHCS 3 TAKUMU MPOOIEMaMU:
Oe3ByIJICLIeBHI1 CHHTE3 aMOHIaKy, CTIaJIOBaHHSA AaMOH1aKy, BUPIIICHHS €KOHOMIYHHUX
Ta €KOJIOTTYHUX MPOOIEM.

Bukopucrtanus po3uumHy Kapbamily 3aMiCThb pPO3UYMHY aMOHIaKy B
TEXHOJIOT1SIX ~CIPKOOYHITICHHS JTUMOBUX Ta3iB, JacTh MOXIIUBICT CYTTEBO
CIPOCTUTH BUKOPHUCTAaHHS JaHOI TEXHOJIOTii IMOJO TUTaHb Oe3meKku Ta
TPAHCTIOPTYBaHHS peareHTy. 3acTOCYBaHHS PO3YMHY KapOamimy Ui HamiBCyXOi
necyiabpypusamii MUITXOM HOro BBEAEHHS B AMMOBI Ta3u HE MPU3BOIUTH IO
3HUKEHHSI PIBHS JIOKCHIY CIpKM Ha BHMXOJl 13 PEaKIifHOI 30HM 4Yepe3 IOBHE
BUIIAPOBYBAHHS BOJAU 3 PO3UYHMHY, 110 YHEMOXIIMBIIOE MPOLEC T1APOTI3y POIUUHY
kapOaminy. BukopucranHs po3uumHy KapOamiay il €()EeKTHBHOTO 3B’ SI3yBaHHS
TIOKCUY CIPKH y MOTpeOye MONnepeIHbOro Horo TepMIidHOro rigponizy. B mpoueci
riposizy kapOaMiay npu TeMrepaTypi KUIiHHS Oy/ie yTBOPIOBATHUCS ra30mnoi0Hui
aMOHIaK, KUK B Ipolieci ra3odazHoro pearyBaHHs 3B’ s3ye 0nu3bko 80% SO, npu
MOYATKOBIN KOHIIEHTpallii kapbaminy y pos3umai 30%. Ile mae MoOXIuBICTH
PO3TISIATH MOXKIIMBICTh Ta30()a3HOTO 3B’ I3yBaHHS JIIOKCUY CIPKH aMOHI1aKoM 0e3
CIIOPYPKCHHS PEaKTOP HAIMIBCYXOT0 CIpPKOOUYHUIIICHHS.

AMOHIaK €  BaXJIMBOIO  XIMIYHOK  PEYOBHHOK, KA  IIMHPOKO
BUKOPHUCTOBYETHCS B CIJILCBKOMY T'OCIIOJIAPCTBI SIK a30THE JOOPHUBO, B XIMIUHIM Ta
XOJIOMWIIbHIN TexHil. Piune BupoOHuITBo NH3 cTaHOBUTH OMM3bKO 145 MuH. T.
[Tpwu cramiii TeHACHIIT CKOPOUYSHHS CTIOKMBAHHSI BYTJICIIEBUX BHIIB MaJBa CBITOBE
BUPOOHUIITBO aMOHIaKy Moxke gocsartd B 2050 p. 1,2 mupa. 1/pik. OCHOBHE
BUPOOHUIITBO aMoOHiaKy Oa3yeTbcsa Ha mporeci [aGepa-boma mig TtHckom 3
BUKOPHUCTAHHSAM MPUPOAHOTO ra3zy abo BYTiyuIs 71 TeHEpallii BOJHIO MPY 3HAYHUX
BUKHJIaX BYIJIEKHCIOTO Tazy. Ilepexin Ha BUPOOHHITBO «3€JI€HOr0» aMOHIAKY
nepeadavae TeHeparilo BOJHIO 3 BOJAU 3a CJICKTPOJI3HHUMH TEXHOJIOTISIMU 3
noJaNbIIMM 3aCTOCYBaHHAM abo TexHosorii ['aGepa-boma abo TexHomorin
TeHeparlii aMOHIaKy B €JIEKTPOXIMIYHUX KOMIpKaX, Kl € Ha CTafil JOCTiHKeHb Ta

MPOMUCIOBUX BUNPOOYBaHb. OCKIUIBKM TEHEpallisi «3€JIeHOr0» aMOHIaKy €
3



CHEPrOBUTPATHHUM ITPOLIECOM, TO HOTO BUPOOHHUIITBO MOXKE CITYTYBaTH €(PEKTUBHUM
3acO00M peryJiloBaHHS HaBaHTaXeHHs B eHeprocuctemi. Ilpu 30epexeHH1
NOTOYHOTO PIBHS BHUPOOHHUIITBA aMOHIaKy B YKpaiHi 5 MIH. T/piKk Ais HOro
«3€JICHOTO» BUPOOHUIITBA 3 BUKOpPUCTaHHsIM TexHousorii ["abepa-boma nmorpidHo
onmuszpko 60 mupa. kBrtron enextpoeneprii. Taky KiJbKICTh €IEKTPUKH MOXYTh
BupoOuTH 20 atoMHUX eHepro6sokiB notyxHicTio 1000 MBT mpotsirom 8 roaux
HiyHOrO TipoBany. lle mo3Bosuiso O TOBHICTIO BIJIMOBUTHCH BiJ TeHeparlii
enekrpoeneprii Ha ByruibHHX TEC B MaHeBpeHoMy pexumi. Enextposizhe
BUPOOHUIITBO 3 OJAJIBIIIUM BUPOOHUIITBOM aMOHIaKy JI03BOJIMTh YTUII3YBAaTH MKH
reHepaitii eJICSKTPOSHEPT1i BiJl BITHOBIIOBAIBLHUX JIPKEPE, MOTYKHICTh SIKUX 3POCTAE
MIBUIKAMH TEMITaMH, 0€3 KO CTAJIOCTI YaCTOTH Ta PETYITIOBAHHIO MOTYKHOCTEH
B €HeprocucteMi. AMOHIaK Ma€ AYy>K€ HU3BKY JIaMIHApHY IIBUIKICTH TOPIHHS Ta
BEJIMKUN Yac 3aTPUMKH 3aiiMaHHS dYepe3 BUCOKY eHepriio aktupamii. s
MOKpAI[aHHSI YMOB TOPIHHSA MPOIMOHYETHCS 3aCTOCOBYBATH IMIJBUIICHUNA BMICT
KHCHIO B OKHMCHUKY a00 CyMiIlll aMOHIaKy 3 BOJIHEM YU aMOHiaKy 3 MeTaHoM lLle
3a0e3rnevye 3pOCTaHHA JaMiHAPHOI MIBUAKOCTI ropiHHSA B 4 pa3u. Cymill aMOHIaKy
1 BOJHIO SK TPOAYKT HEMOBHOTO KPEKIHTy aMOHIaKy € TMepCIeKTUBHUM
O€3BYIJICIICBUM MAJMBOM JUIsl TEIUIOCHEPTeTUYHUX YCTAaHOBOK. BBemeHo B
eKcIuTyaramito eHeproosok moTyxHicTio 1000 MBT 3 pearmizaiii€io CHibHOTO
cniamoBaHHs Byriuis (80%) 1 amoHiaky (20%) B crieliiaJbHUX BUXPOBHUX MaJlbHUKAX.
BupoOHUIITBO aMOHIaKy MOeE JT03BOJIUTH BiJIMOBUTHUCS BiJl CTIOKUBAHHS BYT1JUIS B
eHepreTuili. TuM caMuM 3HUKHYTh BUKH]IU TIOKCUTY CIPKH, TTHITY, OKCUIY BYTJICIIIO
Ta MiOKCUIY ByTJeIto. [Ipy camoBaHHs CyMilll TAIMBa Ta aMOHIaKy BUKUIHU TTHITY,
SO,, CO 1 CO, 6ymyTh 3MEHIIICHI HAa YaCTKY 3aMIHEHOT'O aMOHIaKOM ITaJInBa.
BuxopuctanHs aMOHIHHUX peareHTiB Ui BHIAJICHHA 3a0pyTHIOIOUNX
pPEYOBHH JIO3BOJIUTH OO0’€MHATH TEXHOJIOTIIO Jecynbpypusallii Ta TEXHOJOTIIO
CEJICKTUBHOTO HEKATATITUYHOTO BIJHOBJICHHS OKCHJIB a30Ty B OJWH KOMILICKC,
3poOUTH  OOMaJHAHHS CUCTEMH Ta3004YMIICHHS OUIbII  KOMIIAKTHUM 3
BUKOPUCTAHHSAM OJTHOTO PEAareHry, 0 € aKTyaJbHUM JJisi KOTEIbHUX arperariB

cepeHbO1 MOTYKHOCTI. Po3po0iieHa KOHIEIIIs 1 cXeMa Ta BUKOHAHI PO3pPaxyHKH
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KOMOIHOBAaHOI  CHCTEMHM  Ta300YMILIECHHS JUMOBUX Ta3iB  BOJOTPIAHOIO
KOJIOCHUKOBOTO KOTJIa WR25 3 BUKopucTanHsam kapbamiay abo itoro 40% po3unny
SK PEareHry, IO JO03BOJIUTH 3a0€3MEUYUTH KOHIICHTPAIIO MIOKCHUAY CIPKH Ta
oKcuIiB a30Ty Hux4e BuMor HupextuBu 2015/2193/EU, mo BU3HAYa€ TpaHUYHI
3HAYEHHS BUKHU/IIB JIJIsl CEPEIHIX CIATIOBAILHUX YCTAHOBOK.

KiarwouoBi ciaoBa: mnanwBo, IWMOBI Ta3W, BHKWIW, IOKCHA CIPKH,
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ABSTRACT

Przybylski W."" Scientific and technical principles of the use of ammonium

compounds to reduce emissions of pollutants in medium capacity boilers
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The modern environmental protection requirements put the issue of reducing
emissions of pollutants and greenhouse gases on the agenda for the development of
thermal power industry. A thermal power facility must comply with the principle of
High Efficiency and Low Emission in order to be competitive at a time of rapid
development of renewable energy sources. For reducing the negative impact on the
environment, boiler units must be equipped with systems for cleaning flue gas from
pollutants, which are able to ensure compliance with European environmental
requirements. The use of semi-dry desulfurisation technologies is a reasonable
measure to reduce the emission of sulfur dioxide on boiler units of medium capacity,
since they have low capital and operating costs and sufficient SO, removal
efficiency. To reduce the emission of nitrogen oxides for boilers of medium capacity,
it is advisable to use selective non-catalytic reduction as a measure that allows
reducing NOx emissions without the construction of special devices and the catalyst
use. The use of ammonium reagents, such as ammonia or urea in the desulfurisation
process, is promising due to the production of ammonium sulphate (a mineral
fertilizer) as a useful by-product. The use of ammonium compounds will make it
possible to combine semi-dry desulfurization systems and selective non-catalytic
reduction systems into one complex flue gas purification system. Using ammonia as
an environmentally friendly fuel for energy applications will reduce emissions of
greenhouse gases and toxic substances. But its use as a fuel faces the following
problems: carbon-free ammonia synthesis, ammonia combustion, solving economic

and environmental problems.
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The use of a urea solution instead of an ammonia solution in flue gas
desulfurisation technologies will make it possible to significantly simplify the use
of this technology in terms of safety and reagent transportation. The use of urea
solution for semi-dry desulfurization by introducing it into the flue gas does not lead
to a decrease in the level of sulfur dioxide at the exit from the reaction zone due to
the complete evaporation of water from the solution, which makes the hydrolysis of
the urea solution impossible. The use of urea solution for effective binding of sulfur
dioxide requires its preliminary thermal hydrolysis. In the process of hydrolysis of
urea at the boiling temperature, gaseous ammonia will be formed, which in the
process of gas-phase reaction binds about 80% of SO, at the initial concentration of
urea in the solution of 30%. This makes it possible to consider the possibility of gas-
phase bonding of sulfur dioxide with ammonia without building a semi-dry
desulfurisation reactor.

Ammonia is an important chemical that is widely used as a nitrogen fertilizer
in the agriculture, in chemical and refrigeration technology. The annual production
of NH3 1s about 145 million tons. With a constant trend of reducing the consumption
of carbon fuels, the world production of ammonia may reach 1.2 billion tons per
year in 2050. The main production of ammonia is based on the pressurized Haber-
Bosch process using natural gas or coal to generate hydrogen with significant carbon
dioxide emissions. The transition to the production of "green" ammonia involves the
generation of hydrogen from water using electrolysis technologies with the
subsequent application of either Haber-Bosch technology or ammonia generation
technologies in electrochemical cells, which are at the stage of research and
industrial testing. Since the generation of "green" ammonia is an energy-consuming
process, its production can serve as an effective means of regulating the load in the
power system. If the current level of ammonia production in Ukraine is maintained
at 5 million t/a, its "green" production using Haber-Bosch technology will require
about 60 billion kWh of electricity. This amount of electricity can be produced by
20 nuclear power units with a capacity of 1000 MW during 8 hours of night failure.

This would make it possible to completely abandon the generation of electricity at
11



coal-fired thermal power plants in a manoeuvrable mode. Electrolysis production
with subsequent production of ammonia will make it possible to utilize the peaks of
electricity generation from renewable sources, the capacity of which is growing at a
rapid pace, without harming the stability of the frequency and capacity regulation in
the power system. Ammonia has a very low laminar burning speed and a long
ignition delay due to its high activation energy. To improve the combustion
conditions, it is suggested to use an increased oxygen content in the oxidizer or a
mixture of ammonia with hydrogen or ammonia with methane. This ensures a 4-
time increase in the laminar combustion speed. A mixture of ammonia and hydrogen
as a product of incomplete cracking of ammonia is a promising carbon-free fuel for
thermal power plants. A power unit with a capacity of 1,000 MW was put into
operation with the implementation of joint combustion of coal (80%) and ammonia
(20%) in special vortex burners. The production of ammonia can allow to abandon
the consumption of coal in the energy sector. Thus, emissions of sulfur dioxide, dust,
carbon monoxide and carbon dioxide will disappear. When burning a mixture of fuel
and ammonia, emissions of dust, SO,, CO and CO, will be reduced by the fraction
of the fossil fuel replaced by ammonia.

The use of ammonium reagents for the removal of pollutants will allow
combining the technology of desulfurization and the technology of selective non-
catalytic reduction of nitrogen oxides into one complex, making the equipment of
the gas cleaning system more compact with the use of one reagent, which is relevant
for boiler units of medium capacity. The concept and scheme were developed, and
calculations were made of the integrated flue gas cleaning system of the water
heating grate boiler WR25 using urea or its 40% solution as a reagent, which will
ensure the concentration of sulfur dioxide and nitrogen oxides below the
requirements of Directive 2015/2193/EU, which determines the emission limit
values for medium combustion plants.

Key words: fuel, flue gas, emission, sulphur dioxide, desulphurisation, SNCR,

nitrogen oxides, ammonia, urea.
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