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A Case Study for NOx Emission Control with the Modification of
Combustion Conditions and DeNOx Techniques at Thermal Power Plants

Dong-ho Yang

DEPARTMENT OF CONSTRUCTION AND ENVIRONMENTAL ENGINEERING
GRADUATE SCHOOL of INDUSTRY, CHEJU NATIONAL UNIVERSITY
Supervised by Professor Ki-Ho Lee

Summary

The emission standard of NOx for thermal power plants is tend to be more
strict. In order to improve the combustion condition through the modification
of operating condition and to evaluate the reasonableness of DeNOx system,
the combustion tests are carried out at some commercial thermal power
plants.

Two power generation units, Unit A and Unit B, are selected for testing
the effects of the modification of operating conditions, such as excess oxygen,
rate of flux gas recirculation, and rate of secondary air to primary air
supplies, In this study, the tests of combustion carried out with the NOx
emission of 120ppm at 4% of oxygen for a guide. At both Units, it can be
shown that the concentration of NOx is tend to increase with the power
generation, and with the amount of excess oxygen in flue gas at the
condition of higher power generation. The effect of flue gas recirculation on
NOx reduction is, more or less, reduced at Unit B with the low NOx burner,
compared with the Unit A without the low NOx bumner. The DeNOx
efficiency of 30—409% can be achieved through controlling the overfire air
injection damper with opening rate of 409. The test results according to the
modification of operating conditions are far from satisfactory to meet with the
target concentration of NOx.

In the second phase of this study, tests are carried out to evaluate the



performance of SNCR(selective noncatalytic reduction) and SCR(selective
catalytic reduction) units already operated at the commercial power plants.
From the results for the SNCR unit, about 40~45% NOx reduction can be
achieved at Unit C and also the maximum efficiency can be achieved up to
64% with the well adjustment of the spraying amount and position of urea
solution injection.

For the SCR unit, the higher DeNOy efficiency of 85% can be achieved at
Unit D with less than bppm of NHz Slip concentration.

From these results tested for the performance of DeNOx units, if only 4
0~60% NOx reduction is needed, SNCR might be preferred over SCR
because of the operating simplicity and lower cost of SNCR.

_vi_



I. A &

A2AA4dN wHEHE ALARE F NOS NOE B4 NOxg #Ed.
NOxE 7] oM dASAANO)Y 233 AEyHAAA AHgvjet Fapdta
219 e LY EAE AU $4299 FHoE 8A JAcHATA
5 1986).

FAHe2 ALAHESY wHETAT AAHoz FHFA Uk FHAYR
(EU)9 %% 300MWE ol4e] A7 &diel digd NOx W& & & 200mg/
me g FASY 4% WL FAF led, BlF FHRIHUS. EPA)AA
= 270 Fo ds NOx "iE&F g HE 6% Ax #F2AZ AL 27383 e
U 389 FoMi EPAYL d8AH0E A7 &Y FAE FHER 2F
2 it B=H 2003d7HA] 2270 F9 dHAEOl L& FEZ FUhstE A4
NOx HEEEE 190mg/m' °l3E FAEHFR 33 UtH(John macphail et al,
1999). THAME ARE 49 2 F4& 43 2147 #H¥A& AN A
R #AE 9% A8 AL FAV2 gu AAT £F9 BA7NEE A
g ERE AL08E0) HEF: A st Qo MEAdME X
Yo X9 e&Fe)y UHZFI FF3Yd v Fxd gir]A AAE 95 2
AAHE WEHLIENE 20009 REHE 120ppmo R 2L 20049%EHE
20009 71€9 40% &< S0ppme 2 FAIE XIHE FI(2H A3B312)H}
71o) olE2Hd gos MEAE MFEEZ & AzA, 53 A8 o7 B ol
EAE FHOE o WiEHRIEL HA Ao 4 Ao AL ol¢
Zo] W&V EAN FHAHAN AHWALGE o] AgAEE vt ok
g AlAd oz

AardodM MEss NOxE AR e Yoz es ¢4 NOx9 44 #
AE £017] A8 4 A} A4 PA-E WAANIE 2T $HA AL
F HEHE 1A Fo £EE NOxE AEstd tr] 02 #&EA e 334
A #do] gtk AzY AFAHA WY A AF BES e de ¥4
7t 7] WE wiEs o5 B FFEHOEZ dAFA Yo nFFH B4
7t Bvh F2be A3 dig oz ANE o8 X €2@WRel ed o F



ANME A4y Zo) BH(SCR; selective catalytic reduction) H4 3 H&A H)
Zu] #Y(SNCR; selective non-catalytic reduction) %l o] Udntztxgn gic} 2
A%t o] HAE BF HAAAoY FHAY AA wkEzH #FA 49 of&
5 A=A HESHFE Hel vk =W FEvEd 9 FA Y 2
A dddn € AHE A9 G T8 AL E o dEFHA AF A
2 487 o3 E RoBnZ, $4 A AdiM A4 20 R IF N ©
A %9 vay g 22N WHEIHEIES TS 4 S AR 44H
t dEnAsrg FAoR Wrta AP FA 9 ME(damper) A, W] €E
ZtE 24, 28 4437 9 & 2 $9 PHE T8 d4 20E AN
A W& LEXNE FFHnA 3 Yol ool ¥ Aoy agm o A4
274 dRA%o2E gog o dFAHA EHENEA &4 oY B
Ha gd4u 4R T AAAE AFYsteor & ol

metd B dFA go2 AR € AGRAAGA A fH T ALY AL
A3 E viEE AR dFHA aT7EA 2 A%l Uy d4 FUNH, A4
b Ae@ vE, 23 A4 FNF A T AAA AGo] M ELAL
& Ao dazdey 234 wE ALi8E WEH L5 24 HeAe
#adts FAo) @44 F SNCR# SCR v/ AAg g dALola o
2 gd A% AY 29F AN gAY Fd Y 28 F& HEYL
2A % gddurt ey AXAEEQ sEgnse] AL @
7% ARE AFsHLA g



M. o34 WA

o1 2338 44 4AUZ

AagRgA HASE ALAREL NO 2 NO:E 54 NOx#t 331 3
. A4 F 2ARE ALHTEL dHed o4E ALHEAAANH o Fx
Qe A7 = 88 wrgd mEl Thermal NOx, Prompt NOx 28|32 Fuel
NOx& Al 71A AASFEE EFHD, 224889 Fi/d = 2 BE71F
5 ggAA g gREe 424X ME Thermal NOx7t #l&H= NOx®]

RES AARAR F71A4A0HES OF FHIL e JEE 42 o
£ Fuel NOx7t $8% NOx9 A44e] H71&E @vh Fig 21& d4&xd
NOx ZAEARE BaFn UtHEAYE 5 1999). Fuel NOx £ X9 wa ¥
3 ¢lo] 9438, Thermal NOxE Q4LE7 1,370C ol ddA F48A F7t
e AL Holx, Prompt NOxt €7} F71ed o Frste 4%E& 2
ol A uk BAE £ & AER A wj&H 3 vk Fuel NOx £ F2 4499
oluv} 7t& WA =F Hejd XFojA AAH=H ¥ Thermal NOx
L Aa9 BE LR, AFAR 5o 2A0] APy W 129 FY o
ALY B F glvk 23 A QLA 9lojA Thermal NOxE Q&
2 EFY 12 FgoM o] EAgt,

I.1.1 Thermal-NOx

Thermal-NOx 8477 229 59 % Noo) 97524 (thermal fixation)ol
& AW F v AMEL NO(nitric oxide)olR, 4L =7 1,370 T ol
M A3 FH¥CL. thermal-NOx 84717 ©gd ZFE Zeldovich chain
mechanismo.2 Y3 glth(Zeldovich, 1947).

0, < 20 2-1
O+N2 < NO + N (2_2)
N+0, ©«NO+O 2—3)
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Fig. 2.1. Comparison of NOx emission and combustion temperature,

N+ OH « NO+ H (2—4)

R AAE O AV BT “0 9= E&HH, ‘07 fxks g4
o] wjg e ¢AY N2 £AE TASd NOE HAs2 FA FALHAE
Bgste oA o] tA F7] F9 F2 9 g3 NOE A4 4 (2-3) ¥
22 F9499(post-combustion zone)olA Yot} o] AA7IFE HE-F7)
E3HE] o] JFH] &, 18D AR} g JeHdA d4E dd F 3
£t B g 2-49% A8 qiE A9 uge] HyAE FAH(F7] Hy =23)
WgExrt LeXA Hi o] FHlA OHZF EASE NO A4 N9dctn
dex Slth(Lavoie, 1970). 18] 22 Thermal NOx= Q4LE7l & o, 44
WM Akel FEI B W 2R RPN dhVtEel HF Ao
2w Ao FES ¢ F Aotk

=7t 938 WE, 73U FaE FEEFVIF §eTE) NOY HEF
EE F718H, 230t A b 257 F4ESE NOY BEsEE F71
e & F Aok a2Z8AR AA daAdAE Ex9 FHHIL A2 FY@3 )



ghol wraEulE £ W 4% A48 v AEHdA NOY Adexe dojAEH,
AL AR IV F A BAV M2 AAHoz AAg FAFEI] Wiold.
Z A89 FE7 47 & A9 A2A 57 JUR HATN d84 9
8 $Hddon it B ARE v B2 wE FFuIL HlAM A4k ¥
=7t FAEAERE 25 AR 9% 4F HE A4 #YJ ARXE SRR
NO FEx oA A €.

I.1.2 Prompt-NOx
229 AartE FF F9eA NOx AAL Zeldovich 7179 2 A3},
2y 3 R O 2994 NO BEE ¢J8Foez 73 NO¥E BY =t
o] R Zeldovich °)9j9) ©t& 71Tl 98l NO7t 343 BAEe 4nd
t}. Fenimore(1971)& wWg-27], dldd-3718 o3 % WA AAAH U]
A flat flamed] FEANN A23F NOZF 4354 A== AL LA}
°l& “Prompt NO" &3 v}, $ -89 HolA ¥h-g 27| Zeldovich 44 7]
T olgle) e BAV|F s NOJt A==, o] #4E gdasrs AR
AaA 2SS 5/ RAojth ole] dhsl Fenimore(1971)7 AL A& o
izt
Nz + CH < HCN + N (2-5)
Nz + 2C < 2CN (2-6)

2822 Prompt NOxE 38 429 #ddrE Zeldovich A4 77 93t
o AAH, A8 #YQ H9AME= @fairld 2% Fenimore AA47]7 0
98 JAEL ¢ £ Aok 23t Q499 2HA NO A& BY FHir
t gd FXgE 49 did doA ol A9LE Y TH Al v &
£ g0l thermal NOx4} fule NOx Bt} AAHQA WM ZA F 83X
@A JA(G,

1I.1.3 Fuel NOx
Fuel NOx& 98 9 3z oz dgd ALAFo] di T 4tho uke
o NOxZ Agd Aojr}, Shawe} Thomas(1968)= 71& A8 Fd # &



HEE TN A4 4¥e AF 2 dx F7] F AL & /74 #A
glol B2 %9 NOZF BAES aFstn 2 Y4 948 F Ax4EYe &
Ak 98 F A49 AREHE 4749 247} g4y g 449 R
2 4%" 99z 59 o, o1F72 gegrvt 44 #°/A Fuel NOx9 A
A4 %t Thermal NOx Boh #h27 dojdth dvtH oz ¢ Fuel NOx9)
HARRE Od&H 2

2 (+0H,0) — NO
Fuel—N— HCN — NH{
N (+NHi, NO)—» N,  (7=1,2,3) (2-7)

A8 F A2A4EL EF AN E HCNe R W3sHT olzle] d9y 3%
Blof whel NOU No2 @AEA @t} wetd Q4 274 3718 AA #FAse
Aol Np2 a8 8Fo] ¥7] W&o Fuel NOx9 AZde F& akg 713
th dE T 0 AT AAAYEL OgjFEE NO HH2 w$ @2 295
W, 48 T AXN NOx ¢ Np2 A#H" diA BAFHE= NOx® HEs
Fol 2EH d= ArAENM WA E Fuel NOx7t tEE-E A gt} 53,
S 259 ¥e AdE-F7) Hl9 284 Fuel NOx7t #@o] 248, A4 2
d IF€E HEe HLEHA charR £ 5, char Fo £ FLHFHFE]
NOxE HEHE 4L HIAE Fo TEd FA2A3E9 AL By} Fonz
Mg daAl HAEE Fuel-NOx $9 50~80%7 #@E 59 ALY E2HH
A FCHNOx A 217 &, 1997).

Fuel NOx9] A& &EZ2A Bue FFu A FHAA B 9gsnz
W717ks @A en & FAste W F9) WU RE Fuel NOx A%
o] oJY7] HEe hFEo 44HE UM E dr % I8 dAFeE A4
st vdda BRI Wstd AYPHm o

0.2, 2438 Az

DeoR $AYE AANEAN PAHE NOxE B4 £F, 44 $E 5ol
2 9%¢ Wit ode ALY RY 7] Fo2 WEHE NOxE Als



T YHeREE d4 FAXNE A=A AL =24 AR E T8 A4z YA
NOx A4 AAE Fol& P d4 F WiEdHE wWiztx Fo £¢d NOxE
AY AP £ di7] F& wirt2E WEA7IE TRl AUtk

.21 94%3A W7 (Combustion Modification)

4z AAddess A4Z0WFd 48 $HA QLA Az A%
el vk dAaz WAYHL Ad9 AxVE YaE A w3 FAHA R
o] HL ool AT AgEAE 18 2A ¥rh ¥ A4FA AZPFE
Aizd AW EYG AAYE oAU NOx AZEFdE H4oidez A A
NOx Q&7|€d dedt A #Y F7] A2, wi717tx AedFe] 4] gloy
29 94, A NOx ¥y & 298 MAEIFAE Fuste 5 Fo) wrh o9
Az71e& gRE TGN AL ATt A HGN dEEq AAE
T Thermal NOx& A3t wyel.

A4 glo] NOx Alo)7]&& NOx A4 9 53 %(kinetics) & ©] &3] U
d289E AASA FAZAIE Ao B, B A2A NOx AL o
AAL AAHE Np, HO §22 2diAge2A NOx AHEY] wl&g Aps
E dyoltt d4z7A QUL T NOx AojwddE A4 NOox Wd, @e 3
o F7), @AY A&, wWita ALy, AdL Fol ok Fig 22 £ NOx A7
& TAGAE Y RD A (John macphail et al, 1999). A NOx 14 of A
A d274A] &M Z NOx AZELE] FH4EE B + Ut

7t ¥ & 79 F7](Low Excess Air; LEA)

AL Eag A FUE HATY FoB o HIdFIY N2 BT E
FAEAPRCZAN Thermal NOx 2 Fuel NOx8 A4 dAAF= ddolt}. o
g A sla Nf, AE T did wE di MAFEE FEA €
o HEddd A9 vmy AYI7Nt gon B2 49 AYFNE Fa
MAk AGEARE devh 28 AU AiFEN} AURA oA A w7
7t F9 CO 2 nd @4 Fol F7tetA Ha ol wel Bdy F&o
ZaA HE2 #9 F7FEE Switch point olF4oz A er g} Fig.
23 & HYF7)1¢} NOx #AF 2 Swich PointE BoF3 Joh(34E F1999).



Nox levels for infurnace technologies (bituminous coal)
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Fig. 2.2. Nox levels for in—furnace technologies(bituminous coal).
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Fig. 2.3. Comparison of excess Oz and NOx emission.




o] M3 & gas dA4d 714 AFAAolr}, A8 Oy Switch points & A4 R
dajx ¢k 3%, d4A 98 RS F 2%, 7|4 98 BdHE & 05~1% °l
o}

. 29 44 ¥y (Overfire)

2¢t A4He YR FFHE QL2 EF79 o 5~20%F E7I% HAYE
Wuide GHo HAE Air Port2 371§ FYshe oo,

Fig 24 £ 2@ 94dAMg d429%9¢ velia glo 19759k ojdd) &
+d "9 FEdadL gfFEL 942§ F7) ARE HYIdes FYIE
wralg Adsig ot H2 AHHE Tangential Fired, Wall-Fired R Q&M &
NOx AAde A7 $std 20 94 $4& Bol =¢dsta glck. o] NOx
e AXAYEL AA, A29HoA FILEE HEO0EN FEHo R AL E
AQ BE A= ByE, EAZ, Wy 92999 F)%E Yo d=
&0 Ax LA AL A& 9% Fuel NOx A4 E& A= wyeo] slohF.
A. Bagwell et al, 1971).

2 A4 EFdE 27k ek ded 2 stve A By oeRA 23 F
718 F W wind boxE B8 FS8te ¥Eiolxn, ® e MFE HHe=
22 3718 F 9y AaRd W2 HdXAE 37 FUFE B3 F4dE W
oltl. Fig. 2.5¢ 269 e

. A NOx ¥ (Low-NOx Burners; LNB)

A NOx 8 ¥y Ao NOx Azho] o|FojAE2 MAHE Wi}
o] dAi ATE WEoRAM Ax TR AT agi HY x99 A=
NOx A2 245 Hed, o)n) 4Xg FAd dsjr vjud folstA A&
g F U Ao vk HEE9 wall-fired B (cell¥Y EIHE A M2
" A NOx Wiu& 139 23 S99 F7)9 AR ERWE =3¢ F 3
=& agtg Aotk A NOx MW 13 g9 delA A8} F7l9 J&% &
&, 23 HFIddME JdE-F79 @AY dart sMsEith 14 Gde 4
239 AU A4E 95 F A4LHE 9% NOx 442 9Awc. 219
223 d2999 4% #7119 coal char?b £ wurt 571 we 593



Over Fire Air Combustion Zones
Early OFA Designs
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Fig. 24. View of combustion zone with stage combustion.

HE A4LHEE Thermal NOx9 A4 oAt}
1980'd9) ABB Combustion Engineeringjit:= Low-NOx concentric  firing

71EE LA o] 7leL FETVY Fe F2AI D, BE 78 FAANT)
WA windboxE ¥3e 23t F71%E WSAAG, o|AL fireball AN FojA
= Hdd ¥ Fo2 Bz F/E F£9%7] 989 FA vaned HAso
BE F71% 24H0) 7bestA & £ 0w, 37189 7189 MY =58 Ny
¢ devolatilization®& 7t4 Al d 4 Q& “flame attachment” xZ HOZ WA
sd  &AFHo|t}. Pollution minimization(PM) ®Wii¥ Mitsubishi Heavy
Industries(MHDjit 7} 7§23t ABB Combustion Engineeringitte] 71&& A 23
Axzd Adddelt. PM Wye 7j&9 %=+ /%® OFA compartmentS
ZHA 3 Qlew, 2t dulelA fuel-rich BEAS} air-rich FE2 Age) z2e B

- 10 -



OFA Poart

T~ .

,'/\...

Combustion Air

Coal Feed Pipes

Fig. 2.5. Schematic drawing of the conventional overfire air(OFA)

injection system for the staged combustion.
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AQOFA Ports

Booster Fan
(If needed) |
Combustion Air B
Coal Feed Pipes

Fig. 2.6. Schematic drawing of the advanced overfire air(AOFA)

injection system for the staged combustion.
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Fig. 2.75} Fig. 28 & Low NOx Concentric Firing System A4 & 2o
31 v PM B9 g9 /EE windboxe SAILA S waterwalle] 43H-£
Az R uEg #o Wyl aFEe PM ¥y H: HLL 198739
Kansas Powerfit ¢} Light's Lawrence unit 5 ¥t} Lawrence unit 59A = 2@
A2AA AFo) 3718 FEHA XS JHE PM HUIE AHE3 o NOx Wl
g oF 20% 71A AZE + AU

2. W7}~ A& @ (Flue Gas Recirculation ; FGR)

k2 Aefe 718 484 A4 928 AsEE AlddAA NOx A3E 9
she] ®o] AMRHo| gow, B3 A A8 vi$- AAHA WRelr}. o] ¥y
& 298 dad9d Adder x5 ¢ wj/tagE ALBAA NOxE
ARANE o2 N, BdE &7 F9 W7t E Bde] d4adgd Aed
8o windboxtt 3% hopperZ F8tA €l ol2A 8¢9 Hu 2xE @XE
¥ oolEl 4 499 Ak FEE DR o)F EFAE ZA dvh o] WHE
o] &3 Ath FE Y aREdE Y & A EHRZ Z7] &
Fule NOx ¥t} Thermal NOxe} 4zt ¢ 2t 1822 Thermal NO
AZE AYE A7) gdME AcHe g M 129 d2 dge
2 BAL AlAer @k 2B EE AA NOx AHF F oF 80%7F Fuel NOxd 7]
A HE Qa4 Ao E vERA T aBAT o] YAL HdHE N4
FAY AZRY ASde o ¥E AauLo] Zy] wWEd B BA Ao
717}~ Ao W& mass volumed F7M2 $3F71e] £¥o] BEE FL=E
Well A back pressure7t YAA® 371 v

AAi P F gy AR A HUE o)&ste ABAEAY 10~
20%8 23 iAoz FYdtY daAFE Jlecd AdL:E dR2E
Natural gas, Qil, Pulverized coal 5 2E @52 Alg#o] 7153} gas Abgo)
7HE 4wty g7yt Ak

Fig 29 € Ada A4 T2t Ad4L$ 95T 98 AY4H H=2
F33, A8 FYidE F 429994 AAE NOxE No2 d#AA NOx
E A7g Ads 992 FHsE 98 FYAHY davt2E QFACdA F
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Fig. 2.7. NOx concentric firing system fuel and air compartment

arrangement for one corner of tangential-fired boiler.
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Coal/ Primary Air + Fuel Air

Auxiliary Secondary Air

25 ° Divergent Tangential
Angle Type WindBox

Fig. 2.8. Plane view of low NOx concentric firing system fuel
and air streams for tangential fired boiler.

Y= 22 d2g F7ld g8 A4t o] FojHch

AA PFaA #AL AAE AdL: AEEE 7149 Mol EF cyclone
B A NOx WWE A48 & 7] 99 cyclone B A4 &
Ag 437 8 Be =¥8E 7)Eola U Adxr FL FA4HQ 94A
oj7Zl¢x ZFE7 e FErt doew Adh HdE SAAA Ao JEw
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Reburning

Overfire air introduced
fo complete the
bumout of the coal
Overfire ot otihe
air
Rebum fuel (0% of heat input)
Reburn fuel —». E— fired in fuel rich environment
Combustion—»
air Main fuel (80% of heat inputlfired
/ in fuef lean environment
Main
burners

Fig. 29 Schematic drawing of reburning process.

NOx AzEHE o 50~60%0°]t),
A A2 FHY A A 28W L AZr)ELD FAsE o A NOx H
Ut 2@ A dwd Hla 2wl ud Aoz ArtEm gk

.22, w7t a4 ¥y

AxtstE e AAAI7] A Q22D WA 2 24X WR 59 43

A Yot AFALY ¥ o2 A d4HE BATFAA Bue 5
FHO2 gAsrlde Ee AYolth oA da F NETE Ardd T
¥d Aadsee Auste) r) Fo Pees 4389 Ay Bas
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o olE Y8 =" Aol Witz €ARelth. dWHOR wjrtae BAYL
NOE &9 FFA7I= obukd] whet #4934 AP R aA e &
Ack, B HAE AQEE AP FE NS AARR §48& NOSt
SO«E A AAE & e FAY ArlAE AP 494 Fd F4W
(SCR)# 49A v&r] AYPENCR)Y FA tsiN AMrz v

7b. A4 o] @394 (Selective catalytic Reduction; SCR)

o] ¥R NOE t& &3 &4 H3AAAN 24 d4E G4 E F
o) #4499 el d4 F €3 J|E FAM MR AL88T e 7)e
ojtt, o] FA M Ammonia® NOS AFHOZ A A wi&rtxd) A7}
gt Eojgh FEF2AINHUA AL BEE FHA71A EvHBosch, H. et al, 1998)

ANO + 4NH; + O, — 4N, + 6H0

o] FAY AL wW¢ =& NOx AAEBIN)E d& + Avhs Aotk 9
71€e &4 FAY g8 a3, da ] floendE MR /A7 &)t
t adx g3 7e9 dgtez ALE5HE SNCRO vl Aozt 43, duiye
2 A" EE4E ZUE ¢ JE AAE Aok ] AXFRE ety o=
2 ¥9AL 4 & dE ALOsY TiOyh @8 2t AbOsE wh&Ertx 4
SOt EAFYE ALSONE Waslo] Fujo] &A4& ASA I 2#llM SO«
N AgAe) & ZulE Bol ALd & A TIOE AdEsA HJAR °1F ¢
2 @A V-TiOt 714 FET Fu2X FHASA o5 A (Vogt
E T. C. et al, 1983). 2822 o] FA4A 7b3 F4§ AT SO £349
&l Aol & ZulE Aste d dew 1 9 EAEE FEINY L9
Zd

(7}) SOx-resistant catalyst

SO A% Aol e FME V05 FexOs CuOZt AHEHO g3, & ¥
FAAL 7k TiO7h SOxdl A& o] e AAAZ AHEHI 3,
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() #2903

B 9@ =3 B4 Fol glo] HI2dE 62 2Y AH) AP A7
7 AFH3 oo, ojedt ZujEe] e ¢]FF FTH(moving bed process)
3} 24% F(fixed bed process)o] U=dl, AR} 7]A= & space velocitydll
A granule FMEE & €A EAE & £ AT, 24 9¥ FujE9
2yg HAEr] A8 2FGE Z1HA dAME oleF: FHE HEs ok )
() g exs €3 T4

o] FARAL X7t 30T °l3el SOt EHE w¥i7]7F2e A= ammonium
sulphate7t Zulg e HAH7] @& =7t 300-400TC oA gkg-o] ]9
Aok ey, ;e wir)skzt e AddAE & 259 WstaE 3
AAL SO A vt2 M)t Aol AAMALE Festa AIAE A
A B9 E£3¥ ammonium sulphate?] BAAINE B = At

@) Fvsrda A5 A

Zuj2] w]go] B A4 AW LA & HFE AXHT JUAHLE A
2 J]A o) e EFuje) fgo] 2@ ojAolm SO FEZF AUAA EX
& wir)rtael dEiME $Hol 2d AEelth TiO BX® & B¢
titaniume 49 YRZA titanium F 3 FA o] EHA Y, Fe Fujd 2% A3
it Fo] AW, A2 ARHET F G¥HLE HEve AEFHAAL AAE =
=3

(v}) Ammonium sulphatee] W& oj 3

g3 & F7] d4d7] ammonium sulphate’t FA=HE AL %7 YHA o
g R Yole] A A4, SO AA I F7) ddriY N Fol ¥R
&ttt NHsg W8 HA71E2 AME3le 299 FAHEE Fig 2109 vEd,

o] SCRY& AALo e Aol v v AAA FHdsie dHol
vt TVA(Tennessee Valley Autority)|A Fvle] @& 2do2 ¥3 SCR
o g A FAuE Frig X E dAN Y 13 gL REL AR e
R AAE A P Z0 AR o]H} T3 AL $AA| 9 APHen
A gle &vie 7149 AR veuch AdHE MY B¢ Fujst 24X
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Stack

Forced
Draft Fan

Ammomia Tank

S

4

Mixer Accumulator Vaporizer

Fig 2.10. Flow diagram of DeNOyx system of SCR with ammonia.

B4 Q= Ed9 7HFel Ao etk A44SR Aud A Fujrt J3A st
Eouge & B9 20% AEE AAHL Jout BHBHE A ¥ A5
47% REE FAsoz Av 9 A5adde) gun @A v wWHA &
g o] 4% SCRY A% w9 #¥d% 2 4T/ a7EH,

1}, 493 v §949(Selective Non-catalytic Reduction; SNCR)

o] 71&& HWE AMEEA &3 YR B Urea 5 HIAAE 423 9
2 gdd NF Bastd NOE Nt HO2 89475 NO« A7 71€oltt
(Dale Shore et al, 1994), o] W3 & ©&7 2L EA& 23 3o
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!
1h

wu 589 w877 98X ¥,

€ 49 wrgo] dojul= R o ¥ (preheating)e] Waglt
Aol AYaH FujF g A WES F3ho] dagly

S5 d9dA wWEstag AFALe] 01-042 FEW HA
org B dolAe dazdd g Add A7 dasn.
$22E Hest NH:E o] 83t & 650CT7HA] ¥& + gt

A ZEL F 0~60% o))

I
o

]
et

8-

g

SNCR®] g o2& t&d 2 wizta %7} 850~1,050T7F H& A4
A NHz= 7] ¥h-8-(radical reaction)dl] €& N ¥ H:02 ¥si€ v (Lyon, 1976).

4ANO + 4NH; + O, — 4N; + 6H,0
Z2NO, + 4NH3 - 3N, + 6H0

o716 NO, ¥Ee o dA78 2x9ddMs FANHE ¥ A
F 918 Axo)r] Wit adx FasA g W NH.71¢) 84L& NHs7t
O: ¢ OH717} k33t AAEHEd A ¥ &3 g},

NH; + 20, — 4NH, + 40H
NH; + OH — NH; + H)0
NH; + NO — N; + H)0

e NHz 7] €& 34885 #4573 A v&31A4 €.

SNCRe] & =AM EZH ok 3 olf-& 1,050T o]l #7] Abst
(self-oxidation)7} @A3A F7H8i 80T elstel A= NH:® 7134 (radical
formation)o] 3% AT 2 ZAFHEE NH; slipel #3884 EHojvta dAi7)A
8] A wE Ahvtxe] Wzbo g A& YR ol ¥(ammonia salts)E A4
AlA fly ashel ZAE £ jEHAV $F FE Auld 234 £ 3 ¢
2 Eall 1= X

SNCRE #W| & A}g3tx] ggowa HAAe] SCR But 53t S} v
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72 Zhe] BANEE FA%7] HE 2L R E(B00~1,050C) #A7T A8
& dAel od wE AALY a7t FARLR AFHL Aot 2y A
A 71eNEe ¢ste MEgA vjFa] AU AAAF o] FAHA=U 2l
/AL¥ Exxon Thermal DeNOx 42 2] DeNOx FA¢ ®lgtd B NOx
AAEEE 49~58% Ax AZANZ A4 Aok old d¥ A}z SHMWFE
BAd#M e NOx AAM LS A Zu) Fd9a g7 v L3}t Table 2141
Ve BoA BE A Ro] g A9H ¥ FZul NO, AAZTAHA A% NO«
AAMZT Add Fof G4 st <k 48] Az APE A2 ANH A
3 .

Table 2.1, Comparison of DeNQx cost by using SNCR and SCR

NOx = 300 ppm NOx = 600 ppm

$/kw' $/kwh’ $/ton NOx $kw' $/kwh’ $/ton NOx

Conventional SNCR 236 307 1,940 343 526 1,660
(70%6 DeNOx efficiency)

DeNOx Unit

New SNCR 130 203 1,140 155 294 320
(80% DeNO, efficiency)
SCR . 9.86 4,860 . 12,53 3,080

(90%¢ DeNOQy efficiency)

1) Gross mvestment cost.
2) Annual operating cost.
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m a4+ We 234

M1 94x7A 944 o0& AY

m.1.1 o3 A9 AF

UAAYY diate] @ F ¢AMu Y /HLE Table 314 YEAG(71E 24
AA A, 1994). $A4Y] A% B ARFARE AMEste TP A
= LNG 98 A4 2 ¢ Uy SAAE 94 Axd s dLes g9 A
Aatdue o FFE FREa vk o] F dAAdve &% 4% 137TMW,
250MWoln ¥ #AL 4 Adedn FAcEAolt. Hddy] Ade
22 Ax 4 FUNE FEE & Y 2% F7) F9AWIE A 28 A4 7HE
3], wirta9] A Aurl vk 2ga A4 FHAA FH gIFPeR vt
F 523 39e AMATE §49 HEE A Aok GF@PY BE 22 A
28 F71FQ dule flon, e PYAE 2 U9 FA TRez EAE F
21 Tangential Burner®} 3¢l Y& 452 ¥4AE ¢ = Burner Tilt
dulg &3 gty i wskae Aed dHs AAE] Stk Fig 3.1#%
32¢ F ¢A4dug 5558 e It A48 Tl F71<9E7)(Air pre
heater)sl1 A boilerdl A W& Z&e] wjrtzd o8 AYH 2ER 4dEE. 4
d¥ F7e AAs FrFeE =AY wind boxE T FFEW A4t
T x ARE 54 2502 WEHEY, o] AFAAN 2T dFE Wt
A ¢F dug 53 44§ FTVNE A #38 5 A 2P ARdeE 2
e FEE gdolr LA EHleZ FFH AF FU)e S2E IAHA #
A &7] 9% spray water FF7)7F AX | Yk

m12 Ayghg 2 =2
ALzA WA Age) AFHA AE H&E Table 3291 AU dx=

A 94E B4 NOx EvEg 257 A8 AfosAe witas & 39 4
2F(A4 FU|H) A, WUk A 4w AxE, 23 F7] FLT7e A
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Table 3.1. Specification of typical power plants for modification of combustion
conditions in this study

Item Plant A Plant B
Load(MW) 137 250
Boiler type Natural circulation Forced circulation
Fuel LNG LNG
Firing type Horizontal Opposite Tangential Firing
Steam temperature(C) 541 571
Furnance outlet temp.(C) 1,083 1,247
Mean thermal load(Kcal/hr) 177,200 188,247
flue gas recirculation O O
DeNOx Tangential Fire - O
system Second stage
. O -
combustion

Table 3.2. Test condition for modified of operating condition of combustor

Test item Test condition Measured items

092 — 113 %
(042 — 170 %)

Excess 0%

Damper position for 60 — 100 % O
gas recirculation fan (40 - 100 %) co
Damper position for O

e 0, 10, 20, 30, 40 %
2nd air injection port

100 — 130 MW
(200 — 250 MW)

Generator load

( ) * condition for unit B only.
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Air Preheater(A/H)

Gas mjection Chamber

o8

Sy

Gas Injectig

[INIEEEA DN
LLILE AR

N

Induced draft fan

F — Forced draft fan
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— port
Boller =
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=
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Wind Box @——
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Gas mjection Chamber
Forced draft fan

Fig. 3.1. Flow diagram of thermal power plant of unit A.

Arr preheater{ A/H)

f;
Gas Recirculation Fan Forced draft fan

’.@_

HHIHIN

i  J O
i Sampling port
L
Boiler
Stack

T i\de Box E‘;?
Gas Recirculation Fan Q

Aur preheater(A/H) Forced draft fan

KN

Fig. 3.2. Flow diagram of thermal power plant of unit B.
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T2 2 B$H3E 22 WA EA AR AAAEE FEE TV 9
€ HA(air pre-heater)d AYF HART 7t2FAHL AL72FHEN7)
(IMR3000P)24 &3 st th.

M2 A4S 45 2@ AY
m2.1 ¢A4du AL

22444 ¢l SNCRE HA§ A¥dyd HELALEALY O Eudes
Table 3.3 o} AFrH7|#A371eAvYxE3, 1999).

EREY Ce ¢Fd29es 525, Avdd, F7 T4 AudEE 93EE 50
D50 A% FANER EFsY disln vk 598 §4L AdAedHoH
AxAsE A2 22 SNCR Al2d oo wi717ta e duls MX 5o
et

Fig 3.3¢& ©A4¥ C9 SNCR AFTEE JUeen FAL t&d 2. o
222 ¥%59 Urea YAE Urea AXRA70m)] AAS safrjox £
Hi £4E Y= P9 £82(10m)d 228 AYF FFHT Lz
2% 50% §der &3, AFRFI(1HOm)A AFET. 24542 F0H
Zo) 93 7ItEo] A#FRE(Metering Module)2 o4 5w B¢ Hzary F
& N5 @A el 2 E(Distribution Module)l X ¢¥H, F#e] ZAHo
By AXE #AE B Fd4€Ed

FAI9YE 2y £ ¥ mE NOx AAZEE Eol7] 93 EA9Y
(zone) 2 1, 2, 3222 FA%n Utk BAIGY 1693 268 2d8 W) 49
Zol7k #L W $£917|(Wall Injector)”} sles 3, £ 30 ndy &
o Z4E 4 9= MNL(Multi Nozzle Lance)2 FAHo] vl 28 34L&
HFEA A& AFAol =AM, 84 &Y ZAFE 37 SAFY e A=
=d NOx %, 243 %3, d8 @ d49d T ¥ v 5oz 2
A=l ¥ddh

LAY DE B SHETALEA dAFYL 79 d¥€ns) 139 pmeE
AL e gAozA A7) DEEE Y% Turbo Charger/l dA¢) 21



Yy dAHe gl ¥ 4EHL 2.96kg/cw, SAFE 14,340 rpm, BT L
g2 o] th(E ol vb-g- g A AALSFA, 1999).

Fig 34% 2A4u] Do AAEY SCR #HEE¢|tHUrea handling system,
1999). d71e] M ¥ SCR &vj ¥&¥L +£3 9FH T=°|% Top Support
AAH ik A2 wribse &6 BHRE ARE f]dHo A F Rz
W& Bg7), ddrds @ #A73AA7] F& F4 ¢ F HF 2HoE W)
¥ 28 &9 Ho) w3 AT Aol Ductdll= #UAQ 40% 848
dgo] 120" Waez AXE /M9 &8 T3 FAEY. EAE F4AE Ax
Tt} EF, EaE0) &0 wEHeR YA )7k Fo EEE d4a
3}E(NOx)& AtslElely, At % Adg2de] A22 g Plate Type +
Z9 Fujojx A} ukgdd T AL(N) FEH0)LZ EHFH
Hj & gt

m22 Ag=zd 9 SAYE

SNCR# SCR &3d4dn|7} X &340 Co wadu) DAAN dA 45
Y4 E &7 & @dLu JdETFAA AT Table 34 & 2 4H]
AEANY 23, 539K 2 FAYE L 23 & vgdltd. NOx §AASY=
Test 350& AHgom A&7 SA WAL FAY ANEMNE ==z 5o
glth. 28]2 NH; SlipB A4 Indo-Phenol .02 HP8452 EBFEHE A}
438t 24P,
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Fig. 3.4. SCR unit system of unit D.
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Table 3.3. Specification of power plants for the
system in this study

performance of DeNOx

Unit Item Specification
Load 200 MW
Boiler type Natural circulation
Fuel Bituminous Coal
Firing type Horizontal Opposite
Unit C
Steam temperature 541 C
Furnace outlet temperature 1,060 C
Mean thermal load 431315 Kcal/hr
DeNOx system SNCR
Engine stroke 1,650 mm
No. of cylinder 7 EA
Unit D mm 130 rpm
Fuel Bunker-C
DeNOx system SCR

Table 3.4. Performance test condition of SNCR and SCR unit

Unit Load(MW) Fuel Measured items
250 High calorific coal NO
Unit C NH;
130 Low calorific coal 02
10 i NO
. Bunker C- Oil

Unit D NH;

9 (less than 0.5% of sulfur) o

2
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Fig. 41. Variation of NO concentration with power generation at unit A
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Fig. 42. Variation of NO concentration with power generation at unit B,
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V21 924 371% =44 1 9%

ALA A A NOx A F2% QA 2 44 s59 &8 § F
At Fig. 432 A4y AdA Ed&Y 103MWe 128MWeR AT 3¢
2y wWEtA F Ay A42Fe WEd @& F2AHE vEEE HIdE
EFSTl 103MWAME AtaFE7F 06% oA 1.1% 74N S48 o gzt &
8] NO#EX= ¥ 60ppm 414 164ppm BE7hA AEsvh 28 TAEY
o] 128MW<l A $-d& wirtx Fo) A A2%E 02% AN 04% 2 F7HZ
W wirk2 Fe NOFEE WAZ 77ppm A 270ppm AE7A AA dedn
I ZeEE 103MWe SRt A Jeigd old ZHAE Holr de d4
HAZNN dad 9 dd FEET ofYE 2 LEE A2 E A F
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Fig. 4.3, Variation of NO formation with oxygen concentration in
flue gas sampled at economizer outlet of unit A.
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Fig. 44. Variation of NO formation with oxygen concentration in
flue gas sampled at economizer outlet of unit B,
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Fig. 4.5. Variation of NO concentration with gas recirculation fan
opening at unit A,
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Fig. 46. Variation of NO concentration with gas recirculation fan
opening at unit B.
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