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AlFte 2 XCL Low NOx WUy, CCV(Controlled Combustion Venturi) WY,
CF/SF(Controlled Flow/Split Flame) H1, Y+-2] PM(Pollution Minimum) M &
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4) A= L. J. Muzio and G. C. Quartucy, “Implementation NOx Control : Research to
Application”, Prog. Energy Combust. Sci. 23, 233(1997)
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She o] BA|), T2 He) 5

B 884 Aol

10~20% Awo)|,
NOx H €] 735
10%2} F714<]1 Aztol 7hssitt. K
tangential-type®] B YR} -3

B
a1
2
>
ok
o

Ql

9 FeHEE wall-typed] HU7}
Hol=H]|, o]= wall-type©] NOx #4

57k oh JYHOR Aol §olat] HFolct
<E 4-0> MEt dEAIdo ERT|IEH MARE

Ad7le  |RAY FRAFEE(N)| ARVIE  |RdY SH|ATEE(%)
LNB Tangential 35-45 LNBOFA Tangential 40-50
Wall 40-50 Wall 50-60
Operation | Tangential | 10-20 OFA Tangential | 20-30

modification

(BOOS, LEA) Wall 10-20 ANAL 7)& Wall 50-60
SCR - 75-85 SNCR - 30-60
LNB+SNCR - 50-80  |FBC with SNCR - 50-80

Z}8: USEPA, 1994, "Alternative Control Technologies Document NOx Emissions from
Utility Boilers

<% 410> 715 71AE A8 E AMESe Ao diste gd7]& 7+

07 5
E82 R Zolth A NOx MUs] A7E&e B 40%0]5 7k Aed 7]
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“(FGR)& B 50% A=Y & 585 YEPATh SNCRE 25~40%2] 585 Kol
A%, A NOx #iueh &7 2g3shd 80%2] 885 7Fsd 202 Rl
<E 4-10> 7|1§ R 7kx YHAMe| EET|eY HHdEE
A71e  |BAY SHRIAREE(R)| ARE |BAY SHR| ATEE(%)
TLEA Tangential 30-50 Az 7% Tangential | 50-60 (oil)
Wall 30-50 Wall 50-60 (oil)
LNB Wall 30-50 FGR Tangential |  45-55
SNCR Wall 2540 LNB+OFA 85.95
SNCR+LNB - 70-80 +5CR

A} g: USEPA, 1994,
Utility Boilers

"Alternative Control Technologies Document NOx Emissions from

2) Hl &

<E 411> Hgs ARgse BAAEY tiste] 22V EE LaYe
H18-S YERH Aol ARH 8- 7eET Bt oy} By ﬁﬂ]@r Al &
o BME B 2ol Belth 00MW wall-type Y& ¢] 749, # NOx #H 9}
SNCR& ApE-B]go] B2} A 0 7EAAf A4 7]4S ANOx ¥ 9] 298], SCRE 4.1
Hi 24 SCRE] AHEH]-&o] 7h At} Zejuvh ALk tie] A 2fnl$(Aml 8=
AYAFFo 2 Ui gh)S Blashd SCRo] &3] 71 vl 7o) A|ek 7k A
& 715 davks vlg B o] A NOx #9] 428 o]211, SNCR %A]
SHAA| WG mjioll A NOx HU 9] 26 €] Bl-§o] £t} 22 7eolgte By
ol we} vlgo] B2, wall-typed] H D27} tangential-type?] HJzjol] vls) 2|
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<E 4-11> AE WHAHS] SE7|2Y b8
e L auwg | NOEERLE AEAT
AN &F 2 TF (8/KW) ($/ton of NOx) | ©jH] @7}
9l (mills/kwh)
600MW-W* 1318 175279 090
INB 100MW-W 29.00 2,003,200 '
600MW-T* 6.19 105169 041
100MW-T 12.68 1,120-1,800 '
600MW-W 2254 269430 i
100MW-W 55.20 3,420-5470 '
OFATLNE ™ oM 10.75 165264 o
100MW-T 2586 2,060-3,300 '
600MW-W 17.72 480-2,080 18
JhoAjeiz | L0OMW-W 36.29 3,0104,600 '
etz | OOMWT 17.72 615-2,680 18
100MW-T 36.29 3,870-5,930
A 600MW-CF 17.72 290-1,250 18
100MW-C 36.29 1,8202,720 '
600MW-W 6.89 560-870 8
100MW-W 10.60 2,160-2,470 '
600MW-T 6.89 610910 i
SNCR 100MW-T 10.60 2,660-2,960 '
600MW-C 6.89 510-820 ’7
100MW-C 10.60 1,460-1,780 '
D0OMW-F++* 897 1,520-1,820 081
600MW-W 2553 1,270-1,670 o1
100MW-W 371 7,540-9,650 '
600MW-T 2421 1,580-2,100
SR 100MW-T 4145 9,470-12,200 7.9
600MW-C 2698 810-1,050 o5
100MW-C 47.02 4,670-5,940 '

*: W - wall fired,

** : T - tangential fired,

**:+ C - Cyclone,

LNB 45%, OFA+LNB 40%, NGR 55%, SNCR 45%, SCR 80%= 27t

. [e)
:F - 75%

AL&: USEPA, 1994, Alternative Control Technologies Document NOx Emissions from

Utility Boilers;
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< 412> 715H 7HAE ARE ARSShe Hded] tigh Hlgoltt o] dE e
Aetol Hlsh fuel-NOxo] 2AFe] 22 53] 3t 600MW wall-type Hd 22} 73
< SNCR9] AH2H]g0] 6266/kKW= 7} A3 theo] A NOx MU 13.185/kWe]
ok 183 7k A4 7] A NOx H149] 1.48), SCRE Levjo|ch. A=A atak
tH] A 2n]&-S Blwahd SCRo| A3 714 vl 7|40 At AR AL 7% o
Al F7HARD 7k ARG wfjiol] Hlgo] w9~ =Tk SNCR %A 7] AHEHlE-2 A
NOx MUB T AsiA ek Bdeg gtz wa| A NOx Hu9] of 3u|2 Yeh
TFH7F B 71e9)S BT gtk 97N E wall-type2] HY#7} tangential
-type®] HYE]o] W3] A& ulgo] AQHM, Y HYYLFE AL wlgo] as}
o} ZAA o]t

3, 98 FTREEE

g nalee) v gol /14 Bol E1 o] g 2,
7k B el £AZ Blgo] F)

=tk
. AHE 2HY

AFHE Az AL FA long wet kiln, long dry kiln, preheater system,
precalciner system©® 2 T3tk 183l AR EE i FHE ARSI glom,
old A4S A=A L00T)e] 434 Aol vhae] AaitshaS v

il

:‘
4
F317) Gk e v AWE A9S tPOR H87b58 9714 w1 g

hs

340 Ago] /158 BA/Ee daxy vig 24, AR TAC)
A9 53 2 349 WA 71, wAA
U, HEtolole] 22 A9 wHo| 91, ujrlA g 2E SNCRI
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<E 4-12> 7|18 % 7lA UHAIMe| SEY|SY 8|8
E AHgln Z] 2 A A}
Axza qg | O LEHERT O ASA
WA &F 2 ITF 5/kW) ($/ton of NOx) tu] g}
w e EG (mills/kwh)
600MW-W* - 43-202 014
100MW-W - 140-299 '
LEA 600MW-T* - 71-336 014
600MW-T - 234-498 '
600MW-W 13.18 314-503 0589
INB 100MW-W 29,00 3,600-5,750 '
600MW-T 619 246-394 041
100MW-T 12.68 2,620-4,140 '
600MW-W 0.7 483-774 16
100MW-W 87.49 6,160-9,850 '
LNB+OFA ™ Coomw-T 10.75 384-615 074
100MW-T 25.86 4,810-7,690 '
Tpraed s | 600MW-W 1881 950-3,560 40
] 100MW-W 3851 5,080-7,690 '
(A7t
600MW-T 1881 1,580-5,940 40
AH8) 100MW-T 3851 8,460-12,800 '
600MW-W 6.26 859-1,240 15
SNCR 100MW-W 9.80 4,470-4,850 '
600MW-T 6.26 1,070-1,430 095
100MW-T 9.80 7,090-7 450 '
] gas 970-1,070 34
600MW-W 077 G 11301410 41
] gas|  6,700-7,200 34
SR 100MW-W ST Il 7550899 41
] gas|  1,5530-1,690 32
600MW-T 1o T 18002260 40
] gas|  10,800-11,700 32
100MW-T AT 12,200:4,600 40

) AZrEE-L LEA+BOOS 40%, LNB 45%, LNB+AOFA 50%, Natural gas reburn 55%, SNCR
35%, SCR 85%2 77} 714atee

*: W - wall fired, *:T - tangential fired
ALF: USEPA, 1994, "Alternative Control Technologies Document NOx Emissions from Utility
Boilers
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SCRo] thE#olth. FAWMA 71&S Zgo| o3t 7|&o]A vt AAZ &S
25% mero 2 H{71EQar, A NOx MY 20~30%, HEetolo] A4 HPH- 20~40%,
GAZ Ah WHE 31 45% E8-S Ho|7|k 3t virts AEr|Ee tE A

<E 4-13> 7|=d¥ 24 7158 NOx MAS(AHEMHA)

NOx Alof 7% 24 7Fs NOx HiE A (%)
22X WA 25 wlok
A A2QEZANA S GdAE AL 30-45
Conversion to indirect firing with a low 2030
NOx burner
Mid-Kiln firing of tires in long kilns 20-40
SNCR 30-70
SCR 80-90

AL&: USEPA, 1994, "Alternative Control Technology Document - NOx Emission from
Cemet Manufacturing |

2) H]&-

9] 7)1zl ko] AR B8 A7 8-S <3F 4-14>9} 2T, AHEu] 83} A7
-8 AR Hgste F7kgt) 7leE 25 A2R]8-4] 49, Mid-Kiln Firing
71&o] 7P Al tgol 84F AREsE SNCR, Ul SEUoE ARdshe
SNCR, 12]aL AINOx B4, v}A|2to] SCR 7]<o]th. ¢I7F 2718 % NOxHY,
SNCR, Mid-Kiln Firing, SCRS] =M 2 H|#T},

12) AHEE18-& FA) FAAuE 2grl o2 WYre, AANE-S X FYulg AXHlEo
2 FAEY AR FRudolE AE S4u8o] 3, 7PN gL AukgAH], A
24, A7185, DgH], 2088 3 2 u 8- AR HE(AA Yo vlET F
A FGH, A S 5T 0ﬂ'ﬂlﬁl 55 BT I APExu L Wé“ﬂﬂ & 227}
317 e Afde 4 2 AR 45%9) B%E X*%o}@i ol X Eule]
20%2 ALretgh 181 03_7.} A8 o|ZHE 10%, 7734717 159 S 7|02 Atd
Azjo]}.
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<E 4-14> 7|24 X2 Y AZF H[E(19929)

vy ) 2Nz g # NOx HY Mid-Kiln Firing
"2z ¥y _ AL B | Az WG | AR WS | Az HE
HE (ton-clinker/hr) a9 | ac sy | a0 e | ac $/yy
1 |Long Wet 30 1,640 329 718 549
2 |Long Wet 50 2,180 423 748 777
3 | Long Dry 25 1,270 267 708 461
4 |Long Dry 40 1,640 329 728 593
5 | Preheater 40 1,490 305 *NA NA
6 | Preheater 70 2,040 398 NA NA
7 |Precalciner 100 1,720 344 NA NA
8 |Precalciner 150 2,170 421 NA NA

*NA- Not Applicable
AH: USEPA, 1994, "Alternative Control Technology Document - NOx Emission from
Cemet Manufacturing |

<E 4-14> 7|2 A= H A7t v|S(19928) (A=)

S0k SNCR SNCR SCR
e ag| e L SE7E | Rl Il
SES R | T G AR G AZh & A | A2 6
(10°$) | (10°$/yr)| (10°9) |(10° $/yr)| (10° $) | (10° §/yr)
1 |Long Wet 30 *NA NA NA NA 12.8 3.35
2 |Long Wet 50 NA NA NA NA 174 4.86
3 |Long Dry| 25 NA NA NA NA 9.87 251
4 |Long Dry| 40 NA NA NA | NA | 131 349
5 | Preheater 40 671 438 1,340 518 12.0 3.09
6 | Preheater 70 927 655 1,850 753 16.8 4.61
7 |Precalciner| 100 969 598 1,650 665 19.3 5.30
8 |Precalciner| 150 1,240 820 2,110 894 24.6 7.18

*NA- Not Applicable
Z}8: USEPA, 1994, 'Alternative Control Technology Document - NOx Emission from
Cemet Manufacturing |
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919) 29 2ol Bel ATFRE vlmaw 7)eY WES97l 33 v}
S, A AR89 9 545} 744 Lol AETE Mid-kin Firing 7148
Bt 21.43$ (/tonclinker/hr)Z 71 #a1, SNCRE Ht 25.13$(/ ton-clinker,/ hr)
(FEY o} ARE-9] 4§ 226743, 804189 A9 27.779)0]H, A NOx MUl <<
2 E2 36.0%%(/ton-clinker/hr)oll ©]231 SCRE 2997%(/ton-clinker/hr)Z4] A
NOxH 9] 83uo]l o] &t} e} A7l AR2RE7HA] B E3h S H]
WA EH A NOx MUt 78 A=t 7.239$(/ ton-clinker/hr) ©] L Thgo] 845 A}
&3h= SNCR 7]& 7.9%33$(/ton-clinker/hr), Mid-Kiln Firing 8.4%1$(/ton-clinker/hr),
URUolE AME-3h= SNCRoO| o2 %2 9.1%$(/ton-clinker/hr)o|t}. 18|31
SCRL- 160731$ (/ton-clinker/hr) 24 ANOx #u<] 228, SNCR(EE Yo} AHE-71)
o] oF 18ufjo]l o] ETH<E 4-15>).

<E 4-15> L &9 Heldin2g 7|=Y v EH| n(M$/ton-clinker/hr)

v SNCR
A NOx | Mid-Kiln SNCR
. AR Lo} SCR
B Firing LA JE B
7=
AHEHE(E)| 360 214 277 26 299
A7H-E(E) 7.2 84 7.9 9.1 160

Th9] <3 416> NOx AAHIE &, 189 NOxE AAsh=t] Basd &S
ZIEHE gt AR, 229 Fejo A, A87sd wt BF UE ks
1olt} A NOx HU<] -0l 830($/ton NOx Al A %) ~1,330($/ton NOx Al A )
o] v & &S Ko|1, MidKiln Firing 71%4-& A% kilnoll thal 430~610(3/ton
NOx A A#), SNCR(24)+= 438~820($/ton NOx A1 A ), SNCR(YEHoHE 51
8~894($/ton NOx AIAH), 2]l SCRL 3,140~4,870(3/ton NOx A|A#H)<] H|-E
BIE BRIk 7]&d it BlE-E %X+ Mid-Kiln Firing©] 515$2 718 &34 0]
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I SNCR(SAAHE) 6283, SNCR(ZHE Yo} 708$, AINOxH U 1,049$, 1231 SCR]
3,803$ olt}. wetr 71EE1 e HIE-Y Ato|7t w9 5 & e, M A"
3 Mid-Kiln Firing 71&<S 12 2 SNCR(&AAMH)S 1.22, SNCR(ZEU P&
137, ANOx WU 204, Z18]3l SCRE 7.389] H|Eo] AQ¥S & 4 Stk

<X 4-16> NOx Mo 7|=2| H|E &2 ($/ton NOx ®HZ)

Et,_i_‘ B— %](ij%h ANOx |Mid-Kiln| SNCR ;ES; SCR
WE . e Firing |84 71&
clinker/hr) 7E

1 |Long Wet| 30 1,130 550 NA NA 3,600
2 |Long Wet| 50 880 430 NA NA 3,140
3 |Long Dry| 25 1,270 610 NA NA 3,630
4 |Long Dry| 40 970 470 NA NA 3,170
5 | Preheater | 40 1,330 NA 438 518 4,120
6 | Preheater | 70 970 NA 655 753 3,490
7 |Precalciner| 100 1,010 NA 598 665 4,870
8 |Precalciner| 150 830 NA 820 894 4,400

& ks 10488 | 5150 | 6278 | 7075 | 38025

NA- Not Applicable
Z}&: USEPA, 1994, TAlternative Control Technology Document - NOx Emission from
Cemet Manufacturing |

o ARAAREAR

AR ABFR Aol AHE B2 ) ARYE AHgehork oh e w2
A AHgSRLEe) Aololth, T2la Qv Aol AT olF ThEHste] AF
- NOx 34 AHe] 3722,

LR, 27, §BE T Bol EASA, 7N e AR 5o thEH AlF At



1) 714

AdEgel FAe
Ain)Z ANOxHY 71, w7k
A7E Rl e F2 ANOxH U 9 22
13%(LEA) ~77%(LNB+FGR)S1H, £3] A =
Stthe ARdo] SvlEt EHAle] 549
31 SNCRE 60%, 18] 31 SCR 85%°]] o] k.

AL W%l gt}

TegolMe) g4

Mg HaleE Madv|lse g &2

A Al

55

71zl thete] vk

A BYF7) 71%(Low Excess

87]%(FGR), SNCR, SCRe] tliZ o]t}

AeHe gdrlee
2
Axz W77

0,
ol
N

20

<E 4-17> NOx Controlled Emissions %! A& &

| &5 APage
| 71ewe 2w 13%U A7 b
2 A NOxHUE 50%<] Fgo| 713t
E£3] LNB9} SCRS $HA A8 ¢

Ll Ll Ll
2 gy Ao (LB/MMBtu) | (LB/MMBtu)|(LB/MMBtu)| A 7+&(%)
Regenerative | Recuperative| Cold-Air
LEA 0.69 0.17 012 13
A7+ LNB 0.27 0.068 0.046 66
LNB+FGR 0.18 0.046 0.031 77
LNB 048 0.20 0.07 50
LNB+FGR 0.38 0.16 0.07 60
Tl SNCR 0.38 0.16 0.07 60
SCR 0.14 0.06 0.02 85
LNB+SNCR 0.19 0.08 0.03 80
LNB+SCR 0.095 0.04 0.015 20
- LNB 0.57 0.20 0.07 50
Y LNB+FGR 0.46 0.16 0.06 60

A&: USEPA, 1994, 'Alternative Control Technology Document - NOx Emission from
Iron and Steel Mills

2) H&

< 418>& 300MMBtu/hr 7129 A7FA RN B 75 A7tee] Hlg

=]
=



56 ANHE HAMEE M7zl St H HISEY

T

18-E 7o) 3t AFgolH, ojufj2] u]-§-2 19943 71F 7}Fo|t) AFEH] 8-S HE A
HYF7I(LEA) 7]o] 190$=M 71 ZaL ANOxH U 230%1$, AINOxHU+1]7}

2$28HFRG)0] 34031$2 71 =k a8 a A7 E A 2 F7), ANOxHY, A
NOxH U+l 7k2e8k e M 2 ZH2E 5138, 60719, 833$0]t). a1t v]-&-a 3} Zwoj
A= ZAINOxHU, ANOxHU+ui7k2w8E 22jal A3YE7]e] ¢AZ Yept A

HGE7] 7l oA XEE & 5 ok

<¥ 4-18> H[& & H|E= 1t - 300 MMBtu/hr X 7+ 2(19948)

A ol Firing 9] A B Azt ¥l H-§- 83}
($1,000) ($1,000/yr) | ($/ton of NOx)
LEA Regenerative 190 51 410
Recuperative 190 51 1,600
Cold-air 190 51 2,400
LNB Regenerative 230 60 90
Recuperative 230 60 350
Cold-air 230 60 400
LNB+FGR Regenerative 340 83 110
Recuperative 340 83 460
Cold-air 340 83 690

A&: USEPA, 1994, 'Alternative Control Technology Document - NOx Emission from
Iron and Steel Mills

)

TR3-9] <¥ 419> ¥WAE] 374(200MMBTU/hr)ollA¢] 7]<H ulg 2
3 Aotk 7] A NOx MY, FGR, SCR, SNCR % 7t 7]&¢] %3
71&wol tiste] £4931Th AHEH8-o] ¢, SCRSCRO] XFH 7|&T
4,000$=2 713 24, ol 7P 2 A NOx By 9] 74u9) slge ). wHH SNCRS
ZNOx HU19] 1.3u]o] Exjsic). AzHHE-2] 734, A NOx MUzt 77:$=2 718 2
Al E31 SCRE A NOx #u<] 10381 7903$ o)™, whH ol SNCRE # NOx HU]
+ 7k 8 7] R A7Ho] AA UEg AR fAElEo] w2 A

£9
770
ghol

of
ol

33
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& 4 Aok A, NOx 155 Agshet] ash ulg, S 883 A NOx Hy7}
200~1,300$= 717§ A1, A NOx MU + SCRe] Z3o] 1,300~7,900$= 71 #=th

<E 4-19> 4|8 2 H| 253} - 200 MMBtu/hr EH X 2| £(1994$)

A o Firing ¢ A2 B8 AZE HIE H-&- g7
($1,000) ($1,000/yr) | ($/ton of NOx)

LNB Regenerative 540 77 200
Recuperative 540 77 480
Cold-air 540 77 1,300
LNB+FGR Regenerative 810 120 260
Recuperative 810 120 580
Cold-air 810 120 1,600
SNCR Regenerative 690 260 580
Recuperative 690 260 1,300
Cold-air 690 260 3,700
SCR Regenerative 4,000 790 1,200
Recuperative 4,000 790 2,900
Cold-air 4,000 790 3,700
LNB+SCR Regenerative 4,500 870 1,300
Recuperative 4,500 870 3,100
Cold-air 4,500 870 7,900
LNB+SNCR Regenerative 1,200 340 570
Recuperative 1,200 340 1,100
Cold-air 1,200 340 3,400

A}8: USEPA, 1994, Alternative Control Technology Document - NOx Emission from
Iron and Steel Mills

Th9] <3 4-20>2 100MMBtu/hr&-#<] =52 tigt A NOx HY 7|7} ]
NOx ¥ + FGR 759 HI-§ Hlwddolr}, AER|-§ = 250%1$~380%%0] 1L
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i
N
N
2
N
=
ofo

& 4071$~6071$] Wl AUtk NOx £F HHI= 110$~900$(H
NOXHIU) S} 1408 ~1,2008(4 NOx WY + #j7} 8e) gloln], B4} S 919
Z HoE ug 5§39 2o 483e o S ok

<H 4-20> H[& ¥ H|EFDt - 100 MMBtu/hr ==237%(19949)

4 o fiing 3 | E B | G e | e
($1,000) ($1,000/yr) | ($/ton of NOx)

LNB Regenerative 250 40 110
Recuperative 250 40 320
Cold-air 250 40 900
LNB/FGR Regenerative 380 60 140
Recuperative 380 60 410
Cold-air 380 60 1,200

A}8: USEPA, 1994, Alternative Control Technology Document - NOx Emission from
Iron and Steel Mills

i
9
o
Lo
i)
[P
2
i
tlo

Z 2% vt Clean Air ActollA Ask= A7t
=3t 1 LG sk AHdelth frElAx ¥
%!

713w 7ks APl AREasd v, BlEadel tiste] AuEgT.

25
7ol

<HE 421> 7} 7)&e] AEES ekl Aotk eAlE 49 4, A NOx
HuI s} SNCRo] 40% B=e] A7EE yroll el A 61911, SCR¥} Oxy-Firing
71 242 75%, 85%2] E3HE UEhljo] Oxy-Firing 71&°] 7P &3 317

#o] F 4 942 HelF Ik



Mg HalMeE MAY|= BIE B AR

<¥ 4-21> 7|=%H NOx | & Hda2E-RelH=3F
7] 3 NO 72x(%)
A4 M3 (combustion modifications)
A NOx HY] 40
Oxy-firing 85
$d4 W3 (Postcombustion modifications)
SCR 75
SNCR 40

A&: USEPA, 1994, 'Alternative Control Technology Document - NOx Emission from

Glass Manufacturing

2) 71ed HlE B oHEay

el AL vl 28 7Hs 3 Az71ee] vl

o
LR

59

HETE, A NOx HU7} A2

H]§ 265731$~1,340H3$, A7H-& 1233H$~6217$ =7} S, SNCRS AHEH|&
310%1$~1,560%1$, A7 1307:$~66071$7F A8 5 0], F 7]&o] HISg AE S
£ YeE AMES 7Rk A NOx W7 frefgh 202 Heltk SCRO 4,
ALEH]-g-0] 528%$~2,690%1$, A7t W 4047$~1,200%1$2] H ol AUk

<¥ 4-22> NOx Ho{7|&Y %=

al
=

=g H[E(19949)

Low NOx ..

Plant size burner Oxy-firing SR SNCR

(/%) c| A | cC A C A C A
($10°) | ($10°/yr) | ($10°) |($10°/yr)| ($10°) |($10°/yr)|($10°) |($10°/yr)
(Pressfdo down) 265 123 1,930 706| 528 404 310 130
220 695 320( 5070  1,860| 1,390 769 810 340

(container)

(gi% 1,340 621 9810, 3590 2,690, 1,200 1,560 660

a:C=AEHEt, b: A =AML
Z}8: USEPA, 1994, 'Alternative Control Technology Document - NOx Emission from
Glass Manufacturing
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S/

O

15 e el 99 At ed v Slste] AR, ZHEHE-L 32~
24.0(31$/ton glass/hr)<] Hq—‘ﬂoﬂ AL A7 L2 1.5~8.8(%1$/ton glass/hr)e] H
o Aok AFEA7} 71 78 Oxy-Firing 7]%-2 SCRe]| Hl&l| 2F2H]-§- 3.6,
ZHa)8- 2080l o] ETh<i 4-23>)

<E 4-23> 7a|o o MAMTRE 7= H]H[m(M$/ton of glass/hr)

1 NOx #U] | Oxy-Firing SNCR SCR
AEH]-E(H ) 33 240 32 6.6
A7H]-&(H 1) 15 88 1.6 43

NOx 1E& AHsl=dl "ad w8 A NOx WU A9 i 14634,
Oxy-Firing& 3950, SCRS 2,070$, Zz]i SNCRS 1,533%2 H7HEth
Oxy-Firing 7]0] WIS 1885 B FAIT x|2jH]&o] SCRY oF 2ufjol] 23tk
E A NOx M= SNCR#Z} A a8 HI53Ah Heulg-2 oF 46% A7a}7]
wEell A NOx HU7F A 7€ B7herh

<E 4-24> H| 823 - RS20 ojE 7Y HE&0 |
Plant size H-§- 87} ($/ton NOx)
(ton/day) A NOx HU] Oxy-firing SCR SNCR
50
1,680 4,400 2,950 1,770
(pessed/blown)
250
_ 1,920 5,300 2,460 2,000,
(container)
750 830
790 2,150 800
(flat) (990-1700)
o 1,463 3,950 2,070 1,533

Ar&: USEPA, 1994, "Alternative Control Technology Document - NOx Emission from
Glass Manufacturing |
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v}, Process Heaters

AgAATAN B Fu AREE dF) dudv|dl FHsie7
(process heater) Al M= Thke] 222h8kEo] w%w AHgEE Aol neh 42
3h2o) W& o] thay] i, B47IEE A8 Thdl W 8o s e
o},

_—

1) 7=l AFE

7FE 7] AF%EJ% dEE FE 7k 9ERAVEE 52 FAGE 7Ry) ofyH
A7) A Z-& distillate oil) m. 23} 7&olg} sHels 7ladsE A

83hs B0l ARaEe] A vehdth 22l 129 RS E Heke A2 7}
dEA A NOx HU9 &&0] £ 5L HRlth 7k A8E ARS3she 49,
A NOx HU9 88 7MdE 50%2A RS2 25% K} 2uje) o 585

Helt
<E 4-25> 7tA AL SHIIE R E©HEV|IEYH NI &2
_ NOx A#A&&
7% AEE(%, 7HE

Xﬂ(ﬂ ]3 NOx 11:!—@—3(// ]'Ei) (A), OEd*H‘L“B‘Hi)
LNB 50 25
SNCR 60 60
SCR 75 75
LNB + FGR 55 55
LNB + SNCR 80 70
LNB + SCR 88 81

Z}8: USEPA, 1993, "Alternative Control Technology Document - NOx Emission from

Process Heaters(Revised) |

AdA) ARE AHESE 7FERS] 7%, @Y Walo] A 8 Mechanical Draft:
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<HE 4-26> dH 7 AL JIHEQl 7|28 NOx M&uEE

Draft 2 €18 e Ao1714 NOx AZEE (%)
(ND) LNB 40
(MD) LNB 43
SNCR* 60
ND, distillate (MD) SR &
(MD) LNB + FGR 43
(ND) LNB + SNCR 76
(MD) LNB + SNCR 77
(MD) LNB + SCR 86
(ND) LNB 27
(MD) LNB 33
SNCR 60
ND, residual (MD) SR &
(MD) LNB + FGR 28
(ND) LNB + SNCR 71
(MD) LNB + SNCR 73
(MD) LNB + SCR 83
(MD) LNB 45
(MD) SNCR 60
MD, distillate (MD) SR &
(MD) LNB + FGR 48
(MD) LNB + SNCR 78
(MD) LNB + SCR 2
(MD) LNB 37
(MD) SNCR 60
MD, residual (MD) SR &
(MD) LNB + FGR 34
(MD) LNB + SNCR 75
(MD) LNB + SCR 91

) SNCR ND = MDEEjo ‘daglo] E&0] Fdsith
A&: USEPA, 1993, 'Alternative Control Technology Document - NOx Emission from
Process Heaters(Revised) |
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A {F%‘r(Natural Draft: ND)#H1¢1710] whe} F4o] 755

Btk dAZ A <8 o] A &3 ARy, SRA7
B} A7 Ee0] =4 Vet A7tEso] WS B Ao &
A2 AHESRe AlZEol A A NOx Wule] &80] 27%2 714
THHE ARE A8t Al &8 4 AlZElelA A NOx Y + SCRO]
AAEAS W 9B%e] HiL 8823 Hth 28al SCRE 75%, SNCR 60%2] &&

=
2
E=)

T

%

|

y

wt o
m{m E=) ﬂllﬂl
—|-4

< 427> A £3 W] AAkA ALE 71E7e] AL 7Fse 9a7]49)
&3 g, B8 EHE e Aolth AHLu g 7197]9] &) ue} vl
o, w9 g AR - ZAF IMMBt/hrg AHEH]-E- 2, 4 NOx H
o] A% B 4839, SNCR 7.63$, 12]1 SCRo] HHF 32.63$0]t). wpehr A=
o 2 B SCRo] A NOx MU 9] 68 o] Apulgo] Besjth daitsls
1 AHgHIE A NOx M7 1,530~2,82069] ®9]¢] 3L, SNCR-L 2,710~6,7708, 1]
1 SCRo] 6,940~16,2008 %910 Itk 12jL} SCRHINBE] H5-oll& 2]u]go]
6,600~15100$2M .32 SCRET} B A2|u 48 Hola 582 ¥ 54
H]Ilth

=
oo
|

filo
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<E 4-27> 7t Y =HAHI|Eol £8  H[3(19919)

o . N o OENE!
(MMBt/ho) NOx A|o] 71& | NOx AZrE&(%) AEH]-E($) ($/ton0‘c;f) NOx)
(ND) LNB 50 58,200 2,820
(MD) LNB 50 191,000 4,600
(ND) SNCR 60 155,000 6,770
(MD) SNCR 60 258,000 5,610
17 (MD) SCR 75 951,000 16,200
(MD) LNB + FGR 55 253,000 5,710
(ND) LNB + SNCR 80 213,000 6,840
(MD) LNB + SNCR 80 346,000 5,530
(MD) LNB + SCR 88 995,000 15,100
(ND) LNB 50 92,600 2,120
(MD) LNB 50 302,000 3,430
(ND) SNCR 60 243,000 5,150
(MD) SNCR 60 405,000 4,180
36 (MD) SCR 75 1,500,000 12,300
(MD) LNB + FGR 55 399,000 4,290
(ND) LNB + SNCR 80 335,000 5190
(MD) LNB + SNCR 80 544,000 4190
(MD) LNB + SCR 88 1,570,000 11,400

F1) 71929 43 factor, 19 W &% 100% 71<
A}g: USEPA, 1993, 'Alternative Control Technology Document - NOx Emission from

Process Heaters(Revised) |
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<E 427> 71 EFH EHAV|=Ee g8 ¥ H[E(1991$)(AX)
e TEEE
° e NOx Alo] 71&  |NOx AZ&L(%)| AHRHE(S) ($/ton of NOX)
(MMBtu,/hr) 5
(ND) LNB 50 133,000 1,430
(MD) LNB 50 457,000 2430
(ND) SNCR 60 383,000 3,940
(MD) SNCR 60 639,000 3,170
77 (MD) SCR 75 2,390,000 9,370
(MD) LNB + FGR 55 610,000 3,120
(ND) LNB + SNCR 80 516,000 3,850
(MD) LNB + SNCR 80 839,000 3,119
(MD) LNB + SCR 83 2,480,000 8,640
(ND) LNB 50 232,000 1,580
(MD) LNB 50 685,000 2,320
(ND) SNCR 60 502,000 3,380
(MD) SNCR 60 838,000 2,710
121 (MD) SCR 75 3,160,000 8,020
(MD) LNB + FGR 55 887,000 2,890
(ND) LNB + SNCR 80 734,000 3,520
(MD) LNB + SNCR 80 1,190,000 2,830
(MD) LNB + SCR 83 3,370,000 7,550

1) 71929 &% factor, 14 W

{2 100% 7+<9
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<E 427> 714 8H HI|29 2 F vHE(19915)(AH)
P Hl-§ a3
MMBt/ B NOx Ao} 7% | NOx AZta&(%) |  AeulgE) | (/ton ngll)\TOX)
(ND) LNB 50 346,000 1530
(MD) LNB 50 955,000 2,100
(ND) SNCR 60 650,000 2,930
(MD) SNCR 60 1,090,000 2,330
186 (MD) SCR 75 4,130,000 6940
(MD) LNB + FGR 55 1,220,000 2,600
(ND) LNB + SNCR 80 996,000 3,150
(MD) LNB + SNCR 80 1,600,000 2,530
(MD) LNB + SCR 88 4,460,000 6,600
F 1) 71829 &3 factor, 19 W &% 100% 714

9o A} Foll A A NOx i, SNCR, SCR Al| 7]l tht H]-&-
1 MMBtu/hr &3 AHE B2 2] NOx MU 7} 48%$2 714
SCR 32.6%1$ HZo|t}. NOx 1& A{2]H]

Sl

7 ThA) s,

SNCR 7.671$,

2% A NOx HY 2.0%1$, SNCR 4.0%1$, SCR

9.5%1$ o]tk
<E 4-28> AtHT 4 JIP2 ol 7|&Y H[EH|W
(H$/MMBtu/nr, $/ton of NOx, 1991$)
A NOx H4 SNCR SCR
AN (1) 48 7.6 326
)& & 2N (H 1) 2,046 4,017 9,504
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AA7IEE ARE AMESte AAEETA Y 7tE oA o] A7 AL Bl
% H A T <3 4-29>9F 2tk o]F A NOx MU} SCR, SNCRe]l tiafj A%t
AR, ZHEH8-9] 9 A NOx Hue oF 35%$/MMBtu/hr, SNCRS 4.671
$/MMBtu/hr, SCR 22.3%1$/MMBtu/hre] i, NOx 1.5 A 2]H]-8-2 # NOx M 14
%18, SNCR 1.9%%, SCR 7.771$2 F4= Xtk webx] the F7golx e} wizbiA 2
SCRo| E&o°] F& §hd Z7] 20183} 2] @rp7t 71 HIRaL, A NOx 7t
HgZHNE 1 fEst Aoz et
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<E 4-20> ZH =& Jid2e NET|E ds H H[E(19919)

H-§- 8 7}
= o ras(Y o ’ f NOx
(MMBu,/hr) NOx #o] 7]& NOx AZFE&(%)| AEHES) ($/ton0(;1) )
LNB 50 130,000 1,330
SNCR 60 258,000 2,640
SCR 75 1,270,000 10,600
® LNB + FGR 55 234,000 2,340
LNB + SNCR 80 388,000 2,810
LNB + SCR 88 1,400,000 9,880
LNB 50 282,000 1,500
SNCR 60 383,000 2,130
SCR 75 1,900,000 8,460
7 LNB + FGR 55 436,000 2,270
LNB + SNCR 80 665,000 2,530
LNB + SCR 88 2,180,000 8,110
LNB 50 507,000 1,820
SNCR 60 484,000 1,880
SCR 75 2,420,000 7410
114
LNB + FGR 55 702,000 2,460
LNB + SNCR 80 992,000 2,550
LNB + SCR 88 2,930,000 7,390

1) 71429 &% factor, 19 Wl &% 100% 712
A&: USEPA, 1993, 'Alternative Control Technology Document - NOx Emission from

Process Heaters(Revised) |



e EAMSIE MZ|Se HIB BA AR o
<E 4-29> UH T2 Jid 2o XMZV|E ds 2 HE(19919)(AHE)
a2 v g g3
~ NOx Ao} 7]& NOx AZHE&(%) | AHEr1g($) | (8/ton of NOX)
(MMBtu;/hr) )
09
LNB 50 541,000 1,270
SNCR 60 624,000 1,660
SCR 75 3,150,000 6,440
174
LNB + FGR 55 792,000 1,860
LNB + SNCR 80 1,170,000 2,040
LNB + SCR 88 3,700,000 6,250
LNB 50 777,000 1,210
SNCR 60 800,000 1,470
SCR 75 4,090,000 5,640
263
LNB + FGR 55 1,100,000 1,720
LNB + SNCR 80 1,580,000 1,860
LNB + SCR 88 4,860,000 5,530

F 1) 7929 &% factor, 1¢ W &3 100% 712

Z}8: USEPA, 1993, Alternative Control Technology Document-NOx Emission from

process Heaters(Revised) |

<¥ 4-30> ZH T=&A Jtd 2o I &4 m(H$/MMBtu/hr, $/ton of NOx)
A NOx HU] SNCR SCR
A} B8 ) 35 46 23
H]-&- & 2H(H 1) 1,426 1,956 7,710
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Hh A8 2

AR ANA 2'olt 2US A7) A3 1Y

=
AR Tt x| wiet BRdh Ede Fefjo Al e} daistE BAlE
=2

Hdelo] HEEe AR7lee B 349 FAkE dEdeRs daxd W
3}7]%(SCA, NGR, RAP, Gas Co-firing, FGR, LNB) 5¢] )3 48] 7]&Z& SCR
7} SNCRO] $ith A, iz WA7]<9 85 AR, watertube FEJS] X
U&= SCA(Staged Combustion Air)7} H L 46%2] &85 Holal A NOx MU=
Hil 71%, NGR(Natural Gas Reburing)2 30%, RAP(Reducing Air Preheat
Temperature) 30% ] &&-& Hth 1283l FGR(Flue Gas Recirculation)2 3L
74%9 AZEES Hth AAH OB E HAVNEE ARE AMSShe B oA
o] UE JEE AMSle HYYRY £ ALESS HQAUh(<E 431>)

Firetube 34 B9 ALz WA 7|&2 A& watertube E Yol 485
= 713 FAR oAl 7183 7k ARt ARk Aol EAelth SCAY] B¢
11 49%9] AZE &S Holil FGRE FH1L 76%, A NOx WU& il 82%7HA] A
HEES YA (<A 4-32)

w7k A2) 7)) SCR¥ SNCRE] 3¢5 AHEd, B Feot AHAR9)

Froll whet 2ol 7k AT SCRE 53~91%2] H8-5, SNCR 30~83%2] AHEE
= l:'-_ﬂ‘ﬂr. AW 7leite YAR & ARESS UehlaL 3lof wiEs87]

9 g2 wet A2 ARle] 9lofirt 24E A 0F HRITh(<E 4-33>)

{0

O



<E 4-31> Watertube 2 ={ol cj

Mg HalMeE MAY|= BIE B AR

71

NOx #Alo] ==

By ¥4 2 A8 NOx Ao« NOx A 7H-&(%) (Ib/NMMBtu)

SCA 15-39 0.33-0.93

" . LNB 49-67 0.26-0.50

P12, wall-fired NGR NA. 0.23-0.52

LNB+SCA 42-66 0.24-0.49

SCA 25 0.29-038
- . LNB 18 0.36
PlEH, THired NGR 30 023
LNB+SCA 55 0.20

SCA 1-35 0.22-0.52

A FGR+SCA 0-60 0.19-0.47
RAP 32 0.30

Gas cofiring 20-25 0.18-0.20

e 5% SCA 40-67 0.10-0.14

LNB 30-60 0.09-0.23

FGR 4-30 0.12-0.25

ZEAMT SCA 5-40 0.22-0.74
LNB+FGR N.A. 0.23

LNB+SCA N.A. 0.20-0.40

LNB N.A. 0.08-0.33

FGR 20-68 0.04-0.15

ERIRIE SCA 30 0.09-0.12

LNB+FGR N.A. 0.03-0.13
LNB+SCA N.A. 0.20

SCA 17-46 0.06-0.24

LNB 39-71 0.03-0.17

HAA7p~ FGR 53-74 0.02-0.10

LNB+FGR 55-84 0.02-0.09

LNB+SCA N.A. 0.10-0.20

) N.A. = Not available.
A&: USEPA, 1994, 'Alternative Control Technology Document - NOx Emission from
Industrial / Commercial / Institutional(ICI) Boilers |
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< 4-32> Firetube EY2{ol CHE HALxH HAHI|IEH HMIE

B . ery | NOX A FE
d =8 NOx Alo}7]& NOx #A17H&(%) (Ib/NMMBt)
A LNB 30-60 0.09-0.25
SCA 49 0.11
R LNB 15 0.15
e FGR NA. 0.04-016
SCA 5 0.08
LNB 3278 0.02-0.08
HAA7pA FGR 55-76 0.02-0.08
LNB+FGR N.A. 0.02-0.04
Radiant LNB 5382 0.01-0.04

) N.A. = Not available.
AH: USEPA, 1994, 'Alternative Control Technology Document - NOx Emission from
Industrial/ Commercial / Institutional (ICI) Boilers |

<E 4-33> LS 2ol ofst viotA X2[7|eY MAE

_ NOx Ao =
By 34 2 dg| NOx Aoy7|& NOx A 7H&(%
= J 61 =X ]O:I ]E 11:!"‘“—_*'( ) (lb/NMMBtu)
v 2-EL wall-fired SNCR-Urea 30-83 0.15-040
Mgl 54 SCR 53-63 0.10-0.15
et ~EF) SCNR-Ammonia 50-66 0.15-0.18
et ~2EF) SCNR-Urea 40-74 0.14-0.28
SNCR-Ammonia 50-80 0.04-0.23
A, 2~EF
SNCR-Urea 25-78 0.09-0.17
SNICR-Ammonia 45-79 0.07-0.31
TA2Y Y], 2EA SNCR-Urea 41-75 0.06-0.03
SCR 53 0.05
Ae S5 SNCR-Ammonia 76-80 0.04-0.09
SNCR-Urea 57-88 0.03-0.14
2, 954 SNCR-Ammonia 44-80 0.03-0.20
SNCR-Urea 60-70 0.06-0.07

AL&: USEPA, 1994, "Alternative Control Technology Document - NOx Emission from
Industrial/ Commercial / Institutional(ICI) Boilers |
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<# 434> 4198 Byl AHEHE AvIed e AYurtE deEE
FEt] J2)3 Aotk ARH|E-S AR SCRo] tE 7|l Bl Fo} 27]%
A 7F Bol A8 FE AL & 4 93, A NOx M9l -9 650~8,300$/ MMBtu/
hr, SNCR- 970~3,300$/MMBtu/hre] 7] EAHH|7F Besith A7t vlg oA
SCRo] 7F¢ ®&  1500~58003/MMBtu/hr 9ol SNCRS 500~
1,200$/MMBtu/hr, AINOx B+ 340~1,5003/MMBtu/hre] 9] o]c.

<OY 41>~<3" 43> A7) vgay, A E, gy AzmlEgs B
gy SPET FESt] Ui Zolth NOx 189 Hi AHlE2 10~
50MMBtu/hr TF29] 7% SCRS 43333, A NOx ™ 1,609%0]3, 150~
300MMBtu,/hre] 73-%- SNCR 1,850$, A NOx B\ 3,433$ ©]™, 400 ~600MMBtu/ hr
o] 8-k SCR 3,800$, SNCR 1,188%, 18] #] NOx M1 1,350% =4 Bz &-go)
AAFZ AP} 2482 ok IMMBu/hr'd 28 5HE AHEH89) A9oe
10~50MMBtu/hr TFE9] ¢ SCRS 4,6503, A NOx HUY 2,663$0]1L, 400~
500MMBtu/hr] &%l A& SCR 20,0008, SNCR 1,600, Z2]1 % NOx B 5300
$= ERSITE



atislE MAT|IEe] @t R HISEY

<X 4-34> NOx Ho{7|&2| H[& A H|ZF2{(19929)

A5 e HAY FHF 4 | NOx AEH] S A7H& H] & a3y}
ST | 3 vMB/he) | AZ71E | ($/MMBtu/hr) | ($/MMBtu/hr) | ($/ton of NOx)
LNB 5,300 1,220 1,170-1,530
u]EEr | Watertube | 400 | SNCR 1,600-2,100 950-1,200 1,010-1,400
SCR 20,000 5,800 3,400-4,200
. FBC  |400| SNCR 1,600 680 890-1,030
e S. Stoker | 400 | SNCR 1,100 1,200 1,300-1,500
Packaged 105 OT+WI 2,400 690 3,100-3,700
firetube | OT+FGR 5,300 1,100 8,000-11,000
Single OT+WI 530 210 710-820
bunner LNB 650-2,300 340420 570-2,400
A7k | packaged %0 [TNB+FGR 2,100-4,700 430-890 1,600-4,400
watertube SCR 2,400-6900 | 1,500-1,900 | 4,800-6,900
Multiburner OT+SCAY 190 9% 210-240
field-erected | 300
watertube LNB 5,100-8,300 990-1,500 2,100-4,200
Packaged | 105! orvrGr | 5400 4,500-6,200
firetube
Single LNB 2,300 460-1,900
eSS ::1::6;1 50 |LNB+FGR| 2,104,700 1,000-3,300
gatertibe SCR 2,400-6,900 3,900-5,500
Multiburner| | \p | 5100.8.300 3,100-6,300
watertube
Firetube |105| LNB 5,400 2,700-3,600
Single LNB 2,300 240-1,000
burner | o 1T NB+FGR|  2,1004,700 760-2,000
ZHAHT | packaged
watertube SCR 2,400-6,900 2,000-2,900
Multiburner| | 1 \p | 5100.8.300 1,600-3,300
watertube
55 Stoker | 150 | SNCR | 2100-2,500 500-800 1,300-2,400
FBC  |400| SNCR 970 590 1,500-1,600
TAI2H7]|  Stoker [500| SNCR | 2,100-3,300 940-1,100 1,500-2,100

1) : SCA is burns our of service

2t&: USEPA, 19%,

Industrial/ Commercial / Institutional(ICI) Boilers

"Alternative Control Technology Document - NOx Emission from
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e

<38 4-3> U4AE 2y FTH NOx MA7|z H7H|E

L

AL =127 27

TA] 22g7)oe 28 7] A A4 sheko] BE 03-0.7%7F £3HE o] QAT A
ZEAlol NOxZ B &5 = vl A48 10-30% =0 YHA= N2 HlEd
o} Aagho] U2 oy 71A 59 29718 278ke] AadE) siEEE NOx
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2 el oo ge gkl SXE7]ed & of dit
Aoz WA7IES IubaQl Ay davlsdt ARde7] 94vls, 28a
= 2o AMEY, AZE &S 1030% HEo|t) o] 9lox
F5te] FPE-97]2 ¥43h= Natural Gas Injection(NGI) 7]1%0] 3§
Ha 9o AREEL 30-40% AEE B Uk 2E7] 274729 H, B
A= g NOx TAE-S Wr|ah7] whio] A NOxHU ] #-8-& i1e]5 ]
et vz 28] 7148 SNCRI}F SCRo] tii 202 o] & HT) SNCRE 74§ &9
A Tl whe} 45-75% ] AAEES Holal 9loH, SCRE 80-0%9] w2 A7E

<E 4-35> 7|2 M JH5E NOX MZUS(TAIM7| £2t2)

NOx Ao} 7|& 94 7Fss NOx HilE A& (%)
AL, AR T7IA%, W7t S 10-30
7k A QL7 E(HA7EARE) 30-60
SNCR 45-65
SCR 80-90
AL&: USEPA, 1995, 'NOx Control Technologies Applicable to Municipal Waste
Combustion |
2) H]&-

a7to] AHREE 7149 A2 Mg B4 ATE < 43657 20 O 9S4
A3} oA R ARE 8T 7S AN R vl pad. A%
Mt AR 8T A7E B gRUols AFEElE SNCRe] 714 A@s,

AVNAE ALESE 7F AAA 7], 183 SCR 7)€Y Aotk
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<E 4-36> EAl A7 2220 HEx= EEV|=Y H[EH(D

NOx A% f}%ﬁl% A& ‘ H]-8-g 7}

($/E/ %) $/%) (3$/ton of NOx)

Jhs Az | 100E/9 54 4.1 32

(A7} 4008/ 4 19 23 17

A 750%/ Y 15 20 14

1002/¢ 5.0 39 34

SNCR 400E/ 4 20 15 13

750%/ Y 15 11 0.9

1002/ 50.0 24.6 15.3

SCR 400E/4 208 126 7.8

750%/ Y 152 103 6.4

F) 7k AL 71EF SNCRE AZEE 60%, SCR 80% 2 W] B8
ok B7}

919 AHIE T8I Ve THEE ALEEY HEEHE <7 43>7 <27
44>0] Z47F JepIRAT) o] I AlH 9 THY £33 FASIA 7[EHE BRs)
o] Hlagh Zlojth

HA 22889 4, SCR, SNCRE 502 ARSIAY T2 7|3} 3 AR
A5 AZEEC] 0% oS VERATE A NOx MU 9] Z5-ol% 80% ©]’d] &

S Ye7= gk Ak 9A1d AA T 22 71ed Ao 50%2] E&1 v
ATt webA] wjE S 87]F0] o GA FojA=itel we} )& 2 AAlago] 4
ZolH, 71EAA 9] g wiel 7H5e] E7ksd Zog AAHAE e

ARG e VEolgts tAAEEE o7t B, HitH o 2= LNB

< SNCR < SCRY] =AMZ Yepgtth. AailelE 18 A2 H4-S 21, A NOx

47} 1,0053 €, SNCR 1,932 ¢, 183 SCR 4,830 D02 vehl, 747} 2352

TE 5, Hoh 1889 7|eo] R¥FE HHlgo] AA 45T F0E ot
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2 o pel
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M5&. =t SCR MX| H|E FF

-

1 HIE U FAMSIE MUY Y

7k vSFAY

A2ABENON) T J3e] Do) meh hE5187120) 38, 343
3}, 193 YA 5] Aol FAHL ek oleld ol W] Rof 3
AQglAE BaRue HRE T 5 Mol g, Fold 24 1A
AZNES AT Fo QEEe 9N 444 Bad veTFeE 459

@, A NOx HL1} SNCR9] = o8 7 ARE FRT 7t glSlaL,

ol
o_Yl —lII

qg

mlm

=

ind

mol
pu

u®
i
o

o,
o
=2
o

7P e adal T8 AFEe 71e0] SCRo|7] Wi2el o714 = SCR A3l
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TS TN a7e] 3K £e A7 AAWIE o8
M D |- 54 AT 2780 254 Qe
715 ghe Ae] 488 o
~ Aol SKe] AR ol
E

rlr
o
o
T
o
I
k1
N
>
ol
it

@ |5 AEAEO] B WlAgE A1E0R ) wlel WE A4
WeHoR 88 & gln, F4A £ ol o] Azyol &

wE. ST ALY TSRS Mol B
TH AL ol
@ 5 T FAAE AN glo] vg Al Aol 2.
i g vl e 7471 B2 1 Sk FirA 8
AAED AEASL WA 5 gl FAHo] 3lS

) = A 2H
Aol X ZAHE =l TR 2ZPA ol A28 SCR W8-S 38 Al Aol tis]
L8k BHAE Y Bgolle TR 7k R 7RAE A T
AHA7L Joug ofF Otz Agstal AeEHAde] Fedle TRTEAAEY
AAG7HE A&8koint 3 T WA A AAH S ETIEe s Fitstol
T2 4F9 HlE A= o] 88t AZtA 9] H9olls A7 83 SCR A3
A7HS 283t F3IATh the <3t 52>0f H-EAIAel AP E AADVE At

o A sk,

<E 52> H|EFJol| AEE EHIt

A & v 7
- A g 25 A 029299/ MW
- ZR2EEAANA 02079/ MW
s - 7B A 02499 /MW

- 03889/ ATOE(FTH A 715F)

AT AL | - 005399/ E/Y




<E 53> iz HjIfATF MF W

AETH A A F W
V(Nm'/kg) = 0217 x HMJ/ke) + 1.25
AR AN/kg) = 0256 x HM]/ke) - 0.20

V =V+EAxA

WA AE

V(Nm'/kg) = 0265 x HMJ/ke) + 0.04,
ANI/ke) = 0248 x HM]/kg) + 0.02
V =V +EAxA

A9 S

V(Nm'/Nm) = 0219 x HMJ/Nm) + 0.73
ANm/Nm) = 0228 x HM]/Nm) - 0.19
V =V +EAxA

H]

F

= oE davke B

A%
A
H = oﬂ_‘el_g] nlod 2k
V/
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<Z 5-4> SCR H|& FHAlof| ALSE QlAtel 413)

- Zufghe] TR 1 5,000/ hr

- Zof7kz0] 20005t /m & o Sefgtq) vlg-o] SCR A Aruel A Aok
H]F& 30%2kaL 7H3

- RS RS 350TE 7MY

3) Hl5e) Al ol - B O

£3 ZAE v)5e] BN AnE T A8 gk Te, o
SAAT Bl FHuEL Tl TR A8 AL P} Ut
BT, 1 ol FFT Fuje] 27} o] 27 e ek o) =
0712 WER Q1S WeIE 471 §17] ol meb o] e W te Aur) gl
£ AN GRS FSEE BRs] Ak o) M AT Ao A7
AU}, <E 5555 H§FYo AGE 449 gt A4S 9ok Aol

=

<X 55> H[EFHo| A& ol=2] SCR M*|Et7t

AAFF SCR A7}
- A5 2R 1Yo e LRt <E 4117 <F 412>9 &
= -LC.Z.
wany | FE A8

- 300MW mIRES] iR disiAe E 100MW AH] TV},
300MW o]l taixE %2 600MW AdH| ©E 24

- 1643$/ton clinker/hr

AME AZ | - <F 414>904 ) kiin®] BF AR} HS3 1508237

/he] AEH]E-S AL-E

U A2AEE AR 234

e dn] 9] AXZ Qg NOx Ade sy ddrdolA ¥t A5 NOx

13) o] g F) ARVl Bl Bold ATel AR TS Axsle] £2H ghol.
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o AUgL 1: 125094
- 4280MW x 0.2929991/MW
o AUl 2 : 964
- A #~#6, AT #2, ol B WA a8

- 3,300MW x 0.292%¥/MW

HhA A 4 8- ZHMW) H] A
#1~#3: 200 x 3
o/j\_ - #1~#38 AAET 9E
= #4~#6: 400 X 3 &t 2ie
ot 200 x 2 - #12 AXFTL gl
200 x 1
<
A5 300 x 1
e 350 x 4 -
10 x1 _
B+ = o - AAFL Ye
A 10 x 2 - AAFL Ye

h
T FHEALE BAF #2, B(MW x 2T o5 #1& ALjstas

wall-type®] Bdegjo]ch. mebr <3 56> W83} <3f 413>9] H ST RE

SCR HI-&-& 783 A= v 2k

o AlYEL 1: 1715 919
- 1,030MW x 37.11$/kW + 2,900MW x 20.77$/kW + 350MW x 34.29$/kW

(1994 9)

14) 199439) BI§-L v|5te] wla} BAIGE A9tee] 200199) MIGOE ANAT F Be

1,30099/1$5 H-&3Fth
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o AU L 2 : 1,1579 €15

- S #a~#6, A #2 o2 Fel dbAwe 117

= =

- 200MW x 37.11$/kW + 2,900MW x 20.77$/kW + 200MW x 34.29$/kW

oh NOx & A7

FRHEALNN AR YA ARgEo 2 RE ZHAAATIY HEATE F
ate] NOx &S AFgsta, o]of SCRY AZtE &S 80%= 7Hds ¥ AES
ZF43k9t AUl Z 19] 70l 29,2305 2] NOx 5 23,384=0] A= 2, Al
2] 2 29] 24039:=2] NOx % 19231&°] A7d AL2 FAHH U <3F 57>

< At
of AH-E WA ABAREF Aot

o AUFE]S. 1 : 23384F(NOX)
o AU L 2 : 19,231 F(NOx)

<E 57> SRUMAIM 20014 olAX] ALSE

2k 2k
o o RAHE-H e o XA
FAr(kl) | 7Afr(kl) |LNG(ton) (k0 | B(kl) |LNG(ton)
o ;1\1_ el
= wer | 9 - °T 1 011838| 4476 07
#1-#3 #1-#4
[e] /1\_]__ =] 21 =
=Y 1455550, 2,847 N 241429 | 87 ;
HA-#6 #1-43
oAy A
°F | 330636 | 1457 - HAT 18,092 27 ;
#1-42 H1-42
o4
474871 | 887 -
#1482
A awAA e, 00, OAAEA

15) 1994'd9] H1§-& w59 AHzF E7HAGE obste] 2001d9] W02 AaHgs & 3hg
1,3009/1$S H-8-31ch
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8o

: 39034 ¢

o AlYEle 1

- 13,365MW x 029299 /MW

o Alygle 2

: 2,6659¢
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S

- 9125MW x 0.292%/MW
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<3 5-8>FollAM FELALYg MFEHALE wall-typed] HPejo]al Faldzdl

12>9] H| Y72 HE] GCR B8-S =43 A= then 2uhie)

AUl 1 : 58769417

- 1,325MW x 43.71$/kW + 13,240MW x 24.21$/kW(1994 $)
AlUE] L 2 428291 418)

7

& M e o
- 1,325MW x 43.71$/kW + 9,000MW x

24.21$/KW(19% 9)

th NOx ¥j& Az
AU L 1, 20 sfFehs A

L4 ARARAH O ZHE 7 NOx w3}
SCRO| AZAES 80%E 7HY
Akl AHeE BAE AR

J519e W Agarel A9 thest 2. <E 595
A Aok

0 AUElR 1 : 85997E(NOX)
0 AUElL 2 : 57302E(NOX)

16) 544 BdefQl FaEHLE wall-typed] ©7FS A-83kch

17) 1994139] W85 v|=) 2w} E7kAE FiQkste] 2001d9] vlg-C2 At
1,3009/1$5 483k

18) 1994139} W5 m|=ro) v} E7kAFE ZiQkste] 2001 9] Hlgo2 AT F &
1,3009/1$5 483t

=2 T10

rr

+ tangential-type®] Rgejolt}. <3t 5-8>9] W&



M5Z. =L SCR 4% H|& =8 g9

<E 5-0> MEF LHA[de] 2001 HE AILSE

Aekton) | F6(k) | AH(k) “ekton) | F(k)) | A(k0)
RIS T
9,236,139 - 7,443 5,540,978 - 3,342
#1-#6 #1-#4
g =3
8,143,618 - 3,326 1,152,819 - 4,222
#1-#6 #1-#2
Eh 5%
5,916,788 - 6,946 618,467 | 163,948 243
#1-#5 #1-#2
e e
7,698,942 - 5,351 852,576 | 190,458 119
#1-#6 #1-#2

AR FRAGSAL 002, | A AGEA

<E 510> 7IA drMA|Mol 22F 2l EM

Ll -8 FHMW) H] I
135 #3~#4: 325 x 2 Egdn gg gle

o AL 1, AU L 2 : 1459

) wy @) el% vlg

178} 9 #3, #4+ tangential-typed] R Yefo]t}. 3-8 TH325MW x 2)ol ths}
of <E 5209 We A8de] 24 vlge et 2
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[S)imby]

AL 1, AL 2 1 19299419
- 650 MW x 19.026/kW (199 $)

) NOx & A=
A3t #3, #49] ARAFEAH O ZHE 3 NOx H& T SCRY] AR E&ES

80%= 71451 S w A7kre] ATk T 2. < 511> At AH8E
s}el #3, 19] ABAES ARolT),

o AElL 1, AUl 2 : SIE(NOY)

<E 5-11> <l M3t3 43, #42| 2001d AHEALSE

o

7} 2
e RS- F
LNG(ton) (ki) 7ar(kl)
LA 55,068 1,389
#3-#4 ’ ) ’

g A FAL 2002, F=AHEA

4) 7}Ee A

7h W @Ol 9]¢t v]-§20)

A7] R F71E Aitske 7k BEsly dbdie) W Ee) SA4L oY <3t
4-7>0) JeERY 9t} & dAL8= 735MWEH Zaka 4 o) 1 :
2B AE INGE AFS317] wiol] 23485 AX8HA] gaw &2dn] 9]

2|7} 7Fsstth. 7RaE P ] 79, 20051 o] %

=
3] FH =S daso] glo] AN AA7} sojd A e SHrh A

rr
Z
2

19) 1994139 HI-&-& w59 AHAL E7AFE %bste] 20010 9] HI o= A4t
1,3009/1$S #-8-3it
20) HshE e Bl P4jo] Juk sheidadt tha7) wed of7]A

z;q o]_;q oLoLr/}_

r1 r
r_rE
©
2,
Lo,
ot
=
oo
o
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W= st i) A 02499/ MWE AR

o AlYyg 21, Ayl 21,7589
- 7325MW x 0.24%99/MW

1) NOx ¥j& A7

TheBRtstE w40 ARAREEH 0 2RE 78 NOx #j& %} SCRY A&
&5 80%E 7PotRs v Ao Avke vhet 2k <& 512> APl AR
DR AuAHEF Aol

o AU 1, AR 2 : 4782E(NOX)

<E 5-12> JtASfstE U Aol 2001 HE ALESAH

A
7F=ET
aan A e ARG
LNG(ton) | F-(kl) | 8- (kl) LNG(ton)| Ff(kl) | 7d-r(kl)
okok | 253,641 - - el | 86,678 - 3,577
2| 612,789 - - A | 286,427 - 2,191
Aak | 470,825 - - wy | 612,789 - 11,297
A | 222616 - - B - - 12,398
A1 | 790,415 - 147

A5 S E gAY, 2002, A EE A
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o] 95u 14, ALkl 27} oF 7aMel Ao 2 FAF o} Ty AFA] Hla) At
HoZ e g UERiT. ol8@ olft WEa Seluete] 215 Aols

[e] o

= T
Fzel ZujzhA wge] e 990eF AoEh SR AREES 80%2aL 7H
IHAES R FAHUL, AL

o
b4t/
i
2
>
i
to
—
2
=
gl
Z
Q@
)
ol
e}
rlo
12
—_

29] Aol 8ek 1 LR FAHE

<¥ 5-13> WMol SCR MA|H|E & NOx MAE FH(HH, &)

b | kBt _
=0 nr J ) )
FH AL A DAL WA | WAL gl
AU 1] 1,250 3,903 145 1,758 7,056
WD
AYE S 2| 9m 2,655 145 1,758 5,522
AU 1| 1,715 5,876 192 | (1,758) | 9541
3 6
AU S 2| 1,157 4,282 192 | (1,758) | 7,389
AU S 1] 23384 85,997 81 4782 | 114,244
NOx A7
AUE S 2| 19231 57,302 81 4782 | 81,39%

U AHE A ZAA

FWellE 2001d @A 1170 3] AIRE AJzAAe] 910, dinker A4S
48719 kilnol| Al B 61,877/ Aot} 17| 46719] kiln-2 precalciner & kiln©]
3 YA 271 long-wetd kilnolth AME. A|ZYGoA 199 o|UA] ARE-L
35986 TOEZ A 22 3 A2 dlUA] 4Bl 10.8%E Ak T} 1999
d ARIE A Z2AH S 7HsE-S oF 71%0107] witol, o714 < ol & Zebste] 100%
7FEA 9 AU A Anlgel] tiete] B85 g
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1) #y @l &gk vl-2y)

1999 oA AR F BYd, A7, HHE0E ARE duAe BF
32027 TOE ©]th22) mehA 7158 100%% we] ol R] 2l oF 4520TOE
2 F9 S S5 LAY SCR AAHE E37|Eo R $Hteld 03889

9/ HTOE| 2.2, o]l ZA3IA % SCR HI&-2 o 1759908 49t

01,755 9

- 3,202%TOE x 0.3889</HTOE

N
o
it
)

o o5k H-g2)

=]
ST =2

199 AIHE A zgGelx Bde, 24718, HH-802 A3 dUA 9 F/
AHEAAL <3E 514>9F 2R ¥ <3 53> <3 54>5 0|83t EHnjrhF o]
1,0009+91/ m'-cat, 2,0009H91/ m'-cat, 3,0007+1/ m'-cat wj <] B]&-S FH3 A=
<# 515>9 2tk Zuj7tA S oe) 7R A olfe oA AEd vl R 35
Ao} A1 gl wet 7449 Wgo] Alshy] wo|th 825, Zvl7bAe] 1,0007
A/ m'catd = ¢F 1,700 o], 2,0009Hd/ m-catd W= <F 2,0009¥], T18]aL

3,0009H)/m-cat® W ok 230099 A=} 288 Aos =AU}

21) SCRE AH&317] 1afx= 53043H] Fdel] SCRo] A Hofof sl o] of Hj7kso] 2eg

RS2 E7kA] 7FEskr] A%k AlAdRlgo] EFE 0] A otk A o= 2 ol|A|7} £
7te AgEHE, v5e] A9 AHE AxFHAA AHSkE duA Y 10%7F F712 Bas
Ao g o=sl gt

22) AbE: AFPAFER, 2000, M1999G% oUA] FFAHEILA

23) SCRE AHE-317] $leliAle 74dH] S-dhel] SCRo| Ax]=|ofof =, o] uf j7te] =5
HHE2E7kA] 7bEskr] gk AlAdnlgo] EE o] QA o A= B oy AI7t £
7hE o Eed, v B AME AxgrgolA Feshks duA Y 10%7 712 Bad
AOR o
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<E 5-14> MHE HM=olM 2, ZFYItL

WHBOZ ABE HEAISR

3 Hj7pAEE
w7}~ 2k w7}~ S
0]]1#?(]/\}%%1:1) H ]- (] H ]; T o
(Nm) (350°C, m'/hr)
e)= 4,734,295 & 57,593,111 x 10° 14,990 x 10°
28 79429.8 kl 1,394,682 % 10° 363 x 10°

1) : By AF7ME 802 AREE oAyA] 23, ojd 7}

2) 7VEES 100%2 7183 wj7hek

ApE: AFARRIR, 2000,

1999 = YR FZAPRIIA

FEe AN a0 71%9.

<¥ 5-15> A|HEZ Y2l SCR FAH|& F¥Z 1t

Zui714 (99)
1,0007H /N 2,0009Hd/Nm' | 3,0009H1/Nm’
ZujHlg (49) 307 614 921
Zufo] ] 71EHH]E (H¢) 1,433 1,433 1,433
& (94 1,740 2,047 2,354

3) W ©el o3 Bl

46719 kiln long-wet ZE29] A1H8-32 568 E(FHA)/ HoZ WA 0.9%°]

Est, kiln®] Hat P4

[e)
Ze

stlem, I A of 1x 83w
_]

>,\I

»

1B

5 vguEaclel WS

F49h, ko) A} e
o @A Hlse SRS )

ol 71 2 olf= A4, 1 ol9dl=

oF 148E(2 7)) /hrolth. mehx] B precalciner

£ 48

Rol7} ke

WS- LEAA) 7HEshe AHH} 2EE
Fis} Hle] 87145, Soi7b4e) 8
29l oz NT

24) 199419] W12 He] AulA BAASE Aoksle] 20019) W goR AWHH F BE

1,3009/1$S H-8-31ch
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4) NOx & A7+

1999 % Y, A7, 802 AMEH oA AREaRe Aek 4734295,
A 79430k(01Th. o] 7HsE 100% Y WO ATAREHOE Sbslal viEAl TS
&3kl A NOx Hl&5-S T-8hd 73237220, AZES 80%S 7H33shA A A
7eke oF 58580E 0 2 FAHTh

o 1% ARAAZYG

MFe oF 38 RkEC 2 AMA 23S 51%E AHA|8)

3 e T 717 Aotk 1 A E A} 6719 A= A, a2Ela 2709 &

7 dAe} 71EF A3 7FEAATE 7FeEelH, ol E AAelA 1999 AME-SE oY

5 5953 7HTOEZA] 22 3l Az ouA] AR 17.9% 5 AFA|skaL 3l

L1999 12} EAAA 2] 7F5E-S 3% 2 7HA sk, o2 7ekste] 100% 7H5A]
o] oy Al tiate] HIE-S FAgTH

o

1) W9 @ o Hl&

19949 oJA A § B, A37Hd, 2RE0E AHE e E BF
456927 TOE ©]th20) webx] 7H5-E 100% 28 W) o x| AHFE oF 4913HTOE
ofm, I} T LA 9] SCR AAIH7H 0.388% €/ ATOES #8314 °F 1,906
ooz FHH

o 1,906 9
- 4913HTOE x 0.388 %/ ZHTOE

25) H 10 ] Ha AiEE 7153 200099 7REES 100%E 7PFsklth
26) AFE: AFAARIR, 2000, 11999 oUA] FEARILA
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2) W @el o3 HlE

1999 12} AN B, AH7HE, 802 ARESE dyA| 9] F/E AL
ST wj7fage <3 516>3 2ok AA7IE s AdkE Fof Ae %L 3
m' ¢le), o]2 =nj7}4 1,0009+$)/ m'-cat, 2,000+ / m'-cat, 3,0009+)/ m'-catQ wj =
7183kl SCR Bl&= 4% A= =3 2t} Fuj7h4 o] 1,000%H4/ m'catd ™
= 25 1,7009-90], 2,0009+/ m-catd W= oF 2,000 o], 2] 3L 3,0009+/ m'-cat
d v oF 2300219 AEE AWE AZ2HF} fFAkstt AN ARskE HA
AUA 7 Ged E78tal ojgfdt Ais 4L AL AP e 79 AEEH

=880z AL U7} B7] wiolth

<& 5-16> 1At MZHollM 2T, YL, WMz ASE H=d vy}

A FHY

=,
w7k fr
v E e W) (350 C, m'/hr)
o TaE 607,568 ton 3,851,981.12 x 10°
; g 3,074,000 ton 26,497,880 x 10°
PN 1,227,117 ton 10,442,765.67 x 10°
. S 1547435 ton 212,153.34 x 10°
. A 5743737 ton 807,569.42 x 10°
Tl Ba 185545 ton 2361988 x 10° 0
B B-C 975,267.74 ton 13,078,340.39 x 10’ 15,0662 x 10° m'/hr
4| ZEZ | 1031453 x 10° m | 253428 x 10°
S B 407848 x 10° m' | 128,839.18 x 10°
| AR | 218890.1x 10° m' | 2,589,469.88 x 10°
g A 57,886,046.88 x 10°

F: 1) 7FsE %%Y W AR AnjAAo R AN w7k
2) 2% 350 C, 7FEE 100%Y W] wirts f

ApE: AR, 2000, 11993 oW A] FRAREILA
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<X 5-17> 1A HZ¢lel SCR FAH| & F™HZ 1}
% w7t A4
10007+ / m’ 20007+ / m' 30007+ / m'
% o " YY) 301 603 904
Zulf o]&] 7]EHH]E(H ¢) 1,406 1,406 1,406
k3 A(S4) 1,707 2,009 2,310

3) NOx #i& A7

19995 ®de, A7y, dd8 o2 AHE sAART WEATE &t
743 NOx Hj&%<S %Lfs}“& 58,626 =21, o1& 7FsE 100%9} A7HESE 80%E 7}
gsle] AP oF 5043180] #AE AoE FAHCH

g 2 € FEAE AR
SEAE A 2L 199939 AL YA = 777idTOEiM1 22 3 Az oy

Fe-ake] 23%S AFA|BIt) 19993 9] 7Fs &S A|ZY F 7552 764%E 7}
o},

>~

A]

xé‘

—

p

1) I Dol 93 B&
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FGR : Flue Gas Recirculation
LEA : Low Excess Air

LNBs : Low-NOx Burners

MD : Mechanical Draft

MSW : Municipal Solid Waste

ND : Natural Draft

NGR : Natural Gas Reburning

NSCR : Nonselective Catalytic Reduction

OFA : Over Fire Air
PC : Pulverized Coal

RAP : Reducing Air Preheat Temperature
SNCR : Selective Noncatalytic Reduction
SCA : Staged Combustion Air

SCR : Selective Catalytic Reduction

WI : Water Injection

W+St : Water and Stream Injection
WI+SCR : Wet Injection + SCR
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Society of Industrial Machinery Manufacturers 199, P. 85-102
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52 qUEs F2 AR oo f3E 4ol 05% Ak He sdades

3
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Industries, Nippon Shokubai, Kawasaki Heavy Industriess 2] @AE°] 1o
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REMARKS
TYPE TYPE
ACTIVITY 0 0 TiO, BASE
EROSION RESISTANCE | R CENTER METAL
AGAINST DUST PLATE
PLUGGING POSSIBILITY |  © A FEW CORNERS
PRESSURE DROP 0 A
HANDLING 0 A COMPACT
CATALYST VOLUME | o SPECIFIC SURFACE
FOR INITIAL LOADING
FOR LONG TERM o A LONG LIFE
OPERATION CATALYST STACKING

F) O : Excellent, O : Advantageous, A : Average

1) S0 54
Hitachi A= o} ajejolq Ea) SAFol A A4F B2 9 e} dla
ulo] % 2067]9] SCREAL A1} $F0Im F2 plate type®] F}E 41433}
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t}. Ishikawajima-Harima Heavy Industries

[HIAME NOx A771E2 gRYols SHAA|Z A3k 114 SCR 34& A
skar 9lom 19781 d 1€ 180,000 Nm'/hr 2] F-fA4W7 4ol o]n] SCR 373
S AAF AHo] 9Jom 1979 9ol FHALEA L A HThFRe] 1,900,000
Nm'/hr& SCR AH|E FF3ch

HI= 1970\ d0l] 22 2u7pd-s A2kt 7k, S, A 59 o2 71A] &
AHgskE Bl A wiE s 7| 7k2o) 28813tk 1978' ] &2 SCR A
TR AATEA oF 307] o] ARle] FFkiit %J—:Loﬂ% HE ] B
ol e} gas turbine, diesel engine, &7t2 53 22 ofg] T/ Y] HlEE]
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2}. Nippon Shokubai

Nippon Shokubai(NSCL) & 19739l ¢HELjo}S o] 43k SCR 71%011
mje] 24, e, AZFA7IE U ATFE A8l 19799 FAsketr] Ala
SFATE <F3E 2-2> oA B ukel 2ol Ag74A] 10 000m3°1*u Zvf
¥, 5, vla FA o] HHE 3 AgE FWE] ufatel o m NSCLOJ SCR &
= A YoM wiEE = wi7)7ks B gk ofuE} diesel engine, gas engine,
gas turbine 5ol A BlEE]= w7172 A o= AREE 3L QlTh NSCLoA AAbks] =
Zolo] & |zt 2500m AEolm 19959 49 A AR 10,280mel] et
NSCLY] €& Zul= TO»Si0, Aol V05 9 WOs 7} BAHo glon
honeycomb FE|Z AZF oAtk 20x20 Celle RFFHOZ Aaksla glon
50x50 Cell 7}#] A4kskar @itk NSCL Himeji plantoll 2|50} Qe EojA| 2873
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< A AEstEo] lom AEe Suje] 2L <HR 2-3>4 He upel 2k

<F® 2-2> NSCLAI &0 2| gof A%

Item Catalyst Volume (m)

Japan (for Utilities) 6,430
Japan (for Industries) 880
Germany (for Utilities) 1,570
USA (for Utilities) 240
USA (for Industries) 1,050
Other Countries 110

Total 10,280

<FE 2-3> NSCL Zuli2t ctE ZHo{ete| =4H|1

Item NSCL catalysts Other catalysts
Active Components V205, WO V205, WO3
Carrier TiO-SIO; TiO,
Specific surface area(m’/g) 110-140 50-70
Pore volume(cc/g) 04-0.5 0.3-0.35
Bulk Density 0.3-0.45 0.5-0.65




2 52

Y] A wAdE] §Fe 1216 GW Aoln] AgtstedM Yiele ek
o] 9] 49%, FFHLH LA 8%, 7E=ERLAA 15% B& AT Qv Mg
st oA wjEE e WAEEE 1974'd0]2 50 mg/m' o]3tE A H L 1o, SO,
J 2% = 1988744 140 ppm ©]8}, NOx = 1991 0|22 100 ppmolat2 74
b itk B3 SR A A2 BHAE sk & e AR AX R ¢
& Ae] FAAE VA A gtk 19859 AFo] frdollA HE22 SCR 34

J3t7] AlzFstth 2710l Ax171eq] 42719 AR 838 ZAE
13l 248 950} F3 o] dAl= 607] o)/de] SCR AHIE AAst] 71
ATk SCR AdHl= Aeksle] Aul-g-aF 27,000MW ol sl Ax|=jo} glom F2
AHEE S Qe Fvile dEA AR V,O5/TiO, A% Sl Sdoll A 244 7
& zeolite Z1E SIS L AR Tl AUtk F 16000MWS] SCR AHl= FA8ES
AEE ARE-3h= dry bottom boilerol| A #-H50|™ F= high-dust system(81%)<
sk Tt oF 10,000MW= wet bottom boilerol] A 2-ZFo|H of 7)ol 2&-%=
SCR AHEL UIF-1 tail end system(71%)S AEI5IaL QUTh U0l e SujA|Z
YA == BASF, Siemens, KWHS©] 312 Zu = honeycomb % plate type©]
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7}. Siemens

Siemens AlOAE plate type FUE A2 Adete] Aikstar glom,
honeycomb type Zvl= Y] license stollA ABAkstal k. AA71A] plate type
& 567191 11,649m’, honeycomb typee 657191 9251m'e] FHFAAE 2kl 9lom =
o] EA& <R 24>9) 2.

Siemens AlOAE plate type FUE A CE gt Aikstar glom,

honeycomb type Sl &9 license 3toll A AJ2kslal itk @AN7HA] plate type
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& 567191 11,649m’, honeycomb typee 65719l 9,251m'e] FFAHE 2t glom

=2 X
Siemens At A= A 7S plate typed] A S F-AAI71H AHE-S dstal Ut

1) v 54
@ Plate type
- Zu] AR . Stainless steel carrierd] TiO, , V Oxide, Mo Oxide ZAE2
» Zul| Property :
- HE 0 300~450 T
- Fly asholl thgh i7-2{4do] 2

§
1o,
5,
kS
p\e
lo

- Zvl Geometry
- EWA ; 250~400 m/m

- Plate 714
@ 0] 500/550/570/600/625 mn
© FA : 1.0mno] s}
© 9dd . ZE 1182x954mn
® ZE9 %] : 730~2165m
@ Standard Cell : 464464 (530 ~650)mm



<8 E 2-4> Plate typeZt Honeycomb type &ofe| H|

R Plate type Honeycomb type
= A Stainless steel Ceramic
=4 TiO,, V,0s5, Mo Oxide TiO,, V,0s, Mo Oxide
AL 300-450C 170-430 C
RIS s 250-400 m'/m’ 427-886 m'/m’
= 7] 464x464%(530-650) mm 150x150%(350-1,100) mm
- Fly asholl 01& 24 730] 48t - gkl Aerleol el &
= 2 4 Yehdch
54 |[094 2 AE g S48 - Rl Ak
o,
- qrelealo] v,

(2 Honeycomb type

- ZuZA] . Ceramicol] TiO, , V Oxide, Mo Oxide A4 &4

- Z1j| Property
- =2 170~430 T

o A
- A 237, AEY

Zvll Geometry

- WA 427~886 m'/m’

- Zuj 5 7 150x150%(350~1100) mn
- v BE @A 1900%956 mn

- Z 25 0] : 600~1300 mn

- Standard Cell : 150x150x1000 mm
3 Plate type FHi¢] 4 2 35

= o

(Honeycomb type¥}2] B]il)
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- High-dust®} Low-dust &5 A% 7}
A& 50~90 US$ /Kw
© A 16000~24000 hr BHF 20%S Ao} FHujFel F7h AAshA
16,000 hre] 24 7o) 7bestal ZujEo] offra3ito] glom AxE Znjo
20~25%% 1A
- Plate type catalytic converter 3]°]+
- ofgFe] Fo| sl & X wito] d =Rt
- A2t baset} -2l it
- v SR plate= o] FoiH 7] WiZol HEHEL] At
- SO0, 9] Heheo] Wa
- AR AL H89F -] vl
- Plate type ¥ honeycomb type®] FmiE X3 3~5 g/scf Z1I3ll|A
10,000 hr #7313+ A} honeycomb®] 7% 50 %7} 2s]=H Hls} plate type

o A% A oA @,
. BASF

BASF= ZAM| 2%

oN

Pol| Al wj &5 7haF AAEHE AAE A% SCR S0

=i = Tl V.05 AT S el
o} 1970'30] ol X SOxst WA1E £F3laL 9= wi7I7kel 288 5 9= A
9 S E hdeidet A £ AFESFATE AR A= ©dlo] X3
= 4EAsE 20171 Y3l pellet typediA
A=l oal AlzH ot} BASFAlA A%
Foj2= Ful o] EF0] H= 42 150x150mm ©]™ honeycomb FHiu] 9] hole 4
+ 20x20011 ] 40x407}A 2 242+ pitche 7.5mm <F 3.7mn7}F E Tk S BASF+= ZHA|
229 Ludwigshafens Estod 303 o] o] W 2o thgh SCR 34 X743

o
= 7HAAL 3lH: BASFOl A Aate = o] FEo] Sujs 5 2 7|7kl A8

ICCIREEEERERE
honeycomb typeS.Z W73t S



g 5 Qe Zui9l 0485 o] EAL TR gk
- 24 1 TiO, WOs, V205
- FIUE ;065 kg/l
- AT 20kg/ et OV, 7 kg/at o) ()
- SRLE 1 250~420 T (S ANX))
- oM ;450

1) v 54
(D BASF Catalyst O4-80(a) & O4-81(b)
Q A&
- Ammonia®l 9] low sulfur waste gasZ*E 9] NOx A|A
* Nitric acid plant®] #7}2~ #]g]
© =4
+a) Vo0s
- b) TiO,, V205
© g
- a) extrudates approx. 4.7 mm diameter
- b) extrudates approx. 4 mm diameter
® FyEs
- approx. 1kg / L (62 Ibm/cu.ft.)
@ Crushing Strength (knife edge hardness)
a) > 12 kef (26 1bf)
- b) > 2 kef (4 1bf)
B XL
-a) 180 - 350 C (360 - 660 °F)
-b) 160 - 300 T (320 - 570 °F)

» 884
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- a) up to approx. 450 C (840 °F)
- b) up to approx. 350 C (660 °F) for short time

@ BASF Catalyst 04-85

o 2%

+ Ammonia®l ¢ wj7]7}=25E 9] NOx A|A

- 53] Power plants, process furnace$} diesel engines 5 Hl7]7}~ZHFH

] NOx AIA

- 7HAY typeo] YoM, FE AREHE fuelet HAE plantd]
configuration®] ¢]&3%. : high dust, low dust, after FGD

© =4

- TiO,, WO;, V205

©

- Honeycomb  structures 150x150mm in various lengths and pitches,
fitted into steel modules.

» Other forms available on request.

@ FyEs

- approx. 0.65kg / L (41 lIbm/cu.ft.)

@ Crushing Strength (knife edge hardness)

+ > 20 kg/cn axial

- > 7 kg/cn lateral

B XL

» during continuous operation : 250 - 420 C (480 - 790 °F) with SO,-free
gas from 150 C (300 °F)

® ¢34

-up to approx. 450 C (840 °F)



(3 BASF Catalyst O4-86
Q A&
*NOx AAL} sAle #H71E Az 29] vj77k=25H dioxin Al A
-3 o) )] COS} hydrocarbon®] %
© 24

.

TiO, carrier with various promoters

© ZH

- Honeycomb  structures 150x150mm in various lengths and pitches,
fitted into steel modules.

» Other forms available on request.

® FyEs

- approx. 0.65kg / L (41 lIbm/cu.ft.)

@ Crushing Strength (knife edge hardness)
+ > 15 kg/cn axial

- > 5 kg/cn lateral

B d2=

=200 - 350 C (390 - 660 °F)

® I8

-up to approx. 450 T (840 °F)
. KWH

KWHE 1986\d0] wj7]7}2 31802 ZERONOX B2 Zul S Ailsle] shljs}
7] A12Fel.o 1 19890l = 229 7] AZt2 oA BjEE = Dioxine ¥ Furan< A A
3= ZERONOX D FwiE 7Hdasict. 1991l CO%t Hydrocarbons A 7A8h=
CATANOX FwlE 7fdsigiom A28 SCR Fvls 7hdsisith. 1988l

honeycomb type?] ZulE A7 3,000m' A= A4 4 e tiE SAZTES



126 AlGE EaMEE XAT =9 ot HISEN

gate] £GFoIn 107] olge] APANE 4T B

- o

o

EARTIS )

3. 0=

L
mus
o
1
=
>,
iV
jus)

al=ol] AX|E o} e A ] &2 F 280,000MWolLt THE A3
ol wlsA AaAbslE WEs87]Fo] 7] WiEel] SCR 7ol dek A0
A-g-o] =ojAaL ok 2t 19908 Clean Air Act 7F 7§ E o] $2 w5049
SCR “dH] 9] A-g-o] w2 a1 FH st Seis o] Uzkom FRo| wiEssr]E B
o} o YA METFAE 813 e cliforniaFo A& o]u] SCR AHE AHEaRa

Ik 3 IR FA, V] SR So) TFE A@ W/ E A

UL B L

Lo

e
ME

& 4= e FuE-S HsiA pilot TR AFARI7E P Q) vl=re] Sl
A2 A€ Norton ARl A= 1985136 NC-300 ©|2H= zeolite A5 BHAZu) S 7t
StRed o] Fule E4L v 2tk

- 24 : Aluminosilicate - 3 EA ¢ Zeolite
- ¥ : Honeycomb - AT 220-520C
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Abstract

As ozone warning episodes are frequently occurred and NOx pollution
level 1s in trends of increasing recently, Korea Ministry of
Environment(MOE) is preparing some important countermeasures for NOx
emission reduction. The emission allowance standards for business
establishments are strengthened and financial charging for NOx emission is
considered. And total maximum loading system and emission trading
system are also planned in Seoul metropolitan area. Some basic data such
as performances and cost of NOx control technologies are required for
such measures to be implemented effectively, but few materials are
available. So this study was carried out to assess performances and costs
of NOx control technologies.

This paper investigated the reduction efficiencies and costs of NOx
control technologies used in industry and estimated the required capital
cost to install of selective catalytic reduction(SCR) equipments for high
energy-consuming industrial sectors.

Reduction efficiency varies depending on techniques, and it is possible up
to 90% or more. So technology itself cannot be a barrier in implementation
of MOE countermeasures. But it is worried that NOx market produced by
the above countermeasures may be occupied by foreign technologies
because of lower level of technologies and little experience of domestic
environment businesses. Details are presented in Chapter III and IV.

Capital and operating costs of SCR, SNCR and low NOx burner were
investigated for domestic power plants, municipal waste incinerators, and a
few other businesses. For example, capital costs of SCR are about 29.3
million won/MW, 223 million won/MW, and 5.3 million won/ton of
waste/day for oil-fired power plants, gas—fired power plants, and municipal
waste incinerators, respectively. In the case of United States, average cost

effectiveness of control technologies are about 1.095 million won/ton of
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NOx, 1.932 million won/ton of NOx, and 4.893 million won/ton of NOx for
low NOx burner, SNCR, and SCR, respectively.

Total capital cost of add-on SCR installing for high energy-consuming
industrial sectors was estimated based on the surveyed data or energy
consumption. The estimates are 550~954 billion won for power plants, 17
4~235 bhillion won for cement industry, 171~231 billion won for basic iron
and steel manufacturing, 30~41 billion won for glasses and glass products
manufacturing, 105~141 billion won for oil refinery facilities, and 40 billion
won for waste incinerators. The estimated NOx reduction amount by
installing SCR for those industries is about 0.21~0.25 million ton.
Assuming depreciation period of 15 years, the annualized capital cost for
reduction of 1 ton of NOx is about 0.997~1.380 million won. If operating
cost is included, total annual cost will be more expensive. It might become
a burden in cost to the enterprises. Therefore, financial charging system
and emission trading system might be checked to gradually apply to
enterprises for reducing the burden in cost and considering the period for

applying the domestic technologies.
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