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A Case Study on De-NOx Combustion Technology at Oil-Firing
Thermal Power Plants

Sung—hong Moon

DEPARTMENT OF CONSTRUCTION AND ENVIRONMENTAL ENGINEERING GRADUATE
SCHOOL o INDUSTRY CHEJU NATIONAL UNIVERSITY

Supervised by Professor Chul-goo Hu

Summary

Nowadays, as the increase of the use of fossil fuel prompted by the industrial
developments, NOx (NO, NOy) and SOx (SO, SOs), which are toxic to human body and
formed during the process of fuel combustion, a has been one of major cause of air
pollution.

Since 70’s, SOx emissions have been in the trend of decline with the installation of
preventive equipments and the developments of fuel oil-desulfurization technologies, while
NOx emissions are continuously increasing.

More than 70% of the artificial formations of NOx are resulted from increasing fuel-firing
industrial facilities of large scale such as thermal power plants.

To minimize NOx emissions, USA, Japan and most European countries have made strict
regulation standards on NOx emissions as early as early 70’s and have developed highly
sophisticated De-NOx technologies.

Far from above countries, Korea made regulation standards on NOx as late as 80's and
until now it has been very difficult to find successful application examples of the
mnstallation of De-NOx equipments on general industrial facilities, that’s because De-NOx
technologies are highly sophisticated and the cost of construction is too expensive.

The method of NOx emissions control can be classified as two methods ; Flue Gas
De-NOx method, in which NOx is directly controlled at the state of flue gas and

combustion control method, characterized in the reduction of NOx formation in the process
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of fuel combustion.

On this study, a standard operation model of oil-firing burner for the extensive De-NOx

1s tested and suggested by searching of optimized De-NOx efficiency through modifications

of various combustion conditions

The detailed results from this study are as follows :

1.

As the load moved up, the NOx emission concentration showed a trend of increase. And
in the same load, as AFR(air-fuel ratio) decreased, the NOx emission concentration was
slightly went down. It was concluded that, however, when the AFR was below the
actual operation ratio of 1.047, the application of low excess—air combustion method

seemed to be limited due to the significant increase of CO formation.

. When using flue gas recirculation method, at the recirculation percentage of 33%, the

NOx emission concentration approached 125ppm. Compared to the recirculation
percentage of zero, this indicated De-NOx efficiency of 14%6.

. In case of double-staged combustion method, as the ratio of supplied aux. air to the total

supplied air increased, the NOx, emission concentration-decreased, but De-NOx efficiency
was not so big ; the De-NOx efficiency was as low as 7% at the aux. air ratio of 0.12.

In case of multi-staged combustion method, when using COFA, with the ratio of
COFA-air to the total supplied air indicating 0.12, the De-NOx efficiency was about
27%. When using SOFA, the efficiency went up to maximum 35%, and when
incorporating COFA and SOFA simultaneously, 34% of De-NOx efficiency was available.

. When we compared De-NOx efficiencies of all the De-INOx combustion methods applied

to our study, it is shown that that of the multi-staged combustion method was much
higher than that of other methods - low excess—air combustion method, flue gas
recirculation method, double-staged combustion method.

However, as the ratio of partially supplied air to the total supplied air went beyond
certain degree, the objectionable efficiency decrease occurred due to the increase of CO

formation. So, determining a optimized AFR value without deteriorating the combustion

condition might be of great significance.
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Table 1. Rate constants for Thermal NO formation reactions.

Reaction Rate Constant(m’/mol.s) Temperature range(K)
No+O — NO+N 76 x 10" exp(-38,000/T) 2000~5000
N+NO — N»+O 1.6 x 10 300~5000
N+O; — NO+O 64 x 10° T exp(-3,150/T) 300~3000
NO+O — N+Oq 15 x 10" T exp(-19500/T) 1000~ 3000
N+OH — NO+H 1.0 x 10° 300~2500
NO+H — N+OH 2.0 x 10° exp(-23650/T) 2200~4500

T3 ARl W A Ml&o] HolA= A-F (Rich Burn 4-%) w4 (3)¢]
7b =8 AA Har o] el OH7I7F EAd T e #EE= NO g 719

L=
S}l Lavoie 5 ©] AlSHsFA t.

N + OH g NO + H——— (4)
-2l (2), ()l (49 A& ETAA Extended Zeldovich Mechanism o]gtx H
ok w9bEA (9] vHSAT keE

O + OH — O, + Hy ——————- 5)
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2 vl & gon oA ky ks ki 27 034 (@), ), (D9 AU ¥
oW ko, kg ko UGSl WSOl E K K=(k/k 2)(ky/k 2)°]
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Table 2. Reaction involving Fuel NOx formation during combustion.

REACTION RATE COEFFICIENT cr' mole ' s
Fuel NO path
Fuel N — HCN FAST
HCN + OH — CH + H.0 2 x 10" T exp(-4,600/RT)
HCN + H — CH + Hy 2 x 10" T exp(-18400/RT)
HCN + O — CH + OH 1.4 x 10" T*%exp(-16,900/RT)
CN + OH — NCO + H 56 x 10"
HCN + OH — HNCO + H 2 x 10"
NCO + H — NH + CO 2 x 10"
HNCO + H — NH, + CO Y
NH, + H — NH + Ho 1.4 x 10" T*exp(-4,300/RT)
NH, + O — NH + OH 9.2 x 10" T
NH, + OH — NH + H,0 3 x 10" T"®exp(-1,300/RT)
NH + OH — N + H:0 1.6 x 10" T*exp(-1,500/RT)
NH + O — N + OH 84 x 10" T™exp(-100/RT)
NH +H— N + H, 1 x 10" T*exp(-1,900/RT)
NH +0O — NO + H 5 x 10" T%exp(-5,000/RT)
NH + OH — NO + H, 1.8 x 10" T*exp(-1,500/RT)

R: A4S I43 33E
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Table 3. NOx control method applied to boiler.
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Table 4. Experimental and operating conditions for NOx control test.

Operating Condition

Experimental parameter Number

Load Staged

02(%)* of ]
(MW) combustion

Burner

AFA O
Load change 46~75 ~0.86 5~8 COFA X
SOFA X
AFA O
Air ratio 70 0.86~1.7 8 COFA X
SOFA X
AFA X
Flue gas recirculation#x* 30 1.8 4 COFA X
SOFA X
AFA O
Auxiliary air flow 46 1.39 6 COFA X
SOFA X
AFA @)
COFA flow 70 0.86 8 COFA O
SOFA X
AFA O
SOFA flow 70 0.86 8 COFA X
SOFA e
AFA O
SOFA & COFA flow 70 0.86 8 COFA O
SOFA @)
Load change with SOFA AFA ©
61~72 ~0.86 7T~8 COFA @)
& COFA flow SOFA 5

* Oy concentration of flue gas

#x with the change of recirculation ratio : 0~0.33
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Table 5. Measuring item and method.

Measuring Item Method Range
NOx electrolyte 0~2000ppm
02 electrolyte 0~21%
CO electrolyte 0~2000ppm
In-furnace temp. sonic wave 0~2000C
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Table 6. Combustion air distribution with load change.

< <
F&F o
o o ™
2 @)
= SR "
UA N
W =
>
mr o
£<4 =
—~
a3
< <
F&F =
o o N
2 @)
= e
53 S
>
8 o o
E< =
—~
a3
S ok
o®¥%go | &
n @)
= Y
= s> 8
S
E< =
=
oy
=
o o]
e o mﬂ
g o g <
- o =
< E g <

Fig.2201 4 ® o] g}

ile)

)l

A R

= =
= ©

7bel wet COFA & SOFASl ¥ 7% H

NOx A7tE 7} 2

=
[e)

Z7+8 ®ol A7) wEel

hul

3 NOx

7kl 9

gl

_42_



U
) op T o
= o op n
A_o NI M_mv pn
M 1@& %0 ~ = 2 W=
w oo NoX N Ho o 2
T om o m e o i SR
o ° Ezoﬂ.ﬂ E p &R &
= W ¥ & M mm% T T mmoiﬁo
) L%_@fr > 8 =R mﬂo_7 W W
w i< A — B B &) oo oj
3 =~ = H o d4 ® of i Eull
o oy T X o K A= S R ®
oF ol = o = 8- 4 I < w do
— < - anA Mr_uc _ ) ofu ~p ey m ] Nl
N ﬂmNu ww,lo@_ wo SAﬂm
o T b xS w2 o e & T
Eelg u.Cﬂ,w = F O :EV LcCON
W 5w o 5 X . B, Lo =
< LR w4 = % M (3 “ gl
up hga.ﬁ» s ol AHQ%
i 3 ER AE BE STEE
N 0 . :I : X @) s N
U ~ og;bg @Jmam a%OW 1Awﬁ%.
N EAS oﬁa s 5 T AT_ Z, ,:I Z 3 1_ ,Ul
oﬁa o ﬂo o' o~ K = % ‘ul 1__/|‘_ B ,% M,A
" 1 o I & mr oF =3 o1
B A 0 T S 5 o R o - N T < o5
=N J) " o 3 m.,ﬁ E = Moo wmc W &
. m%a@@ 2 T = WS I I
5 @ é;bﬁwﬂ i R ﬁfro. ﬂ%m/o,og
5 3 SR o b Mo R io_avmo@
A o B fo o TS — fm = *
R Z 4 dlo or o o N o il
@%4@@ C Gk = - =7
dy T B i R " 5 hl Ho oT N o
- = s oo o N 2 TP o
Yz Ehtem B L L P2
M2 %%EW@ oo = oo w N iukﬂm
N ,WD ﬁo = io X ,A‘._ Gt — radl _,ﬁ i70 io EE 5
& N N gz oo ° ) 4N < & &
T o aww%ﬂ ol g . 4ns°
—_ 0 = )
) w82 T e A R < o M
Ao LHEALNuo § A — ¥ A
R ﬂE ,ﬁ E.ru 10r ;lﬂ_/l N ,H_OI = io Mﬂu ‘% B = X X0
AN 4 < bE o w g
(==l = W ol mw N m Ho %o Mo v S
L IS wo N =
i o 7 A ] Ho )
o5 Mo o & 5 = ol
Q o _-MO ‘.ml Lf
<t % o ol =
- B35 o

- 43 -



&

sl

ot

2

3

ol

]

= H

5. B Ao AHE3 A NOx dAA2He NOx A7 &3

i

fuy

o
4

B

W

—_—

TH
B
4

, B 71 72 A

Gl
4

g

Ho

—

o] Ao e A e

NOx A 7F

Plo

Ho

oV

g

o

R

¢
o
Ty

]

o

2}

o A

Eis

F&4

=72

oo AXW CO WA

Ho
Mo

|

—_
file)

)}
5

_44_



-7l A E ] e

ol
o

, EAET Fie

L @775, 2000, FFAE A}

- Joseph G.SINGER, combustion Fossil Power systerms, combustion

Engineering, INC
- AEk8 NOx A2 Al2"] 7E 1994, (57) AlY DA 28] FAAT -
- Bosch H. and Janssen F., 1998, Catalysis Today, 2(4), 369.

- F.A. Bagwell, KE. Rosenthal, D.P Reixeira, B.P. Breen, N. Bayare de
Volvo, S. Kerho, 1971, Utility boiler operaring moods for reduced nitric

oxide emissions, Journal of the Air Pollution Control Association, 702-708

_45_



- Fenimore, C.P., 1971, Nitric Oxide in Prenixed Hydrocarbon Flames, 13th.
Symp.(Int.)., 373.

- John macphail and Les king., 1999, New laws prompt focus on low NOx

options, Modern power system, November, 29-23.

- NOx Control Training Combustion staging, 1997, Radian International

LLC, 5-24.

- Shaw, J.T. and A.C. Thomas, 1968, Oxides of Nitrogen in Relation to the
Combustion of coal, 7th. Inter. Conf. on Coal Sci, Prague,

Czechoslovakia.

_46_



0 Aale]

o

R

Aol GAW 24 674 1

A 2

94

Hj =

Eis

)
2l

Akl ohal A

-

=

il

=

a7 7t

o 2ANMRE HH e Ax A%

=]
=

—_
"o

oF
ol

7o
rou

ol
HJ

—_—

o
il

sl

el
e
)
N
03

AZEE whEg) A

L
a

R S ERRRETRS EAES

7 o

]

5

T2

oF
oy
%
B

e

X

7w
2|

~

Ao A5 2

bo] Feleh WU

°©

Zlwa s A

G

i

—

ofo

B
o

g
A

o)
NI

ofpy
TR

4o

ol

;On#

=

HAZ I glukeA]

ki3

T

o~

T

o}, 1e]a w

el

2001. 12



	표제면
	Ⅰ. 서 론
	Ⅱ. 이론적 배경
	1. 질소산화물 생성기구
	2. 질소산화물 저감기술
	3. 국내화력 발전소의 NOx 저감설비 현황

	Ⅲ. 연구내용 및 방법
	1. 연구대상 발전설비
	2. 연구내용 및 방법

	Ⅳ. 결과 및 고찰
	1. 발전부하 변동에 따른 영향
	2. 공기비 변화에 따른 NOx 저감특성
	3. 배기가스 재순환에 의한 NOx 저감특성
	4. 다단연소에 의한 NOx 저감특성

	Ⅴ. 결 론
	Ⅵ. 참 고 문 헌

