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Abstract : This study uses OO Thermal Power Units 1 to 4 to optimize ammonia flow control in coal-fired
power plant denitrification facilities. This study proposes an improved control model by applying multiple
linear regression to 2,629,176 operating data points. The existing outlet NOx feedback method had difficulty
responding to inlet NOx fluctuations, Repeated fluctuations in NOx emissions were observed due to the
ammonia flow swing. A prediction equation was derived using inlet NOx and fuel flow as independent
variables. After applying the improvement logic, the valve change is stabilized from 30 %p to 9 %p, and
the flow rate is stabilized from 115 kg/h to 40 kg/h, and Ammonia slip decreased by up to 83.8 %. The
GGH Cooler differential pressure was maintained within the normal standard. The environmental and
economic benefits of reducing ammonia consumption by 124 tons per year and 161.78 tons of NOx
reduction have been demonstrated.

Key Words : Coal-Fired Power Plant, SCR, Ammonia Flow Control, Multilinear Regression Analysis, NOx
Reduction
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Operation Trend (’23.1)
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Although the 03A analyzer measurement rose
to 27 ppm, 01A was measured at 0 ppm, and
02A was 3 ppm (Middle Value), so the Middle
Value i the test be larger than the Operation SP,
and delayed Ammonia Flow SP increased.

M Output NOx
034, 27 ppm
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¥ Output N O2A(Midde Value) g Fyel NOx 7 pp

_// _ —

e ———

Time (5Min)
Fig. 4 OO Thermal Power plant unit 4 SCR-A
Outlet NOx Trend (°23.1)

Outlet NOx Operator seting & Ammonial
+ actual value difference = | Required
PDI controller output Flow

FCV DEMAND

Oput N Oprion e

0 Ot O

Greater of Inlet NOx OR Fuel NOx(x) value
(Ammonia flow modeling)

Fig. 5 Improved logic for calculating the required
ammonia flow rate for the denitrification equipment
at OO Thermal Power plant unit 1~4
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Fig. 6 OO Thermal Power plant Unit 4 Ammonia Supply
Valve Automatic Operation Test Result (°23.8)

Table 1 OO Thermal Power plant Unit 4 Denitrification
equipment Data Heat Map Graph

NH flow |NOX inlet| AR total [COAL totall SCR tenp| SCR pr

NH; flow 1 0.88343 | 0.835297 | 0.853366 | 0.762865 |-0.834172
NOx inlet | 0.88343 1 0.898234 | 0.882404 | 0.889002 |-0.864542
AIR total | 0.835297 | 0.898234 1 0.981955 | 0.933652 |-0.968536

COAL total| 0.853366 | 0.882404 | 0.981955 1 0916818 |-0.963015

SCR temp | 0.762865 | 0.889002 | 0.933652 | 0.916818 1 -0.854271

SCR pr

-0.834172 |-0.864542 | -0.968536 | -0.963015 |-0.854271 1

Fig. 7 Selection of two variables highly correlated
with the dependent variable
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Fig. 8 Discover additional data refinement elements
and verify linearity
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Fig. 9 Scatter plot of NH; flow, inlet NOx, and

coal flow
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Fig. 11 Finalized ammonia flow prediction logic for the DeNOx facility
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Fig. 13 Comparison of Ammonia flow rate and
stack NOx Change (after logic change,
’24.04.05 ~ °24.04.20)
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Table 3 Ammonia usage reduction (OO Unit 1)

Calculation Basis /

Item Value
Formula
Reference Power Generation| —6-year average power | 2,974.23
(6-year avg., 2019 -2024) | generation (2019 - 2024) | GWh/yr
Ammonia Usage Before Actual measurement : 04206
Improvement Nov. 2023 - Mar. 2024 :
. . ton/GWh
(per unit power generation) (4 months)
Ammonia Usage After Actual measurement : 03788
Improvement Mar. 2024 - Jul. 2024 " r;/GWh
(per unit power generation) (4 months) °
Annual Usage Before 6-yr avg. generation 1,250.96
I x usage before
mprovement = 207493 x 04206 ton/yr
Amnual Usage After 6-yr avg. generation | (¢ 4

x usage after

Improvement = 297423 x 03788 | O

Usage before 12432
JAnnual Ammonia Reduction] — Usage after (annual) N n/
= 125096 — 1,126.64 | MY

Ammonia Contract Unit Price | 2024 annual contract 1I£R0\5?&.’4
(Anhydrous Ammonia, 2024) unit price 1,000/ton
. 124,991
Annual Ammonia Cost Annual‘redu'ctlon KRW
Savings (per unit) x unit price 1,000
= 12432 x 1,005.4 >~
/unit-yr

Table 4 Calculating emissions when average NOy
decreases by 2 ppm

Item Calculation Basis / Formula| Value

Before improvement:
max. 8 ppm — 2ppm
Internal regulation: 6 ppm

Stack NOx
Concentration Reduction|

JAnnual Cumulative Flue GagActual measured cumulative valuel 9848000000

Volume for OO Power Plant Unit 1 in S/
(0O Power Plart Uit 1, 2024) 204 T
NO, Molecular Weight Molecular weight for 46a/mol
Conversion Factor | NOx — NO, conversion g/mo
Molar Volume at Volume of 1 mol of gas 22.4L/mol

Standard Conditions at 0°C, 1 atm

Unit Conversion Factor Unit Convers310n: 107
ppm — g/Sm’, etc.

= Conc. reduction X flue
gas vol. x 1073 x 46 +22.4 | 40.447
F 2 x9,848,000,000 x 107 x|  ton/yr
46+22.4

Annual NOx Emission
Reduction
(OO Power Plant Unit 1)

Annual NOx Emission
Reduction
(OO Power Plant Uits 1 -4)

= Unit | reduction x 4 161.78
units = 40.447 x 4 ton/yr

OO Power Plant Unit 1 | Reference value (operating
2024 Capacity Factor |condition basis for flue gas| 67.36%

(Reference) volume calculation)

21 A}

AL
L. O —

TLE|al R Y ob fraF Aloje] Al 4o
o} F& NOx wjZo] 712 Zd| 8 ppmolA &
A= glou A FAIAQL H 6 ppmO2 24
S0} b 2 ppmE HE 5 Qo] 7k NOx HiE
FE 1618 5T 5 A =k

Al @71ZE A
3 ATE GEBAY F, AW e 24 9
sholl WhE x5 Zolnxt 6d W WAL 4

gstoch EY 2 3 a7l
Q7 WHF D GEuo A% wWEel el

ol §5Fo HuAolE flst

B 2,629,176 4% 74
A-gsto] A Aloj4kd] 9 2RSS
00 1~43719 7]& Ao 2&2 SCR &+
NOxo gk o]&sh= Tuw F4] Fx22 s
NOx ®lFol AAHe= dfgstA RataL, Ao
B oz & ®g) gfryob drh 24, FAIA
Z23 5 e EAVE A&He 2 HAs) gt
53] AF &4 Al HE JHETE 50~75% FEZEe] Al
| MEsta dmyol §32 60~170 kgh

Mz A4t o

719 15710 283t 2o, ol &y Wa
o] W7l i F HAash 7]1E 52~167 kg/h7t
A 2ol FFL 80~120 kgh=2 o 745t

3, MHE JiE H3lE 7|2 gy 10~20%p Eo]5
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