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PM,, Emission Estimation from LNG G/T Power Plants and Its
Important Analysis on Air Quality in Incheon Area
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Abstract

Base on emission factors derived from National Institute of Environmental Research, Particulate matter from

combined cycle power plants (CCPPs) has been estimated to be a important source of PM,,. Generally there is no

serious emission of particulate matter in CCPPs. because the fuel of them is natural gas. But emission gas after

long shut down season has very high dust content. Therefore PM,, emission rate is dependent on its operation

mode. In this study, particulate dispersion study for new city near CCPPs complex has performed using CALPUFF

model for three case. PM,, concentration has big difference between normal operation and 2 case start-up condition

after long shutdown. In normal operating conditions, daily 0.32 ~0.50 ug/m’ influence on of the surrounding area.

But when 1 ~ 2 aerobic high concentration discharged conditions, average concentration is higher about 9.2 ~34.1

pg/m’ than normal operating conditions.

Key words : Emission factor, Particulate matter, Combined cycle power plant, Diffusion model, Heat recovery

steam generator
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Fig. 1. Particulate matter generation mechanism and points at HRSG.
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Fig. 2. Photos of particulate matter emission at a stack of G/T power plants.

Table 1. Gas turbine combustion emission factor in public and private energy utilization.

Fuel Unit CcoO NO, SO, TSP PM,, PM, VOC NH,
Diesel fuel kg/kL 0.055 14.68 178 0.072 0.059 0.03000 0.067 0.096
Kerosene fuel kg/kL 0.055 14.68 16.9S 0.072 0.059 0.05559 0.067 0.096
LNG kg/10°m’ 1.55 6.04 0.01 0.036 0.036 0.03600 0.021 0.051
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Fig. 3. Land use of Incheon.
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Fig. 4. Analysis results of wind field during air pollution dispersion modeling.

Table 2. Location of designated target point.

Target UTMX UTMY Surface altitude ~ Height
point (m) (m)
Asite 290001 4157464 8 15
B site 291324 4157434 3 15
C site 292884 4157110 4 1.5
D site 292982 4156142 7 15
E site 291357 4156028 5 15
F site 290177 4155518 4 1.5
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Fig. 5. Location of G/T power plants and target points in
modeling domain.
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Table 3. CALPUFF model conditions for plant dust modeling.

Item

Modeling area (30 km X 30 km)

Grid origin (Reference point) UTMX (km)
UTMY (km)
Grid spacing(AX) (km)
Domain size Nx (No. of x grid Cells)
Ny (No. of y grid Cells)
Projection

UTM zone

No. of vertical layers

Cell face heights (m)

Bias

Time zone

284482

4150.630

0.2

60

60

Universal Transverse Mercator (UTM)
52 (Northern)

10

0,20, 50, 70, 100, 300, 500, 1000, 1500, 2000, 3000
-1,-1,-1,-1,-08,0,05,1,1,1
UTC + 0900

Table 4. Fuel consumption and PM,, emission at public
and private CCPP (2005 ~ 2015).

Table 6. Monthly Fuel consumption and PM,, emission in
Incheon Seogu at Public CCPP.

Annual emission LNG consumption PM,,

Year LNG Clogsugnpﬁon (kg/year) Month (10° m*month) (kg/month)
(10m PM,, (TSP) Jan. 548,162 19,734
2005 10,214,891 367.736 Feb. 478,330 17,220
2006 11,238,805 404,597 Mar. 481,535 17,335
2007 12,730,559 458,300 Apr. 415,768 14,968
2008 13,342,170 480318 May 392,084 14,115
2009 10,301,645 370,859 June 318,358 11,461
2010 15,833,784 570016 July 502,103 18,076
2011 16,000,767 576,028 Aug. 452,571 16,293
2012 15,515,581 558561 Sep. 384,352 13,837
2013 20,002,405 720087 Oct. 469,255 16,893
2014 15,129,581 544,665 Nov. 508,358 18,301
2015(1 ~6) 8,437,006 303,732 Dec. 570,141 20,525
Ave. 460,085 16,563

Table 5. Regional PM,, emission at public CCPP (2013,

2014).
Annual emission
Region (kg/year)
PM,, (TSP)
Jeonbuk Gunsan 15,120
Seoul Mapo 3,086
Chungnam Boryeong 22,099
Busan Sahagu 83,024
Incheon Seogu 200,078
Gyeonggi Seongnam 19,511
Chungnam Sejong 16,597
Gangwon Yeongwol 27,025
Gyeonggi Ilsan 16,325
Gyeonggi Pyungtaek 14,570
Sum. 417435
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Table 7. Modeling condition.

Modeling condition Contents

Usual emission Normal condition
Episode 1

Episode 2

One unit overhaul per One Power Plant
Two unit overhaul per One Power Plant

Table 8. Point source input data.
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Company Stack Stack dia.  Temp.  Exhaustvel.  Stack height  Usual emission*  Episode emission*
(m) () (m/s) (m) (gfs) (g/s)
West Incheon Complex 8 5 95 80 04 88.9
New Incheon Complex 8 5 95 80 04 88.9
Incheon Complex 6 5 95 80 04 88.9

*PM,, emissions of one Unit
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Fig. 6. Size distribution of sampled particle at a G/T plant.
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Table 9. XRD analysis result of sampled particle at a G/T (Normal Emission Condition)

plant. (unit: wt%)

No. Component Result  No. Component Result

A ZANA ke % ATAY WA G
2 CALPUFF B9:& 53] HA45tgich B4 240

T

I MgO 00302 11 MnO 0.0783 . o
2 ALO, 0356 12 Fe,0; 81.7 A R L ot WA Vs EE O9 7, % 10 ¥
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8 Ca0O 0.142 18 710, 0.0048 a5 ]_ e ““SL_E} } By A A
9 TiO, 0158 19 Moo, 00032 I 1ARF HIHAFET}L 6 pg/m’, R F=7} 11
10 Cr.0; 00804 20 BaO 00522 yg/m’Z UEht, QAR Y A% FEE (49 ug/m’) diH|

=

<1 hour average> <24 hou

A : The point of maximum ground level concentration

Fig. 7. Iso-concentration distribution of PM,, during normal G/T operation.

Table 10. Maximum concentration of PM,, at target points during usual emission.

verage> <744 hour average>

(unit: pg/m’)

Max. conc.
Coordinate of target point UTMX UTMY
1hr 24 hr 744 hr
Assite 290.001 4157 464 6.00 043 0.06
B site 291.324 4157434 5.96 048 0.07
C site 292.884 4157.110 3.08 0.32 0.05
D site 292982 4156.142 297 0.30 0.04
E site 291.357 4156.028 296 0.50 0.06
F site 290.177 4155518 2.56 0.34 0.07
Table 11. Maximum concentration of PM,, during usual emission. (unit: ug/m’)
Classification UTMx UTMy Max. conc. Time Remark
Maximum ground level concentration 291.382 4158.931 11.04 October 1, 10:00 AM -
Maximum concentration at target point 290.001 4157.464 6.00 October 6, 8:00 AM Assite
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Fig. 8. Iso-concentration distribution of PM,, during episode 1.

Table 12. Maximum concentration of PM,, at target points during episode 1.

(unit: ug/m’)

Max. conc.
Coordinate of target point UTMX UTMY
Lhr 24 hr 744 hr
A site 290.001 4157 464 186.49 17.08 1.93
B site 291.324 4157.434 264.04 15.59 223
C site 292.884 4157.110 192.42 10.38 1.72
D site 292.982 4156.142 124.99 9.15 1.49
E site 291.357 4156.028 113.47 16.35 1.89
F site 290.177 4155518 103.81 9.53 2.36
Avg. 164.20 13.01 1.94
Table 13. Maximum concentration of PM,, during episode 1. (unit: ug/m’)
UTMx UTMy Max. conc. Time Remark
Maximum ground level concentration 291.382 4158.931 368.21 October 1, 10:00 AM -
Maximum concentration at target point 290.001 4157464 264.04 October 1, 10:00 AM B site
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Fig. 9. Iso-concentration of PM,, during episode 2.

Table 14. Maximum concentration of PM,, at target points during episode 2.

(unit: ug/m’)

Max. conc.
Coordinate of target point UTMX UTMY
L hr 24 hr 744 hr
A site 290.001 4157464 381.39 34.13 3.88
B site 291.324 4157.434 479 .40 30.15 423
Csite 292.884 4157.110 287.33 21.16 3.29
D site 292.982 4156.142 203.59 18.03 291
E site 291.357 4156.028 220.89 32.03 3.80
F site 290.177 4155.518 204.42 20.67 4.75
Avg. 296.17 26.03 3.81
Table 15. Maximum concentration of PM,, during episode 2. (unit: ug/m’)
UTMx UTMy Max. conc. Time Remark
Maximum ground level concentration 291.382 4158.931 692.31 October 1, 10:00 AM -
Maximum concentration at target point 290.001 4157.464 479.40 October 1, 10:00 AM B site
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