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Abstracts

In this study, the concentration and composition ratio of Filterable particulate Matter(FPM) and
Condensable particulate Matter(CPM) and ionic substances (8 types) were investigated in power
generation facilities using LNG. In addition, the following conclusions were drawn to investigate the
generation characteristics of air pollutants through correlation analysis such as nitrogen oxide and
gas burner temperature and emission gas temperature in stack. The composition ratio of particulate
matter(TPM, PM10, PM2.5) among the emission gas was 0.025 mg/m of filterable particulate matter
and 1.625 mg/mi of condensable particulate matter, accounting for 98.5% of TPM, and PMIO
accounted for 0.018 mg/m of filterable particulate matter and 0.923 mg/m of condensable particulate
matter. In the case of PM2.5, condensable particulate matter accounted for 77.5% with 0.373 mg/mt
of filterable particulate matter and 1.285 mg/m of Condensable particulate matter. Among the
Condensable particulate matter, the composition ratio of organic CPM (Organic CPM, referred to as
"0C") and inorganic CPM (Inorganic CPM, referred to as "IC") was 0.705 mg/m and IC 0.920 mg/m for
TPM, which were about 50% higher, and OC was 0.288 mg/mt and IC was 0.635 mg/m for PM10 was
about 2 times higher. As a result of examining the concentration and composition ratio of ionic
materials (8 types: Na', NH,", K', Mg”, Ca®, CI', NOs, SO/) among particulate matter, sulfate
ions(SO4%) accounted for 47.6 to 52.8% of the total fine dust, showing the highest concentration. Next,
NO;s (15.8%) > CI(13.7%) > Ca*(10.1%) > NH,(3.7%), K'(3.7%) > Mg“(2.4%) > Na" (0.4%) were
investigated in order. As a result of examining the correlation between the precursor material and
the nitrogen oxide(NOy), it was found that there was a positive (+) correlation with the gas burner
temperature and a negative (-) correlation with the oxygen concentration. It was investigated that a
large amount of nitrogen oxide was instantaneously emitted due to incomplete combustion when the
gas burner was turned on (250 ~ 300°C).
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Fig. 1. Configuration of particulate matter.
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Table 1. The status of combustion facilities in this study

Wy 24 3

. . Preventive Stack Temp. Flow o
Facility Capacity Fuel type Ty 0) rate(m/s) G.C (MW)
Gas turbine | 150 MWh LNG Low-NO 98 26 642.2,
burner

'GC : Generation Capacity

Fig. 2. Korea Southern Power CO., LTD

(BUSAN) & the foreground of unit 8.

Table 2. The criteria of allowing emission gas and particulate matter

i Emission allowance standard
Emission facility Prevgr_ltlve Pollutants Unit
facility ~2019.12.31 2020.1.1.~
SO« ppm 19.6(15) 11.2(15)
#A1~#A8 Low-NOx
(gas turbine) burner NOx ppm 47.6(15) 23.8(15)
TPM mg/Sm 15(15) 10(15)
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Fig. 3. Flow-chart of TPM, PM10 and PM2.5 sampling in
a stack.
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Fig. 6. On-site sampling days of TPM, PM10 and PM2.5 on March 2021.
Table 3. TMS data of on-site sampling days on March 2021
. NO, 0, CO, ET
Time (ppm) (%) (%) (0) et
2021-03-09 09:25 9.8 13.5 3.0 79.7
2021-03-09 10:25 9.7 13.5 3.0 79.6
2021-03-09 11:25 9.9 135 3.0 79.6
2021-03-09 12:25 9.8 13.5 3.0 79.3 PM2.5, PM10
2021-03-09 13:25 9.8 13.5 3.0 79.4 on-site
2021-03-09 14:25 9.7 13.5 3.0 79.4 sampling
2021-03-09 15:25 9.8 13.5 3.0 79.4
2021-03-09 16:25 9.8 135 3.0 79.4
2021-03-09 17:25 9.8 135 3.0 79.4
2021-03-11 12:10 12.3 13.5 3.7 77.3
2021-03-11 13:55 65.7 0.12 0.0 56.6 .
TPM on-site
2021-03-11 15:50 29.2 17.4 1.3 65.1 i
2021-03-11 16:30 63.7 16.1 2.6 109.8 Samping
2021-03-11 17:10 10.4 13.5 2.9 83.3

*ET : Emission gas temperature
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Fig. 9. FPM and CPM sampling and analytical procedures.
Table 4. FPM & CPM concentration and fraction ratio of TPM
TOTAL CPM
Particulate matter FPM CPM Inorganic Organic
(n=4) (n=4) (n=4) (n=4)
\ 1.650
TPM (mg/m) 0.920 0.705
0.025 1.625
Fraction (%) 1.5 98.5 56.6 43.4
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Fig. 10. The ratio of organic to inorganic CPM in TPM.

Table 5. PM10 and CPM concentration and fraction ratio of TPM

TOTAL CPM
Particulate matter FPM CPM Inorganic Organic
(n=4) (n=4) (n=4) (n=4)
3 0.941
PM10 (mg/m) 0.018 0.923 0.635 0.288
Fraction (%) 1.9 98.1 68.8 31.2
PM10
0.018 mg/r FPM
CPM w org-H CPM

W inorg-H CFM

Fig. 11. Ratio of organic to inorganic CPM in PM10.
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Table 6. PM25 and CPM concentration and fraction ratio of TPM

TOTAL CPM
Particulate matter FPM CPM Inorganic Organic
(n=4) (n=4) (n=4) (n=4)
. 1.658
PM2.5 (mg/m) 0373 1785 0.677 0.608
Fraction (%) 22.5 77.5 52.7 47.3
PM2.5 PP
mCPM
0.373 my/ni
CPM org-M CPM
. m inorg-M CPM
Fig. 12. Ratio of organic to inorganic CPM in PM2.5.
Table 7. Cation and anion concentration of TPM, PM10 and PM2.5
Particulate Matter (mg/m)
Item TPM PM10 PM25
(n=4) rate(%) (n=4) rate(%) (n=4) rate(%)

Na" 0.000 0.0 0.022 1.0 0.014 0.3

NH; 0.014 0.7 0.221 10.3 0.011 0.2

Cation K 0.091 45 0.076 3.5 0.130 2.9

Mg®* 0.069 3.4 0.038 1.8 0.084 1.9

Ca” 0.293 14.6 0.152 7.1 0.379 8.4

Cr 0.242 12.0 0.260 12.1 0.762 16.9

Anion NOs 0.241 12.0 0.355 16.6 0.854 18.9

S0.* 1.061 52.8 1.018 476 2.276 50.5
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Fig. 13. Concentration of ionic matter in TPM, PM10 and PM2.5.
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Fig. 14. Variation of NOx and CO2 concentration by gas burner temperature change (at stack #8 in March, 2021).
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Table 8. Gas concentration of stack #8 at on-site sampling day
.. . . SO; co CO, 0,
Emission facility Times NOy (ppm) (opm) (opm) %) %)
1st 83 0.0 1.0 43 14.1
2nd 7.8 0.0 13 4.1 133
Gas turbine 3rd 82 0.0 20 42 13.1
(fuel: LNG) 4th 7.0 0.0 20 40 13.2
5th 7.1 0.0 1.3 38 14.4
6th 75 0.0 15 40 14.0
AVG 77 0.0 15 41 137
* 1st : 2020. 8. 10,, 2nd : 2020. 9. 10., 3rd : 2020. 9. 11., 4th : 2021. 3. 9.,
5th : 2021. 8. 19., 6th : 2021. 8. 20.
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Fig. 15. Variation of NOx and CO; concentration by gas
burner temperature change (gas turbine #8 stack in
March, 2021).

Fig. 16. O, to NOx and CO; rate by gas burner
temperature change(gas turbine #8 stack in March,
2021).
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Table. 9 Correction of CO,, burner and emission gas
temperature by NOx

Item CO, 0, GT ET NOy

CO2 1

O, ]-0.8105 1

GT 0.8852 | -0.9421 1

ET 0.7392 | -0.8178 | 0.8280 1

NOyx | 0.3520 |-0.4189| 0.4035 | 0.1796 1

% GT(Gas burner temp.), ET(Emission gas temp.), n=780 in
Oct. 2020

gHH Table 9= =PdHlolE| e} vl gHolH S TA
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1. 8}E71A & UlAHAIE(TPM, PM10, PM2.5) 4&
Hl= TPMO] A2 ofald tlNHA] 0.025 mg/m,
5573 UINHA] 1.625 mg/m o2 S5/ DIAHA]
7} 98.5%, PM1029] 732 ojubd o]AHA] 0.018 mg
/m, 3573 UNHA] 0.923 mg/mo= 5574 0]
ANHAIZE 98.1%, PM2.59] 7% oful/d U]NHA]|
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