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Abstract Concentrations of total particulate matter (TPM), PM,, and PM,, were measured at three different sites based on
each different fuel type (solid, liquid and gas) used in thermal power plants operating in Yeosu and Gwangyang National
Industrial Complexes during 2017. The highest concentrations of TPM, PM,,, and PM, ; were observed at the solid fuel facility,
and these values were 3.356 mg/Sm?, 2.342 mg/Sm? and 1.834 mg/Sm’, respectively. The ratio of PM,; to TPM was the highest
value of 54.6% in solid fuel case, and the lowest was 35.7% found in liquid fuel case. As a result of analyzing 9 kinds of metal
compound with respect to each particle size, the metal concentration of TPM is higher than those of PM,, and PM,; in all fuel
types. Total concentrations of metal elements in TPM by fuel difference are 1.2702 mg/Sm? in solid fuel, 0.0603 mg/Sm? in
liquid fuel, and 0.0733 mg/Sm’ in gas fuel, respectively. Relatively higher total metal concentration in gas fuel than in liquid
fuel was found; and this could be higher Cr and Al concentrations in use of gas fuel. As a result of estimating the emission
factors of each facility, in case of solid fuel, TPM emissions per electricity production were found to be 0.7080 kt/PJ, followed
by liquid fuel and gas fuel. PM,, and PM, s emissions per hour of electricity production were similar to those of TPM.
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Table 1. General information of power plant.
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Fuel type Volume (MWh) Control device Average load factor (%)
Gas (BFG", COG?) 142.2 - 100
Liquid (MFO®) 42.17 SCR 77
Solid (Bituminous coal) 23 FGD— SNCR— ESP 78

YBFG: Blast Furnaces Gas, ?COG: Coke Oven Gas, *MFO: Mixed Fuel Oil
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Table 2. Fuel composition. (unit (%))

Fuel type Fuel composition
1) Blast Furnaces Gas (BFG)
« Nitrogen: 49.6 « Carbon monoxide: 25.2
« Carbon dioxide: 21.1 * Hydrogen: 3.7
« Oxygen: 0.38 » Moisture: 0.0
BFG, COG 2) Coke Oven Gas (COG)
+ Hydrogen: 55.5 « Methane: 25.2
* Nitrogen: 7.7 - Carbon monoxide: 6.4
+ Ethylene: 2.8 « Carbon dioxide: 2.1
+ Oxygen: 0.37 « Moisture: 0.0
- C9:66.4
MFO « Ortho-Xylene: 1.08 " C6~C8:313

« Toluene: 0.05 * Benzene: 0.21

- Volatile: 39.2
» Moisture: 17.0

Bituminous - Fixed Carbon: 39.6
coal « Ash: 4.2
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Fig. 1. Cyclone coupling device and filter holder.

Table 3. Cyclone cutting diameter (D50) and measuring
equipment configuration.

Maximum
cutting
diameter (um)

Minimum
cutting
diameter (um)

Configuration

Cyclone of equipment

PM,, 9 11
PM, 225 275

D+®
®+@+0@+®
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TPM), BIAHA(PM,, ¥ PM,;) F=o] taf d=
- AEERE SR S E 49 AASHIH 7]
A, AA|, TA A" AFGAIE BT 2F FAALE
AR HE7IAS S E 25 FHlA SAskeleH,
B4t EEE HASHI
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Table 4. Measured concentration and exhaust gas flow rate of TPM, PM,,, PM, ;.

TPM PM,, PM,
Fuel type Conc.” Flow rate Conc. Flow rate Conc. Flow rate
(mg/Sm?) (Sm3/h) (mg/Sm?) (Sm3/h) (mg/Sm?) (Sm*/h)

0.323 1,075,434 0.290 1,075,434 0.128 1,041,294
Gas 0.222 1,036,926 0.143 1,036,926 0.137 1,036,926

0.199 1,039,041 0.121 1,073,107 0.098 1,073,107
Mean value 0.248 1,050,467 0.185 1,061,823 0.121 1,050,443

0.933 397,182 0.314 397,182 0.257 397,182
Liquid 0.765 386,671 0.361 386,671 0.354 386,671

0.972 386,671 0.525 386,671 0.343 386,671
Mean value 0.890 390,175 0.400 390,175 0.318 390,175

2.145 345,170 1.682 345,170 1.355 345,170
Solid 3.496 424,866 2.349 424,866 1.705 424,866

4428 333,334 2.994 333,334 2442 333,334
Mean value 3.356 367,790 2.342 367,790 1.834 367,790
"Conc.: Concentration
PM, .= 2.68] A% =7 e} 100| HPMi/TPM PMos/TPM Bl PMos/PMio

2.5 1 iT
79.5 783
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B} W Zhe H00], PM, = 0.76 mg/Sm*~3.02 Fuel type
mg/Sm*Z ARG 2H-& H Ak Fig. 2. Particle size fraction of TPM, PM,,, PM, .
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Fig. 3. Major metal compounds concentration by fuel.

Table 5. Metal compounds concentration by fuel. (unit: mg/Sm?)
Gas Liquid Solid
TPM PM,, PM, TPM PM,, PM,; TPM PM;, PM,;
Al 0.0638 0.0005 0.0036 0.0460 0.0023 0.0003 0.0996 0.0772 0.0590
Fe ND 0.0004 0.0004 0.0026 ND 0.0001 0.8651 0.1408 0.0550
Cr 0.0073 0.0001 ND 0.0010 0.0013 ND 0.2082 0.0002 0.0007
Zn ND 0.0130 ND ND ND ND 0.0467 ND 0.0067
Ccd ND ND ND ND ND ND ND ND ND
Ni ND ND ND ND ND ND 0.0340 ND ND
Mn ND 0.0004 0.0004 0.0026 ND 0.0001 0.0083 0.0017 0.0017
Pb ND ND ND 0.0081 ND ND ND 0.0033 ND
Cu 0.0022 ND ND ND ND ND 0.0083 0.0044 0.0040
SUM 0.0733 0.0144 0.0044 0.0603 0.0036 0.0005 1.2702 0.2276 0.1271

o 735&01 Lrebg e AU 1A A= 0] 7% WA
% 3l 2 YT AAE ] 22 Pzte] Hlgo]
2 AR O] 7 A A7 HAAL L A
o] glo] 14| - AA| AgA A HTE PM, ; 0|49

SRS AR A= 3 5, T1F 33 ETh
% 7% TPM, PM,,, PM,.°] 2433
= ZYZ} 0.0733 mg/Sm®, 0.0144 mg/Sm’, 0.0044
mg/Sm’Z ZAFE| ST,

BA AR -2 0.0603 mg/Sm®, 0.0036 mg/Sm®,
0.0005 mg/Sm*2 Th2 2712] A|d3} v|wale] 7}
S FEE UE it

IAA=E= ZH2E 1.2702 mg/Sm’, 0.2276 mg/Sm®,
0.1271 mg/Sm’E 7MY 2 s Hon E A
oA TPMY] F481HE 57t PM,, PM, 2t
E2 S Bl

TAAE F Fe2 TPM (0.8651 mg/Sm’), PM,,
(0.1408 mg/Sm’), PM, ; (0.0550 mg/Sm*).C. 2 83.7%

olfo] PM, Htt F UAFe] FEiE ZAISHIH. Cr
2 TPMOJA 0.2082 mg/Sm*’L.2 HEH HIH, ulA|
Azl A= FrlF AZEEUTh Al TPM (0.0996
mg/Sm®), PM,, (0.0772 mg/Sm?), PM, 5 (0.0590 mg/
Sm*) 2 77.5% ol/Fo] PM, ot &2 x| e
& EAstA. o9 e g&E2 FuE A=EHA
U AE 5 A st

A A=E TPMOA Pb-2 0.0081 mg/Sm’E U]
AEEL o, nAEAoAE AEEHA] U
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Al TPM (0.0460 mg/Sm’), PM,, (0.0023 mg/Sm”),
PM,, (0.0003 mg/Sm®). 2.2 95.0% ©]*+°] PM, Kt
2 dAe] FHE EAst] LAA =zt ohE Ayt
UHEbst T

7N AR 2] ¢ TPMOIA Al(0.00638 mg/Sm?),
Cr (0.0073 mg/Sm*) 2 HEEF]1L glou, a]AHA] o]
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A2 SHAINE A 15 o]-8oto] WAL
&R (controlled) BiEAITE =T &, WAA|
O] W] AARES 2-8ote] YAALS FHsHA|
-8 (Uncontrolled) BIEASTE 5192
A A5

IAA=9] 749 TPM Uncontrolled &A1 4=
717871719 SHA AAEE 99.885%2 H-85HH
2.042g/kg 02 WAl O3t 4HEZL 21.0 g/kg (5.0A)
of vl oF 10% =02 WA ZALE e} w4 A]
9] 7 YAA A JRF-go] glo] TR} T2
R aee Agsted, 1 4% pM,, PM,,
Uncontrolled &A= 22} 1.393 g/kg, 1.085 g/kg
2 ZAE QI B ZAPE T Jang et al. (2011)0] B
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Table 6. Emission factors of TPM, PM,,, PM, ; by fuel.

71 A =t AA AR AFHEA]E 9] Uncontrolled Y

EA5 = 1A AA A AAEo] glo] Controlled Y
EA50t 5L A A85t9H 71 A7 e] TPM,

PM,,, PM, 2] Uncontrolled H}ZA|4E 0.00090 g/m?,
0.00068 g/m®, 0.00044 g/m*0]1l, AA A= L] TPM,
PM,,, PM, 9] Uncontrolled Bi&A 5= 0.028 g/L,
0.020 g/L, 0.016 g/L= LFEFTE.

i E A= (g/m’, g/L, g/kg) =
X (mg/Sm’) X X E7A-F7FH(Sm’/hr) X 107

A 2 AF4-2K(m’/hr, L/hr, kg/hr)

1)

3.4.2 Bt 7| M2 | DIMHX] o S22
T 72 ARV HAEEF G974 i)
HA &= (kt/P))= AFESICH, 7] Hild wijE
Ag=eb vlwsitt. ARbE fAEEE2 4 28 o]

gotel Trert.

A2 vl|& 7 (kg/hr)
= Uncontrolled Hl&A|4(g/m’, g/L, g/kg)
X A PG AT A (g/m’, g/L, g/kg) X 107 (2)

AIZF TPM Ml &2 1A A 57} 45.74kg/hrO 2
7V =& e B, 7hA, A AR 0.26kg/hr,
0.22kg/hrO 2 7] 9] H]=3t gh3 Bl A7 |84k
2 TPM BiEH-2 TA A=A 0.7080 kt/PJ22 7}
A =2 A2 AT AA| A=(0.00188kt/P))= 7F
291 2(0.00051 kt/PJ)°f| H]3l 3.74] =2 vjESFS B
Atk 7kAot A AR O] AZHG PM,, - PM, ; HIET
2 HZSHAY 7| A A 87 =2 32 Bel BHE 7]

Fuel type Calculated value Controlled Uncontrolled
(Uite) TPM PM,, PM, TPM PM,, PM, TPM PM,, PM, 5
Gas (g/m’) 0.03 - - 0.0009 0.0007 0.0004 0.0009 0.0007 0.0004
Liquid (g/L) 0.24 - - 0.028 0.020 0.016 0.028 0.020 0.016
2.042 1.393 1.085
Solid (g/k 5.0A" - - 0.0024 0.0016 0.0013
olid(g/kg) (0.0457) (0.041?) (0.030?)

"A: Ash content (%)
?Jang et al.(2011), Bituminous coal
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Table 7. Fine dust emission compared to electricity production.

Dust emission

Fuel usage Electricity

Fuel type per hour output (P)) TPM PM,, PM, ¢
kg/hr kt/PJ kg/hr kt/PJ kg/hr kt/PJ
Gas 2.90%x10°m? 512x107* 0.26 0.00051 0.20 0.00039 0.13 0.00025
0.00188 0.00137 0.00111
PO 3 -4
Liquid 792X 10°L 1.17x10 022 (00033") 0.16 (0.0057) 0.13 (0005?)
0.7080 0.4830
. 4 -5
Solid 2.24x10%kg 6.46 X 10 45.74 (0.050%) 31.20 (0.045%) 24.30 0.3762
*Unit(P) = 10")J)
"UBA (1989), Light oil, Power plants
?Berdowski et al.(1997), Light oil, Power plants
JBUWAL (2001), Coal, Industrial boilers
At MESS 7o 2 AR HAARTE O] H]&-2 74.6%, 48.8%, 65.4%, RAARE 44.9%,
7| AR R to] vjEE= AR Yeht THA 357%, 79.5%, LA D RE 69.8%, 54.6%, 78.3% 2 Lt
Aol A HiE=F 710l tiet HEZF Basity Als Rl
Hoh A7 478 vlE"S UBA (1989), (3) 97 4789E ol = a5stdES B4 2

Berdowski et al. (1997), BUWAL (2001) A7-=51}
H| WP A= TPM, PM,,, PM,,2] HA9+= 1.8
v, 3.64H, 4.58)] W2 7S BN A AR TPM,
PM,, 2] 739 14.280, 10.74] -2 L& B Aok 114
AmoA 2 ZAFAT g B Aol S Hol= ¢
ol HEHA| Ay} T2 A8 HAdw =AZHE v

she17] wholet A=,

4.,

(]
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24 ol T uAHA] iEE4E Ao
H7] $ish 2017Ld o - FF=THIEA Ao 7HE
R EHAE AR R SRl whet 71A), A,
oA Zrzt 17H s 37 A= sk TPM,
PM,,, PM,. S _7,4_/\]-6]-9&9_131, 1 A= oo a Ak
(1) Z+ A1) TPM, PM,,, PM,, &+ 7|4d=
0.248 mg/Sm®, 0.185 mg/Sm’, 0.121 mg/Sm’, HA| A=
0.890 mg/Sm’, 0.400 mg/Sm’, 0.318 mg/Sm’ 1A=
3.356 mg/Sm’, 2.342 mg/Sm’, 1.834 mg/Sm’Z. TA| A=
> A AR > 7| AR DAL <08 Uehdrh
(2) 719 =] PM,/TPM, PM, ;/TPM, PM, s/PM,,

[|

Z0

I}, TPM O] 34 L7t RE A=A PM,, PM,
HI} 22 1S Holw glom, WA 8 (1.2702 mg/
Sm®)7F N1 2(0.0603 mg/Sm) L 7|41 ¢ 2(0.0733
mg/Sm*)°] H]ol| F2 FEE Bk

(4) 1A1¥9=2] 7¢ TPM Uncontrolled Bl &A|4
= 2.042 g/kg, PM,,, PM,, 9] Uncontrolled Bj& A~
£ 247} 1.393 g/kg, 1.085 g/kg2 A AT 7144
29| TPM, PM,,, PM, 2] Uncontrolled &A=
0.00090 g/kg, 0.00068 g/kg, 0.00044 g/kg®] 1, HA|A
FE0.028 g/kg, 0.020 g/kg, 0.016 g/kg 2 ZAFE| Ak,

(5) Z+ A 2] ABAFRAIZFG TPM HIEHLE 114
A7} 45.74kg/hrO 2 7 =2 S B, 7EA,
MY A F = 0.26kg/hr, 0.22kg/hr O 2 71 9] H|S=3H Zh
S Bt A7\ AAEE I TPM HilESFE 1A g 7}
0.7080kt/PJ 0.2 71 =2 kS H QAT 7k, A
A= 0] B ARYY TPM HiE% A3} gl th2 A
A A =7t 7z vof 3.74] =2 A Bl
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