=727 s A A 284 Al 235

J. KOSAE Val. 28, No.2(2012) pp.172~181

Journal of Korean Society for Atmospheric Environment
DOI: http://dx.doi.org/10.5572/K OSAE.2012.28.2.172

AMEh St U A[Hof| M 2

O
T =

Ui S A FHLof| et AT

A Study on the Development of the Mercury Emission Factor
from Coal-fired Power Plant
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Abstract

Mercury is one of the most hazardous air pollutants. Recently, mercury has been a concern in domestic and
overseas because it has lethal toxicity, long distance transport, persistence and bioaccumulation in the environment.
Stationary combustion sources such as coal-fired power plants, waste incinerators, and cement kilns are the major
sources of mercury emissions. The objectives of this study were to measure the concentration for mercury from
coal-fired power plants and to calculate emission factor to estimate its emission. The results showed that the
mercury concentrations in the flue gas were 1.63~ 3.03 mg/Sm® in anthracite-fired power plants (average 2.32
mg/Sm?®) and 1.95~ 3.33 mg/Sm? in bituminous-fired power plants (average 2.6 mg/Sm?). Mercury emission factor
was estimated as 25.74 mg/ton for anthracite-fired power plants and 12.48 mg/ton for bituminous-fired power
plants. Because actual measurements are limited in quantity, it is desirable to refine our estimates by extending the

actual measurements.
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Table 1. General information of the target coal-fired power plant.

) Generating Gross generation Fuel usage Control device

Coal type Site Stack no. facilities (MW) (MWh) (ton/day) (APCD)
Anthracite CPP#1 2 200 1,534,500 2,150 ESP
CPP#2 1 120 777,936 1,300 ESP, FGD
Bituminous CPP#3 5 500 4,304,443 4,670 SCR, ESP, FGD
CPP#4 8 500 4,628,132 4,500 SCR, ESP, FGD
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Site Configuration Coal type
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point

Fig. 1. Schematic diagram of APCDs and sampling point in flue gas emission system.
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Fig. 2. Sampling device of the Korea Standard Methods for Examination of Air.
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Fig. 3. Sampling device of the Ontario Hydro Method.
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EPA Method 101A

Filter sample

| Solution Cleaning solution

add 20~40mL of
4%KMnO,-10%H,S0,
Digestion in water
bath (95°C) 1000mL Vol. flask 500 mL Vol. flask
add 70mL of HNO; | filtration E;téaffll?gr
Heating for |— filtration
2hr (70°C) digestion by 8N HCI (24 )
J’—fi Itration
filtration
Solution
Solution ——>
Mass up with H,O i
Mass up with H,O
Analysis Analysis

Fig. 4. Procedures for Mercury analysis (U.S. EPA Method 101A).

Ontaio-Hydro Method (Sample preparation)

I Filter ssmple | | KCl solution | [ HNO:-H;0, solution | [KMnO,-H,SO, solution
500mL Voal. flask 250mL Val. flask 500mL Val. flask
|_ dilute with H,0 |_ dilute with H,0 |_ dilute with H,0
lessthan more than Acid digestion Acid digestion Acid digestion
02g 029 — add 0.5mL of H,S0, | add 0.25mL of HCl

L— add 0.75mL of 5%K,S,04
— add 0.25mL of HNO,

|— add 0.25mL of H,SO, — add 0.5mL of HNO,
— add 1.5mL of 5%KMnO,
Filter Ash0.2g . Stand for 15min . . o
digestion  digestion Stand for 15min inlce Bath Digest for 2min (95°C)
|— add 0.75mL of 5%K,S,05  [— add 0.25mL of 5%KMnO,
| add5mL of H,0
Aquaregia5mL

) ) ) L add 0.75mL of 5%K,S,0,
— digest for 2min(95°C) {— digest for 2hr (95°C)

t— cool to room temp.

| addS0mL of H,0 and cool to room tem|
50KMnO, 15mL [ P

|— digest for 30min (95°C)

+— cool to room temp.
— digest for 2hr (95°C)

— cool to room temp.

y v
Analysis Analysis Analysis Analysis

Fig. 5. Procedures for Mercury analysis (Ontario Hydro Method).
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| EPA 7471A |

| Sample0.2g I

|— add 5mL of H,O Aquaregia5mL

— digest for 2min (95°C)

— cool to room temp.

— add 50mL of H,0 and 5% KMnO, 15mL

Digest for 30 min (95°C)

add 6 mL of 10%Hydroxylamine solution

Analysis

Fig. 6. Procedures for Mercury analysis (U.S. EPA Me-

thod 101A).
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Table 2. Mercury content in Coal sample.

Mercury/Coal (1g/g)

Site Cour}tr_y Coal type
oforign  Max. Min.  Avg.
KOR-1? 3.81 231 3.16
KOR-2° 3.97 1.98 2.77 .
CPPEL  UNMe 372 16 267 Anthradite
PRK¢ 2.8 1.47 211
KOR-3¢ 0.91 0.78 0.83 Anthracite
CPP#2 AUS 0.16 0.12 0.15 Bituminous
IDN¢ 0.15 0.12 0.14
IDN 0.13 0.11 0.12
AUS 0.13 0.12 0.13
coL" 0.13 0.12 0.12 L
CPP#3 RUS 0.14 013 0.14 Bituminous
USA! 013 012 012
CANK 0.14 0.13 0.14
IDN 0.18 0.13 0.15
AUS 0.16 0.13 0.14 L
CPPA4 Zap 014 013 013 Dituminous
RUS 0.14 0.13 0.14
2Jang-Sung, Korea.
°K yung-Dong, Korea.
“Vietnam.
4Democratic People’ s Republic of Korea.
“Unknown, Korea.
Australia
India
"Colombia
'Russian Federation.
JUnited States of America.
kCanada.
'Republic of South Africa.
Table 3. Mercury content in Ash.
Mercury/Fly ash Mercury/Bottom ash
Site (n9/g) (ng/g)

Max.  Min.  Avg. Max.  Min.  Avg.

1115 6.34 8.89 0.57 036 044
CPP#2 133 1.09 117 0.52 038 047
CPP#3 086 0.64 0.72 0.53 033 042
CPP#4 117 074 0.94 0.47 039 043

= e B} 2-ai w2

o FARe] £ FhEEAtelt AL $443)

2 o|o]x] CPPHLe] umxﬁ 5& Hi=s} CPPH2

o wlal of 100 ¥ $A= ek fdsk AHEAA

Q] CPP#3, CPP#4= -alel wAld] 2 wighajs =

ST S FoEEE wgor], wabd
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=
HFERAITE e S Fieng e ot e
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Table 4. Measured Mercury concentration in flue gas.

. EECE

. 7‘:}}\(]—
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[

v 23] 2-7]% 100 (6) ng/Sm*H o}t &3] P} ex
el

s A Mg WEHE 42 F PEE 9
g9 A FAxAN 2ste] Fepaln} (Prestbo
and Bloom, 1993). u}e}A] & 7= OHMuP] &
sho] estabme) ety w42 shglnt ¥4 2
3} Hg, 0.5~ 2.0%, Hg”* 6.7~ 31.3%, Hg" 66.7~ 92.2%
o) $xz wiEHgoen 13 73 2ok g W@ 2 o
TN =2d ekl A3 A= 58 gt
322} m]= EPA ICR (Information Collection Requ-
est)e] Mercury Information Collection Request Part 111
oA AAsh= FHEAALANA wfEHE 2 3
3t 2¥E WS viwsigct shetEde 22 Hg,
0.4%, Hg?* 15.2%, Hg 84.4%% A|A5}3 glom, o
4 A A SEAE & sl
AN 52 setEd A7 A9 Hge A 2
Fadst mP A2 A7 S 9596 ol 4 A
A=H, HE = 8400l FGDe} 22 54 2~
=eiHel 98] mgHow AAL v, HPe 2
7180l Fa Bell & HA] 7] el AA7E o7
7] wjel AbEhibg-& B3 Ho?* = WgA1A 2735}
E Ao] mao|nt BEHel Ashgefel ]

m
of

Concentration (ug/Sm°)
Coal type Site Test no. Method
Hg, Hg? Hg’ Hgr
1 0.04 0.09 225 2.38 OHM
2 0.01 0.21 1.89 211 OHM
CPP#1 3 - - - 3.03 101A
4 - - - 2.88 101A
) Avg. 2.60
Anthracite
1 0.03 0.43 1.90 2.36 OHM
2 0.03 0.31 157 191 OHM
CPPi2 3 - - - 1.63 101A
Avg. - - - 197
Sub-avg. 2.32
1 0.05 1.01 1.83 2.89 OHM
2 0.07 0.84 212 3.03 OHM
CPPA3 3 - - - 333 101A
o Avg. - - - 3.08
Bituminous
0.01 0.45 174 2.20 OHM
2 0.01 0.59 135 195 OHM
CPPi4 3 - - - 2.70 101A
Avg. - - - 2.28
Sub-avg. 2.68

= 7187432 A1 284 A28
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Hg,
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CPP#1

CPP#2

m CPP#1
i CPP#2
m CPP#3
m CPPH#4

|| ng
m Hg**
m Hd®

CPP#3

CPP#4

Fig. 7. (a) Concentration of mercury released from each facilities unit, (b) Relative composition of Hg species released

from each facilities unit.

A2 4= CPP#3~ 4] 4 Hg?' o] CPPHL~21 T} &=
2 B2 E M) o]f CPP#3~4d:= SCRe] A
2|5e] gle] SCRE AAHUAM 9] Abshibe& 5
& Hg?* o] AA4=917] wio|c}h(Thomaset al., 2008).
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2 A7E 53 =23 wiEA e AL 32
o|A] =A= (Controlled) Wi &A1 424 = 59 2o}
=29 WEASE TS fu A8 47
25.74 mg/ton, 12.48 mg/tone. &, F-&Iet ARgA]A o]
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-l o] wiEAS ¥lwA] NIER (2002)914 A A&
Al WjEA 4= 122mg/tone g B dFA =
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2% Kim et al. (2010)¢ =oIek 258 mglton, 41
7.6mgltone.z 7H} AR Wl EA| 4 7he YE}
g, 1) EPAGIA] A|AIskT ol Taleh &
w4 4= 27+ 65 mg/ton, 49.8 mg/tone]t}. ©
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Table 5. Mercury emission factor on this study.

! Thisstudy Reference
Coal type Site Test No. (mg/ton) (mg/ton)
1 24.02
CPP#1 2 23.93
3 30.62
Anthracite 4 32.45 213
25.8°
1 25.47 65.0°
CPP#2 2 23.38
3 19.83
Sub-avg. 25.74
1 7.43
CPP#4 2 7.83
o 3 8.60 12.02
Bituminous 1 1643 17.6°
CPP#5 2 13.97 49.8°
3 20.63
Sub-avg. 12.48

ANIER (2002), Emission Characteristics of Mercury in Air Emission
Source

PKim et al. (2010)

‘USEPA-42

Aoz Atgdoh. ZAd Y B =29 wWEASE
)3 EPA AP-426)14] A|A|311 gl =
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