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Estimation of Mercury Emission from Major Sources in
Annex D of Minamata Convention and Future Trend
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Abstract

This study discusses the present status of mercury emission and distribution from major anthropogenic sources in
Korea and the future trend of mercury emission by activity changes and application of BATs. Atmospheric mercury
emission from major anthropogenic sources based on Annex D of Minamata convention was estimated to around
4.89 tonne in 2012. Emission ratios of cement clinker production, coal-fired power plant, waste incineration and
non-ferrous metal smelting were 68.68%, 24.75%, 6.29% and 0.28%, respectively. High mercury emission regions
were characterized by the presence of cement clinker production facilities and coal-fired power plants. Prediction
of future activities was carried out by linear regression of the previous year data. The (total) mercury emission was
estimated to decrease up to 48% Under the scenario of BATs to be applied and the change of future activities.

Emissions from coal-fired powerplants and cement clinkers were expected to decrease significantly.
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Table 1. Coal-fired power plants in Korea.

Fuel
Location Subtotal
Anthracite  Bituminous
Gangwon-do 2 - 2
Gyeongsangnam-do - 2 2
Incheon - 1 1
Jeollanam-do - 2 2
Chungcheongnam-do 1 3 4
Total 3 8 11

Table 2. Primary non-ferrous metal smelting facilities in

Korea.
Smelting materials
Location ) Zine/ Subtotal
Copper  Zinc Lead
Ulsan 1 - 1 2
Gyeongsangbuk-do - 1 - 1
Total 1 1 1 -
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Table 5. Emission factors used for calculating emissions.
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Table 3. Cement clinker production facilities in Korea.

Location Subtotal
Gangwon-do 5
Cungcheongbuk-do 4
Jeollanam-do 1

Total 10
Table 4. Waste incineration facilities in Korea.
Waste type
Location Municipal ~ Industrial Subtotal
waste waste

Gangwon-do 7 - 7
Gyeonggi-do 27 6 33
Gyeongsangnam-do 14 1 15
Gyeongsangbuk-do 23 4 27
Gwangju 1 1 2
Daegu 1 - 1
Daejeon 1 1 2
Busan 4 2 6
Seoul 4 - 4
Ulsan 2 2 4
Incheon 6 1 7
Jeollanam-do 10 2 12
Jeollabuk-do 7 1 8
Jeju 2 - 2
Cungcheongnam-do 12 1 13
Cungcheongbuk-do 6 1 7

Total 127 23 150

Emission factor (mg/tonne)

Categories Type (Minimum~Maximum)
Anthracite 1.98(1.82~3.12)"
Coal-fired power plants Bituminous 15.27(7.96~25.89)"
Copper 4.70"
Non-ferrous metal smelting facilities Zinc 6.37"
Lead 545"
Cement clinker production facilities 59.25(1.02~141.42)"
o s Municipal 31.14(5.90~49.70)"
Waste incineration facilities Industrial 2044495 33~354.53)"

UNIER (2010, 2008)
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Table 6. BAT applied to each facilities and mercury removal efficiency.

Facilities

Wide used configurations

Best Available Technologies

Coal-fired power plants
Non-ferrous metal

Cement clinker production facilities

Configurations Hg removal efficiency
SCR-ESP-FGD SCR-ACI-ESP-FGD >90%"
ESP-VS-ESP-Boliden Norzink-1st Adsorption > 999,
Tower-2nd Adsorption Tower-WS -
SNCR-BF SNCR-EP-BF >77%"
SDR-BF-SCR or SNCR >85%"

Waste incinerator facilities -

Y Pavlish ez al., 2009, ? Park et al., 2010, > (AMAP/UNEP, 2013), ¥ Bureau, E., 2006
SCR: Selective Catalytic Reduction, ESP: Electro Static Precipitator, FGD: Flue Gas Desulfurization, ACI: Activated Carbon Injection, VS: Venturi
Scrubber, SNCR: Selective Non-Catalytic Reduction, BF: Back Filter, SDR: Semi Dry Reactor, WS: Wet Scrubber.
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Table 7. Local emissions of each facilities.

Categories Sub Region Emission factor Activities Emissions
g categories (Number of facilities) (mg/tonne) (tonne/yr) (tonne/yr)
GAW-1(1) 1.82" 202,164 0.00037
Anthracite GAW-2(1) 3.12" 520,523 0.0016
CUCN (1) 1.00" 535,523 0.00053
INC (1) 9.18" 10,767,774 0.099
Coal-fired power CUCN-I1 (1) 25.89" 12,334,318 0.32
plants CUCN-2(1) 18.04" 13,325,349 0.24
Bituminous CUCN-3 (1) 7.96" 12,824,504 0.10
ot JELN (1) 1527 1,229,535 0.025
GYSN-1(1) 15277 12,977,879 0.019
GYSN-2(1) 15277 13,311,442 0.20
GYSN-3(1) 15.27% 29,186,648 0.20
Sub total 1.21
GAW-1(1) 59.25% 8,425,171 0.50
GAW-2(1) 141.42" 10,853,066 1.53
GAW-3(1) 1.02" 2,484,681 0.0025
GAW-4(1) 59.25% 3,604,083 0.21
Cement clinker production facilities GAW-5(1) 59.25 3,059,944 030
P CUCB-1(1) 59.25% 5,267,209 0.31
CUCB-2(1) 59.25% 627,386 0.037
CUCB-3(1) 35.32" 2,802,217 0.099
CUCB-4(1) 59.25% 5,380,737 0.32
JELN (1) 59.25% 650,493 0.039
Sub total 3.36
SEU (5) 862,980 0.027
BUS (3) 224,176 0.0070
DAG (1) 138,308 0.0043
INC(3) 209,100 0.0065
GWIJ (1) 93,702 0.0029
DAJ(1) 111,105 0.0035
ULS (1) 107,532 0.0034
.. KYK (23) 2 1,342,108 0.042
Municipal GAW (14) 3114 115,693 0.0036
CUCB (9) 123,887 0.0039
CUCN(13) 229,256 0.0071
JELB (2) 157317 0.0049
JELN (41) 128,967 0.0040
Waste incineration GYSB(23) 157,775 0.0049
facilities GYSN(19) 387,753 0.012
JEJ (4) 85,607 0.0027
ULS (3) 36,897 0.0083
BUS(2) 15,610 0.0035
INC (2) 46,476 0.010
DAJ(2) 35478 0.0080
KYK (18) 277,793 0.062
. CUCN (1) 2 24 835 0.0056
Industrial JELB (1) 224 44 16.249 0036
JELN (5) 62,441 0.014
KYSB (8) 126,302 0.028
GWI(1) 21,287 0.0048
CUCB (2) 28,382 0.0064
KYSN(1) 56,765 0.13
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Table 7. Continued.

oZ\:
et

Categories Sub. Region o Emission factor Activities Emissions
categories (Number of facilities) (mg/tonne) (tonne/yr) (tonne/yr)
Sub total 0.31
Zine ESL(ZE 1) ) 6377 ig i ’;gj %
Non-ferrous metal ’ k
smelting facilities Copper ULS (1) 1.70” 895,969 0.0042
Lead ULS (1) 5457 643,745 0.0035
Sub total 0.0014
Total 4.89

" The actual facilities.
?The average of the same kind facilities.

GAW: Gangwon-do, GYG: Gyeonggi-do, GYSN: Gyeongsangnam-do, GYSB: Gyeongsangbuk-do, GWJ: Gwangju, DAG: Daegu, DAJ: Daejeon,
BUS: Busan, SEU: Seoul, ULS: Ulsan, INC: Incheon, JELN: Jeollanam-do, JELB: Jeollabuk-do, JEJ: Jeju, CUCN: Cungcheongnam-do, CUCB:

Cungcheongbuk-do.
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Fig. 1. Mercury emission ratio in Annex D in Korea.
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Fig. 2. Distribution of mercury emissions in Korea.
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Fig. 3. Future changes in the activity of coal-fired power plants.
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Fig. 4. Mercury emission scenarios in coal-fired power plants, A: increased activities (scenario A), B: increased activi-
ties & applied BAT for new facilities (scenario B), C: increased activities & applied BAT for whole facilities (sce-

nario C).
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Table 8. Prediction error of the activity applying the moving weighted average and linear regression.
Cement clinker Waste incinerator Non-ferrous metal smelting facility
Year . .
production facility Municipal Industrial Copper Zinc Lead
2008 —2.48% —10.28% —2.27% 2.24% -9.31% 0.98%
2009 1.24% —4.50% 13.43% —5.83% —8.62% —22.94%
2010 -0.56% - 1.92% 6.54% -091% —7.80% —-2621%
2011 -1.09% —5.50% 2.94% 2.55% —1847% -39.71%
2012 —1.62% -5.99% —5.94% 5.04% —13.28% —-41.97%
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Fig. 5. Future changes in the activities of waste incineration facilities.
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Fig. 6. Mercury emission scenarios in waste incineration facilities. A: Increased activities (scenario A), B: Increased
activities & applied BAT for new facilities (scenario B), C: Increased activities & applied BAT for whole facilities

(scenario C).
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Fig. 7. Future changes in the activities of cement clinker production facilities.
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Fig. 8. Mercury emission scenarios in cement clinker production facilities. A: Increased activities (scenario A), C
Increased activities & applied BAT for whole facilities (scenario C).
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Future changes in the activities of primary non-ferrous metal smelting facilities.
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Fig. 10. Mercury emission scenarios in primary non-ferrous metal smelting facilities. A: Increased activities (scenario
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