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Technology Efficiency Other effects

DeNOx（SCR） Unknown 30-60% NOx

DeNOx（SCR） SCR +Wet Scrubber 70-90% NOx

Low NOx burner Unknown >50% NOx

Coal Cleaning 0-78% 48% SO2

Wet scrubber >90% Hg0 （No Hg2+) 80-90% SO2

SCR +Wet scrubber >80% Hg Bituminous coal >90% SO2 and >90% NOx

Dry scrubber＋EP + Baghouse 6-9%  
USEPA 約63% 80-90% SO2

ESP
0-82% (Low temp ESP

USEPA 36% Bituminous
USEPA 3% Sub-bituminous

>99% PM

Baghouse
0-73%

USEPA 90% Bituminous
USEPA 72% Sub-bituminous

>99% PM

High efficiciency EP 0-50% (in testing) >99% PM

Wet EP 約 30% (in testing) 56% PM （in testing）

EP＋Baghouse 34-87% (in testing) >99%(in testing)

AC Injection 80% Bituminous+EP+COHPAC
55-60% Sub-bituminous+EP ー

Changing fuel >99% LNG >99% SO2 and PM control; 
50-75% NOx

Table    Control Technology of Mercury EmissionTable    Control Technology of Mercury Emission



Mercury emission from coal power stationMercury emission from coal power station

USA Japan

Mercury in coal 85ppb 50ppb(２/3)

Mercury from Stack ５４% 30%(1/2)

Coal consumption 900MT 1０0MT(1/９)

Mercury emission 41t/y 1.5t/y(1/27)

USA：EPA(1999), Japan：Idemitsu 
Kosan
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Mean content : 47（μg/kg, ppb）,  Range：<10～190（μg/kg）

Mercury content in coals used in JapanMercury content in coals used in Japan



Coal propertiesCoal properties

Proximate analysis , as received wt% Ultimate analysis, daf wt% ppm ppb

Volatile
Matter

Fixed 
Carbon Moisture Ash C H O N S Cl Hg

CoalCoal--AA 33.133.1 55.455.4 1.71.7 9.89.8 82.882.8 5.35.3 9.89.8 1.61.6 0.60.6 233233 114114

Coal-B 27.4. 57.7 2.3 12.6 85.4 5.2 7.3 1.9 0.3 408 49

Coal-C 27.6 60.0 4.2 8.2 82.9 4.8 10.0 2.0 0.3 176 29

Coal-D 26.0 58.8 4.6 10.6 81.1 4.4 12.0 1.8 0.67 2304 44

Coal-E 40.9 41.5 3.1 14.5 78.2 5.9 13.6 1.3 1.08 176 119



Swirler

Pre-heater

Pre-heater

Swirling air

Single burner

P.C feeder

Primary air

Gas analyzer
Pump

Trapper
Water cooled sampling probe

Recorder
Thermocouple

（NOx, CO, CO2, CH4, O2, SO2)

OFA

Flue gas
Dust, and Elemental 

Oxidized mercury 

Furnace
(300φx2800mm)

Coal in (6kg/h)

Cyclone ashBottom ash

O2 4%exit

BenchBench--scale PCFscale PCF Primary air flow rate (Nm3/h) 6.0
Swirling air flow rate (Nm3/h) 36.0
Swirling air temperature(℃) 350
OFA flow rate (Nm3 /h) 16.0
OFA temperature (℃) 350
Coal feed rate (kg/h) 5.9
O2 in flue gas (%) 4.0



1)1) Mercury speciation with large particles Mercury speciation with large particles 
at medium temperatureat medium temperature

Almost of Hg to flue gas >> BA and CA 
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Flue gas sampling systemFlue gas sampling system

Hg(p)Hg(p)

HgHg0 0 ananｄｄ
HgHg2+2+

Flue gas sampling systemFlue gas sampling system

Volumetric
flow meter 

Flow meter
Oil trapPump

Impinger

Data logger

Thermocouple

Heater
PC

Air cooled duct

Hg with particulate  dust

Cyclone

1L/min
Mercury monitor

Teflon 
150℃
10m

Volumetric 
flow meter

Flow meter
Pump

PC

15L/min

Sampling port

Down stream flue gas

300300℃℃ 250250℃℃ 150150℃℃ 120120℃℃400400--500500℃℃



Mercury in dust is increased with decrease 
in flue gas temperature.

[recovered, %] : in sample / in coal A

87.08 % 77.06 %

85.68 
%

55.57 %

2) Mercury speciation in flue gas  2) Mercury speciation in flue gas  
at low temperatureat low temperature
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Coal D Cl rich
Coal A
Lowering temp → Hg(p)↑+ Hg0↓

Unburned carbon content 0
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2) Mercury speciation in flue gas  2) Mercury speciation in flue gas  for coal typefor coal type
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Coal A Coal E Volatile rich

Coal E with high volatile
Lowering temperature → a little
Coal D with high Cl
Even high temperature → Hg+

Chlorine content 



Coal
Feed rate,  kg/hr

5.9

Residence time,  s
P2（230℃）
P4（170℃）
P6（130℃）

0.706
1.25
1.88

From cyclone
P2=4930mm  P4=8360m  P6=11790mm  Inside diameter=57.2mm

Sorbent 
feed rate, g/hr

P6
130℃

P4
170℃

P2
230℃

AC from br-coal 42.5 38.9 37.1
Spent catalyst 43.0 38.0 27.8
Coal fly ash 26.9 38.0 23.9

Condition of sorbent injectionCondition of sorbent injection

Sor bent Act ivat ed
car bon

Coal f ly
ash

Spent
cat alyst

Pr oximat e Moist ur e wt % 12.5 1.4 0.8
analyses Ash wt % 4.3 66 98.3

Volat ile wt % 6.5 6 0.9
Fixed　car bon wt % 76.7 26.6 0

Ult imat e Car bon wt % 7 7 .2 2 9 .0 2 0 .3 9
analyses Hydr ogen wt % 1.91 0.58 0.16

Nit r ogen wt % 0.22 0.62 0
Tot al- Sulphur wt % 0.2 0.8 0.004

Mer cur y wt % 17 301 <1
Size μ m <125μ m <100μ m var y

Densit y kg/ m3 ND 758.7 972.05









Atmospheric deposition of mercuryAtmospheric deposition of mercury

HgHg00 RGMRGM

RGM RGM 
(Hg(Hg2+2+))

Hg(p)Hg(p)

Local and Local and 
regional regional 
sources sources 

Oxidation Oxidation 

降水への降水への
取り込み取り込み
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precipitationprecipitation

RainoutRainout

WashoutWashout

Wet depositionWet deposition

Global Global 
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Dry depositionDry deposition

Atmospheric life time: Atmospheric life time: ∼∼1 yr1 yr



Dry and wet deposition fluxes of Dry and wet deposition fluxes of 
mercury around power station site mercury around power station site 
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ConclusionsConclusions

Under the practical conditions of flue gas cooling 
process of PC boilers, the test results support the 
following conclusions:

1. Mercury transformation depended on chlorine content 
in coal and unburned carbon in flyash dust.

2. Excessive activated carbon could capture elemental 
mercury but a little of oxidized mercury.

3. When using inorganic sorbents, there was a trade-off 
relationship between oxidized mercury and elemental 
mercury and the total captured mercury was lowered.
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““EarlierEarlier”” is is ““betterbetter””
““If slowing, it is not in time.If slowing, it is not in time.””

ThinkThink about what we can do ! about what we can do ! 


