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Challenges for Utilities

 Underlying Science/Chemistry

 Extremely low levels of pollutant

 Variability from site to site

 Cost effective approaches

 Minimization of technical risk

 Regulations – moving target !!!



MERCURY CHEMISTRY

“SPECIATION”



Primary Chemical Equations



MERCURY SPECIES EQUILIBRIUM

Example equilibrium curves – shifts depending on flue gas 
concentrations – slow to reach equilibrium



Potential Areas for 

Mercury Control



Control Equipment and the 

Effect on Mercury

SCR – potential to oxidize mercury under 
the right conditions

APH – changes temperature with 
subsequent changes in mercury 
equilibrium and sorption

ESP – provides platform for mercury 
sorption on fly ash or sorbents



Control Equipment and the 

Effect on Mercury (cont’d)

FF – provides platform for mercury sorption -
very good ash/gas contacting, very good 
sorbent contacting

SDA – usually coupled with FF, provides 
additional particulate and potential sorption 
sites, cooling of flue gas, changes chemistry

Wet FGD – usually very good at removing 
oxidized mercury – very poor elemental 
mercury removal





Basic Fuel Types and 

Mercury Behavior

PRB – High Calcium, low 
halogen – little native Hg 
oxidation

Bituminous – Low calcium, 
higher halogen – greater 
native Hg oxidation



Examples of native Hg removal with 

PRB vs. Bituminous coal



Examples of native Hg removal with 

PRB vs. Bituminous coal – wet and dry FGD



Control Approaches

Fuel Management

SCR

ESP/Baghouse 

Sorbent Injection

Wet/Dry Scrubbers



Control Variabilities



Fuel Management

1.  Stand alone control method

2.  Integral to other control schemes



Fuel Management

• Buy low-Hg coals (stand alone 
control method) ?

• Look for reasonable halogen levels

• Avoid high Hg – low halogen coals

• Bottom Line - Correlate coal quality 
to potential Hg emissions for the 
control scheme implemented !



Fuel Blending
Example of blending PRB w/ high halogen 

bituminous on SDA/FF unit



Control Method: 

SCR to oxidize mercury

Uses catalyst to 
oxidize mercury to 
improve capture in 
downstream 
equipment – not a 
stand-alone control 
method



Example Oxidized Mercury 

Levels with and without SCR



Example Effect of Chlorine Addition on 

SCR Mercury Oxidation
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Effect of Native Chlorine 
(SCR oxidation with multiple coals)



Example Effect of Bromine Addition 



Example Effect of Temperature on SCR 

Mercury Oxidation
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Example Effect of Flow Rate on 

SCR Mercury Oxidation
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Example Effect of DeNOx on 

SCR Mercury Oxidation
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SCR Issues

• Not a stand-alone technology – must be 
coupled with removal device

• Variable oxidation rate according to 
fuel/flue gas characteristics

• Performance difficult to predict for 
various fuels and catalyst type (including 
aging and regeneration)

• Oxidation rate varies according to boiler 
load



SCR Summary

• SCR catalysts oxidize mercury – oxidation level 
can be high under optimal circumstances 
(90%+)

• Halogen injection may be option to improve 
performance

• Must be coupled with other devices to effect 
mercury removal – i.e. wet scrubbers

• Very low cost since the control devices are 
typically already present

• Improved catalysts being developed/offered that 
include oxidation rate guarantees



Control Method: 

Particulate Collection Devices

ESPs



Example Removals for 

ESPs and FFs



Gas Flow

Precipitator Plate

Precipitator Plate

Gas Flow

ESP PHYSICS



Gas Flow

Fabric

FF PHYSICS



ESP/FF Issues

• Limited and variable mercury 
removal

• Removal may not be high 
enough to meet requirements

• Mostly oxidized mercury 
removal



ESP/FF Summary

• Baghouse typically provides much better 
mercury capture

• Variable performance depending on speciation 
and flue gas characteristics

• Works best in conjunction with sorbent injection

• Very low cost since the control devices are 
typically already present

• Typically not adequate as stand-alone control 
devices for high mercury removal



Control Method: 
Sorbent Injection

Configurations

• Ahead of ESP

• Ahead of baghouse

• Between ESP and small dedicated baghouse 
(TOXICON -COHPAC I)

• Baghouse incorporated into ESP 

(TOXICON – COHPAC II)



Traditional Sorbent Injection



TOXECON - COHPAC I

Sorbent Injection 
Between ESP and 
Baghouse



COHPAC II

Sorbent Injection in Hybrid ESP/Baghouse

Sorbent







Standard Activated Carbon 

Injection Issues

 Cost

 SO3 adversely affects many sorbents

 Ash/sorbent waste

 Adverse fly ash sales impacts





Sorbent Injection Summary

 High removal efficiencies (90%+) for both 
oxidized and elemental mercury

 Most conservative control method – wide 
applicability (if enough sorbent of the right 
type is used)

 High cost and balance of plant issues 
make the technology unattractive 
economically compared to some other 
methods



Control Method: Wet/Dry Scrubbers

• Use wet scrubber to remove oxidized mercury

• Use dry scrubber to remove oxidized and 
some elemental mercury

Wet 
Scrubber



Example Mercury Capture 

vs. Scrubber Type

MEL:  magnesium enhanced limestone scrubber LSFO: Limestone forced oxidation scrubber    LSNO: Limestone natural oxidation scrubber       



Projected SCR and 

Wet FGD Installation





Wet Scrubber Issues

• Elemental Mercury Re-
emission – Additives ?

• Predicting and maintaining 
performance 

• Mercury fate ?



Dry Scrubbing (SDA)
Halogens help - good at removing oxidized mercury -

reasonable elemental capture



Scrubber Summary

• Variable but often high rates of 
oxidized mercury removal 

(90%+ removal - sometimes !)

• Wet scrubbers can not capture 
elemental mercury well – possible 
improvements to come ?

• Hope to optimize operations for all 
scrubbers for mercury removal



Overall Summary
• Many control options are available, but it’s difficult to 

consistently achieve 90%+ removal rates.

• Fuel plays a major role, if not controlling role, in almost all 
control technologies.

• Under some circumstances, optimized SCR and scrubber 
operation is a very good control scheme, but not universal.

• Sorbent injection is probably the most conservative 
approach to high mercury removal, but cost and potential 
adverse impacts are high.

• In a fully implemented trading environment, optimization of 
all control equipment for mercury removal may be 
important.

• Final regulations will play a decisive role in the mix of 
mercury control that the industry will implement.



QUESTIONS ???


