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Heat Rate Improvement – why now? 



Potential for HR Improvement 

A second method to improve the heat rate is to lower the air 
heater outlet temperature by controlling the acid dew point. 
 

 Typically the air heater outlet is maintained at 20-30°F above 
the sulfuric acid dew point to prevent corrosion of cold-end 
baskets. Injection of sorbents such as Trona or hydrated lime 
can be used to lower the dew point.  
 

Depending on the sizing of the air heater, it may need to be 
modified in order to optimize the lower outlet temperature. The 
capital costs can range from $1.5-18M for heat rate reductions 
of 50-120 Btu/kWh.   
 
From the GHG Abatement Measures  - Section 2.3.1.5 



CO2 Release Impact 

For a 500MW plant with a Capacity Factor of 70% 
 

85 BTU/kWH =     
$781,830 in Annual Fuel Cost 

26,582 Tons reduction in CO2 release 



Mechanism to Reduce Temperature 

• The ability to capture the benefits of lower AH Outlet 
temperature is dependent on a way to lower the AH Outlet 
temperature. 
 

• For Plants using steam coils or air bypass dampers, these tools 
can be minimized or eliminated. 
 

• If no artificial mechanism to raise AH Outlet temperature 
exists, then a redesign of the AH itself can yield significant long 
term results. 
 

• The above analysis does not take into account the impact of 
reduced AH Differential Pressure on forced outage reduction 
and reduced parasitic load on ID/FD fans. 
 



Why Artificially Raise AH Outlet 
Temperature? 



Air Heater Fouling 

Air Heater fouling occurs 
when: 

 

1. Condensable material (sulfuric 
acid or ABS) deposits in the 
Intermediate or Hot layers, and/or 

2. Condensable material deposits in 
the cold end but beyond the 
effective reach of the cold end 
sootblower 

Vapor condenses into a liquid when it encounters a nucleation 
site below its dewpoint.  In the Air Heater transition, vapor 

condenses on the flyash and onto the metal plates. 



Fouling Avoidance 

Avoiding air heater fouling requires: 
 
1. Lowering the condensable concentration 

(dewpoint) below the AH metal temperature, and/or 
2. Raising the AH metal temperature above the 

condensation temperature, and/or 
3. Improving the AH Sootblowing system 

 
For this discussion we will focus Item 1 above using 

Pre-AH injection of alkali material. 



Air Heater Metal Temperature 



Average Cold End Temperature (ACET) 

Average Cold End 
Temperature 

 

This is the average of the Air Inlet 
Temperature and the Flue Gas 
Outlet Temperature 
 

Legacy beliefs hold that this 
should be kept at, or above, 200F 
 
If:  Air = 70F, then FG = 330F 

Air = 120F then FG = 280F 
Etc., etc.  

Air 
Inlet 

Flue 
Gas 

Outlet 



SO3 EXIT CONC. vs. Avg. AH Gas Out 

This graph confirms that higher outlet temperatures allow more acid 
to pass the AH, but rotational speed is also important.  We need to 

look at the metal temperatures as well! 



AH Metal Temperature Variation 

Air Side Gas Side 

Coldest Point 

Hottest Point 

Rotation 



Traditional 3 layer design w/12” cold end. 

AH Temperature Dynamics 

In this instance, the Avg. Gas Outlet temp at the AH Outlet plane is 
295F.  In the summer, when air temp increases, 35 F of artificial 
heat would be required to get to 330F (based on ACET = 200) 

While the Average Gas Outlet Temp is suitable for air inlet 
temperatures up to 105F (by industry belief), the metal 

temperature is always below the Acid Dewpoint. 



AH Temperature Dynamics – Load Effects 

As load is reduced, the corresponding max and 
min metal temperatures also reduce. 



Deposition Location? 

So we now understand that:  
 

• Raising the average exit gas temperature will not 
eliminate acid/ABS deposition on the AH plates, 

• Material will, always, condense onto the AH plates 
if/when the metal temperature is lower than the 
dewpoint of the vapor, 

• As long as the AH sootblower is operating properly, and 
the deposition depth of the condensed material is within 
its range, the cleaning system will remove the material, 
 

What we don’t know is, on a real time basis, how deep will 
the actual vapor in the gas condense? 

 



Maximizing NOx Reduction, Minimizing ABS 

On-line Measurement of Vapor 
Concentration 



What are Condensables? 

 

This material could be: 
 

 Moisture (H2O), 
 Sulfuric Acid (H2SO4) (H2O + SO3) 
 Ammonium Bisulfate (NH3HSO4) (NH3 + H2O + SO3) 
 Sodium Bisulfate 

212 ° F  470 ° F 

H2O H2SO4 NH4HSO4 NaBS 

310 ° F  600 ° F  



AbSensor – The Process 

• The Sensor Tip looks for the 
presence of condensed liquid 
between the two electrodes on a 
polished glass surface 
 

• Condensate is encourage or 
discouraged by controlling the 
sensor temperature via cooling air 
on the back side of the sensor, 
 

• The next slide shows the physical 
components and the process cycle 
to detect the formation and 
evaporation of flue gas condensate 



AbSensor – The Process 

Cooling Air 
Inlet 

Cooling Air 
Return 

2 Meter 
Probe 

Length, 
flange to 
sensor tip 



Dewpoint Hystersis 

Evaporation Temp: 
 

The temperature 
where Condensed, 
liquid, material will 
return to its vapor 
state 

Formation Temp: 
 

The temperature 
where vapor will 
condense onto a 
cooler nucleation site. 



Deposition Depth Determination 

• From the Dynamic Air Heater Model we know the exact 
metal temperature at any depth/rotation point, 
 

• From the Breen Probe we know the Formation 
Temperature and the Evaporation Temperature of the 
dominant condensable vapor present, 
 
 

• The deposition depth of the condensable material is 
known from the intersection of the Minimum Metal 
Temperature curve and the measured Formation 
Temperature. 



FmT vs. DSI Feed Rate 



Independent Testing 



Same Data vs FmT 

Small Load Changes can have big impacts! 
DSI feed rate changed the FmT by 20F – 25F 



Maximizing NOx Reduction, Minimizing ABS 

Targeted Deposition Depth 



What is Targeted Deposition Depth? 

• Targeted Deposition Depth Control allows: 
– Closed loop control of ammonia injection rates at the SCR inlet 

to result in a desired formation temperature 
 

– Closed loop control of pre-AH sorbent injection to control 
acid/salt formation temperature 
 

 

TDD Control allows the plant DCS to automatically 
control the deposition location for maximum plant 

performance with minimum air heater fouling 



Process Bias Signal 

TDD Block Diagram 

Deposition 
Depth 

Condensables 
Data 

Plant 
Operational 

Data 

Heat Transfer 
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AH Model and 
Deposition 

* AH Model Licensed from EPRI; developed by Lehigh 

Cold End Hot End 

Minimum Metal 
Temp. Rotates from 
the Air-side to the 
Gas-Side 

Rotates on the Gas 
side and picks up 
Temp 

Maximum Metal 
Temp. Rotates from 
the Gas-side to the 
Air-Side 



Multiple Model Generation 

Max, Mid and Low Load iterations 
Varied by changes in AH inlet air/gas temps 



Formation Depth Calculation 

• Tool continuously polls 
DCS data for load and 
AH gas/air temps, 

  
• Compares the metal 

temps to the measured 
gas FmT and derives the 
deposition depth 
 

• Setting a limit on the 
deposition depth allows 
feedback to DSI for 
closed loop rate control 



* AH Model Licensed from EPRI; developed by Lehigh 

Cold End Hot End 

Soot Blower 
Cleanable 

Depth 

Formation Temp = 
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= 285 DegF 

Self-Evaporating 
Region 
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What can you do? 

Cold End Hot End 

Soot Blower 
Cleanable 

Depth 

Condensing 
Region 

Self-Evaporating 
Region 

Reduce NH3 / SO3 



First Application 

Typical display of Deposition Depth (Red Line) as 
plotted against AH Differential Pressure 

 
This system is currently running in manual loop 

control but will be placed into automatic loop soon 



A Different Sorbent Approach 
AECOMM – SBS Injection System 



Some Old Data 

2010 Data Showing Manual Control of Feed Rate with NOx 
reduction incentive. 

The point is, with no condensable worry, what can happen? 



What are the possibilities 

• This discussion is about heat rate and the effect that 
Pre-AH SO3 mitigation can have on heat rate and plant 
performance. 
 

• It is often asked “what is the point if I am not artificially 
raising my AH Outlet Temperature?” 
 

• The answer is that Pre-AH removal of SO3 will generate 
improvement in CO2 reduction and heat rate that can 
pay for capital modifications to the AH. 
 
 



A Case Study on what May Be Possible 
 
Sterling Gray - AECOM 



Conclusions 



Conclusions: 

1. Pre-AH Reduction/Removal of SO3 has significant 
impact on: 
1. AH Outlet temperatures 
2. CO2 Emissions 
3. Fuel Cost Savings 
4. The Fuel Cost Savings is greater than the cost of the Sorbent, 

and, if DSI is already in use post-AH, movement to Pre-AH 
would provide virtually FREE fuel and CO2 improvement 

2. Closed Loop control of Pre-AH SO3 Mitigation is viable 
and proven, 

3. Improvements in AH Differential Pressure drop and 
improved NOx performance are free co-benefits. 

 



Questions? 
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