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 Particle size distributions for fly ash collected upstream and downstream of an ESP are 
illustrated in Figure C-6.  This work was conducted by Markowski and others (2000) specifically 
aimed at characterizing the submicron aerosol mode of fly ash formation.   
 

a) b)   
Figure C-6.  Typical differential mass distributions of particulate collected a) upstream and 
b) downstream of an ESP (Markowski and others, 2000). 
 

Fly ash produced upon the combustion of high sodium lignites in a pulverized coal (PC) 
fired system shows significant enrichment of sodium in the smaller size fractions as shown in 
Figure C-7.  This figure illustrates the increase in the sodium content in the finer size fractions of 
ash as a result of firing high sodium lignite.  The sodium and sulfur content of the less that 3 
micrometer size fraction of the sampling train approached 20% Na2O, and 25% SO3.  The form 
of the sodium is likely sodium oxide and sulfate. 
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Figure C-7.  Composition distribution of ash particles during combustion of North Dakota 
Lignite (Benson and others, 1984).  
 

Electrostatic precipitator collection efficiency  
 
 The classical curve for ESP particle collection efficiency is shown in Figure C-8.  This 
curve is typical of well behaved ash materials that do not present significant problems in 
collection.  The collection efficiency is very good for particles greater than 5 to 10µm and the 
collection efficiency decreases with decreasing particles size with minimum collection efficiency 
between 0.2 to 2 µm in diameter.  The collection efficiencies vary significantly because of 
particle size and composition.   
 

Low collection efficiency for difficult to collect particles is between 0.1 to 1 µm in 
particle diameter.  Figure C-9 provides an illustration of the range of collection efficiencies.  
Based on EPA education modules, no air pollution control device shows high collection 
efficiency in this range (0.1 to 1.0 µm) due to inherent limitations of the collection devices and 
particle characteristics (http://www.epa.gov/apti/bces/module3/collect/collect.htm).  The 
following mechanisms of particle capture are impacted by the size of the particles: 

• Inertial impaction and interception  
• Brownian diffusion  
• Gravitational settling  
• Electrostatic attraction  
• Thermophoresis  
• Diffusiophoresis  

 
The EPA (http://www.epa.gov/apti/bces/module3/collect/collect.htm) has indicated that 

based on a number of studies of actual “sources stationary sources generating high 
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concentrations of particles in the 0.1 to 0.5 micrometer range may be an especially challenging 
control problem. …  The gap is most noticeable in wet scrubbers and electrostatic precipitators.”  
A generalized plot showing the range of collection efficiencies is shown in Figure C-9.  Overlaid  
on the diagram is the mass size distribution of particles collected downstream of the ESP wet 
FGD at the MRY plant (Markowski and others, 1983).  This shows that ash produced in the 
MRY plant have a particle size that can pass through the scrubber and that these particles are rich 
in sodium as shown in Figure C-7. 

 

 
 Figure C-8.  Typical ESP Collection efficiency curve for removal of particulate from gas 
streams (http://www.epa.gov/apti/bces/module3/collect/collect.htm). 
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Figure C-9.  Particulate control efficiency for difficult to control particulate combined with 
the mass distribution of particulate collected downstream of the scrubber at MRY 
(Markowski and others, 1983, http://www.epa.gov/apti/bces/module3/collect/collect.htm) 
 
 Field Experience and Testing  
 

As indicated by EPA (Woodward, 1998), scrubbers do not effectively remove particulate 
less than 1µm in diameter.  There is significant evidence that sodium-rich aerosols penetrate 
ESPs as well as scrubbers at full-scale power plants when firing high-alkali-containing fuels.  An 
example is a biomass fired system using a tower type scrubber where the removal efficiency of 
the smaller size fraction of ash is low, as shown in Figure C-10 (Ohlström and others, 2006).   
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Figure C-10.  Removal of fine aerosols using a scrubber on a wood fired combustor 
(Ohlström and others, 2006). 
 

Minnesota Power’s Boswell Energy Station found that when it fired high-sodium, lower-
ash northern Powder River Basin subbituminous coal (7% Na2O in the ash), it experienced 
increases in opacity.  Hurley and Katrinak (1992) conducted a field-testing project on Unit No. 4, 
a pulverized coal-fired boiler equipped with a venturi wet scrubber, to better understand the 
reasons for the opacity problems.  During the field testing, sampling of the coals, flue gases, and 
scrubber materials was conducted.  The particulate in flue gases downstream of the scrubber was 
aerodynamically classified using multicyclone followed by an impactor and a Nucleopore filter.  
The sized fractions were weighed and analyzed to determine the abundance and composition of 
the submicron-sized fractions.  The mass loadings in the various size bins are plotted in Figure 
C-11, showing that the scrubber is quite effective in removing the larger particles.  However, the 
scrubber is not very effective in removing the aerosols less than 1 micrometer in diameter for 
both the blended coal and the high sodium coal (Coal A).  

 
The results of the study indicated that the particulate collected downstream of the 

scrubber was coal-related and caused by the high sodium content of the coals.  Vapor-phase 
sodium condenses in the boiler’s convective pass to form fine sodium-rich aerosols or other Na 
species that later react with ash particles.  Pure Na2SO4 particles are too small to be removed by 
such scrubbing.  Figure C-12 shows the spikes of the ash material collected on Stage 10 of the 
impactor.  This impactor accumulation represents particles of less than 0.7 to 2.5 micrometer size 
fraction of the submicron aerosol.  The spikes are made up of submicron particulate matter, and 
the chemical analyses of the spikes and ash particles collected on the Nucleopore filters 
downstream of the impactor plates are shown in Table C-4.  Both samples are dominated by 
sodium and sulfur that are likely in the form of sodium sulfate.  These sulfate materials exhibit 
highly cohesive tendencies.   
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Figure C-11.  Mass loadings and size for particulate collected upstream and downstream of 
the wet venturi scrubber at Clay Boswell (Hurley and Katrinak, 1992). 
 

 
Figure C-12.  Scanning electron microscope images of spike formed on impactor plate upon 
combustion of high-sodium subbituminous coal (right - close-up of spike) (Hurley and 
Katrinak, 1992). 
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Table C-4.  Chemical Composition of the Spike Shown in Figure C-12 and the Filter 
(weight percent expressed as equivalent oxide). 

 
Oxide 

100% Coal A
Spike Filter

Na2O 
MgO 
Al2O3 
SiO2 
P2O5 
SO3 
K2O 
CaO 
TiO2 
Cr2O3 
Fe2O3 
BaO 

35.1
1.4 
2.0 
9.1 
0.4 
39.7 
2.6 
6.2 
0.2 
1.4 
0.9 
0.5 

17.3
7.8 
9.8 
10.6 
0.2 
28.0 
1.5 
15.7 
1.8 
0.1 
2.9 
2.6 

 
In addition to the aforementioned testing results, penetration of submicron particles 

through ESP and scrubbers has been reported by numerous researchers (Markowski and others, 
1983, and Lighty and others, 2000).   
 

Power Span Testing at MRY 
 
 Aerosols passing through the ESP at MRY Unit 1 resulted in significant accumulation on 
Powerspan’s ECO barrier discharge reactor resulting in significant degradation in performance. 
The ECO DBD reactor is located just downstream of the plant’s ESP or fabric filter (FF) and can 
be exposed to aerosols. The DBD reactor has quartz electrode rods inside where electric current 
is passed in order to generate the plasma used to oxidize NO. The temperature of the flue gas at 
the DBD reactor ranged between 300°F and 350°F. The temperature of the quartz electrodes is 
approximately 100°F higher than the gas temperature.  
 

The Powerspan ECO reactor slip stream system was designed by Powerspan and the 
EERC. The slip stream system was installed by the EERC at Minnkota Power Company’s Milton 
R. Young Station Unit #1 down stream of the ESP where the flue gas temperature was ranged 
from 300°F to 350°F. The system was commissioned on July 3, 2007, operated for 107 days. 
Operational performance of the system was monitored and data were archived for post 
processing. A pair of electrodes were extracted and replaced on a bi-weekly basis. Each pair of 
electrodes were shipped to Powerspan for testing in their laboratory reactor. Tested electrodes 
were then shipped to the EERC for scanning electron microscopy imaging and x-ray 
microanalysis. Measurement of NOx conversion by the slip stream system was not possible due 
to the nitric acid production of the DBD reactor. 
 
 The operational observations, performance results, and lab testing showed that the system 
was adversely affected by ash fouling.  NOx conversion by ash covered electrodes was 
significantly reduced.  Figure C-13 compares rods exposed to flue gas and aerosols downstream 
of the ESP at MRY Unit 1.  The abundance of sodium in coal fired during the Powerspan testing 
is shown in Figure C-14.  The results show sodium levels measured by the full stream elemental 
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analyzer (FSEA) ranged from 3.5 to 6 % Na2O in ash.  Figure C-15 shows the degradation in 
NO conversion as a result of being coated with aerosols.  The NO conversion was severely 
impacted. 
 

 
Figure C-13.  Comparison of (left) clean quartz rod and (right) dirty quartz rod exposed to  
flue gas downstream of ESP at MRY Unit 1 for sixteen days. 
 

 
Figure C-14.  Sodium and sulfur levels in lignite delivered during testing of the Powerspan 
barrier discharge reactor. 
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Figure C-15.  NO conversion for clean (CL) and dirty (DTY) for quartz tube exposed the 
flue gas during the MRY testing.  
 

Examination of the quartz rods (cross-sectioned to expose coating thickness) using 
scanning electron microscope elemental analysis showed significant elemental sodium, sulfur, 
and calcium in the ash coating the tubes after only 16 days of testing.  The data is reported on 
Figure C-16.  The thickness of the layer was approximately 25 µm.  The rods were exposed to 
sootblowing.  Images of the reactor and coatings on the electrodes are shown in Figure C-17.   

 

 
Tag  Na  Mg  Al  Si  P S Cl K Ca Ti  Fe  Ba
1  35.38%  0.98%  14.10%  4.68%  0.00% 35.75% 0.00% 1.42% 6.61%  0.02%  1.07% 0.00%
2  0.00%  0.00%  0.22%  98.52%  0.00% 0.00% 0.07% 0.89% 0.00%  0.30%  0.00% 0.00%
3  0.00%  0.00%  0.61%  98.11%  0.00% 0.00% 0.00% 1.05% 0.00%  0.00%  0.22% 0.00%
4  0.00%  0.00%  0.20%  98.33%  0.00% 0.00% 0.00% 1.19% 0.00%  0.00%  0.27% 0.00%
5  0.00%  0.00%  0.00%  98.70%  0.00% 0.00% 0.00% 1.24% 0.00%  0.00%  0.06% 0.00%
6  0.00%  0.00%  0.25%  97.26%  0.00% 0.00% 0.27% 1.70% 0.00%  0.00%  0.36% 0.16%
7  0.00%  0.00%  0.00%  97.93%  0.00% 0.00% 0.00% 1.55% 0.00%  0.00%  0.47% 0.05%

Figure C-16.   SEM point analysis on electrode #11 (16 days of service). 
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Figure C-17. Images of top of DBD reactor showing ash accumulations on electrodes and 
reactor surfaces.  
  
Conclusions gained by this work were:  

1. Sodium rich aerosols and small ash particles that had penetrated the ESP accumulate and 
become bonded on the surface of the silica electrodes in spite of soot blowing using a 
sonic horn as recommended by Powerspan. 

2. Ash accumulations adversely affected the NOx conversion.   
3. The adverse impact occurs within a two week time period. 

 
MRY Sulfate Aerosol Sampling 
 

The penetration of aerosols through ESP and wet scrubbers is well known and has been 
studied since the mid 1970s (McCain and others, 1975; Ensor and others, 1975).   As a result of 
these challenges, the quantity of total aerosols and sulfate aerosols was measured at the MRY by 
Markowski and others, 1983.  Markowski and others (1983) collected EPA Method 17 
particulate samples and size-segregated the particles using an impactor (aerodynamically 
separates particles and allows for the characterization of each fraction).   The results of the EPA 
method 17 sampling (mass concentration) conducted over a four-day period are illustrated in 
Figure C-18 for the inlet and outlet of the scrubber.  At the inlet, aerosol mass concentrations 
ranged from a high of more than 10,000 µg/m3 to a low of 4,000 µg/m3.  Significant levels were 
also found at the scrubber outlet, ranging from 8,800 to 2,500 µg/m3.  The removal efficiency 
varied from -25 to 66%.    

 
Markowski and other (1983) offered no explanation of the differences in the levels of 

aerosols measured in the flue gas and removal efficiency.  They did not consider that the ash 
content of the coal varied significantly during the testing.  Results of testing at MRY have shown 
significant differences in the quantity vaporized for coals that have different ash contents (see 
Figure C-3).  The variations in ash content shown in Figure C-18 reflect changing coal 
characteristics that resulted in differences in aerosol mass concentration.  
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Figure C-18.  Mass Concentration of Aerosol Collected at MRY Unit 2 at the Scrubber 
Inlet and Outlet (Markowski and others, 1983). 
 

The results of the measurements of aerosol capture are illustrated in Figure C-19.  The 
results show that aerosols less than one micrometer in diameter are not effectively captured in 
the wet FGD at the MRY facility.  The graph also indicates the penetration of the particles 
through the FGD as a function of particle size.  The penetration is the outlet size distribution 
divided by the inlet size distribution.  (Note: Penetration = 1- efficiency).  Markowski and others 
(1983) showed that the “metallic” sulfate aerosols (sodium sulfate) penetrated the FGD much 
more effectively than the larger particulate materials. 
 

The mass of each of the impactor size fractions for the aerosols collected at the inlet and 
the outlet of the wet FGD upstream and downstream of the scrubber are illustrated in Figure C-
20 and 21 with the results tabulated in Table C-5.   The total mass distributions are summarized 
in Figure C-20 and the sulfate mass distribution is illustrated in Figure C-20.   

 
Based on the impactor data the total mass of particulate that penetrates the scrubber is 

5990 µg/m3 (Markowski and others, 1983). These ash materials consist of a combination of 
sulfates and oxides of sodium, calcium, and sulfur.  Much of the aerosol is present in the >14 µm 
size fraction.  There are also significant mass in the less than 1 µm size fraction.  All of these 
particles have the potential to penetrate the pores of the catalyst.  In addition, there is a 
significant mass in the <0.26 µm fraction.  This fraction represents the ultrafine component that 
has been implicated as the most significant contributor to catalyst poisoning (Kling and others, 
2007).   
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Figure C-19. Penetration through the wet scrubber (Markowski and others, 1983). 
 
Table C-5.  Size-segregated total and sulfate particulate collected upstream and 
downstream of the MRY FGD. (Markowski and others, 1983). 

Inlet  Outlet Inlet Outlet
Size, µm  Total, µg/m3 Total, µg/m3 Sulfate, µg/m3 Sulfate,  µg/m3 
<0.26  1910  769 436 602
0.26‐0.52  401  640 164 274
0.52‐1.1  883  1410 293 459
1.1‐2.5 1020  265 291 69.2
2.5‐6.7 337  154 173 94
6.7‐14  300  367 100 103
>14  700  2390 439 46.2
Total  5550  5990 1896 1650
>1.1  2357  3176 1003 312.4
<1.1  3194  2819 893 1335
Percent 
>1.1  42.5 %  53.0 % 52.9 % 18.9 %
<1.1  57.5 %  47.1 % 47.1 % 80.9 %
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Figure C-20.  Total particulate removal across scrubber at MRY. 

 

 
Figure C-21.  Sulfate particulate removal across scrubber at MRY. 
 

Estimation of Alkali Aerosol Loading and Catalyst Deactivation 
 
 The following data was used to estimate alkali aerosol loading and catalyst deactivation.   
The particle loading was based on the results of testing conducted by Markowski and others 
(1983) where they determined the mass loadings of aerosols at the inlet and outlet of the wet 
FGD at MRY Unit 2.  The key data utilized is illustrated in Figure C-22 to estimate the loadings.  
The data provided shows a range of mass concentrations up to 8,800 µg/m3 at the outlet of the 
scrubber.  Based on results in mass size distribution of the aerosol 47 to 80% of the aerosols that 
pass through the scrubber is less than 1.1 µm.  Much of this material is in the ultrafine fraction.   
 
 These materials have the potential to penetrate into the catalyst causing plugging and can 
react with active components in the catalyst.  There are numerous publications supporting these 
mechanisms.  Kling and others(2007) found that the rate of catalyst deactivation was related to 
the accumulation of sodium and potassium on the catalyst as shown in Figure C-23 and 24.  The 
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work by Kling and others (2007) is consistent with the work conducted by Khodayari (2001) 
illustrated in Figure C-25 where it was shown that the deactivation rate is more significant for PC 
fired systems as compared to fluidized beds.  The work based on Kling and others when applied 
to PC- and cyclone-fired systems will likely underestimate the degree of deactivation because of 
the firing methods. 
 

 
Figure C-22. Mass Concentration of particulate collected at MRY using EPA Method 17 
(Markowski and others, 1983). 
 

 

 
Figure C-23.  Catalyst deactivation compared to accumulation of potassium and sodium on 
the catalyst surface (Kling and others, 2007). 
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Figure C-24.  Loss in catalyst activity when exposed to flue gases containing vaporized Na 
and K when combusting biomass in a fluidized bed combustion system (Kling and others, 
2007). 
 

 
Figure C-25.  Comparison of poisoning of catalysts in a CFB boiler firing forest residues, 
and in a PC firing pulverized wood (Khodayari, 2001). 
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ATTACHMENT  Milton R. Young Station 
  Unit 1 and Unit 2 Information 
  For SCR Vendors 
_________________________________________________________________________________ 
 

________________________________________________________________________________ 
Minnkota Power Cooperative Inc.  A-12 Burns & McDonnell 
and Square Butte Electric Cooperative   April 2007 
 

Table 4 – MRYS Unit Design and Operating Parameters 

  
Design Unit Operating Characteristics(1) 

Unit 1  
Design 

Unit 2  
Design 

Boiler Type   Cyclone   Cyclone  
Boiler Manufacturer  B&W   B&W  
Boiler Design Heat Input Capacity (nameplate), mmBtu/hr 2,510 4,696 
Unit Nameplate Generator Output Capacity, MWg (gross) 257 477 
Unit Nominal Full Load (NFL) Output, MWg (gross) 235 450 
Boiler Heat Input for Unit NFL Output, mmBtu/hr 2,508 4,814 
Boiler Excess O2, %, (wet, NFL) 3.17 4.04 
Boiler Excess Air, % (NFL) 21.3 28.5 
Fly Ash Portion of Total Ash, % (NFL) 45 50 
Typical Maximum Continuous Rating (MCR) output, MWg 253 462 
Maximum Unit Output (URGE) Rating, MWg 278 512 

Boiler Firing Conditions for Flue Gas Flow Calculations:   
Boiler Heat Input, mmBtu/hr 2,852 4,740 
Coal Higher Heating Value, Btu/lb as-received  6,578 6,578 
Coal Flow Rate for heat input, lb/hr 433,500 720,500 
Fly Ash Portion of Total Ash, % 50 50 

Flue Gas Conditions at the boiler flue gas outlet:   
Boiler Excess O2, %, (wet) 2.87 4.77 
Boiler Excess Air, %  19.0 35.4 

Flue Gas Mass Flow Rate, lb/hr 3,811,000 7,117,000 
Flue Gas Volumetric Flow Rate, acfm 2,502,000 4,371,000 
Flue Gas Temperature, degrees F 910 818 
Flue Gas Pressure, in. w.g. -11.5 -13.5 
   

Boiler Outlet Maximum SO2, lb/mmBtu 3.0(2) 3.0(2) 
Boiler Outlet Maximum SO2, lb/hr 8,970 15,474 
Average Boiler Heat Input for SO2, mmBtu/hr 2,990 5,158 
Expected Boiler Outlet Maximum 30-day average SO3, lb/hr 135(3) 236(3) 

 
(1) –  Boiler unit operating parameters are provided for more than one load or output condition.  
(2) –  Boiler Outlet Maximum SO2 lb/mmBtu is based on 1.0% S and 6,578 Btu/lb higher heating value 

content in the as-received lignite coal.  
(3) –  Boiler Outlet Maximum SO3 lb/hr is based on the assumed conversion of 1.5% of the boiler outlet 

SO2 to SO3 upstream of any flue gas treatment.  This conversion percentage has not been confirmed 
by actual boiler outlet flue gas test measurements.  The SO2 lb/mmBtu and lb/hr values have not 
been reduced by this assumed SO3 conversion. 



Center Lignite Coal and Ash Quality Data from 
Energy & Environmental Research Center (EERC) 
 

Burns & McDonnell 4 Minnkota Power Cooperative Inc.  
April 2007  and Square Butte Electric Cooperative 

Table C2 summarizes the average, maximum and minimum values for the entire as-fired coal database.  The ranges on the various 
components can be very large.  For example, the ash content ranges from 5 to 25%.  Sodium oxide content ranges from 0.6 to 13% of the ash.   
 
Table C2.  Average, maximum, and minimum of basic coal analysis for all the coals in the as-fired database - Center Lignite Coal 

 
1. Ash weight percent was determined on an “as-fired” lignite coal basis. 
2. BTU (higher heating value) content expressed on an “as-fired” lignite coal basis. 
3. Constituent weight percent of the ash, elemental weight percent expressed as equivalent oxide. 
4. B/A is the base to acid weight ratio of the ash constituents (B/A=[Na2O+MgO+CaO+ K2O+FeO]/[SiO2+Al2O3+TiO2]).   

 











Blakley, Robert 

From: Robert Johnson [RJohnson@ftek.com]
Sent: Tuesday, September 01, 2009 6:57 AM
To: Blakley, Robert
Cc: Volker Rummenhohl
Subject: Preliminary PFDs for MRY
Attachments: Sep09_MRY2TailEnd_Rev0_PFD.pdf; Sep09_MRY1LowDust_Rev0_PFD.pdf; 

Sep09_MRY1TailEnd_Rev0_PFD.pdf; Sep09_MRY2LowDust_Rev0_PFD.pdf

Page 1 of 1Preliminary PFDs for MRY

2/10/2010

 
Bob,  
Attached are the preliminary PFDs for Minnkota.  Volker and I have yet to discuss these in detail, but we should be able to 
finalize them by the end of the week. 

We can review these later at your office.  

Thanks, Bob  

Robert E. Johnson  
Fuel Tech, Inc  
(913) 897 0727  

This message contains information that may be privileged, confidential or otherwise protected from disclosure. Unless you are 
the intended addressee (or authorized recipient for the addressee) you may not use, copy or disclose this message or 
information contained in this message to anyone. If you received this message in error, please notify the sender by replying to 
this message and then delete it from your system without copying or disclosing it. Thank you. 

<<Sep09_MRY2TailEnd_Rev0_PFD.pdf>> <<Sep09_MRY1LowDust_Rev0_PFD.pdf>> 
<<Sep09_MRY1TailEnd_Rev0_PFD.pdf>> <<Sep09_MRY2LowDust_Rev0_PFD.pdf>> 



MRY 2 Tail End SCR Process Flow Diagram Natural Gas Fired Reheat (per Reactor)
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MRY 2 Low Dust SCR Process Flow Diagram Natural Gas Fired Reheat (per Reactor)
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MRY 1 Tail End SCR Process Flow Diagram Natural Gas Fired Reheat
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MRY 1 Low Dust SCR Process Flow Diagram Natural Gas Fired Reheat
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Blakley, Robert 

From: Robert Johnson [RJohnson@ftek.com]
Sent: Thursday, September 03, 2009 3:00 PM
To: Blakley, Robert
Cc: Volker Rummenhohl
Subject: RE: LD and TE SCR Review and Recommendations for MRYS
Attachments: Risiko_SINOx_E.pdf; GGH Brochure.pdf
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2/10/2010

Bob, 
Thanks for compiling the discussion minutes.  Volker and I have discussed these once and plan to do so again tomorrow.  I will 
summarize our comments and send them along. 
  
But, all of the attachments in your message are the same, though titled differently. 
  
Attached is a brochure of the Hitachi FGD GGH that they have installed in Japan.  it may be suitable and you may find the 
information useful.  
  
Also, in anticipation of a response from the catalyst suppliers, I studied the Na concentrations from the tests at MRY.  If I 
calculated correctly, 5,000 to 10,000 micrograms/Nm^3 are approximately 3 to 6 ppmv or 3.2 to 6.4 mg/Nm^3.  according to 
Argillons Risk Analysis, this is right at the edge of their range.  Let's see what Ceram and Topsoe have to say. 
  
Best Regards, Bob 
 

From: Blakley, Robert [mailto:rblakley@burnsmcd.com]  
Sent: Tuesday, September 01, 2009 5:04 PM 
To: Robert Johnson; Volker Rummenhohl 
Cc: 51684; Bryant, Ronald; Weilert, Carl; Voss, Steve 
Subject: RE: LD and TE SCR Review and Recommendations for MRYS 
 
Bob and Volker - 
  
Here are the latest BMcD conceptual layout drawings of the ductwork and SCR/GGH "towers" that assume the Babcock Power 
approach for low-dust and tail end SCCR configurations.  We are looking at one reactor for Unit 1 low dust or tail-end, and two 
reactors in parallel for Unit 2 low-dust or tail-end.  We are looking for you to provide a review looking for "fatal flaws" or issues 
that could have significant impacts on function, performance, and capital cost.   
  
Comments from our discussion with Bob in our office 9/1/09: 
Our main concern is the potential leakage of untreated flue gas from the FGD GGH on the inlet side of the scrubber to the outlet 
side of the scrubber must be very close to zero, as any significant amount will make it difficult or impossible to maintain 95% SO2 
removal across the wet scrubber. BPEI appears to be using a rotary regenerative type gas-gas heat exchanger for these SCR 
applications for both the FGD and SCR GGHs.  They have not provided any details on these GGHs other than what we have 
already provided to you for review.   
  
This approach does not reflect Steve Voss' idea raised this morning that the warm (dirty) side of the FGD GGH inlet be 
connected before the ID fan, so that any leakage would tend to be from the treated gas to the dirty gas side because of the 
higher pressure after the scrubber than before the ID fan. 
  
We asked if there are other GGH options that have been proven successful in heat recovery-SCR operation that avoid the 
leakage issue.  You said you could provide us with more information on such equipment. 
  
We need to know where any special materials of construction may be required for corrosion resistance that are not obvious, such 
as after the tail-end SCR reactor to the chimney inlet, and the booster fan for this same location.  This gas stream entering the 



fiberglass-reinforced plastic Unit 2 chimney liner must be less than 200 degreesF continuously, although it will tolerate 400 
degrees F upset for 15 minutes. We plan on adding an emergency quench header to protect the fiberglass liner and any 
ductwork from failure of the TE SCR GGHs. Because the flue gas downstream of a TE-SCR may have some SO3 that has been 
oxidized from SO2 remaining in the gas after the scrubber removes 95-97%, we welcome your comments on duct and fan 
materials. 
  
We asked about startup of a LD- or TE-SCR after an extended boiler outage where everthing is cold.  Does the flue gas need to 
be warmed up inside the reactors before exposing the catalyst to coal flue gas, especially for tail end where the GGHs don't have 
much heat to recycle? 
  
How long could it take to cool down the reactor and remove and replace the catalyst was also of interest. 
  
It would be helpful if you could provide some idea regarding possible budgetary cost and schedule estimates for a slip stream 
pilot SCR test program - low dust and tail-end configurations, from start to getting the results analyzed after operating for a 
significant amount of time with a suitably sized reactor and system that simulates low-dust and tail-end SCR conditions. 
  
We'll be interested in further discussions once we have received the updated preliminary mass balances and other information. 
Let us know if you have any questions. 
  
Thanks, 
  
 Bob Blakley       
 

From: Blakley, Robert  
Sent: Monday, August 31, 2009 4:41 PM 
To: 'Robert Johnson' 
Cc: 51684; Bryant, Ronald; Weilert, Carl; 'Volker Rummenhohl'; Voss, Steve 
Subject: RE: LD and TE SCR Review and Recommendations for MRYS 
 
Bob -  
  
Thanks for calling me back and letting me know you are available for low-dust and tail-end SCR discussions for the Minnkota 
SCR Cost study project here in our office on Tuesday, 9/1 at 10 am. 
  
Ron Bryant is arranging for food (pizza) so you can stay and join us for that if you wish. 
  
I see this starting with the process review (updated preliminary mass balances and process flow diagrams), and then moving 
to the conceptual design review of the various SCR layouts, discussion of duct materials, booster fan locations, materials, and 
design pressure rise considerations, and then review of auxiliary systems. 
  
I looked for the photos of Mercer Station that you mentioned, but it wasn't where I thought its was saved on the server and Steve 
Voss wasn't here to ask.  
  
Bob Blakley         
 

From: Blakley, Robert  
Sent: Tuesday, August 25, 2009 5:17 PM 
To: 'Robert Johnson'; Volker Rummenhohl 
Cc: 51684; Bryant, Ronald; Weilert, Carl 
Subject: LD and TE SCR Review and Recommendations for MRYS 
 
Bob & Volker - 
  
It's been awhile since we've emailed or talked. We hope you've been enjoying the summer weather.  It's been relatively benign 
here in Kansas City.  

Page 2 of 3
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We have been asked to proceed with performing a cost study and BACT cost effectiveness update for Minnkota's Unit 1 and Unit 
2 involving low-dust and tail-end SCR technology. We are committed to having a draft cost study report to Minnkota for review by 
September 30, so we hope that you will be able to assist in this effort in the short term.      
  
1. Update previous March 2009 LD and TE SCR preliminary mass balance calaculations with process flow diagrams - assuming 
a nominal NOx baseline of 0.50 lb/mmBtu with overfire air then 90% NOx reduction (30 day rolling average).  We need you 
to convert numbers in the PFDs to English units (lbs/hr, deg F, in. w.c.), assuming a single SCR reactor for Unit 1 and two 
reactors in parallel for Unit 2.   
  
2. Review of BMcD conceptual designs of reactors, GGH's, ductwork, and isolation damper locations (based on BPEI 
approaches) for "fatal flaws".  Our preliminary layouts are attached, based upon a low-dust or tail-end SCR reactor "tower" that 
was developed by a system supplier recently involved with two low-dust projects in the U.S..  
  
3. Recommendations for booster fans' locations for low-dust and tail-end SCR applications.  We assume that avoiding a "wet" fan 
between the wet FGD outlet and SCR GGH is desirable, as well as having the SCR reactor under negative pressure.         
  
4.  Review of BMcD's selections for materials of construction for ductwork, and recommendations for GGHs and SCR reactor 
isolation dampers for TE SCR systems, assuming both Units have saturated flue gas following the wet lime FGD absorbers. 
  
5. Recommendations for SCR catalyst online cleaning (air "knife" sootblowing rakes) and GGH online cleaning, assuming 
that high-pressure compressed air is preferred over steam.  Is water needed to flush condensed acids from the FGD-GGH 
plates?  Is this a continuous consumption?  What do we need to consider and include in our cost estimate? 
  
6. Recommendations for standby (outage) catalyst heating system - what do we need to consider and include in cost estimate. 
  
7. TE SCR pilot slipstream - approach, cost and schedule estimates. 
  
We have a total of four estimates and conceptual designs that we are developing:  
>low-dust SCR for Unit 1,  
> low dust SCR for Unit 2;  
> tail-end SCR for Unit 1,  
> tail-end SCR for Unit 2.  
There are a few common systems that we also expect could be shared between the Units - urea solution receiving and storage; 
urea solution feed/circulation [to Fuel Tech "ULTRA" urea-to-ammonia conversion system(s)]; individual or common "ULTRA" 
system(s) to decompose the urea to ammonia gas; individual high-pressure compressed air compressor and air receiver tank(s) 
for on-line cleaning of the catalyst; individual standby (outage) catalyst heating system(s) - can this use the "Ultra" system without 
urea injection to provide heated air when the boiler is shutdown for fireside cleaning outages 3 or 4 times per year? 
      
We have engaged two SCR system suppliers and two SCR catalyst manufacturers to help with our conceptual design efforts and 
installed cost estimates, but there are several areas (noted above) that we think that your experience could help improve the 
quality of our conceptual design development work. 
  
Please confirm your interest and availability to assist on this effort. We are running short on time and your help would be very 
beneficial.         
  
Bob Blakley 
Associate Project Engineer 
Energy Group 
9400 Ward Parkway 
Kansas City, MO 64114 
Direct: 816-822-2842 
Main: 816-333-9400 
Fax: 816-333-3690 
rblakley@burnsmcd.com 
www.burnsmcd.com  
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HITACHI Non-Leakage Type Gas-Gas 
Heater

Hitachi Power Systems America
Basking Ridge, NJ



Babcock-Hitachi K.K.has started R&D activities for 
developing heat pipe technology in 1976.  Since the 
first plant was delivered in 1978, Babcock-Hitachi K.K. 
has been working on the higher efficiency and 
rationalization of Gas-Gas Heater. Babcock-Hitachi 
K.K. has already delivered more than 10 non-leak 
type Gas-Gas Heater not only large-scale domestic 
power plant but also overseas, supported by boiler 
manufacturing technologies.
Non-leak type Gas-Gas heater is dispensable for 
stringent environmental emission.

1970 1975 1980 1985 1990 1995 2000 2005 2010

R&D

Commercialization

Technology Development

R&D and Commercialization Record



Application Concepts

(High Temp. Gas)

(Low Temp. Gas)
(Evaporation Gas)

(Condensation liquid)

(Connection Piping)

Flow Diagram of Heat Pipe Type

A heat transfer medium,that is water, is hermetically 
sealed inside a vacuumed pipe container(Heat Pipe),
which consists of a heat recovery (evaporation) 
section and a reheating (condensation) section.
The transportation of the heat medium requires     
no power because of the use of gravity action,etc.
Therefore this method requires no additional 
auxiliaries such as pumps, drives for rotation of  
heat exchanger unit which other heat exchangers  
do require.

(Heat Pipe Type)

(Heat Recovery Section)

(Reheating Section)



(Auxiliary Steam)

(Heat Medium Tank)

(Heat Medium Heater)

(Heat Medium Circulating Pump)

(Heat Recovery Section) (Reheating Section)

低温ガス

(High Temp. Gas) (Low Temp. Gas)

Flow Diagram of Heat Medium Forced Circulated Type

This type utilizes a pump forced hot water 
circulation system.Heat exchange between heat 
recovery section and reheating section can be 
achieved by circulating heat medium.
High temperature gas is cooled by heat recovery 
section, then low temperature gas is heated up to 
certain temperature by reheating section.
Although a heat pipe type needs to locate 
reheating section in a high position, this type does 
not have the restrictions on arrangement.

Application Concepts - continued

(Heat Medium Forced Circulated Type) 



Features

The heat recovery section and Reheating 
section are separated and are connected 
through re-circulation pipes.
This separate type helps to make duct 
arrangement easy.

There is no leakage of fluid. Therefore, this 
type can be used for Combustible fluid, 
Pressurized fluid, Poisonous fluid, etc. and 
can perform a high heat transfer efficiency.

NON LEAKAGE

EASY ARRANGEMENT

Typical Configuration



Suitable material for the heat recovery 
section and reheating section can be 
selected separately.

EASY DESIGN FOR ANTI-CORROSION

By adopting the finned  tube as heating tube,
much heating surface area is obtained and 
compact arrangement is possible.
By adopting the optimal fin specification 
according to the flue gas composition, It 
makes long term stable operation possible.

EASY DESIGN FOR ANTI-CORROSION

Heating Tube The State of the Heating Tubes
(After 2 yeas of operation)

Features - continued



Applications

A/H GGHFGDDeNOx
Boiler

Stack

GGH ESP

FAN
Heat Recovery Re-heating

(１) (For FGD System)

In the FGD plant, it is necessary to make an 
exhaust gas re-heat as follows.

(1) Improvement of the Diffusion
(2) Prevention of the corrosion of Duct ,Stack
(3) Prevention of the visible gas

Babcock-Hitachi K.K. is one of the leader as the 
non-leak type Gas-Gas Heater which recovers 
heat from flue gas and reheat treated gas at the 
FGD without any leakage of untreated flue gas.
According to more stringent emission, no leakage 
of untreated flue gas at the Gas-Gas Heater is 
dispensable for FGD instead of re-generative type 
Gas-Gas Heater.
To the 1990s, Type -1 was in use. 
Recently, Type -2 which can improve the dust 
removal performance of ESP is becoming in use 
because of strengthening of regulations of dust 
emission

TYPE－1

TYPE－2

A/H GGHFGDDeNOx
Boiler

Stack

GGHESP

FAN
Heat Recovery Re-heating



(２) (For Fuel Gas/Air Preheat System)

BoilerBoiler

Stack

Air, Fuel Gas 

GGH

GGH

BoilerBoiler

Stack

Air

GGH

GGH

GGH Fuel Gas

TYPE－1

TYPE－2

Not only heat recovery of the boiler exhaust gas for 
power plant but reuse of various exhaust gases is 
possible.

Applications - continued



Experience

HEAT PIPE TYPE

Item

Fluid

Capacity

Inlet Temp.

Evaporation

Outlet Temp.

Heat Exchange

Customer

Service

Operation

Condensation

Exhaust Gas Air

460,000m3N/h 260,000m3N/h

230℃ 15℃

147℃ 180℃

13.5×106 Kcal/h

JFE Steel Corporation

Air Preheater for Blast Furnace Hot Stove

Feb.1982

HEAT PIPE TYPE

Item

Fluid

Capacity

Inlet Temp.

Evaporation

Outlet Temp.

Heat Exchange

Customer

Service

Operation

Condensation

Boiler Outlet Gas FGD Outlet Gas

3,075,000m3N/h 3,282,060m3N/h

142℃ 49℃

96℃ 93℃

47×106 Kcal/h
(Boiler Capacity 1,000MW)

Soma Kyodo Power Co,,Ltd.

For FGD System

Jun.1994



Heat Medium Forced Circulated Type

Item

Fluid

Capacity

Inlet Temp.

Heat Recovery

Outlet Temp.

Heat Exchange

Customer

Service

Operation

Reheaｔｉｎｇ

Boiler Outlet Gas FGD Outlet Gas

2,787,000m3N/h 2,942,600m3N/h

126℃ 51℃

87℃ 88℃

36×106 Kcal/h
(Boiler Capacity 1,000MW)

Chubu  Electric Power Co,,Ltd.

For FGD System

Nov.2001

Heat Medium Forced Circulated Type

Item

Fluid

Capacity

Inlet Temp.

Heat Recovery

Outlet Temp.

Heat Exchange

Customer

Service

Operation

Reheaｔｉｎｇ

Boiler Outlet Gas FGD Outlet Gas

3,084,000m3N/h 3,230,000m3N/h

133℃ 47℃

88℃ 90℃

46×106 Kcal/h
(Boiler Capacity 1,050MW)

Electric Power Development Co,,Ltd.

For FGD System

Dec.2000

(Transport Situation of GGH Module)

Experience - continued



Data Required For Design

Please supply HITACHI with the 
following data when making 
inquiries;

Item

Source of 
Fluid

Fluid

Capacity

Unit
Specification

High Temp Low Temp

Composition

N2

O2

CO2

H2O

SO2

SO3

その他

Dust

Inlet Temp.

Outlet Temp.

Inlet Press.

Outlet Press.

－

－

m3N/h

Vol%

Vol%

Vol%

Vol%

ppm

ppm

－

mg/m3N

℃

℃

mmH2O

mmH2O

Remarks

1. Fuel ?

2. Rough sketch of installation
site giving altitude ?
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List of Toxic Agents for 

SINOx Systems and Catalysts 
 

 
To keep our guarantee the following values (maximal concentrations 
of catalyst poisons in the exhaust gas) must be strictly respected: 

 
Alkali metals  
 
 

mg/m3 wet. max. 5 

Alkaline-earth metals 
 
 

mg/m3 wet. max. 1 

Hydrochloric acid, chlorides  
 
 

mg/m3 wet. max. 100 

Hydrofluoric acid, fluorides 
 
 

mg/m3  wet max. 1 

P2O5, organic phosphorus 
Compound, As, As-compounds, 
Si-organics, Si-halides 
 
 

mg/m3  wet max. 0,005 

Pb + Zn 
 
 

mg/m3  wet max. 0,1 

Hg + Cd 
 
 

mg/m3 wet max. 0,1 
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