










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
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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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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.  
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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 

Rev. 
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May 1th, 2003 
Provided by/Department. 
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Released by/ Department 
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