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Items to be covered

• Boiler Sizing

• Gas Firing Components

• Gas Firing – Emissions

•• Converting Converting Bituminous Coal Fired Boiler to Gas Gas 
FiringFiring

•• Converting Converting PRB Coal Fired Boiler to Gas FiringGas Firing

•• Pulverizer Pulverizer and Fan Systemsand Fan Systems

•• SummarySummary

WPCA – Natural Gas Conversions 
of Coal Fired Boilers
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Normal Boiler Sizing

• Boilers are normally 
designed for a 
specific fuel.

• Anytime a boiler has 
a change in fuel, 
there will be 
performance 
compromises.

W

D

H

Gas

1.10 W

1.2 D

1.20 H

Oil

1.25 W

1.25 D

1.60 H

Coal



WPCA Gas Conversion- 5/23/12 - P 4
© ALSTOM 2012. All rights reserved. Information contained in this document is provided without liability for information purposes only and is subject to change without notice. No representation or warranty is 
given or to be implied as to the completeness of information or fitness for any particular purpose. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited. 

Coal Fired Boilers
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Gas Firing Components Gas Firing Components 
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Tangential Firing System

• Flame Pattern of
Tangential Firing
System
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Key Gas Design Criteria

• Gas Composition
− Flame Propagation Velocity
− Heating Value
− Specific Gravity

• Adiabatic Flame Temperature 

• Air Flow Requirements

• Nozzle Design
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Typical Gas Compartment

NOZZLE TIP WINDBOX CHANNEL GAS HEADER

GAS
INLET

GAS NOZZLE
(PROPOSED)
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Gas With Oil Gun

NOZZLE TIP WINDBOX CHANNEL GAS HEADER

GAS
INLET

GAS NOZZLE
(PROPOSED)

OIL GUN GUIDEPIPE
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Option for Skid-Mounted Gas & Ignitor Pipe 
Trains
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Option for Skid-Mounted Gas & Ignitor Pipe 
Trains
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Gas Firing Gas Firing -- Emissions Emissions 
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NOx Formation

NOx is formed by two primary mechanisms: 

• Thermal fixation of atmospheric nitrogen--
“thermal NOx”

• Fixation of nitrogen contained in the fuel--
“fuel NOx” (no fuel NOx in gas)
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Parameters Influencing NOx Formation

• Boiler Operation
−Unit Load
−Tilt Position
−Excess Air
−WB Air Distribution
−Fuel/Air Staging
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Parameters Influencing NOx Formation

• Boiler Design

−Heat Release Rates
−Air Inleakage
−Firing Systems Design

• Fuel Properties

−Fuel Nitrogen - Not applicable
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NOx Technology Questions

• Current NOx Emissions Levels

• Required (or desired) NOx Emissions 
Levels

• Available Options

• Current Performance

• Performance Requirements
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NOx Reduction Methods

• Reduce Burner Zone Stoichiometry
−Low NOx Burners 
−Lower Excess Air
−Overfire Air (OFA)
−Flue Gas Recirculation

• Lower Flame Temperature
−Reduce Secondary Air Temperature
−Reduce Load
−Steam/H20 Injection
−Flue Gas Recirculation
−Spread Out the Heat Release

• Flue Gas Recirculation
−Forced
−Induced
−Premixed

• Reburn

• SNCR
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Low NOx Gas Fired Experience List

Plant Nominal MW's FHI / PA Pre NOx, lb/Mbtu Post NOx, lb/Mbtu Low NOx System
Plant A 160 1.58 0.22 0.08 SOFA & Hopper FGR

Plant B 400 2.74 0.33 0.18 CCOFA
Plant C 400 2.74 0.33 0.18 CCOFA
Plant D 225 1.57 0.23 N/A CCOFA
Plant E 235 1.69 0.42 N/A CCOFA
Plant F 375 2.66 0.59 N/A CCOFA
Plant G 365 1.97 N/A 0.14 CCOFA

Plant H 370 2.20 0.15 CCOFA & Hopper 
FGR

Plant I 370 2.20 0.15 CCOFA & Hopper 
FGR

Plant J 370 2.20 0.11 CCOFA & Hopper 
FGR

Plant K 363 2.95 0.11 CCOFA
Plant L 363 2.95 0.10 CCOFA
Plant M 500 2.05 0.14 N/A SOFA
Plant N 550 3.03 0.21 N/A VCCOFA

N/A = Not Available
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Other Emissions

• CO
−Incomplete Combustion

−Time, Temperature, Turbulence
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Converting Converting Bituminous Coal Fired 
Boiler to Gas FiringGas Firing
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Bituminous Coal Fired Boiler #1
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Bituminous Coal Fired Boiler #1
Original 
Design

Test Data 
Coal Natural Gas Natural Gas

Date 2/16/2011

Gross Load MW 110
Load % 104% MCR 106% MCR 106% MCR 106% MCR

Main Steam Flow lb/hr 780,000 795,110 795,110 795,110
Reheater Steam Flow lb/hr 670,000 689,093 697,292 702,476
SH Spray Flow lb/hr 0 11,574 18,350 18,077
RH Spray Flow lb/hr 0 0 8,199 13,383

SH Outlet Steam Temperature °F 950 944 950 950
RH Outlet Steam Temperature °F 950 961 962 950
CRH Steam Temperature °F 697 692 697 697
Economizer Water Inlet Temperature °F 450 442 442 442
Economizer Water Outlet Temperature °F 502 478 477 477

Drum Pressure psig 1,356 1,243 1,243 1,243
SHO Pressure psig 1,295 1,200 1,200 1,200
CRH Pressure psig 447 400 400 400

Economizer Outlet Gas Temperature °F 720 687 691 691
Air Heater Inlet Gas Temperature °F 720 628 691 691
Air Heater Outlet Gas Temperature uncorr. °F 309 345 345 345
Air Heater Outlet Gas Temperature corr. °F 290 325 324 324
Air Heater Outlet Air Temperature °F 616 552 593 592
Air Heater Inlet Air Temperature °F 80 108 108 108

 
Boiler Efficiency % 88.59 88.60 84.08 84.08
Heat Input Mbtu/hr 1,020 1,051 1,120 1,121

Excess Air % 15 18 8 8
Fuel Nozzle Tiilt degrees Horiz -8 -12 -12
Fuel Elevations in Service number 4 4 3 3
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Bituminous Coal Fired Boiler #1

Original 
Design

Test Data 
Coal Natural Gas

Date 2/16/2011

Gross Load MW 20 MW
Load %    65%.MCR 23% MCR 23% MCR

Main Steam Flow lb/hr 490,000 169,490 169,490
Reheater Steam Flow lb/hr 424,000 154,514 154,514
SH Spray Flow lb/hr 0 1,560 0
RH Spray Flow lb/hr 0 0 0

SH Outlet Steam Temperature °F 950 808 808
RH Outlet Steam Temperature °F 950 741 740
CRH Steam Temperature °F 625 450 450
Economizer Water Inlet Temperature °F 408 318 318
Economizer Water Outlet Temperature °F 466 389 379

Drum Pressure psig 1,320 1,017 1,017
SHO Pressure psig 1,295 1,013 1,013
CRH Pressure psig 281 70 70

Economizer Outlet Gas Temperature °F 644 489 479
Air Heater Inlet Gas Temperature °F 644 489 479
Air Heater Outlet Gas Temperature uncorr. °F 274 314 299
Air Heater Outlet Gas Temperature corr. °F 254 301 288
Air Heater Outlet Air Temperature °F 572 475 462
Air Heater Inlet Air Temperature °F 80 118 118

Boiler Efficiency % 89.35 87.62 84.12
Heat Input Mbtu/hr 674 239 249

Excess Air % 15 73 47
Fuel Nozzle Tiilt degrees +30 Horiz Horiz
Fuel Elevations in Service Number 2 1 1
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Bituminous Coal Fired Boiler #1

Original Coal Data Natural Gas
Design 2/16/2011

Air Weight to FD Fan lb/hr 900,000 908,921 961,999
Excess Air % 15 18 8
Air Temperature to FD Fan °F 100 100 100
Air Volume ACFM 211,500 219,989 232,163
Air Volume per Fan ACFM 105,750 109,995 116,418
25% Tolerance @ 100°F ACFM 132,200
Delta P "w.g. 9.30 9.03 9.60
25% Pressure Tolerance "w.g. 11.60

Original Coal Data Natural Gas
Design 2/16/2011

Gas Weight to ID Fan lb/hr 1,111,000 1,135,113 1,055,110
Excess Air % 15 18 8
Gas Temperature to ID Fan °F 302 325 324
Gas Volume ACFM 356,000 393,341 365,152
Gas Volume per Fan ACFM 178,000 196,670 182,576
21% Tolerance ACFM 215,000
Delta P "w.g. 7.80 11.34 9.47
37% Pressure Tolerance "w.g. 10.70
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Bituminous Coal Fired Boiler #1

• Alstom performed a study to convert to 100% natural gas firing. For 
study purposes, the customer has defined normal full load (NFL) at 
107 MW (approximately 795 MBtu/hr steam flow).  Coal firing will be 
eliminated.

• To convert this unit to natural gas firing, the Company will provide 
three elevations of load carrying gas guns, coupled with Class 1 gas-
fired ignitors.  The ignitors will be located adjacent to the gas guns, 
which will be installed in the bottom three coal elevations.  Using 
Class 1 ignitors eliminates the need for flame scanners; however, they 
can be used if desired by the plant.  The gas guns will be sized for full 
load capability without ignitors on, in case the plant installs flame 
scanners, now or in the future.
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Bituminous Coal Fired Boiler #1

Presentation title - 01/01/2007 - P 26

To convert Units 1 to 
NG firing, Alstom 
proposes:

•Three elevations of load 
carrying gas guns, coupled 
with Class 1 gas ignitors 

•Ignitors located adjacent to 
the gas guns and installed in 
bottom 3 coal elevations

•Class 1 ignitors eliminates 
need for flame scanners, 
although flame scanners 
may be used (if desired by 
Plant) 

•Gas guns sized for full load 
capability without ignitors on

To convert Units 1 to 
NG firing, Alstom 
proposes:

•Three elevations of load 
carrying gas guns, coupled 
with Class 1 gas ignitors 

•Ignitors located adjacent to 
the gas guns and installed in 
bottom 3 coal elevations

•Class 1 ignitors eliminates 
need for flame scanners, 
although flame scanners 
may be used (if desired by 
Plant) 

•Gas guns sized for full load 
capability without ignitors on
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Bituminous Coal Fired Boiler #1 – Gas Gun 
Assembly

Presentation title - 01/01/2007 - P 27

• Gas gun assemblies based on Alstom’s
standard gas gun arrangement 

• Composed of one spud located in bottom 
three coal elevations

• Each spud connected to a header at the 
back of the windbox.  

• Flanged inlet pipe will protrude from the 
windbox to connect to the gas supply 
stainless steel flex hose.  

• Gas gun assembly sized for approx. 
94 x 106 Btu/hr per compartment.  

• 7:1 turndown capability with gas supply 
pressure of 25 psig to gas gun and 
minimum operating pressure of 1/2 psig 
above furnace pressure at burner spud
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Bituminous Coal Fired Boiler #1

Ignitor Air System

• The existing 10,880 CFM ignitor air system is sufficient for the new 
ignitors (and any flame scanners, if the plant elects to install flame 
scanners).

SOFA Windbox

• No modifications are planned for the SOFA windbox.  The Company 
expects the SOFA airflow required to meet NOx emission targets will 
be less than the current SOFA is designed for.  The reduced airflow 
will require retuning the SOFA over the load range.
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Bituminous Coal Fired Boiler #1 - Gas Pipe 
Schematic
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Bituminous Coal Fired Boiler #2
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Bituminous Coal Fired Boiler #2

Original Design Test Data Coal Natural Gas Natural Gas Natural Gas
Date 03/29/2`011

No Mods.

Add 31% 
more RH 
Finishing 
Surface

Add Gas 
Recirculation

Gross Load MW 184
Load % 103.5% MCR 104.8% MCR 104.8% MCR 104.8% MCR 104.8% MCR

6Hr. Peak
Main Steam Flow lb/hr 1,200,000 1,216,118 1,216,118 1,216,118 1,216,118
Reheater Steam Flow lb/hr 1,063,000 1,113,651 1,113,651 1,113,651 1,113,651
SH Spray Flow lb/hr 0 51,558 11,804 7,062 85,317
RH Spray Flow lb/hr 0 0 0 0 0

SH Outlet Steam Temperature °F 1,050 1,050 1,050 1,050 1,050
RH Outlet Steam Temperature °F 1,000 999 972 1,000 990
CRH Steam Temperature °F 670 686 686 686 686
Economizer Water Inlet Temperature °F 472 457 457 457 457
Economizer Water Outlet Temperature °F 508 509 507 507 519

Drum Pressure psig 2,568 2,386 2,386 2,386 2,386
SHO Pressure psig 2,450 2,290 2,290 2,290 2,290
CRH Pressure psig 524 494 494 494 494

Economizer Outlet Gas Temperature °F 681 665 664 664 689
Air Heater Inlet Gas Temperature °F 681 619 664 664 689
Air Heater Outlet Gas Temperature uncorr. °F 290 310 314 314 323
Air Heater Outlet Gas Temperature corr. °F 270 301 305 305 313
Air Heater Outlet Air Temperature °F 570 512 532 531 556
Air Heater Inlet Air Temperature °F 80 93 93 93 93

 % 88.94 88.76 83.98 83.98 84.08
Heat Input Mbtu/hr 1,618 1,667 1,742 1,763 1752

Excess Air % 15 16 20 20 12
Fuel Nozzle Tiilt degrees Horiz. -7 +15 +15 +15
Gas Recirculation % 20
Fuel Elevations in Service Number 5 5 4 4 4
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Bituminous Coal Fired Boiler #2
Original CL 

Design
Test Data 

Coal Natural Gas Natural Gas
Date 03/29/2`011

No Mods.

Add 31% 
more RH 
Finishing 
Surface

Gross Load MW 45
Load % 57% MCR 31% MCR 31% MCR 31% MCR

Main Steam Flow lb/hr 660,000 356,085 356,085 356,085
Reheater Steam Flow lb/hr 592,500 330,859 331,158 330,859
SH Spray Flow lb/hr 0 0 1,047 1,343
RH Spray Flow lb/hr 0 0 299 0

 
SH Outlet Steam Temperature °F 1,050 916 916 916
RH Outlet Steam Temperature °F 1,000 795 797 824
CRH Steam Temperature °F 590 466 464 466
Economizer Water Inlet Temperature °F 420 337 337 337
Economizer Water Outlet Temperature °F 464 424 425 425

Drum Pressure psig 2,490 1,820 1,820 1,820
SHO Pressure psig 2,450 1,810 1,810 1,810
CRH Pressure psig 288 124 124 124

Economizer Outlet Gas Temperature °F 605 512 517 517
Air Heater Inlet Gas Temperature °F 474 517 517
Air Heater Outlet Gas Temperature uncorr. °F 283 282 283
Air Heater Outlet Gas Temperature corr. °F 245 275 275 275
Air Heater Outlet Air Temperature °F 525 440 462 462
Air Heater Inlet Air Temperature °F 102 102 102

Boiler Efficiency % 89.71 88.72 83.70 83.68
Heat Input Mbtu/hr 940 511 541 546

Excess Air % 54 54 54
Fuel Nozzle Tiilt degrees +30 Horiz Horiz +2
Fuel Elevations in Service Number 3 2 2 2
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Bituminous Coal Fired Boiler #2
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Bituminous Coal Fired Boiler #2
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Bituminous Coal Fired Boiler #2

Original Design Coal Data Natural Gas

2/16/2011

With or W ithout 
Additional RH 

Surface

Air Weight to FD Fan lb/hr 1,418,000 1,367,521 1,578,988
Excess Air % 15 16 20
Air Temperature to FD Fan °F 100 100 100
Air Volume ACFM 333,600 330,986 382,169
Air Volume per Fan ACFM 166,800 165,493 191,085
27% Tolerance @ 140°F ACFM 212,000
Delta P "w.g. 11.00 10.59 11.10
41% Pressure Tolerance "w.g. 15.50

Original Design Coal Data Natural Gas

2/16/2011

With or Without 
Additional RH 

Surface

Gas Weight to ID Fan lb/hr 1,684,000 1,685,711 1,733,470
Excess Air % 15 16 20
Gas Temperature to ID Fan °F 285 301 305
Gas Volume ACFM 524,000 565,177 585,380
Gas Volume per Fan ACFM 262,000 282,588 292,690
15% Tolerance ACFM 301,000
Delta P "w.g. 16.00 11.41 10.92
26% Pressure Tolerance "w.g. 20.20
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Bituminous Coal Fired Boiler #2

• Alstom performed a study to convert to 100% natural gas firing. For 
study purposes, customer has defined normal full load (NFL) at 185 
MW. Coal firing will be eliminated.

• To convert the unit to natural gas firing, the Alstom will provide four 
elevations of load carrying gas guns, coupled with Class 1 gas-fired 
ignitors.  The ignitors will be located adjacent to the gas guns, which 
will be installed in the top four coal compartments.  Using Class 1 
ignitors eliminates the need for flame scanners; however, they can be 
used if desired by the plant.  The gas guns will be sized for full load 
capability without ignitors on, in case the plant installs flame scanners, 
now or in the future.
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Bituminous Coal Fired Boiler #2

Presentation title - 01/01/2007 - P 37

To convert Unit 2 to NG 
firing, Alstom proposes:

•Four elevations of load 
carrying gas guns, coupled 
with Class 1 gas ignitors.  

•Ignitors located adjacent to 
gas guns and installed in the 
top four coal compartments.

•Class 1 ignitors eliminates 
need for flame scanners, 
although flame scanners may 
be used (if desired by Plant) 

•Gas guns sized for full load 
capability without ignitors on

To convert Unit 2 to NG 
firing, Alstom proposes:

•Four elevations of load 
carrying gas guns, coupled 
with Class 1 gas ignitors.  

•Ignitors located adjacent to 
gas guns and installed in the 
top four coal compartments.

•Class 1 ignitors eliminates 
need for flame scanners, 
although flame scanners may 
be used (if desired by Plant) 

•Gas guns sized for full load 
capability without ignitors on
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Bituminous Coal Fired Boiler #2 – Gas Gun 
Assembly

• Gas gun assemblies based on Alstom’s
standard gas gun arrangement 

• Composed of two spuds located in the 
top four coal compartment

• Each spud connected to a header at the 
back of the windbox.  

• Flanged inlet pipe will protrude from the 
windbox to connect to the gas supply 
stainless steel flex hose.  

• Gas gun assembly sized for approx.
111 x 106 Btu/hr per compartment.  

• 7:1 turndown capability with gas supply 
pressure of 25 psig to gas gun and 
minimum operating pressure of 1/2 psig 
above furnace pressure at burner spud

Presentation title - 01/01/2007 - P 38
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Bituminous Coal Fired Boiler #2

Ignitor Air System

• The existing 12,880 CFM ignitor air system is sufficient for the new 
ignitors (and any flame scanners if the plant elects to install flame 
scanners).

SOFA Windbox

• No modifications are planned for the SOFA windbox.  The Company 
expects the SOFA airflow required to meet NOx emission targets will 
be less than the current SOFA is designed for.  The reduced airflow 
will require retuning the SOFA over the load range.
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Converting Converting PRB Coal Fired Boiler to
Gas FiringGas Firing
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PRB Coal Fired Boiler
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PRB Coal Fired Boiler– Full Load

SH Steam Flow lb/hr 4208428 4208428 4208428 4208428 4208428 4208428 4208428
RH Steam Flow lb/hr 3926131 3848276 3899221 3814276 3814276 3839524 3814276
SHO Temp degF 1004 990 1004 863 986 1004 978
SH Desup Spray % 1.3 0.1 0.6 0 0 0 0
RH Desup Spray % 2.9 0.9 2.2 0 0 0.7 0
SHDesuperheater Spray lb/hr 56190 0 26563 0 0 625 0
RHDesuperheater Spray lb/hr 111855 0 84945 0 0 25248 0
RHO Temp degF 1005 1004 1005 789 988 1006 974
RHDESUP OUT TMP degF 589 606 599 506 617 622 609
Feedwater Temp degF 470 470 470 470 470 470 470
Econ Exit Gas Temp degF 778 763 769 695 765 760 783
AH TGO Uncorr degF 308 304 306 306 317 320 336
Tilt degree -5 -5 5 5 25 15 5
Excess Air % 20 20 20 10 30 20 10
Boiler Efficiency % 85.58 85.32 85.27 84.21 83.11 83.47 83.58
Gas Recirculation % 0 0 0 0 0 0 35
NHI/PA Btu/hr-ft2 1.85 1.81 1.83 1.54 1.79 1.79 1.84
Q FIRED Btu/hr 6052.8 5952 6037.9 5347.5 6017.8 6084.5 5940.5
Gas Leaving AH degF 6524397 6317903 6400794 4889759 6347443 5967469 5403267
Gas In Temp degF 2699 2642 2684 2454 2555 2687 2353
Percent Coal 100 80 80 0 0 0 0
Percent Gas 0 20 20 100 100 100 100
Existing Windbox Configuration Yes Yes Yes Yes Yes No Yes
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PRB Coal Fired Boiler– Low Load

SH Steam Flow lb/hr 1501008 1501008 1387762 1387762 1387762
RH Steam Flow lb/hr 1461186 1461186 1329376 1329376 1329376
SHO Temp degF 999 962 933 1005 1005
SH Desup Spray % 0.6 0 0.4 4.4 5.2
RH Desup Spray % 0 0 0 0 0
SHDesuperheater Spray lb/hr 9448 0 5218 60655 71677
RHDesuperheater Spray lb/hr 0 0 0 0 0
RHO Temp degF 924 867 832 946 952
RHDESUP OUT TMP degF 601 568 540 605 605
Feedwater Temp degF 383 383 376 376 376
Econ Exit Gas Temp degF 539 528 510 529 572
AH TGO Uncorr degF 249 250 280 284 301
Tilt degree -2 -2 25 25 25
Excess Air % 31.6 31.6 33.3 33.3 33.3
Boiler Efficiency % 87 86.59 84.12 84.03 83.58
Gas Recirculation % 0 0 0 0 35
NHI/PA Btu/hr-ft2 0.66 0.64 0.58 0.62 0.66
Q FIRED Btu/hr 2241.7 2191.9 2055.1 2173 2190.1
Gas Leaving AH degF 2756536 2656381 2364819 2486853 2508275
Gas In Temp degF 2025 1943 1900 2156 1882
Percent Coal 100 80 0 0 0
Percent Gas Percent Gas 0 20 100 100 100
Existing Windbox Configuration Yes Yes Yes No Yes
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PRB Coal Fired Boiler

• Retaining coal firing 
capability

• Existing oil fired ignitors 
were eliminated that are 
adjacent to the coal 
compartments.

• New gas fired ignitors 
adjacent to the new gas 
compartments and coal 
will be ignited by the gas 
elevations.

Existing 
LNCFS™ Level 3  
Low NOx System  

Windbox Arrangement 
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PRB Coal Fired Boiler

• Optional gas firing 
arrangement

• Install one elevation 
located in the SOFA to 
raise furnace outlet gas 
temperature so steam 
temperature can be 
achieved.

Proposed Option E 
Natural Gas Modification 
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Pulverizer Pulverizer and Fan Systemsand Fan Systems
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Pulverizer and Fans

• How do we get the required combustion air 
flow to the windbox and furnace?

• What operating or equipment modifications 
will be required?
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Pulverizer System with Exhausters
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Cold Primary Air System
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Cold Primary Air System with Bisector AH
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Converting Converting Coal Fired Boilers to
Gas FiringGas Firing

SummarySummary
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Bituminous Coal to Natural Gas Conversion

Possible Issues Include:

• An increase in SH desuperheater spray water flow 

• An increase in RH desuperheater spray water flow

• An increase in forced draft fan volumetric flow

• SHO & RHO steam temperatures may not be achieved 
in some cases 

These issues may or may not require capacity increases 
in their respective equipment
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Bituminous Coal to Natural Gas Conversion

Solution:

• Increase the SH desuperheater spray water capacity

• “Tip” the forced draft fans to increase their volumetric flow 
capacity

• May require re-surfacing for steam temperature
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PRB/Lignite to Natural Gas Conversions

Possible Issues Include:

• Inability to attain design SH steam outlet temperature

• Inability to attain design RH steam outlet temperature

• Insufficient forced draft fan volumetric capacity

• Insufficient forced draft fan motor size

• Primary air system not useful

• Exceeding steam turbine steam inlet temperature lower 
limits

• Exceeding steam turbine SH/RH steam inlet differential 
temperature limits
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PRB/Lignite to Natural Gas Conversions

Solution:

Raise the gas firing elevation in the furnace to increase furnace 
outlet temperature when firing natural gas 

• Increases SH steam outlet temperature to design level

• Eliminates steam turbine steam temperature issues

• Customer may choose to let forced draft fan capacity determine 
MCR

• FD fan volumetric capacity may be increased by “tipping” the fan
(may require motor HP increase)

• FD fan volumetric capacity may be augmented with the primary air
fans

• Primary air system may need to be redesigned 
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