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NBoiler =

Msteam (hSteam L hFeedwater)

mFuelH H VFuel



NBoiter = 100% — AStack 1 ABlowdown T AShell N AMisc
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Boiler steam capacity is
60,000 lIbm/hr (27 tonne/hr)

SE

Current operating load is
50,000-lbm/hr(23 tonne/hr)

L e ——

* Natural gas fired
boiler

$US5/106Btu

($Y54.7/GJ)

Steam pressure is 120

psig (830 kPaG)

Steam temperature is . =3
350°F (177°C ol
saturated) ' —

Ambient temperature is
~70°F (~20°C)
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Boiler steam capacity is

Exam ple 60,000 lbm/hr (27 tonne/hr)

Current operating load is

boiler

Natural gas fired = T 5 | 50,000-Ibm/hr-(23 tonnethr)

$YS5/105Btu
($Y54.7/GJ)

Steam pressure is 120
psig (830 kPaG)
Steam tem erature is
350°F (17

saturated)

Ambient temperature is
~70°F (~20°C)

MILLIGAN " Fuel cost $U82 800 ,000/yr
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Boiler Efficiency

* Fuel type, thermal energy recovery, and combustion control

are the primary factors affecting boliler efficiency

T T T
Feedwa-ltler Combuztion Air

TS

N |
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Boiler Efficiency

* Fuel type, thermal energy recovery, and combustion control

are the primary factors affecting boliler efficiency
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Feedwa-ltler Combuztion Air

Fuel | >>
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Boiler Efficiency

- Thermal energy recovery and combustion control
are the primary factors affecting boiler efficiency

Poror

Feedwa-ltder Combugtion Alr
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Boiler Efficiency

- Thermal energy recovery and combustion control
are the primary factors affecting boiler efficiency
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Boiler Efficiency

- Thermal energy recovery and combustion control
are the primary factors affecting boiler efficiency
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Boiler Efficiency

- Thermal energy recovery and combustion control
are the primary factors affecting boiler efficiency
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Measurement Tools

* The primary tools used to
({ D measure boller performance are:
— Combustion analyzer

— Contact thermometers
» For flue gas temperatures

— Infrared thermometers
* Shell loss and other indications

— Manometers
— Water chemistry measurements;

g

o~

=0 =
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« Stack loss table is developed for negligible combustibles and no condensation

Stack Loss - Natural Gas

Stack Loss Table for

Typical Natural Gas

Flue Gas |Flue Gas| Comb Stack Loss [% of fuel Higher Heating Value input]
Oxygen Oxygen | Conc

Content Content Net Stack Temperature [A°F]

Wet Basis |Dry Basis {Difference between flue gas exhaust temperature and ambient temperature}
[%] [%] [ppm] 180] 205 230| 255 280| 305| 330| 355| 380 405| 430| 455
1.0 1.2 0 13.6 [14.1] 14.7 | 15.2 |115.8(16.3|16.9]|17.4(18.0|18.5]|19.1( 19.6
2.0 2.4 0 13.8 (14.3] 149 | 155 116.1(16.6|17.2|17.8(18.4]18.9|19.5| 20.1
3.0 3.6 0 14.0 [14.6] 15.2 | 15.8 |116.4(17.0|17.6]18.2(18.8]|19.4] 20.0( 20.6
4.0 4.7 0 14.2 [14.8] 155 | 16.1 |16.7(17.4]18.0|18.7(19.3]20.0| 20.6| 21.2
5.0 5.8 0 145 [15.1] 15.8 | 16.5 |17.2(17.8|18.5]119.2(19.9]|20.5]|21.2(21.9
6.0 6.9 0 14.8 [15.5] 16.2 | 16.9 |17.6(18.3]19.1]19.8(20.5]|21.2|22.0| 22.7
7.0 8.0 0 15.1 [15.9] 16.6 | 17.4 |118.1(18.9|19.7]|20.5(21.2]| 22.0| 22.8| 23.6
8.0 9.1 0 155 (16.3| 17.1 | 17.9 |118.8(19.6|20.4|21.2(22.1]| 22.9| 23.7 | 24.6
9.0 10.1 0 16.0 [16.8 | 17.7 | 18.6 |19.5(20.4|21.2|22.1|23.0]|23.9|24.8| 25.7
10.0 11.1 0 16.5 [17.4] 18.4 | 19.4 |120.3(21.3]|22.2|23.2(24.2]125.2|26.1|27.1
Actual Exhaust T [°F] 250 | 275 | 300 | 325 | 350 | 375 | 400 [ 425 | 450 | 475 [ 500 | 525
Ambient T [°F] 70 70 70 70 701 70| 70 | 70 | 70 [ 70 | 70 | 70

Reference: Combustion model developed by Greg Harrell, Ph.D., P.E.

MILLIGAN

ENGINEERIN

G




MILLIGAN

ENGINEERING




r—

MILLIGAN ENGINEERING 27

m e

s V-

! '

| — .

11— =
Riza

..nm ".Mm.l. i !

| B A

|9
2
mm
.I.E
wl
— |z
— |
>z
w










NT"

A1 Y TR

[
i

TRl T T &
e i

<

S H_ -




MILLIGAN

MILLIGAN ENGINEERING 31



Burners
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Actual Combustion

* In actual combustion processes fuel and oxygen do not
react perfectly

PRI C DD
Energy

Release

* Un-reacted CH,, CO, and H, are fuels resulting from
Incomplete combustion

MILLIGAN
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Combustion Management — Principle 1

* Un-reacted CH,, CO, and H, harm combustion operations
— Safety problems
— Health issues

— Efficiency detriments

201 2 50,0 o
Energy

Release

« Combustion management strives to eliminate un-reacted fuel
by adding extra oxygen to the combustion zone

— Excess O, provided to the combustion zone essentially eliminates
un-reacted fuel

MILLIGAN
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Boiler steam capacity is

Exam ple 60,000 lbm/hr (27 tonne/hr)

Current operating load is

boiler

Natural gas fired = T 5 | 50,000-Ibm/hr-(23 tonnethr)

$YS5/105Btu
($Y54.7/GJ)

Steam pressure is 120
psig (830 kPaG)
Steam tem erature is
350°F (17

saturated)

Ambient temperature is
~70°F (~20°C)

MILLIGAN " Fuel cost $U82 800 ,000/yr
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« Natural gas fired boiler Example

— $YS5/10Btu ($Y54.7/GJ) Fuel cost
— Steam pressure is 120 psig (830 kPaG) $Y52,800,000/yr
— Steam temperature is 350°F (177°C saturated)

— Ambient temperature is ~70°F (~20°C) .. uater

Steam Outlet: Flow,

N’\ Temperature, Pressure

Oxygen
Combustibles

Boiler Blowdown 4~

Combustion

Fuel — Air Fan

Boiler steam capacity is Current operating load is
60,000 lbm/hr (27 tonne/hr) 50,000 Ibm/hr (23 tonne/hr)



« Natural gas fired boller Measurements
— $YS5/106Btu ($US4_7/GJ) Fuel cost (U'S')

— Steam pressure is 120 psig (830 kPaG) $Y52,800,000/yr
— Steam temperature is 350°F (177°C saturated)

— Ambient temperature is ~70°F (~20°C) .. uater

Steam Outlet: Flow,

N’\ Temperature, Pressure

Oxygen
Combustibles

Boiler Blowdown 4~

Combustion

Fuel — Air Fan

Boiler steam capacity is Current operating load is
60,000 lbm/hr (27 tonne/hr) 50,000 Ibm/hr (23 tonne/hr)




« Natural gas fired boller Measurements
— $YS5/106Btu ($US4_7/GJ) Fuel cost (U'S')

— Steam pressure is 120 psig (830 kPaG) $Y52,800,000/yr
— Steam temperature is 350°F (177°C saturated)
— Ambient temperature is ~70°F (~20°C) .. uater

Steam Outlet: Flow,

N’\ Temperature, Pressure

0, = 8.0%¢y

Oxygen CO =10 ppm

Combustibles
Toiack = 450°F
(232°C)

T

al

= 70°F

Boiler Blowdown £~ (20°C)

Combustion
Air Fan

Fuel ———

Boiler steam capacity is Current operating load is :
60,000 lbm/hr (27 tonne/hr) 50,000 Ibm/hr (23 tonne/hr) (




« Stack loss table is developed for negligible combustibles and no condensation

Stack Loss - Natural Gas

Stack Loss Table for

Typical Natural Gas

Flue Gas |Flue Gas| Comb Stack Loss [% of fuel Higher Heating Value input]
Oxygen Oxygen | Conc

Content Content Net Stack Temperature [A°F]

Wet Basis |Dry Basis {Difference between flue gas exhaust temperature and ambient temperature}
[%] [%] [ppm] 180] 205 230| 255 280| 305| 330| 355| 380 405| 430| 455
1.0 1.2 0 13.6 [14.1] 14.7 | 15.2 |115.8(16.3|16.9]|17.4(18.0|18.5]|19.1( 19.6
2.0 2.4 0 13.8 (14.3] 149 | 155 116.1(16.6|17.2|17.8(18.4]18.9|19.5| 20.1
3.0 3.6 0 14.0 [14.6] 15.2 | 15.8 |116.4(17.0|17.6]18.2(18.8]|19.4] 20.0( 20.6
4.0 4.7 0 14.2 [14.8] 155 | 16.1 |16.7(17.4]18.0|18.7(19.3]20.0| 20.6| 21.2
5.0 5.8 0 145 [15.1] 15.8 | 16.5 |17.2(17.8|18.5]119.2(19.9]|20.5]|21.2(21.9
6.0 6.9 0 14.8 [15.5] 16.2 | 16.9 |17.6(18.3]19.1]19.8(20.5]|21.2|22.0| 22.7
7.0 8.0 0 15.1 [15.9] 16.6 | 17.4 |118.1(18.9|19.7]|20.5(21.2]| 22.0| 22.8| 23.6
8.0 9.1 0 155 (16.3| 17.1 | 17.9 |118.8(19.6|20.4|21.2(22.1]| 22.9| 23.7 | 24.6
9.0 10.1 0 16.0 [16.8 | 17.7 | 18.6 |19.5(20.4|21.2|22.1|23.0]|23.9|24.8| 25.7
10.0 11.1 0 16.5 [17.4] 18.4 | 19.4 |120.3(21.3]|22.2|23.2(24.2]125.2|26.1|27.1
Actual Exhaust T [°F] 250 | 275 | 300 | 325 | 350 | 375 | 400 [ 425 | 450 | 475 [ 500 | 525
Ambient T [°F] 70 70 70 70 701 70| 70 | 70 | 70 [ 70 | 70 | 70

Reference: Combustion model developed by Greg Harrell, Ph.D., P.E.
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« Stack loss table is developed for negligible combustibles and no condensation

Stack Loss - Natural Gas

Stack Loss Table for

Typical Natural Gas

Flue Gas |Flue Gas| Comb Stack Loss [% of fuel Higher Heating Value input]
Oxygen Oxygen | Conc

Content Content Net Stack Temperature [A°F]

Wet Basis |Dry Basis {Difference between flue gas exhaust temperature and ambient temperature}
[%] [%] [ppm] 180] 205( 230| 255 280| 305| 330| 355| 380 405| 430| 455
1.0 1.2 0 13.6 [14.1] 14.7 | 15.2 |115.8(16.3|16.9]|17.4(18.0|18.5]|19.1( 19.6
2.0 2.4 0 13.8 (14.3] 149 | 155 116.1(16.6|17.2|17.8(18.4]18.9| 19.5| 20.1
3.0 3.6 0 14.0 [14.6] 15.2 | 15.8 |116.4(17.0|17.6]18.2(18.8]| 19.4] 20.0( 20.6
4.0 4.7 0 14.2 [14.8] 155 | 16.1 |16.7(17.4]18.0]18.7(19.3]20.0| 20.6| 21.2
5.0 5.8 0 145 [15.1] 15.8 | 16.5 |17.2(17.8|18.5]119.2(19.9]|20.5]|21.2(21.9
6.0 6.9 0 14.8 [15.5] 16.2 | 16.9 |17.6(18.3]19.1]19.8(20.5]|21.2|22.0| 22.7
7.0 8.0 0 15.1 [15.9] 16.6 | 17.4 |118.1(18.9|19.7]|20.5(21.2]| 22.0| 22.8| 23.6
8.0 9.1 0 155 (16.3| 17.1 | 17.9 |118.8(19.6|20.4|21.2(22.1]| 22.9| 23.7 | 24.6
9.0 10.1 0 16.0 [16.8 | 17.7 | 18.6 |19.5(20.4|21.2|22.1|23.0]|23.9| 24.8| 25.7
10.0 11.1 0 16.5 [17.4] 18.4 | 19.4 |120.3(21.3|22.2|23.2(24.2]|125.2|26.1|27.1
Actual Exhaust T [°F] 250 | 275 | 300 | 325 | 350 | 375 | 400 [ 425 | 450 | 475 [ 500 | 525
Ambient T [°F] 70 70 70 70 701 70| 70 | 70 | 70 [ 70 | 70 | 70

Reference: Combustion model developed by Greg Harrell, Ph.D., P.E.
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« Stack loss table is developed for negligible combustibles and no condensation

Stack Loss - Natural Gas

Stack Loss Table for

Typical Natural Gas

Flue Gas |Flue Gas| Comb Stack Loss [% of fuel Higher Heating Value input]
Oxygen Oxygen | Conc

Content Content Net Stack Temperature [A°F]

Wet Basis |Dry Basis {Difference between flue gas exhaust temperature and ambient temperature}
[%] [%] [ppm] 180] 205( 230| 255 280| 305| 330| 355| 380 405| 430| 455
1.0 1.2 0 13.6 [14.1] 14.7 | 15.2 |115.8(16.3|16.9]|17.4(18.0|18.5]|19.1( 19.6
2.0 2.4 0 13.8 (14.3] 149 | 155 116.1(16.6|17.2|17.8(18.4]18.9| 19.5| 20.1
3.0 3.6 0 14.0 [14.6] 15.2 | 15.8 |116.4(17.0|17.6]18.2(18.8]| 19.4] 20.0( 20.6
4.0 4.7 0 14.2 [14.8] 155 | 16.1 |16.7(17.4]18.0]18.7(19.3]20.0| 20.6| 21.2
5.0 5.8 0 145 [15.1] 15.8 | 16.5 |17.2(17.8|18.5]119.2(19.9]|20.5]|21.2(21.9
6.0 6.9 0 14.8 [15.5] 16.2 | 16.9 |17.6(18.3]19.1]19.8(20.5]|21.2|22.0| 22.7
7.0 8.0 0 15.1 [15.9] 16.6 | 17.4 |118.1(18.9|19.7]|20.5(21.2]| 22.0| 22.8| 23.6
8.0 9.1 0 155 (16.3| 17.1 | 17.9 |118.8(19.6|20.4|21.2(22.1]| 22.9| 23.7 | 24.6
9.0 10.1 0 16.0 [16.8 | 17.7 | 18.6 |19.5(20.4|21.2|22.1|23.0]|23.9| 24.8| 25.7
10.0 11.1 0 16.5 [17.4] 18.4 | 19.4 |120.3(21.3|22.2|23.2(24.2]|125.2|26.1|27.1
Actual Exhaust T [°F] 250 | 275 | 300 | 325 | 350 | 375 | 400 [ 425 | 450 | 475 [ 500 | 525
Ambient T [°F] 70 70 70 70 701 70| 70 | 70 | 70 [ 70 | 70 | 70

Reference: Combustion model developed by Greg Harrell, Ph.D., P.E.

NpBoiler =~ 100% — 212% — 78-8%HHV
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Stack Loss - Natural Gas

« Stack loss table is developed for negligible combustibles and no condensation

Stack Loss Table for Typical Natural Gas

Flue Gas Flue Gas| Comb Stack Loss [% of fuel Higher Heating Value input]

Oxygen Oxygen Conc

Content Content Net Stack Temperature [A°F]

Wet Basis |Dry Basis {Difference between flue gas exhaust temperature and ambient temperature}

[%6] [%0] [ppm] 180| 205| 230| 255| 280| 305/ 330/ 355| 380| 405| 430| 455
1.0 1.2 0 13.6 |14.1| 14.7 | 15.2 |15.8|16.3|16.9|17.4|18.0|18.5|19.1|19.6
2.0 2.4 0 13.8 |14.3| 149 | 155 |16.1|16.6|17.2|17.8|18.4|18.9|19.5| 20.1
3.0 3.6 0 14.0 | 14.6| 15.2 | 158 |16.4|17.0|17.6|18.2|18.8|19.4| 20.0 | 20.6
4.0 4.7 0 14.2 | 14.8| 155 | 16.1 |16.7|17.4|18.0|18.7|19.3|20.0| 20.6 | 21.2
5.0 5.8 0 145 |15.1| 15.8 | 16,5 (17.2|17.8]18.5|19.2|19.9|20.5|21.2|21.9
6.0 6.9 0 14.8 | 15.5| 16.2 | 16.9 |17.6|18.3|19.1|19.8|20.5|21.2|22.0|22.7
7.0 8.0 0 15.1 | 159 16.6 | 17.4 |18.1|18.9|19.7|20.5|21.2|22.0|22.8|23.6
8.0 9.1 0 155 |16.3| 17.1 | 17.9 |18.8|19.6|20.4|21.2|22.1|22.9|23.7|24.6
9.0 10.1 0 16.0 | 16.8| 17.7 | 18.6 | 19.5|20.4|21.2|22.1|23.0|23.9|24.8|25.7
10.0 11.1 0 16.5 | 17.4| 18.4 | 19.4 | 20.3|21.3|22.2|23.2|24.2|25.2|26.1|27.1
Actual Exhaust T [°F] 250 | 275 | 300 | 325 | 350 | 375 | 400 | 425 | 450 | 475 | 500 | 525
Ambient T [°F] 70 70 70 70 70 | 70 | 70 | 70 | 70 | 70 | 70 | 70

NpBoiler =~ 100% — 174‘% — 82-6%HHV

Reference: Combustion model developed by Greg Harrell, Ph.D., P.E.
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Savings Analysis

. M ESteam
Osavings = 1-— 1, 1 Kfuel

78.8% 3
Osavings = | 1~ 55 ¢or | 2:800,0005

Osavings = 128,000
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* Natural gas fired boiler Measurements(us)
— $YS5/10Btu ($Y54.7/GJ) Fuel cost
— Steam pressure is 120 psig (830 kPaG) $Y52,670,000/yr
— Steam temperature is 350°F (177°C saturated)
— Ambient temperature is ~70°F (~20°C)

Steam Outlet: Flow,

N’\ Temperature, Pressure
Feedwater Economizer
4—
O, = 8.0%yy,
Oxygen CO=10 ppm
Combustibles
Toiack = 325°F
(163°C)
. |~ T.mp = 70°F
Boiler Blowdown & (20°C)
Fuel .
The measurements obtained (¢
should be challenged based
on:
— Boiler load
— Boiler design
+ or — draft
Heat recovery
components
Fuel type
. m— — Combustion control
Boiler steam capacity is Current operating load is +  Positioning

60,000 Ibm/hr (27 tonne/hr) 50,000 Ibm/hr (23 tonne/hr) * Oxygen control |




Stack Loss - Natural Gas

« Stack loss table is developed for negligible combustibles and no condensation

Stack Loss Table for Typical Natural Gas

Flue Gas Flue Gas| Comb Stack Loss [% of fuel Higher Heating Value input]

Oxygen Oxygen Conc

Content Content Net Stack Temperature [A°F]

Wet Basis |Dry Basis {Difference between flue gas exhaust temperature and ambient temperature}

[%6] [%0] [ppm] 180| 205| 230| 255| 280| 305| 330/ 355| 380| 405| 430| 455
1.0 1.2 0 13.6 |14.1| 14.7 | 15.2 |15.8|16.3|16.9|17.4|18.0|18.5|19.1|19.6
2.0 2.4 0 13.8 |14.3| 149 | 155 |16.1|16.6|17.2|17.8|18.4|18.9|19.5| 20.1
3.0 3.6 0 14.0 | 146| 15.2 | 158 [16.4|17.0|17.6|18.2|18.8|19.4| 20.0| 20.6
4.0 4.7 0 14.2 | 14.8| 155 | 16.1 |16.7|17.4|18.0|18.7|19.3|20.0| 20.6 | 21.2
5.0 5.8 0 145 |15.1| 158 | 16.5 [17.2|17.8]18.5|19.2|19.9|20.5|21.2|21.9
6.0 6.9 0 14.8 | 15.5| 16.2 | 16.9 [17.6|18.3|19.1|19.8|20.5|21.2|22.0|22.7
7.0 8.0 0 15.1 | 159 16.6 | 17.4 |18.1|18.9|19.7|20.5|21.2|22.0|22.8|23.6
8.0 9.1 0 15,5 |16.3| 17.1 | 17.9 |18.8|19.6|20.4|21.2|22.1|22.9|23.7|24.6
9.0 10.1 0 16.0 | 16.8| 17.7 | 18.6 |19.5|20.4|21.2|22.1|23.0|23.9|24.8|25.7
10.0 11.1 0 16.5 | 17.4| 18.4 | 19.4 |20.3|21.3|22.2|23.2|24.2|25.2|26.1|27.1
Actual Exhaust T [°F] 250 | 275 | 300 | 325 | 350 | 375 | 400 | 425 | 450 | 475 | 500 | 525
Ambient T [°F] 70 70 70 70 70 | 70 | 70 | 70 | 70 | 70 | 70 | 70

NpBoiler =~ 100% — 174‘% — 82-6%HHV

Reference: Combustion model developed by Greg Harrell, Ph.D., P.E.
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 Natural gas fired boiler I\/Ieasurements(us)

— $YS5/10Btu ($Y54.7/GJ) Fuel cost
— Steam pressure is 120 psig (830 kPaG) $Y52,670,000/yr
— Steam temperature is 350°F (177°C saturated)
— Ambient temperature is ~70°F (~20°C)

Steam Outlet: Flow,

N’\ Temperature, Pressure

Heating

; Value is in
1zer the exhaust
gas

Boiler Blowdown 4~

 Classic activities:
— Tune positioning
control

— Upgrade to trim
control

— Challenge trim
control

Boiler steam capacity is Current operating load is
60,000 Ibm/hr (27 tonne/hr) 50,000 Ibm/hr (23 tonne/hr)

0, = 8.0%¢y

CO =10 ppm

Toue = 320°F
(160°C)

T,., = 70°F
(20°C)




Stack Loss - Natural Gas

« Stack loss table is developed for negligible combustibles and no condensation

Stack Loss Table for Typical Natural Gas

Flue Gas Flue Gas| Comb Stack Loss [% of fuel Higher Heating Value input]

Oxygen Oxygen Conc

Content Content Net Stack Temperature [A°F]

Wet Basis |Dry Basis {Difference between flue gas exhaust temperature and ambient temperature}

[%6] [%0] [ppm] 180| 205| 230| 255| 280| 305| 330/ 355| 380| 405| 430| 455
1.0 1.2 0 13.6 |14.1| 14.7 | 15.2 |15.8|16.3|16.9|17.4|18.0|18.5|19.1|19.6
2.0 2.4 0 13.8 |14.3| 149 | 155 |16.1|16.6|17.2|17.8|18.4|18.9|19.5| 20.1
3.0 3.6 0 14.0 | 146| 15.2 | 158 [16.4|17.0|17.6|18.2|18.8|19.4| 20.0| 20.6
4.0 4.7 0 14.2 | 14.8| 155 | 16.1 |16.7|17.4|18.0|18.7|19.3|20.0| 20.6 | 21.2
5.0 5.8 0 145 |15.1| 158 | 16.5 [17.2|17.8]18.5|19.2|19.9|20.5|21.2|21.9
6.0 6.9 0 14.8 | 15.5| 16.2 | 16.9 [17.6|18.3|19.1|19.8|20.5|21.2|22.0|22.7
7.0 8.0 0 15.1 | 159 16.6 | 17.4 |18.1|18.9|19.7|20.5|21.2|22.0|22.8|23.6
8.0 9.1 0 15,5 |16.3| 17.1 | 17.9 |18.8|19.6|20.4|21.2|22.1|22.9|23.7|24.6
9.0 10.1 0 16.0 | 16.8| 17.7 | 18.6 |19.5|20.4|21.2|22.1|23.0|23.9|24.8|25.7
10.0 11.1 0 16.5 | 17.4| 18.4 | 19.4 |20.3|21.3|22.2|23.2|24.2|25.2|26.1|27.1
Actual Exhaust T [°F] 250 | 275 | 300 | 325 | 350 | 375 | 400 | 425 | 450 | 475 | 500 | 525
Ambient T [°F] 70 70 70 70 70 | 70 | 70 | 70 | 70 | 70 | 70 | 70

NpBoiler =~ 100% — 155% — 84-5%HHV

Reference: Combustion model developed by Greg Harrell, Ph.D., P.E.
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Savings Analysis

. M ESteam
Osavings = 1-— 1, 1 Kfuel

82.6%
Osavings = 1-— 84.5%

$
) 2,67O,OOOW

Osavings = 60,000
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Simple Installation
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Blowdown Related System Loss

Feedwater

ngh_pre .................................................................................... .




Steam System Impact

Feedwater

.ﬁw .Liw

ngh pressure Steam ..................................................................................... A

The Blowdown LoSS can
<E§essentially be completely
recovered

This is often 2% of the total fuel
Low-pressure Steam | cosSt

.. Makeup

water

v
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Blowdown Related System Loss

Feedwater

H gh preSS ure Steam ..................

!’

MILLIGAN

Low-pressure Steam

Di scharge to sewer

ﬂﬂwpwater
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Steam System Impact

Feedwater Syste m

Interactions
.Liw'

complicate the
ngh pressure Steam ..................

analysis
B =

Low-pressure Steam

.. Makeup

water

v

MILLIGAN

EEEEEEEEEEE



ousn

Baseline -

76.1 MMBtu/hr

376.15 kib/hr

11.18
klb/hr

PRV

0.16
klb/hr

Lad 387.49 kib/hr

adl 81.8 Klb/hr

450 °F

l2.98 Kib/hr

V¥ 350°F 46TkW w 100 Klb/hr

a B a

357.34 Kib/hr Click-on and mouse-over equipment and components for more

details.
Boiler
Y.y} 18.81 Kib/hr
10 kib/hr
507 MMBtu/hr ooy 2o

Process
Usage

400 psig

ad 20 kib/hr b4 40 kib/hr hd 205.54 kib/hr

1,797.9 kW B% 10,553 kKW w 50 Klb/hr

30 Kib/hr 100 klb/hr | Usage

\ 92.9 MMBtu/hr

MP to LP
Turbine

773.7 kW

20 psig > Process

200 klb/hr ~ Usage

0 kib/hr 196.1 MMBtu/hr

38.68 KIb/hr v

Deaerator

150 kib/hr

357.45 gpm Make.lIn

RESULTS

HELP

STEAM SYSTEM SUMMARY

Y Y
ondensing HP to MP HP to LP —
Turbine Turbine Turbine Flash
t ( r t Tank
—

Steam Generated
3573 kibfhr
Total Operating Cost
$28,426,508
Fuel
Boiler Fuel Use 4,441,675.06 MMBtulyr
Boiler Fuel Cost $25,672,5882
Electricity
Electricity Generated 13,591.5 kW
Electricity Imported 5,000 kW
Electricity Cost $2,190.000
Make-Up Water
Make-Up Water Required 187,875,334.33 gal
Make-up Water Cost $563,626

View More Cost Details

 https://www.energy.gov/eere/amo/measur
MILLIGAN

ENGINEERING
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Steam Leaks

Orifice Leak Rate [[bm/hr
Diameter

[inch]
1/16
1/8 13 25 43 62 119 157 195
3/16 30 55 98 140 268 353 439
1/4 53 08 174 249 477 628 780
5/16 82 153 271 390 745 981 1,218
3/8 118 221 391 561 1,073 1,413 1,754
7/16 161 300 532 764 1,460 1,924 2,388
1/2 210 392 695 998 1,907 2,513 3,118
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Steam Leaks

Orifice Leak Rate [Ibm/hr]
Diameter

[inch]
1/16
1/8
3/16 30 55 98 140 268 353 439
1/4 53 o8 174 249 477 628 780
5/16 82 153 271 390 745 981 1,218
3/8 118 221 391 561 1,073 1,413 1,754
7/16 161 300 532 764 1,460 1,924 2,388
1/2 210 392 695 998 1,907 2,513 3,118
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Steam Leaks

Orifice  |Leak Rate [$/yr]

Diameter |Steam Supply Pressure [psiq]
inch] 20 50 100 150 300 400 500
1/16 300 500 1,000 2,600 3,400 4,300 1,400
1/8 1,200 2,100 3,800 10,400 13,800 17,100 5,500
3/16 2,600 4,800 8,600 23,500 31,000 38,400 12,300
1/4 4,600 8,60015,200 41,800 55,000 68,300 21,900
5/16 7,200 13,40023,800 65,200 86,000 106,700 34,100
3/8 10,400 19,30034,200 94,000123,800 153,700 49,200
7/16 14,100 26,30046,600 127,900168,500 209,200 66,900
1/2 18,400 34,30060,900 167,000 220,100 273,200 87,400
3 18 43 68 143 193 243

Discharge Pressure [psig]

Discharge coefficient

0.6

dimensionless

Steam cost

10.00

$/103lbm
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World Class Steam Trap

Maintenance Program

* |Investigate each trap at least one time each year
(problem areas and high pressure should be more
frequent)

— Performance
» Testing equipment is required
« An order of magnitude leak rate should be determined for failed

traps
— Oirifice calculations set the maximum steam flow

— Trap type
» Trap selection should match the application
» Universal mounts can be a good option

— Installation

— Establish an investigation route

— Condensate return

— Outsourcing can be a good option
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Steam Trap Selection

135 psig steam

 Steam heated ovens
were scheduled for
replacement
because of
Insufficient capacity

Makeup Air

]

Steam conditions
135 psig,
358°F (saturation)

Temperature
310°F

Desired Oven

Hot Air Supply
to Oven

\

From Oven

135 psig condensate
285°F Thermostatic
Steam Trap
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Steam Trap Selection

135 psig steam Steam conditions

135 psig,
358°F (saturation)

* The steam trap was

changed to a float- Hot Al Supply
. Desired Oven 0 Lven
thermostatic type trap Tomperature
.. . 310°F
— Dramatic increase In
condensate
temperature and heat
transfer
135 psig
condensate
< 358°F Float &
Makeup Air 3 Thermostatic
Steam Trap
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Steam Trap Selection Guide

Application

Float & Thermo- Inverted Thermo- Orifice
Thermostatic static Bucket dynamic

Header Drip-Iegs Preferred Alternate | Alternate
Heat Exchangers: Shell-and-Tube Preferred Alternate | Alternate
Plate-and-Frame Preferred Alternate | Alternate
Air-Finned Tube Preferred Alternate | Alternate
Cylinder Dryer Alternate Preferred Preferred
Tank Jacket Preferred Alternate | Alternate
HVAC Radiator Preferred Alternate | Alternate
Alternate Preferred | Alternate | Alternate

Steam Tracing
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» A 20 foot long Missing Insulation
section of 150 psig
header is —
observed to be un- 2
insulated F

— 10 inch nominal
diameter

— Steam
temperature Is
approxmately ,,
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Insulation Evaluation Software

Determining yourinsulatior

needs has neVer beeneasie

Insulation Thickness
Enerqy Loss/Gain
Cost of Energy

plus

Insulation Thickness
Computer Program

iy \V 4
2 W '
“‘ ~ ‘\ ‘

' ol ./' “' L\

Calculations for New Insulation Projects

Calculations from Previous Projects

e _ : G , Alculates Greenhouse Gas
Brought to you by )12 Reductic with Insuiation Thickness

Emissions and Reductions

NORTH AMERICAN INSULATION
MANUFACTURERS ASSOCIATION
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Insulation Savings
If the energy impact is realized “at fuel cost”

BTS2 enviRonmENT ECONOMICS OPTIONS

Cost af Energy
[tem Dezcrption: Miszing Insulation Syztem Unitz: ASTM Ch85

Geometry Dezcrnption:  Steel Pipe - Honzontal

Bare Surface Emittance: 0.8 Mominal Pipe Size: 10 in.
Procesz Temp: 550 *F Aye Ambient Temp: 70 °F Aye Wind Speed: 3 mph
Fuel: Matural Gas Heat Content: 1000 Btulcult
Fuel Cozt: 10,00 $/Mcf Efficiency: 80 Hourz v'ear: 8760
Outer Jacket Material, Aluminum, oxidized, in service Outer Surface Emittance: 01
[nzulation Layer 1: Calcium Silicate BLE+PIPE, Type 1. Thicknesz 3.08 in.

INSULATION THICKHESS
sSurface Temperatures

Condensation Control
Personnel Protection

COST OF ENERGY Append To Audit | | Browse. .. |

Bare and Insulated Surfaces

Wariable |nzulation Cost Heat Logs Savingz
Thickness [/t or) (B TL At [/t or)
Bare B36.30 A0350000
Layer 1 28.74 2300000 603,200

o =608-2-(20 ft)=12,000-2
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Condensate Return Example

High Pressure Steam

|

Heated
Material

Measured condensate temperature 212°F.
Condensate flow measured by bucket and
stopwatch (mass and energy balance is
also a common method) to be 10
gallons/minute (5,000 lbm/hr)

ENERGY MANAGEMENT SERVICES 96

Discharge to sewerw



Condensate Return Example

High Pressure Steam
‘ u Vent to I

atmosphere

Heated
Material | EEEEEEEEEEEE——— 0 o L]

The energy savings
opportunity is based on

the temperature of the
condensate recovered

Level
< Control

into the boiler as
compared to the
temperature of makeup
water

Insulated condensate return
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Condensate Return Example

High Pressure Steam
‘ u Vent to I

atmosphere

Heated

Material | EEEEEEEEEEEE——— 0 o L]
Condensate

Temperature
212°F

Condensate temperature

Level
< Control

entering boiler water
system is 180°F

Makeup water
temperature is 70°F

Insulated condensate return
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Condensate Return Example

mcondensate (hcondensate_ hmakeup)T Kfuel

GCOH ensate =

d | 77boiler
O o = 500022 (147,918 38,05 8) (8,760)(10.0_& )( * |
Gcondensate = 60’000%
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Cascade Condensate Systems

High Pressure Steam To Low Pressure
‘ u Steam System

Heated
Material

Level
-1 Control

From Additional Steam Traps

To Condensate
System (pumping
may not be required)
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NPSH

* Net Positive Suction P, — P, = —pg(z, — z;)

Head (NPSH) is the

nead required at the

oump inlet to keep the

Iquid from cavitating
(boiling)

« The pump inlet or
suction side is the low-
pressure point where
cavitation will first occur

MILLIGAN
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NPSH

* Increasing the heightof P, —P, = —pg(z, — z;)
the storage tank above ; |
the pump inlet is a very /- ¥
effective method to
reduce cavitation
potential

[y
= A
\

AL

MILLIGAN
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Driving Force

* What is the main driving force for change??
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Driving Force

* What is the main driving force for change??

$
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Driving Force

* What is the main driving force for change??

N * Energy

* Reliability
~ « Maintenance
* Productivity

Quality
Cost avoidance
Emissions reductions
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Measure

* YOU are not managing what you
do not measure
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