
© Howden Group 2013

Howden Netherlands
A closer look to air side condenser performance
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Air side condenser performance
Cooling capacity in relation to plant output
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Air side condenser performance
Cooling capacity in relation to cost reduction
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Air side condenser performance
Site assessment
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Air side condenser performance
Site assessment: Volume, Pressure, Temperature – System resistance curve
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Fan air supply

Air side condenser performance
Increased air side performance
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Air side condenser performance
Condensing data in relation to fan air supply
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Air side condenser performance
Process data estimation
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Air side condenser performance
Process data estimation
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Air side condenser performance
Process data

Measurement
Nom. air flow per fan Qair m3/s 465

Nom. fan static pressure pStatic Pa 106

Fan shaft power PFan kW 82

Generated output Eturb MW 293

Steam mass flow per unit ṁsteam kg/s 367
Condensing temperature tC °C 49,9
Condensing pressure tp bar a 0,123

Condensate enthalpy hc kJ/kg 207,5
Turbine inlet enthalpy hturb kJ/kg 3395
Required fuel energy Efuel MJ/s 1170 Efuel = (hturb - hc) x ṁsteam
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Air side condenser performance
Estimated savings when increasing airflow

Measurement +10%
Nom. air flow per fan Qair m3/s 465  510

Nom. fan static pressure pStatic Pa 106 128

Fan shaft power PFan kW 82 108

Generated output Eturb MW 293 293

Steam mass flow per unit ṁsteam kg/s 367 364,2
Condensing temperature tC °C 49.9 47
Condensing pressure tp bar a 0,123 0,103
Condensate enthalpy hc kJ/kg 207,5 195,6
Turbine inlet enthalpy hturb kJ/kg 3395 3395
Required fuel energy Efuel MJ/s 1170 1165,2
Saving ∆Efuel MJ/day 407331
Heat density coal MJ/kg 25

Coal saving per day ∆CoalCons ton/day 16,3

Estimated carbon content Ccoal % 70
CO2 saving per day ∆CO2 ton/day 41,8

Efuel = (hturb - hc) x ṁsteam

∆CO2 = 3,667 x ∆CoalCons x Ccoal

3,667 = 44 kg [1kgmol CO2]
12 kg [1kgmol C]
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Air side condenser performance
Estimated savings when increasing airflow

Measurement +10% +15% +20%
Nom. air flow per fan Qair m3/s 465 510 535 560

Nom. fan static pressure pStatic Pa 106 128 140 154

Fan shaft power PFan kW 82 108 125 143

Generated output Eturb MW 293 293 293 293

Steam mass flow per unit ṁsteam kg/s 367.0 364.2 362.7 361.9
Condensing temperature tC °C 49.9 47 45.7 44.8
Condensing pressure tp bar a 0.123 0.103 0.100 0.0949

Condensate enthalpy hc kJ/kg 207.5 195.6 189.9 186.3

Turbine inlet enthalpy hturb kJ/kg 3395 3395 3395 3395

Required fuel energy Efuel MJ/s 1170.0 1165.2 1162.5 1161.2
Saving ∆Efuel MJ/day 407331 644924 753895
Heat density coal MJ/kg 25
Coal saving per day ∆CoalCons ton/day 16.3  25.8  30.2
Estimated carbon content % 70
CO2 saving per day ∆CO2 ton/day 41.8  66.2  77.4
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Air side condenser performance
Estimated savings when increasing airflow

Measurement +10% +15% +20%
Nominal air flow per fan Qair m3/s 465 510 535 560

Required fuel energy Efuel MJ/s 1170 1165,2 1162,5 1161,2
Saving ∆Efuel MJ/day 407331 644924 753895
Heat density coal MJ/kg 25
Coal saving ∆CoalCons ton/day 16,3 25,8 30,2

Price black coal / ton RMB 400

Saving in black coal/year RMB 2.380.000 3.770.000 4.410.000
Euro 332.000 526.000 616.000

http://www.google.nl/url?sa=i&rct=j&q=black+coal&source=images&cd=&cad=rja&uact=8&docid=Yx1V9RQ09ZfWSM&tbnid=MtVUcodi1m42qM:&ved=0CAUQjRw&url=http://www.ykrefractories.com/coal.htm&ei=7YFrU9jWGbGf7AbLkYDwBA&bvm=bv.66330100,d.ZGU&psig=AFQjCNHll4ik8VQSJhwyeS_ZlsbfbEIflw&ust=1399640866994415
http://www.google.nl/url?sa=i&rct=j&q=black+coal&source=images&cd=&cad=rja&uact=8&docid=Yx1V9RQ09ZfWSM&tbnid=MtVUcodi1m42qM:&ved=0CAUQjRw&url=http://www.ykrefractories.com/coal.htm&ei=7YFrU9jWGbGf7AbLkYDwBA&bvm=bv.66330100,d.ZGU&psig=AFQjCNHll4ik8VQSJhwyeS_ZlsbfbEIflw&ust=1399640866994415
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Air side condenser performance
Estimated savings when increasing airflow

Measurement +10% +15% +20%
Nominal air flow per fan Qair m3/s 465 510 535 560
Coal saving per day ∆CoalCons ton 16,3 25,8 30,2
Estimated carbon content Ccoal % 70
CO2 saving per day ∆CO2 ton/day 41,8 66,2 77,4

Costs CO2 emission per ton RMB 25

Saving in CO2 emission/year RMB 382.000 604.000 706.000
Euro 53.000 85.000 99.000

+10% +15% +20%

Total savings/year RMB 2.762.000 4.374.000 5.116.000
Euro 385.000 611.000 715.000
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Air side condenser performance
Increased air supply – Blade angle

 Increased power consumption to 
compensate reduced efficiency.

 Increased risk of stall due to reduced 
pressure margin.

[Pa]

[m3/s]

Air flow ∆ PWL
% db(A)

120 2.4
115 1.8
110 1.2
105 0.6
100 0.0
95 -0.7
90 -1.4
85 -2.1
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Air side condenser performance
Increased air supply – Higher fan speed

Air flow volume:

Fan static pressure:

Absorbed power:
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Air side condenser performance
Increased air supply – Noise level

dBLOGDLOGPULOGCPWL WaaierAeroTipFan ∆+−++= 51030Basic formula:
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Air side condenser performance
Retrofit – Extrapolating a new fan duty
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Air side condenser performance
Retrofit – Extrapolating a new fan duty

9550
nTP ×

=
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Air side condenser performance
Return On Investment

f.e. 20% improvement: 56 x 30ELF fans RMB   6.500.000
56 x 160kW E-Motor RMB   2.800.000
Installation costs RMB   3.000.000
Total costs RMB 12.300.000

Savings per year: RMB 5.116.000  (Pay back time ≈ 2,5 years)
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Air side condenser performance
Resume

Site assessment:
- knowledge of the actual air side performance
- reliable prediction of the improvement

Why increase air side performance?
- more plant output against same fuel consumption and CO2 emission
- same plant output, but less fuel consumption and CO2 emission

How increase air side performance?
- Blade angle
- Increase fan speed
- Increase motor power
- Replace fan
- and many combinations

Benefits
- Relative low investment
- Short pay back time
- Not only “end of life time replacement” but PROCESS IMPROVEMENT
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Time for questions
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