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1. PUMP UTILITY 



A. Pump overview 

1. Pump Utility 

HS 
Hd 

Ho 

Hℓ 

Hℓ 

Needed Lift Head : H  =  Ho + Hd + Hℓ – Hs  

  ⓟ 
  ⓟ 

 Calculation of pump lift head 

 

 Composition of Pump 

 

Manual shut-off valve 

Manual shut-off valve 

Balancing valve 

Check Valves 

Flexible joint 
Flexible joint 

Strainer 



 

 

Shaft power of Pump 

(kW) 

      [Lift Head(m)] × [Flow(㎥/min)] 

6.12 × [Pump efficiency(%)/100]  

= 

N(revolutions per minute(RPM)) Flow(Q)  , N2(RPM) Lift Head(H) , P(Power)  Flow(Q) x Lift Head(H)    

☞ P(Power) RPM3(N)  

 Power equation of Pump 

 



 

  

 

 Understand of Pump characteristic curve 

 Efficiency point 

rated point 

Shaft power(kW) 

Motor(kW) 

flow(m3/h) 

Head(m) 
Q-H curve 

Resistance curve 

  

  

  

  

  

  



B. Pump Energy loss factor and improvement  

Pressure(Head) loss  

Flow loss 

Loss of pump efficiency 

Load fluctuations 

Excessive capacity 

ENERGY LOSS FACTOR IMPROVEMENT 

Problem 

Analysis 

Installing  

the Inverter 

Replacing 

The high efficiency 

pump 

Replacing  

the Impeller 



 

 

< The loss factor of the cooling water system> 

Shell & Tube 

Heat exchanger 

 

pump 

Cooling Tower 

 

Cooling water pump 
Capacity rationalization or 

speed control 

Compressor 

Return pump 

Direct Cooling 

[Return Line] 

[Supply Line] 

Relieve throttling losses by the 
flow rate of the valve, adjusting 

the lift head 
 
 

Strainer 
Relieve 

Pollution 

Check valve 
malfunction relieve 

 

 

Unused equipment 
Circulation valve block Supply proper cooling 

flow, lift head 

Power  system 

Loss factors 

Cooling Fan 
RPM ​​control by temperature 



C. Procedure of pump energy audit 

Check System Check Nameplate Check Valve 
Check  

Loss factor 

Measure Pressure Measure Height Measure 
Electric Power 

Measure Flow 



A. Operation Status 

 RO(Reverse Osmosis Membrane) System Operation Schematic 

 

 

 

Case1. Power savings and membrane protection by using inverter at RO  
           high-pressure pump 
 

PP-001A 
(HIGH PRESSURE PUMP) 

144㎥/h, 150m, 75kW 

Membrain filter 

KIMAS Wastewater 
discharges 

 

27(mAq) 149.5(mAq) 

25% 

35% 

40% 

Average 
 70(mAq) Excessive Rated, driving head  

Valve throttling losses: 144mAq  
Head loss rate: 77%  

 

Valve throttling 

Valve throttling 

PP-001C 
(HIGH PRESSURE PUMP) 

144㎥/h, 150m, 75kW 

Membrain filter 144(mAq) 

35% 

40% 

20% 

Average 70(mAq) 

Valve throttling 

Valve throttling 

FILTED WATER 
TANK 

2m 

214(mAq) 

182(mAq) 

Excessive Rated, driving head  
Valve throttling losses: 112mAq 

Head loss rate: 62% 



 Analyze loss factor on characteristic curve analysis 

 

 

풍압 

Rated Q-H 
characteristic curve 

Lift head 

Operating 
lift head 

Rating lift 
point 

System lift 
point 

  

A 

C 

Loss of efficiency 

The rating 
point 

  

B 

The current 
operating point 

●
  

Valve opening rate decreases 
Lift head increase 

Flow rate decreases 

Efficiency curve 

The System 
operating point 

Flow 

System lift 
head 

Valve lift head 
loss 

Rated 
resistance 

curve 

Driving 
resistance 

curve 

rated flow Driving flow 



  Problem Summary 

 

Pump 
excessive lift 

head 
operation, 
Membrane 
damage 

Losses of 
pump power 
consumption 

  A great loss Due to throttling valve 

Excessive pump drive lift head compared to 
required pressure supply 

Shock on membrane by sudden rise of  
pressure when initially driving 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

2) Improvement plan 

 

[Improvement plan 1] Speed control by Inverter + Valve opening rate 100(%) OPEN  

 Use speed control by  Inverter(Frequency adjustment) instead of pressure control by using valve opening rate 

 

[Improvement plan 2] Pump Adjustments + Valve opening rate increase + Valve pressure fluctuations 

 Current pump has 5 stage pump. If reduce the stage, it is possible to drive for lower pressure operating 

Review using the soft-start for cushioning 
shock of membrane 

Relieve loss from throttling valve Decrease 
unnecessary 

pump 
driving head 

 

Reduce the 
power 

consumption 

Speed control by Inverter  

Optimize the supply of the pump pressure 



 Improvement plan 1 : Analysis improvement effect of using inverter 

 

풍압 

Rated Q-H 
characteristic curve 

  

A 

C 

High efficiency 
maintained 

Valve 100% 
point 

  

B 

 
The current 

operating point 
(Throttling valve ) 

 Valve opening rate increases 
Lift head decrease 
Flow rate increases 

Efficiency curve 

 
Improvement point 

(The System operating 
point) 

 

Improvement 
lift head 

Improvement 
resistance 

curve 
 

Driving 
resistance 

curve 

●
  

Improvement Q-H 
characteristic curve 

Lift head 

Operating 
lift head 

Rating lift 
point 

System lift 
point 

Valve lift head 
loss 

Flow rated flow Driving flow 



A. Operation Status 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 Problem Summary 

 

Case2. Improvement excessive CHW booster pump pressure 

100% 

0%   40% 55% 60% 

N-16P CHW booster pump 
80㎥/h, 60m, 30kW, specific 

gravity:1 

22.5(mAq) 
82.5(mAq) 80.5(mAq) 25.5(mAq) 

RETURN 

chiller 

High supply head:16.5m 

Excessive Rated, 
driving head  

Throttling 
valve 

CHW 
COOLER 

Operating 
excessive lift 

head 

Losses of 
pump power 
consumption Opening rate low of return valves 

Excessive operating pressure, compared to the 
necessary pressure 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

2) Improvement plan 

 

[Improvement plan] Optimization of operating pressure and increasing valve opening rate by speed control of inverter 

 Supply the proper flow by opening valve 100% and control the number of revolutions by inverter 

 Automatically or manually control the inverter by current flow control or signal 

 By inverter, it is possible to remove the throttling losses so, can reduce the power consumption 

Optimize operation pressure of pumps 

Reduce throttling loss by maximizing valve 
opening rate 

Use flow control system without loss of 
pressure 

Decrease 
pump 

unnecessary 
driving head 

 

Reduce the 
power 

consumption 

Speed control by Inverter  



A. Operation Status 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 Problem Summary 

 

Case3. Power saving by installing small capacity pumps for proper pressure  
           maintained for fire water system 
 

66.5mAq 

100% 

20% 

0m 
FIRE Pump 
(L4-P106A) 

50㎥/h, 60m, 30kW 

13㎥/h 3㎥/h 

Operating efficiency is low, due to 
every day low-flow operation. 

High Bypass Flow 
rate 

[FIRE PUMP] 

The efficiency 
of operation of 

the pump is 
low, causing 
Bypass flow 

losses 

Losses of 
pump power 
consumption 

High Bypass Flow rate 

Operating efficiency is low, due to every day 
low-flow operation. 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

 

2) Improvement plan 

 

 installing small capacity pumps for proper pressure maintained for fire water system 

– Reducing the power consumption by operating rated efficiency 

– Possible partial By-pass when necessary 

Optimization Pump operation flow and lift 
head 

Discharge valve 
 100% open, blocking Bypass flow  

Decreasing 
unnecessary 
flow and lift 

head of 
pumps 

Reduce the 
power 

consumption 

Using Control method without loss 

Speed control by Inverter  



  Pump characteristic curve EVM 1005 : 10(㎥/h), 66.3(m), 3.7(kW), Rated efficiency 65.1(%)] 



A. Operation Status 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 

 

Case4. Integrated operation of high-efficiency pumps of process water pump 

process 
C/T 

80% 

10% 

PROCESS WATER PUMP 
(U4-P102B/C) 

100㎥/h, 40m, 30kW 

Bypass flow 
occured 

100% 

10% 50% 

115㎥/h 

33㎥/h 

K-water 

Pond 

Office 
building 

City 
water 
PHE 

49.6mAq 

PROCESS BOOST PUMP 
(U4-P102G) 

100㎥/h, 30m, 18.5kW 

Low-flow, 
high lift head, 

low-efficiency operation 
compared with rated operation 

46mAq 

[PROCESS WATER PUMP] 



 Problem Summary 

Low efficiency 
because of 

excessive lift 
head and low-

flow 
unnecessary 

Losses of pump 
power 

consumption 

Bypass Flow : 29(%) 

Operating efficiency is low, due to low-flow 
operation : 41(%) 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

2) Improvement plan 

 Integrated operation [1 step improvement] + PIC control by Inverter  [2 step improvement]  

 

[1 step improvement] 

 Integrated operation of rating capacity pump of high-efficiency operation  

 Blocking Bypass flow in system 

 

[2 step improvement]  

 Enforcing PIC control  to maintain the proper pressure by installing inverter 

Blocking Bypass flow, reducing Supply 
pressure 

Optimizing Pump operation flow and lift head Decreasing 
unnecessary 
flow and lift 

head of 
pumps 

Reduce the 
power 

consumption 

Corresponding to the flow fluctuations 

1step: Integrated operation with 1 rating capacity pump 
2step :Speed control by Inverter  



A. Operation Status and Improvement plan 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 

 

Case5. Reduce by-pass flow and pressure loss by using inverter at FLAKE       
           CTWR PUMP 
  

FLAKE CTWR PUMP 
(U40-P107A) 

250㎥/h, 25m, 30kW 

100% 

50% 

60% 
45% 

233㎥/h 61㎥/h 

135㎥/h 50㎥/h 

FLAKE CTWR PUMP 
(U40-P107C) 

250㎥/h, 25m, 30kW 

12.6mAq 

25mAq 

15.5mAq 

50% 

C/T 

C/T 

0.5m 

1.5m 

Bypass flow 

Bypass flow 

Valve throttling 
losses 

[FLAKE CTWR PUMP ] 

[FLAKE CTWR V/V] 



 Problem Summary 

 

 

 

 

 

 

 Improvement perspective 

 

 

 

 

 

 

 

 Improvement plan 

– L40-P107A Improvement plan ) discharge valve LIC control + Bypass flow blocking 

– L40-P107C Improvement plan ) Speed control by Inverter + Bypass flow blocking+ Valve 100% Open 

 

Low efficiency 
because of 

excessive lift 
head and low-

flow 
unnecessary 

Losses of 
pump power 
consumption 

lift head losses because of discharge valve 
throttled  

Flow loss due to bypass control 

Optimizing Pump operation flow and lift head 

discharge valve 100% open, blocking Bypass 
flow Decreasing 

unnecessary 
flow and lift 

head of pumps 

Reduce the 
power 

consumption 

Using Control method without loss 

Speed control by Inverter  



A. Operation Status and Improvement plan 

 Driving Schematic 

 

Case6. Improving valve loss in brine pump system and  unifying system 

 
HOT 

 
COLD 

chiller 

 
 

TROY 
polymeriz

ation 
process 

 

BRINE circulation pump 
(Polymerization) 

250㎥/h, 50m, 110kW, LP 
specific gravity: 1.05 

BRINE filed supply pump 
(Polymerization) 

250㎥/h, 50m, 110kW, LP 

40%   
60%   

55.6(mAq) 25.8(mAq) 

3m 3m 

BRINE 
maximum 

supply height 
: 20m 

70.6(mAq) 

Expected the field valve throttled 
Estimated head loss rate: 51% 

 
HOT 

 
COLD 

chiller 

 
 

TROY 
polymeriz

ation 
process 

 

BRINE  circulation pump  
(yarn)  

350㎥/h, 30m, 90kW, LP 
specific gravity: 1.05 

BRINE filed supply pump 
(yarn) 

250㎥/h, 50m, 110kW, LP 30%   
70%   

32.6(mAq) 16.2(mAq) 

3m 3m 

BRINE 
maximum 

supply 
height 
: 20m 

54.6(mAq) 

loss because of excessive 
supply pressure compared 
with supply height(20m) 

loss because of excessive 
supply pressure compare with 

supply height(20m) 

Excessive ratings, driving head 
Valve throttling losses: 

29.9mAq 
Head loss rate: 57% 

Excessive ratings, driving head 
Valve throttling losses: 

16.4mAq 
Head loss rate :56% 

Expected the field valve throttled 
Estimated head loss rate: 36% 

Excessive lift pump installed 
because field supply pump and 

rating lift head is same 



 Problem Summary 

 

 

 

 

 

 

 Improvement perspective 

 

 

 

 

 

 

 

 Improvement plan 

 

– Improvement plan1) optimization operating pressure by Speed control by Inverter + Reduce throttling loss by maximizing 

valve opening rate 

– Improvement plan2) Integrated operation chiller circulation and field supply 

Low efficiency 
because of 

excessive lift 
head 

unnecessary 

Losses of 
pump power 
consumption  Pressure loss because of throttling valve 

Excessive lift head of brine pump 

Driving system optimization 

펌프 운전양정 적정화 
Decreasing 
unnecessary 
lift head of 

pumps 

Reduce the 
power 

consumption 

Improvement plan1) Speed control by Inverter  
Improvement plan2) Integrated operation chiller circulation and 
field supply 

Reduce throttling loss by maximizing valve 
opening rate 



 Driving Schematic (Improvement plan 2) 

 
HOT 

 
COLD 

chiller 

 
 

TROY 
polymeriz

ation 
process 

 

BRINE circulation pump BRINE field supply pump 

0%   
100%   

BRINE 
maximum 

supply 
height 
: 20m 

Conducting By-pass piping 
and PIC control  for constant 

flow supply to chiller 

Stop 
circulation 

pump 

operating chiller supply 
piping by using 

recovery pressure 

0%   

100%   

PIC  



A. Operation Status 

 Driving Schematic 

 

Case7. Reducing pressure loss at Cooling water system 

CT 

100%   

100%   

100%   

P17 cooling Pump 
280㎥/h, 60m, 75kW, LP 

#3 

#2 

#1 

-0.5m 

Maximum 
supply height : 

34m 

30%   20~25%   

Recovery pressure increased 
because low opening rate of 

valve at recovery system 

P17 process 

Facilities 
Of maximum supply 

height (TC-2100)  

64(mAq) 

64(mAq) 

63.5(mAq) 

558(㎥/h) 

Top height outlet 
valve pressure is 

25mAq 

Flow load rate is 66% -> 
same as 2 pump 

Low-flow,  
Low-efficiency 

59(mAq) 
(Standard 35m :24mAq)  



  Problem Summary 

 

Low efficiency 
because of 

excessive lift 
head 

unnecessary 

Losses of 
pump power 
consumption 

 Pressure loss because of throttling valve 

Additional recovery pressure occurs because of 
excessive head 

Low Operating efficiency is expected, due to 
low-flow operation 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

2) Improvement plan 

[Improvement plan1] ) Two high-efficiency pump operation+ maximizing valve opening rate 

 After improvement, a highly efficient operation is possible by reducing lift head (need to check replacement of small size impeller) 

 

[Improvement plan2] stop 1 pump after 2 pump operation+ maximizing valve opening rate 

 After improvement Operation Unit of the division flow increases. However, Highly efficient operation is possible because of 

rating operation 

 

[Improvement plan3] Speed control by Inverter + maximizing valve opening rate 

 Conducting speed ​​control by install inverter each unit for proper supply pressure 

Reduce throttling loss by maximizing valve 
opening rate 

Decreasing 
unnecessary 
lift head of 

pumps 

Reduce the 
power 

consumption 

plan1) Two high-efficiency pump operation 
plan2) Existing 3 pumps -> 2 pump 
plan3) Speed control by Inverter  

Optimizing Pump operation lift head 



A. Operation Status 

 Driving Schematic 

 

 

Case8. Improvement quench water circulation pump operation efficiency 

TANK 

100% 

100% 

60% 50% 

100% 

100% 

20% 

0% 

0% 

10% 

0% 

0% 
FILTER FILTER 

FILTER 

1.5(m) 

maximum 
supply height  

8(m) 

77(mAq) 

Estimated 
driving head 
:  80.4(mAq) 

Q/W CIR’ PUMP 
80㎥/h, 79m, 45kW specific gravity: 1 

#1 CP 
CHIP 

CUTTER 

#2 CP 
CHIP 

CUTTER 

Low feed flow because of 
using one supply line 

Pump flow load rate (17-23%) 

Height and pressure 
displayed is based on surface 

of pump existing. 

Valve throttling loss: 63mAq 
Valve head loss: 78 (%) 

Terminal supply pressure 
6 (mAq) - maximum supply height  
14 (mAq) - pump existing surface 

low efficiency operation due 
to low flow (10~20%) 



 Problem Summary 

 

 

 

 

 

 Characteristic curve analysis 

 

 

Low efficiency 
because of 

excessive lift 
head 

unnecessary 

Losses of 
pump power 
consumption 

 Pressure loss because of throttling valve 

excessive lift head operation 

low efficiency operation due to low flow 

Operating conditions 
flow rate (Q), head (H), efficiency (Eff), shaft power (Power) 

Existing pump 
Rated specifications 

Operation point 
Rated point 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

2) Improvement plan 

[Improvement plan 1] replacing optimal size pump + maximizing valve opening rate at the end of valve 

 

[Improvement plan 2] inverter control+ maximizing valve opening rate at the end of valve 

Minimize loss due to throttling valve Decreasing 
unnecessary 
lift head of 

pumps 

Reduce the 
power 

consumption 

Plan 1) Replacement pump 
Plan 2) Install inverter 

Optimization Pump operation lift head 

promoting high-efficiency operation, 



 Characteristic curve analysis(Improvement plan 1) 

Operating 
condition 

P2: shaft power 
P1: motor  input power 



A. Operation Status 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 

 Problem Summary 

 

Case9. Rated flow driving by improving excessive flow pump 

1.5m Tank 

CASTING 
DRUM 

FB-1 TC1 PUMP 
360㎥/h, 45m, 75kW 

100% 

Low head, excessive flow 
(supply unnecessary excess flow ) 

CHW COOLER 

37mAq 

6m 

Flow load rate 
(FB1:129%, FB2:124%) 

based on characteristic curve 
466㎥/h 

Low efficiency 
because of 

excessive lift 
head 

unnecessary 

Losses of 
pump power 
consumption Excessive flow -> high power load  

TC1 pump -> Low head, excessive flow 



 Characteristic curve analysis current pump 

 

[FB-1 TC1 pump characteristic curve ] 

Operating conditions 
flow rate (Q), head (H), efficiency (Eff), 

shaft power (Power) 

FB-1 TC1pump 
Rated 

specifications 

Operation 
point 

Rated 
point 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

 

2) Improvement plan 

 

[Improvement plan] Driving rated flow by inverter control 

 By inverter control, keep the rated flow 

Driving with a pump rated flow value 
Decreasing 
unnecessary 

flow of 
pumps 

Reduce the 
power 

consumption 

Install inverter 

Check to decrease additional driving flow 



A. Operation Status 

 Driving Schematic 

 

Case10. Improve loss of process cooling water system 

1Line 2Line 2Line 2Line TPV Finish 

DP-1101A 
(3,000㎥/h, 50m,  

580kW) 

DP-1103C 
(770㎥/h, 50m, 

 150kW) 

P-1101B 
(2,450㎥/h, 

50m, 460kW) 

Recipr
ocatin

g 
 Comp 

Turbo 
 Comp 

DE-402B 
DC-402 

DE-402B 
DC-402 Reciprocating 

 Comp 
Turbo 
 Comp 

1,020㎥/h 

4,750㎥/h 

105㎥/h 1,030㎥/h 840㎥/h 1,410㎥/h 

280㎥/h 

Show 1,092㎥/h 
Calculation  995㎥/h 

Calculation 
1,167㎥/h 

2,350㎥/h 

188㎥/h 9㎥/h 

15mAq 

35mAq 
35mAq 

Show 35mAq 

45mAq 43mAq 

Show 5,350㎥/h 
Calculation 4,972 ㎥/h 

Show 895㎥/h 
Calculation 798 ㎥/h 

100% 100% 
100% 

100% 

0% 

0% 

50% 

12m 

3,120㎥/h 

45mAq 

100% 

40mAq 
Check 
 V/V 

Z-1100 DZ-1100 DZ-1103 

loss of orifice pressure 

loss of orifice pressure 

1L Cooler excessive flow supply: 778 ㎥ / h 
2L Cooler excessive flow supply: 592 ㎥ / h 

Excessive flow Total: 1,370 ㎥ / h 



  Problem Summary 

 

 

 

 

 

 

 

 

 Oriffice  picture 

 

Increasing of 
operating flow 
rate and lift 

head of COW 
pump 

Losses of 
pump power 
consumption 

Excessive flow supply some of Coolers: 1,370(㎥/h)    

Pressure loss due to the orifice: 5~10(mAq) 

Difficulties of control of precision flow  



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

 

 

2) Improvement plan 

 Improvement plan1) Remove the orifice pressure loss + Relieve excessive flow of process Cooler + High pressure pump 

impeller cutting + Install inverter at low-pressure pump  

 

 Improvement plan2) Remove the orifice pressure loss + Relieve excessive flow of process Cooler + Replaced high-efficiency 

pump + Install inverter at low-pressure pump  

 

 

Relieve excessive flow of process 
cooler  

Remove the orifice pressure loss 
Decreasing 
unnecessary 
flow and lift 

head of 
pumps 

Reduce the 
power 

consumption 

Optimizing flow and pressure at COW  
pump  

High-pressure pump impeller cutting or 
pump replacement 

Install inverter at low-pressure pump  



FAN UTILITY 2. FAN UTILITY 



A. FAN overview 

2. FAN utility 

    What is FAN(BLOWER) ? 

 
. A machine that converts energy from mechanical energy to pressure and velocity energy.   

)MOTOR()Fan( η×η×6120

)mmAq(H×min)/(Q
=)kW(POWERFAN

㎥

Air blower Compressor 

Fan Blower Compressor 

1,000mmAq under 

(0.1kg/cm2 under) 

1,000~10,000 mmAq under 

(0.1~1.0kg/cm2 under) 

10,000mmAq more than 

(1kg/cm2 more than) 

 Name  by pressure 

 

 FAN(BLOWER) power equation 

 

 

N(revolutions per minute(RPM)) Flow(Q)  , N(RPM) Lift Head2(H) , P(Power)  Flow(Q) x Lift Head(H)    

☞ P(Power) RPM3(N)  



 FAN Uses 

[BLR system]  

 

 

 

 

 

 

Stack 

BLR 

ID-Fan 

FD-Fan 

[Dusting]  

 

 

 

 

 

 

[Air handling]  

 

 

 

 

 

 

[Cooling]  

 

 

 

 

 

 

[Ventilating 

 

 

 

 

 

 



B. FAN  Energy loss factor and Improvement plan 

ENERGY LOSS FACTOR IMPROVEMENT 

Problem 

Analysis 

Installing  

the Inverter 

Converting  

poles of motor 

Replacing 

the Pulley 

Air pressure loss 

Air flow loss 

Low efficiency 

Load fluctuations 

Excessive capacity 



C. Procedure of fan energy audit 

Check System Check Nameplate Check Damper 

Measure  
Air Pressure 

Measure  
Air Flow 

Measure 
Electric Power 

Determine 
loss factor 



A. Operation Status 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 

  Problem Summary 

 

Case1. Reducing loss of Air-pressure(A-P) and optimizing capacity at  
           adsorption column intake blower system 
 

Absorp
tion 

tower 

CW 
COOLER 

OIL 
SEPARATOR 

45% 

-90mmAq -230mmAq -370mmAq 

-800mmAq 
41℃ 

58,386CMH 
270mmAq 

56℃ 55,000CMH 

ΔP=140mmAq 
Estimates 

ΔP=140mmAq 

1st Floor MC-3R Adsorption Column 
Intake BLOWER 

46,020 CMH, 1300mmAq, 
280kW 

100% 
B 

Damper throttling losses: 
430mmAq 

A-P loss rate: 40% 

A 

O/S unnecessary 
(loss of unnecessary  

air pressure) 

No cooler effect 
(Bad COW supply) 

BLOWER  
Excessive  A-

P(air-pressure) 

Loss of 
blower power  
consumption Loss of suction damper throttling  

Excessive Air pressure(A-P) at adsorption 

unnecessary oil separator and no cooler effect 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

2) Improvement plan 

 

[Improvement plan 1] Remove unnecessary A-P loss  and replace optimization capacity blower at oil separator 

 

[Improvement plan 2] Use oil separator and  replace optimization capacity blower  

 

[Improvement plan 3] Remove unnecessary Oil separator, cooler A-P loss  and replace optimization capacity blower  

 

Elimination loss of unnecessary A-P 

Optimizing blower pressure Reducing 
unnecessary 
driving head 

of blower 

Reducing 
blower 
power 

consumption 

replacement proper 
capacity blower 

Maximizing the damper opening rate 



A. Operation Status 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

  Problem Summary 

 

Case2. Improvement damper loss by installing inverter at BLR FD fan 

No.2Boiler 

C-1836 
400㎥/min, 

470mmAq, 55kW 

27% 

108.4CMM 
(20℃) 

Evaporation 
9T/h 

Damper throttling 
losses 

Low A-P(air-pressure) 
load rate 

FD Fan effect : 2.6% 
Load rate : 40(%) 

Loss of 
damper A-P 

and low 
effect of 
system 

Loss of 
blower power  
consumption 

Loss of A-P of low damper opening 
rate(27%) 

Low FD Fan effect(2.6%) 

Low A-P(air-pressure) load rate at FD 
Fan 



 Analysis loss factor on characteristic curve 
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Air-Pressure 

Operating 
A-P 

Rating A-P 
point 

System A-P 
point 

Loss of efficiency 

The rating 
point 

The current 
operating point Valve opening rate decreases 

Air Pressure increase 
Flow rate decreases 

Efficiency curve 

The System 
operating point 

Flow 

System Air-
Pressure 

Valve A-P loss 

Rated 
resistance 

curve 

Driving 
resistance 

curve 

rated flow Driving flow 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

 

 

2) Improvement plan  

 

 Improvement plan 1) Auto RPM control by installing inverter 

 

 Improvement plan 2) Fixed RPM control by installing inverter + existing damper control 

 

 

Reduction fan driving A-P  

Using air flow control system without 
loss of A-P 

Maximizing the damper opening rate 

Preventing system damper loss 

Minimizing 
fan driving A-
P and damper 

loss 

Reducing 
blower power 
consumption 

Install inverter 
(Automatic or manual 

control) 



A. Operation Status 

 Driving Schematic 

 

Case3. Reducing damper loss of supply hot air blower piping system 
 

F . B . C 

DE501 

VVVF 

DC-501 

85mmAq 

40% 40% 60% 60% 
69% 

-24mmAq 30,772CMH 
(95℃) 

F . B . C 

KE501 

VVVF 

KC-501 

140mmAq 

50% 50% 50% 50% 87% 

34,561CMH 
(90℃) 

-24mmAq 

DE502 
DE503 

50% 50% 

118mmAq 

DC-502 

DX-505 
A 

DX-505 
B 

-210mmAq 

VVVF 

94% 

13,890CMH 
(97℃) 

KE502 
KE503 

194mmAq 

KC-502 

KX-505 

50% 

VVVF 

80% 

22,129CMH 
(60℃) 

-90mmAq 

ㅍ 

Damper 
throttling 

losses 

Damper 
throttling 

losses 

Damper 
throttling 

losses 

Damper 
throttling 

losses 



  damper throttles photo 

 

 

 

 

 

 

 

 

 

 

 

  Problem Summary 

 

KC-502 
Main damper 

KC-501 
damper 

KC-501 
damper 

Increasing 
blower driving 

A-P by 
unnecessary A-

P loss 

Loss of blower 
power  

consumption 

Loss of A-P of damper throttling  

Low rate of opening of the damper 
supply piping system 

Damper adjustment while operating 
inverter 



 Analysis loss factor on characteristic curve 

풍압 
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D 
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Reduce RPM 

Q-H characteristic 
curve by inverter 

control 

  

C 

Damper throttles 

Air-Pressure 

Operating 
A-P 

Rating A-P 
point 

System A-P 
point 

The current 
operating point 

The System 
operating point 

Flow 

System Air-
Pressure 

Valve A-P loss 

Rated 
resistance 

curve 

Driving 
resistance 

curve 

rated flow Driving flow 

Rated Q-H 
characteristic curve 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

 

 

2) Improvement plan 

 

 Improvement plan) Maximum opening rate of system damper + reducing additional inverter rotation 

 

– Maximum opening rate of The middle of the damper and end of damper 

– reducing additional inverter rotation 

Reduce the number of rotation of inverter 
 while maintaining the same airflow  

Lowering standards of supply A-P 

Maximum opening rate of system damper  

Minimizing fan 
driving A-P and 
system losses 

Reducing blower 
power 

consumption 



 Analysis characteristic curve with inverter  
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A. Operation Status 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 

 Problem Summary 

 

Case4. Reducing loss of damper throttling of BLR F.D fan by Installing inverter  

BLR 
 

70~100% 

BLR FD FAN 

20~40% 

Loss of A-P of damper 
throttles in front of  

windbox (A-P loss rate : 
40-86%) 

 흡입덕트 

Excessive Air-
Pressure 

Unnecessarily 
excessive A-P 

of fan  

Loss of fan 
power  

consumption Loss valve throttling because of low automatic 
valve rate at windbox entrance 

Excessive ratings and driving airflow compared 
to the supply pressure needed 



 Analysis loss factor on characteristic curve 
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Air-Pressure 

Operating 
A-P 

Rating A-P 
point 

System A-P 
point 

Loss of efficiency 

The rating 
point 

The current 
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Efficiency curve 

The System 
operating point 

Flow 

System Air-
Pressure 

Valve A-P loss 
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resistance 

curve 

Driving 
resistance 

curve 

rated flow Driving flow 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

 

2) Improvement plan 

 

 Improvement plan 1) Auto RPM control by installing inverter 

 

 Improvement plan 2) Fixed RPM control by installing inverter + existing damper control 

 

Conducting automatic control against load 
factor changes 

Optimizing driving A-P FD fan Reducing 
unnecessary 
driving A-P 

of fan 

Reducing 
fan power 

consumption 

Install inverter 

Maximum opening rate of auto valve 

Using air flow control system without loss 
of A-P 



 Analysis characteristic curve with inverter  
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System A-P 
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Driving 
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A. Operation Status 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 

 

  Problem Summary 

Case5. Check operation efficiency of exhaust fan  

0% 

-8mmAq 

-130mmAq 

-20mmAq 

EMF-2 2D-1 exhaust FAN  
455㎥/min, 100mmAq, 

18.5kW 

20% 

Static 
pressure 
(mmAq) 

0% 

-4mmAq 

-110mmAq 

-23mmAq 

EMF-2 2D-2 exhaust FAN  
140㎥/min, 100mmAq, 11kW 

40% 

Static 
pressure 
(mmAq) 

30~60% 

-98mmAq Damper loss 
Damper loss 

FAN 
pressurized 

FAN 
pressurized 

Damper loss 

Unnecessary 
fan driving 

Unnecessary 
fan driving 

Unnecessary 
fan driving 

Loss of fan 
power  

consumption 
No effect of the exhaust fan operation 



B. Improvement perspective and plan 

1) Improvement perspective 

 

 

 

 

 

 

 

2) Improvement plan 

 

[Improvement plan] EMF-2 2D-1, 2  downtime exhaust fan + use existing by-pass line 

 

Shutdown exhaust fan ineffective Remove 
unnecessary 
fan driving 

Reducing 
fan power 

consumption Using existing by-pass line 



A. Operation Status and Improvement plan 

 Driving Schematic 

 

 

 

 

 

 

 

 

 

 

 

 

Case6. Reducing loss of AP by installing blower inverter 

Air  
Preheater 

Stack 

No.4 
POTCARB 

No.3 
POTCARB 

No.3 EXHAUST GAS 
BLOWER(RECOVERY) 

(L40-P115) 
200㎥/h, 1250mmAq 110kW 

No.3 COMBUSTION 
BLOWER(L6-P101E) 
450㎥/h, 1250mmAq 

190kW 

Booster Blower 

1,900mmAq 

725mmAq 

(-)256mmAq 

895mmAq 

1,690mmAq 

Atomizing 
Air 

Combustion 
Air 

85% 73% 

41% 

42% 

Vane 
75% 

(-)30mmAq 1,420mmAq 

990mmAq 

Loss of A-P 



 Problem Summary 

 

 

 

 

 

 

 Improvement perspective 

 

 

 

 

 

 

 Improvement plan 

 

– Conducting air flow control by inverter and maintaining 100% opening rate of existing automatic damper. 

– Control inverter by using current control signal of automatic damper. 

 

Excessive 
operation A-P 

of blower 

Loss of 
blower power  
consumption 

Excessive operation A-P of blower 

loss of A-P of damper control : 48(%) 

Optimizing blower operation A-P 

Damper opening rate 100% 
Remove 

unnecessary 
Air Pressure 

Reducing 
blower power 
consumption 

Using control system without loss 

speed control by inverter 



A. Operation Status 및 Improvement plan 

 Operation Status 

– One of two process C / T  fan is always operating, driving schedule airflow regardless of the out side temperature. 

– Expected excess cooling because of continued operation at the period of low out side temperature. 

 

  Problem Summary 

 

 

 

 

 Improvement perspective 

 

 

 

 

 

2) Improvement plan 

 

 Improvement plan) Adjustment airflow load factor seasonally by inverter 

 

Case7. Seasonal airflow adjustment by inverter at process C/T FAN 

Excessive 
operation Air 
flow of fan 

Loss of fan 
power  

consumption driving schedule airflow regardless of the out 
side temperature 

C/T FAN operating year-round 

Adjustment airflow load factor seasonally 
Remove 

unnecessary 
Air flow 

Reducing 
flow power 

consumption 

speed control by inverter 

 Setting proper airflow load rate according to 
the out side temperature 



A. Operation Status and Improvement plan 

 Driving Schematic 

  [ 3L heat exhaust Blower ]                                                                      [ CL heat exhaust Blower ] 

  

 

 

 

 

 

 

  

 

 
 

Improvement plan 1] Install inverter + Make enough discharge port at blower discharge duct 

 

Improvement plan 2] Replace Pulley + Make enough discharge port at blower discharge duct 

 

Improvement plan 1] Reduce operation unit + Make enough discharge port at blower discharge duct 

 

Case8. Expanding discharge port for relieving excessive discharge air  
           pressure of heat exhaust blower 

+33mmAq +37mmAq +42mmAq +42mmAq 

(-84mmAq) (-82mmAq) (-85mmAq) (-88mmAq) 

100% 100% 100% 100% 

(-80mmAq) 

Process 

Out 
side 

Unit D Unit C Unit B Unit E 

Out 
side Out 

side 0% 

100% 

100% 

Process 

+20mmAq 

(-49mmAq) 

(-49mmAq) 

Unit B 

The exhaust port 
narrow 

Discharge A-P 
excessive 



A. Operation Status and Improvement plan 

  Problem Summary 

 

 

 

 

 

 

 Improvement perspective 

 

 

 

 

 

 

 

 Improvement plan : Installing Turbo Blower built-in high efficiency inverter 

– Savings from 30 to 40 (%) by driving efficiency and optimization airflow 

 

Case9. Replacement high efficiency Turbo Blower from  wastewater Roots  
           Blower  
 

Low-
efficiency 
operation, 
Excessive 

airflow supply 

Loss of 
blower power  
consumption 

Oversupply based on algebraic control 

Expected  low efficiency operation of 
Roots Blower 

Improving control method  

Installing Turbo Blower built-in high 
efficiency inverter 

Increasing 
efficiency, 
Reducing 
excessive 
airflow 

Reducing 
blower power 
consumption 

Replacement high efficiency 
Turbo Blower 



 Characteristic curve of Turbo Blower built-in high efficiency inverter 

 

 

Driving power load 
rate 78 (%) 

Operation point 



A. Operation Status and Improvement plan 

Driving Schematic 

 

 

 

 

 

 

 

 

Problem Summary 

 - Loss of Air-Pressure at OA Damper is 49mmAq. (32% loss of the driving Air Pressure) 

 - Even though the inverter is installed ( operating frequency 60Hz), damper is adjusted by the airflow so, it is illogical . 

 

Improvement plan 

 - OA damper full opening and airflow is adjusted by inverter 

 - Savings the SF consumption power by reducing loss of driving air pressure 

 

EA 

OA 

RF-3A 

SF 
SA 

C 

C 

H 

C 

CHS 

CHR 
SS SS 

CV SV HV 

RA 

OA Filter OA Damper 

54.6Hz 

60Hz 

50%open 

Close 

-25mmAq -74mmAq -108mmAq 45mmAq 

ΔP=49mmAq   

Case10. Reducing loss of Air-Pressure at AHU OA damper  

Loss of A-P 
32% 



A. Operation Status and Improvement plan 

Driving Schematic 

 

 

 

 

 

 

 

 

 

 

 

Improvement plan : Improve vane open + reduce Fan RPM 

 - Improvement plan  1(reduce Fan RPM) : Pulley adjustment 

 - Improvement plan  2(reduce Fan RPM) : Inverter installation 

 

Steam 

Vane 32% 

Fan8303 
(110kW) 

-50mmAq 105mmAq 

Dryer 

 Main Dryer 
Supply Fan #1 

Low efficiency 
because of low vane 

opening Q-P curve 

PA 

LB 

R: Resistance 
curve 

A 

B 
 

QB 

Air Pressure 
[mmAq] 

Air flow[㎥/min] 

PB 

QA 

 

 

A’ 
LA 

B’ 

BHP curve 

increase 

decrease 

(η=65%) 

(η=40%) 

Vane Pos(%) 

 

 

 

Low efficiency because of low vane opening 

80(%) 

32(%) 

Case11. improvement Dryer Supply Fan Vane open 
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