
ECE471  INDUSTRIAL POWER SYSTEMS 
Homework Set 5 

1. Run the load-flow for the class example project.  Use the Datablock format to display the bus voltages 
and list the total system losses. 

 
UTIL-0 001

1825.0 kW
1610.4 kVAR34.5  k V

LF Vo ltage 336 35.92 V
LF Vo ltage(%) 97 .50  %

13.8 kV

LF Vo ltage 128 44.28 V
LF Vo ltage(%) 93 .07  %

Sub C

LF Voltage 12838.23 V
LF Voltage(%) 93.03 %

Sub B

LF Volt age 3686.81 V
LF Volt age(%) 88.63 %

Sub A

LF Vo lt age 425 .3 0 V
LF Vo lt age(%) 88.60  %

MCC2

LF Voltage 414 .66 V
LF Voltage(%) 86 .39  %

Lighting 2

LF Voltage 173.06 V
LF Voltage(%) 83.20 %

MCC1

LF Voltage 410 .65 V
LF Voltage(%) 85 .55  %

Lighting 1

LF Vo ltage 170 .6 3 V
LF Vo ltage(%) 82 .03  %

PD-0001

S

P Trans C 1825.0 kW
1610.4 kVAR
PctVD 4.4 %

PD-0002

Sub C Feeder

18 00.1 kW
14 69.2 kVAR
PctVD 0.0 %
LF 104 A

PD-0003

Trans B Feeder

14 28.7 kW
11 64.0 kVAR
PctVD 0.1 %
LF 83 A

S

PTrans B 14 26.6 kW
11 63.8 kVAR
PctVD 4.2 %

PD-0004

Sub B Feeder

14 07.0 kW
10 52.7 kVAR
PctVD 0.1 %
LF 275 A

PD-0005

500 hp Branch 469.0 kW
350.4 kVAR
PctVD 0.4 %
LF 92 A

500 hp mot or

500.00 hp

PD-000 6

1000 hp Branch

936.6 kW
701.4 kVAR
PctVD 0.3 %
LF 183 A

1000 hp Motor

1000.00 hp

PD-0007

Trans A Feeder

37 0.2 kW
30 4.9 kVAR
PctVD 0.0 %
LF 22 A

S

PTrans A

370.0 kW
304.8 kVAR
PctVD 3.9 %

PD-0008

Sub A Feeder 364.7 kW
278.8 kVAR
PctVD 0.4 %
LF 62 0 A

PD-000 9

MCC2 Feeder

21 4.5 kW
16 5.3 kVAR
PctVD 2.2 %
LF 368 A

PD-0010

2 hp  Branch A

1.9 kW
1.4 kVAR
PctVD 0.3 %
LF 3 A

2 hp Motor A

2.00 h p

PD-001 1

5 hp Branch A

4.7 kW
3.5 kVAR
PctVD 0.6 %
LF 8 A

5 hp Motor A

5.00 hp

PD-001 2

30 hp Branch  A

28.3 k W
21.0 k VAR
PctVD 0.6 %
LF 49  A

30 hp Mo tor A

30.00 hp

PD-0013

10 0hp Bran ch A

94 .5 kW
70 .5 kVAR
PctVD 0.9 %
LF 164 A

10 0 hp Mot or A

10 0.00 hp

PD-0014

PD-0015

S

P

Trans Ltg 2

81.0  k W
63.2  k VAR
PctVD 3.2 %

99 k VA Load

99.0 0 kVA

PD-0016

MCC1  Feeder

148.5 kW
111.8 kVAR
PctVD 3.1 %
LF 252 A

PD-0017

30 hp Branch  B

28.6 kW
21.1 kVAR
PctVD 1.4 %
LF 50  A

30  h p Motor B

30 .0 0 hp

PD-0018

5 hp  Branch B

4.7 kW
3.5 kVAR
PctVD 0.6 %
LF 8 A

5 hp  Mot or B

5.00  h p

PD-001 9

50 hp Branch  B

47.3  k W
35.1  k VAR
PctVD 0.8 %
LF 83 A

50 hp Motor B

50.00 hp

PD-0020

PD-0021

76  k VA Load

76 .0 0 kVA

S

P

Trans Ltg 1

62.8  k W
48.4  k VAR
PctVD 3.5 %

 
 

*** T O T A L   S Y S T E M   L O S S E S *** 

 

  79. KW      301. KVAR              



2. Adjust the power factor to 0.95 lag at each large motor and then place a capacitor bank at the 13.8 kV 
bus that will bring the overall pf up to 0.95 lag.  Then adjust the transformer taps so that the bus 
voltages will be close to nominal.  Again, display the bus voltages and list the total system losses. 

 
(a) For power factor correction only: 

 
UTIL-0001

1799.0 kW
613.8 kVAR34.5 kV

1.01 % VD
LF Voltage 34152.51 V

13.8 kV

3.06 % VD
LF Voltage 13377.54 V

Su b C

3.10 % VD
LF Voltage 13372.26 V

Sub B

5.45 % VD
LF Voltage 3933.33 V

Su b A

6.83 % VD
LF Vo ltage 447.23 V

MCC2

8.66 % VD
LF Vo ltage 438.45 V

Lighting 2

11.65 % VD
LF Vo ltage 183.76 V

MCC1

9.71 % VD
LF Voltage 433.38 V

Lighting 1

13.03 % VD
LF Voltage 180.90 V

PD-0001

S

P Trans C 1799.0 kW
613.8 kVAR
PctVD 2.1 %

PD-0002

Sub C Feeder

1784.3 kW
788.7 kVAR
PctVD 0.0 %
LF 84 A

PD-0003

Trans  B Feeder

1417.4 kW
531.2 kVAR
PctVD 0.1 %
LF 65 A

S

PTrans  B 1416.1 kW
531.1 kVAR
PctVD 2.2 %

PD-0004

Sub B Feeder

1403.9 kW
462.0 kVAR
PctVD 0.1 %
LF 217 A

PD-0005

500 hp Bran ch 468.0 kW
153.7 kVAR
PctVD 0.3 %
LF 72 A

500 hp motor

500.00 hp

PD-0006

1000 hp Branch

935.1 kW
307.8 kVAR
PctVD 0.3 %
LF 144 A

1000 hp Motor

1000.00 hp

PD-0007

Trans A Feeder

366.1 kW
257.3 kVAR
PctVD 0.0 %
LF 19 A

S

PTrans  A

366.0 kW
257.3 kVAR
PctVD 3.3 %

PD-0008

Sub A Feeder 361.7 kW
236.4 kVAR
PctVD 0.4 %
LF 555 A

PD-0009

MCC2 Feeder

212.8 kW
123.9 kVAR
PctVD 1.8 %
LF 318 A

PD-0010

2 hp Branch A

1.9 kW
1.4 kVAR
PctVD 0.3 %
LF 3 A

2 hp  Motor A

2.00 hp

PD-0011

5 hp Branch A

4.7 kW
3.5 kVAR
PctVD 0.5 %
LF 8 A

5 hp Motor A

5.00 hp

PD-0012

30 hp Branch A

28.2 kW
21.0 kVAR
PctVD 0.6 %
LF 46 A

30 hp Motor A

30.00 hp

PD-0013

100hp  Bran ch A

94.0 kW
31.0 kVAR
PctVD 0.8 %
LF 130 A

100 h p M otor A

100.00 hp

PD-0014

PD-0015

S

P

Trans  Ltg 2

80.8 kW
62.8 kVAR
PctVD 3.0 %

99 kVA Load

99.00 kVA

PD-0016

MCC1 Feed er

147.6 kW
111.1 kVAR
PctVD 2.9 %
LF 239 A

PD-0017

30 hp Branch B

28.6 kW
21.0 kVAR
PctVD 1.3 %
LF 47 A

30 hp Motor B

30.00 hp

PD-0018

5 hp Bran ch B

4.7 kW
3.5 kVAR
PctVD 0.5 %
LF 8 A

5 hp Motor  B

5.00 hp

PD-0019

50 hp Branch B

47.2 kW
35.1 kVAR
PctVD 0.8 %
LF 78 A

50 hp Mo tor B

50.00 h p

PD-0020

PD-0021

76 kVA Load

76.00 kVA

S

P

Trans  Ltg 1

62.5 kW
48.1 kVAR
PctVD 3.3 %

FLTR-0001

LF kVAR -258.42 kVAR

 

 

*** T O T A L   S Y S T E M   L O S S E S *** 

             53. KW      192. KVAR 



2 (b). For power factor correction and tap adjustment: 
 

UTIL-0001

1792.8 kW
576.1 kVAR34.5 kV

0.95 % VD
LF Voltage 34171.90 V

13.8 kV

-0.20 % VD
LF Voltage 13827.94 V

Sub C

-0.17 % VD
LF Voltage 13822.86 V

Sub B 0.01 % VD
LF Voltage 4159.75 V

Sub A

-0.38 % VD
LF Voltage 481.81 V

MCC2

1.31 % VD
LF Voltage 473.72 V

Lighting 2

0.39 % VD
LF Voltage 207.20 V

MCC1

2.28 % VD
LF Voltage 469.08 V

Lighting 1

0.57 % VD
LF Voltage 206.81 V

PD-0001

S

P Trans  C PctVD -1.2 %
LF kVA 1883.04 kVA
Pri Tap -3.00 %

PD-0002

Sub C Feeder

1779.1 kW
775.2 kVAR
PctVD 0.0 %
LF 81 A

PD-0003

Trans B Feeder

1415.5 kW
523.6 kVAR
PctVD 0.1 %
LF 63 A

S

PTrans  B PctVD 0.0 %
LF kVA 1508.02 kVA
Pri Tap -2.00 %

PD-0004

Sub B Feeder

1403.3 kW
461.8 kVAR
PctVD 0.1 %
LF 205 A

PD-0005

500 hp Branch 467.8 kW
153.7 kVAR
PctVD 0.3 %
LF 68 A

500 hp motor

500.00 hp

PD-0006

1000 hp Branch

934.8 kW
307.6 kVAR
PctVD 0.3 %
LF 137 A

1000 hp Motor

1000.00 hp

PD-0007

Trans  A Feeder

363.0 kW
251.4 kVAR
PctVD 0.0 %
LF 18 A

S

PTrans  A PctVD -0.6 %
LF kVA 441.40 kVA
Pri Tap -3.50 %PD-0008

Sub A Feeder 359.2 kW
233.6 kVAR
PctVD 0.4 %
LF 512 A

PD-0009

MCC2 Feeder

211.8 kW
122.5 kVAR
PctVD 1.7 %
LF 293 A

PD-0010

2 hp Branch A

1.9 kW
1.4 kVAR
PctVD 0.3 %
LF 3 A

2 hp Motor A

2.00 hp

PD-0011

5 hp Branch A

4.7 kW
3.5 kVAR
PctVD 0.5 %
LF 7 A

5 hp Motor A

5.00 hp

PD-0012

30 hp Branch A

28.2 kW
21.0 kVAR
PctVD 0.5 %
LF 43 A

30 hp Motor A

30.00 hp

PD-0013

100hp Branch A

93.9 kW
30.9 kVAR
PctVD 0.7 %
LF 121 A

100 hp Motor A

100.00 hp

PD-0014

PD-0015

S

P

Trans  Ltg 2

PctVD -0.9 %
LF kVA 101.64 kVA
Pri Tap -3.50 %

99 kVA Load

99.00 kVA

PD-0016

MCC1 Feeder

146.3 kW
110.0 kVAR
PctVD 2.7 %
LF 219 A

PD-0017

30 hp Branch B

28.5 kW
21.0 kVAR
PctVD 1.2 %
LF 44 A

30 hp Motor B

30.00 hp

PD-0018

5 hp Branch B

4.7 kW
3.5 kVAR
PctVD 0.5 %
LF 7 A

5 hp Motor B

5.00 hp

PD-0019

50 hp Branch B

47.1 kW
35.0 kVAR
PctVD 0.7 %
LF 72 A

50 hp Motor B

50.00 hp

PD-0020

PD-0021

76 kVA Load

76.00 kVA

S

P

Trans  Ltg 1

PctVD -1.7 %
LF kVA 78.22 kVA
Pri Tap -4.50 %

FLTR-0001

LF kVAR -276.11 kVAR

 
 

 

 *** T O T A L   S Y S T E M   L O S S E S *** 

             48. KW      172. KVAR 



3.  Calculate the total kVAR required in part 2.  If the capacitors cost $50/kVAR and energy costs 
10¢/kWh, how long will it take for the capacitors to pay for themselves? 

 

For 1000 hp motor, Pout = 746 kW and at 80% efficiency, Pin = 932.5 kW 

At 0.8 lag pf Qin = 699.4 kVAR and at 0.95 lag pf Qin = 306.5 kVAR, so Qc = 392.9 kVAR 

For a total of 1600 hp the motors require kVAR6.6289.392x
1000

1600
Qmotors ==  

Add this to the Qbank = 275 kVAR and Qtotal = 903.6 kVAR, which will cost: $Q = $45,180 

 

From part 1 the real power loss is:  79 kW 

From  2 (b)  the real power loss is:  48 kW 

The difference is:  31 kW and this saves $3.1/hr 

 

Time taken to recover capacitor costs = years66.1hours14574
1.3

45180
==  

The above analysis neglects interest, so the real figure will be slightly less than 2 years. 

 


