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Introduction

@ This presentation is designed to demonstrate the most efficient
method of MVar sharing between multiple generators connected to a
common busbar.

@ It uses a mini grid with 2 generators and a system load (demand) of
56.5 MW +31.7 MVar.

@ The 2 generating units are unevenly loaded at 39.5 and 17 MW
respectively.
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Multiple Generators supplying Reactive Power in Parallel

Imagine a mini power grid which supplies a single transmission feeder to a
factory or similar load.
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Multiple Generators supplying Reactive Power in Parallel

Assume we have a demand (Load) of 56.5 MW which also consumes 31.7
Mvar.
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Multiple Generators supplying Reactive Power in Parallel

First step is given the real power (56.5 MW) and reactive power (31.7 Mvar)
find the Apparent power (MVA)

Apparent power = \/true power? + reactive power?

Apparent power = v/56.502 + 31.702

Apparent power = 64.78 MVa
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Multiple Generators supplying Reactive Power in Parallel

Second step take the Real Power (MW) and Apparent power (MVA) and
find the Power Factor (p.f.)

_ __Real power
pf = Apparent power

_ 5650
pf =G
p.f. =0.872
s
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Multiple Generators supplying Reactive Power in Parallel

Third step is to use the above information and the system voltage (11000 V)
to find the current flow (Amps) that must be supplied by the generators on
line to meet demand.

Real power (W)

Current flow = Joltage (V)Xp.L.

s — 56500000 _
Current flow = 1y550,c0.572

Current flow = 5889.67 Amps
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Multiple Generators supplying Reactive Power in Parallel

Therefore the real power demand (56.6 MW) and Reactive power demand
(31.7 Mvar) can be met by generating 5889.67 Amps at 11000V.

Current flow = 5889.67 Amps
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Multiple Generators supplying Reactive Power in Parallel

To provide this load we have 2 generators (Unit 1 and Unit 2).
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Multiple Generators supplying Reactive Power in Parallel

Unit 1 is generating 39.5 MW with AVR on AUTO.
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Multiple Generators supplying Reactive Power in Parallel

Unit 2 is generating 17 MW with AVR on MANUAL.
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Multiple Generators supplying Reactive Power in Parallel

Between Unit 1 and Unit 2 - 31.7 Mvar must also be generated.
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Multiple Generators supplying Reactive Power in Parallel

NOTE: The machines are running at there most efficient when the
combined current of both machines is least.
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Multiple Generators supplying Reactive Power in Parallel

Let's start by setting Unit 2 AVR Mvar setpoint to 0 Mvar (i.e. a power
factor of 1). See results in table below.

uL u2
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Multiple Generators supplying Reactive Power in Parallel

NOTE: Setting Unit 2 to 0 Mvar causes Unit 1 operating point to be outside
the limits of the capability diagram.
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Multiple Generators supplying Reactive Power in Parallel

Let's increase Unit 2 AVR Mva setpoint to +1 Mvar. Unit 1 will automatically
respond by reducing its Mvar setpoint to ensure the same total is exported
to meet demand.

uL u2
Total

Ww MW MVARS L Cument MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Total MW MVARs

i pi. Cument MW MVARs p.

Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

MW MVARS Curent MW MVARs  p.

Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
5050 3955 2870 081 444233 1695 300 098 156496
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

MW MVARs  pf. Cument MW MVARs p.

Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
5050 3955 2870 081 444233 1695 300 098 156496
5050 3955 2770 08 438956 1695 400 097 158333
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

MW MVARs  pf. Cument MW MVARs pf. Current
5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
5050 3955 2870 081 444233 1695 300 098 156496
5050 3955 2770 08 438956 1695 400 097 158333
5050 3955 2670 083 433806 1695 500 096 160665
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

MW MVARs  pf. Cument MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
5050 3955 2870 081 444233 1695 300 098 156496
5050 3955 2770 08 438956 1695 400 097 158333
5050 3955 2670 083 433806 1695 500 09 160665
5050 3955 2570 084 428786 1695 600 094 163469
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

uL u2
Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
5050 3955 2870 081 444233 1695 300 098 156496
5050 3955 2770 08 438956 1695 400 097 158333
5050 3955 2670 083 433806 1695 500 09 160665
5050 3955 2570 084 428786 1695 600 094 163469
5050 3955 2470 085 423902 1695 700 092 166723
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

550 3955 2470 085 423902 1695 700 092 166723
550 3955 2370 08 419158 1695 600 090 170400
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

MW MVARs  pf. Cument MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

550 3955 2470 085 423902 1695 700 092 166723
5050 3955 2370 086 419158 1695 600 090 170400

50 5650 3955 2270 087 414559 1695 900 088 174474
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

uL u2
MW MVARs  pf. Cument MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
5050 3955 2870 081 444233 1695 300 098 156496
5050 3955 2770 08 438956 1695 400 097 158333
5050 3955 2670 083 433806 1695 500 09 160665
5050 3955 2570 084 428786 1695 600 094 163469
550 3955 2470 085 423902 1695 700 092 166723
5050 3955 2370 086 419158 1695 600 090 170400
20 5650 3955 2270 087 414550 1695 900 088 174474

550 955 2170 088 40111 1695 1000 086 178918
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

uL u2
MW MVARs  pf. Cument MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
5050 3955 2870 081 444233 1695 300 098 156496
5050 3955 2770 08 438956 1695 400 097 158333
5050 3955 2670 083 433806 1695 500 09 160665
5050 3955 2570 084 428786 1695 600 094 163469
550 3955 2470 085 423902 1695 700 092 166723
5050 3955 2370 086 419158 1695 600 090 170400
20 5650 3955 2270 087 414550 1695 900 088 174474

5650 955 2170 088 4011l 1695 1000 086 178918
550 955 2070 089 405817 1695 100 084 1837.04
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

MW MVARs  pf. Cument MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 955 1970 090 401683 1695 1200 082 188806
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

uL u2
MW MVARs  pf. Cument MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170
5050 3955 2870 081 444233 1695 300 098 156496
5050 3955 2770 08 438956 1695 400 097 158333
5050 3955 2670 083 433806 1695 500 09 160665
5050 3955 2570 084 428786 1695 600 094 163469
550 3955 2470 085 423902 1695 700 092 166723
5050 3955 2370 086 419158 1695 600 090 170400
5650 3955 2270 087 414550 1695 900 088 174474
5650 955 2170 088 4011l 1695 1000 086 178918
550 955 2070 089 405817 1695 100 084 1837.04
5650 3955 1970 090 401683 1695 1200 082 188806
550 955 1870 090 397014 1695 1300 079 104201
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

MW MVARs  pf. Cument MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

550 955 1770 091 393915 1695 1400 077 199863

11KV MainBd

ipml

| S
Lowtgented 395253
o am
] ue

5650 MW

3170 MVAR
2
|-
et ]
estiaoggny
ot 199853 Amps
ks 1200000 ks

Aopentpover 210458 ik




Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 3955 2470 085 42902 1695 092 166723
5650 3955 2370 086 419158 1695 600 090 170400
50 50 5650 3955 2270 087 414559 1695 900 088 174474
5650 3955 2170 088 410011 1695 1000 086 1789.18
5650 3955 2070 089 405817 1695 1100 084 1837.04
5650 3955 1970 090 401683 1695 1200 082 1888.06
5650 3955 1670 090 3977.14 1695 1300 079 194201
5650 3955 1770 091 393915 1695 1400 077 199863
5650 3955 1670 092 390290 1695 1500 075 2057.72
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 3955 2470 085 423902 1695 0% 166723
5650 3955 2370 086 419158 1695 B00 090 170400
50 50 5650 3955 2270 087 414550 1695 900 083 174474
5650 3955 2170 088 410111 1695 1000 08 178918
5650 3955 2070 089 405817 1695 1100 084 183704
5650 3955 1970 090 401683 1695 1200 082 188806
5650 3955 1870 090 397714 1695 1300 079 194201
5650 3955 1770 091 393915 1695 1400 077 199863
5650 3955 1670 09 3%0290 1695 1500 075 205772
11KV Main Bd 5650 3955 1570 093 38646 1695 1600 073 211906
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 3955 2470 085 423902 1695 0% 166723
5650 3955 2370 086 419158 1695 B00 090 170400
50 50 5650 3955 2270 087 414550 1695 900 083 174474
5650 3955 2170 088 410111 1695 1000 08 178918
5650 3955 2070 089 405817 1695 1100 084 183704
5650 3955 1970 090 401683 1695 1200 082 188806
5650 3955 1870 090 397714 1695 1300 079 194201
5650 3955 1770 091 393915 1695 1400 077 199863
5650 3955 1670 09 3%0290 1695 1500 075 205772
11KV Main Bd 5650 3955 1570 093 38846 1695 1600 073 211906
5650 3955 1470 094 313585 1695 1700 071 218246
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 3955 2470 085 42902 1695 092 166723
5650 3955 2370 086 419158 1695 600 090 170400
50 50 5650 3955 2270 087 414559 1695 900 088 174474
5650 3955 2170 088 410011 1695 1000 086 1789.18
5650 3955 2070 089 405817 1695 1100 084 1837.04
5650 3955 1970 090 401683 1695 1200 082 1888.06
5650 3955 1670 090 3977.14 1695 1300 079 194201
5650 3955 1770 091 393915 1695 1400 077 199863
5650 3955 1670 092 390290 1695 1500 075 2057.72
11KV Main Bd 5650 3955 1570 093 386846 1695 1600 073 211906
5650 3955 1470 004 383585 1695 1700 071 218246
5650 3955 1370 094 380515 1695 1800 069 224775
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 3955 2470 085 42902 1695 092 166723
5650 3955 2370 086 419158 1695 600 090 170400
50 50 5650 3955 2270 087 414559 1695 900 088 174474
5650 3955 2170 088 410011 1695 1000 086 1789.18
5650 3955 2070 089 405817 1695 1100 084 1837.04
5650 3955 1970 090 401683 1695 1200 082 1888.06
5650 3955 1670 090 3977.14 1695 1300 079 194201
5650 3955 1770 091 393915 1695 1400 077 199863
5650 3955 1670 092 390290 1695 1500 075 2057.72
11KV Main Bd 5650 3955 1570 093 386846 1695 1600 073 211906
5650 3955 1470 004 383585 1695 1700 071 218246
5650 3955 1370 094 380515 1695 1800 069 224775
5650 3955 1270 095 377638 1695 1900 067 231477
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 3955 2470 085 42902 1695 092 166723
5650 3955 2270 086 419158 1695 090 170400
50 50 5650 3955 2270 087 414559 1695 088 174474
5650 3955 2170 088 410011 1695 085 1789.18
5650 3955 2070 089 405817 1695 084 183704
5650 3955 1970 090 401683 1695 082 18806
5650 3955 1870 090 397714 1695 079 104201
5650 3955 1770 091 393915 1695 077 199863
5650 3955 1670 092 390290 1695 075 205772
11KV Main Bd 5650 3955 1570 093 386846 1695 073 211906
5650 3955 1470 004 383585 1695 071 218246
5650 3955 1370 094 380515 1695 069 224775
5650 3955 1270 095 377638 1695 087 231477
5650 3955 1170 096 374959 1695 065 238338
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Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 3955 2470 085 423902 1695 0% 166723
5650 3955 2370 086 419158 1695 090 170400
50 50 5650 3955 2270 087 414559 1695 088 174474
5650 3955 2170 088 410011 1695 086 178918
5650 3955 2070 089 405817 1695 084 183704
5650 3955 1970 090 401683 1695 082 188806
5650 3955 1870 090 397714 1695 079 194201
5650 3955 1770 091 393915 1695 077 199863
5650 3955 1670 092 30290 1695 075 205772
11KV Main Bd 5650 3955 1570 093 386846 1695 073 211906
5650 3955 1470 094 333585 1695 071 218246
5650 3955 1370 094 330515 1695 069 224775
5650 3955 1270 095 377638 1695 067 231477
5650 3955 1170 09 374959 1695 065 238338
5650 3955 1070 097 372483 1695 063 245343
1 }
| S
Loadgeneated 3955253 4
piz o097
esdingaggin us
5650 MW
-
3170 MVAR
2
pL= e
edirataggins a6
= 205343
s 2100000 kiabs
Apparentpover 2698176 WA

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 3955 2470 085 42902 1695 092 166723
5650 3955 2270 086 419158 1695 090 170400
50 50 5650 3955 2270 087 414559 1695 088 174474
5650 3955 2170 088 410011 1695 085 1789.18
5650 3955 2070 089 405817 1695 084 183704
5650 3955 1970 090 401683 1695 082 18806
5650 3955 1870 090 397714 1695 079 104201
5650 3955 1770 091 393915 1695 077 199863
5650 3955 1670 092 390290 1695 075 205772
11KV Main Bd 5650 3955 1570 093 386846 1695 073 211906
5650 3955 1470 004 383585 1695 071 218246
5650 3955 1370 094 380515 1695 069 224775
5650 3955 1270 095 377638 1695 087 231477
5650 3955 1170 09 374959 1695 065 238338
5650 3955 1070 097 372483 1695 063 245343
1 1 5650 3955 970 097 370214 1695 o061 252482
|
Losdgunarted 3955253 1
pi= o
esdioogomn ue
5650 MW
N
3170 MVAR
2 |-

o
r—

e 2200000 ke
popentpover 21728 kA

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

s650 3955 2470 085 423002 1695 0s2 166723
5650 395 2370 08 419158 1695 0% 170400
5 Py 5650 3055 2200 087 414550 1695 088 174474
5650 305 2170 088 4I0L1 1695 086 178918
5650 305 2070 089 408817 1695 084 183704
5650 305 1970 090 401683 1695 082 188806
5650 35 1870 050 7714 1695 079 104201
5650 35 170 091 93015 1695 o071 199883
650 35 1670 08 390290 1695 o075 205772
114V Main B 5650 395 1570 083 6846 1695 073 211906
5550 3955 1470 094 33585 1695 o7 21248
S50 35 1370 094 0515 169 o060 22775
5650 3955 1270 095 377638 1695 o067 231477
5650 3955 170 09 374959 1695 065 238338
5650 3955 1070 097 372488 1695 063 245343
1 1 5650 3955 970 097 30214 1695 061 25282
LI 5650 3955 870 098 368156 1695 059 259742
st 9525 0
ors ase
st e
56.50 MW
N
3170 MVAR
2 |-
b o
- o
o 214 s
s 2o e
P

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

s650 3955 2470 085 423002 1695 0s2 166723

5650 395 2370 08 419158 1695 0% 170400

5 Py 5650 3055 2200 087 414550 1695 088 174474

5650 305 2170 088 4I0L1 1695 086 178918

5650 305 2070 089 408817 1695 084 183704

5650 305 1970 090 401683 1695 082 188806

5650 35 1870 050 7714 1695 079 104201

5650 35 170 091 93015 1695 o071 199883

650 35 1670 08 390290 1695 o075 205772

114V Main B 5650 395 1570 083 6846 1695 073 211906

5550 3955 1470 094 33585 1695 o7 21248

S50 35 1370 094 0515 169 o060 22775

5650 3955 1270 095 377638 1695 o067 231477

5650 3955 170 09 374959 1695 065 238338

5650 3955 1070 097 372488 1695 063 245343

1 1 5650 3955 970 097 30214 1695 061 25282

LI 5650 3955 870 8 368156 1695 059 259742

5650 3955 770 098 36311 1695 058 267115
st 9525 0
ors ase
st e

56.50 MW
N
3170 MVAR
2 |-

o
- 2
o= 267155
e 2100000 ks
popentpover 2826 A

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

s650 3955 2470 085 423002 1695 0s2 166723
5650 395 2370 08 419158 1695 0% 170400
5 Py 5650 3055 2200 087 414550 1695 088 174474
5650 305 2170 088 4I0L1 1695 086 178918
5650 305 2070 089 408817 1695 084 183704
5650 305 1970 090 401683 1695 082 188806
5650 35 1870 050 7714 1695 079 104201
5650 35 170 091 93015 1695 o071 199883
650 35 1670 08 390290 1695 o075 205772
114V Main B 5650 395 1570 083 6846 1695 073 211906
5550 3955 1470 094 33585 1695 o7 21248
S50 35 1370 094 0515 169 o060 22775
5650 3955 1270 095 377638 1695 o067 231477
5650 3955 170 09 374959 1695 065 238338
5650 3955 1070 097 372488 1695 063 245343
1 1 5650 3955 970 097 30214 1695 061 25282
LI 5650 3955 870 098 368156 1695 059 259742
5650 3955 770 B 36311 1695 058 267115
5650 3955 670 099 34684 1695 056 214590
st 9525 0
ors an
st e
56.50 MW
N
3170 MVAR
2 |-
b
- o
o 24550
s 0 e

T

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

s650 3955 2470 085 423002 1695 0s2 166723
5650 395 2370 08 419158 1695 0% 170400
5 Py 5650 3055 2200 087 414550 1695 088 174474
5650 305 2170 088 4I0L1 1695 086 178918
5650 305 2070 089 408817 1695 084 183704
5650 305 1970 090 401683 1695 082 188806
5650 35 1870 050 7714 1695 079 104201
5650 35 170 091 93015 1695 o071 199883
650 35 1670 08 390290 1695 o075 205772
114V Main B 5650 395 1570 083 6846 1695 073 211906
5550 3955 1470 094 33585 1695 o7 21248
S50 35 1370 094 0515 169 o060 22775
5650 3955 1270 095 377638 1695 o067 231477
5650 3955 170 09 374959 1695 065 238338
5650 3955 1070 097 372488 1695 063 245343
1 1 5650 3955 970 097 30214 1695 061 25282
LI 5650 3955 870 098 368156 1695 059 259742
5650 3955 770 098 36311 1695 058 267115
5650 3955 670 099 364684 1695 056 214590
tgonns 955253 0 5650 3955 570 099 %3278 1695 055 282161
ors an
st e
56.50 MW
N
3170 MVAR
2 |-
b ass
- o
o 521t
s o e
g 2171k

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

s650 3955 2470 085 423002 1695 0s2 166723

5650 395 2370 08 419158 1695 0% 170400

5 Py 5650 3055 2200 087 414550 1695 088 174474

5650 305 2170 088 4I0L1 1695 086 178918

5650 305 2070 089 408817 1695 084 183704

5650 305 1970 090 401683 1695 082 188806

5650 35 1870 050 7714 1695 079 104201

5650 35 170 091 93015 1695 o071 199883

650 35 1670 08 390290 1695 o075 205772

114V Main B 5650 395 1570 083 6846 1695 073 211906

5550 3955 1470 094 33585 1695 o7 21248

S50 35 1370 094 0515 169 o060 22775

5650 3955 1270 095 377638 1695 o067 231477

5650 3955 170 09 374959 1695 065 238338

5650 3955 1070 097 372488 1695 063 245343

1 1 5650 3955 970 097 30214 1695 061 25282

LI 5650 3955 870 098 368156 1695 059 259742

5650 3955 770 098 36311 1695 058 267115

5650 3955 670 099 364684 1695 056 214590

tgonns 955253 0 5650 3955 570 099 33278 1695 055 282161

Wagom a0 5650 3955 470 099 32094 1695 053 289819
ors an
st e

56.50 MW
N
3170 MVAR
2 |-

o
r—

e 2700000 ke
Aopentpover 189008 oA

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 395 2070 085 423902 1695 0s2 166723
5650 395 2370 08 419158 1695 050 170400
50 50 S650 3055 2270 08 455y 1695 088 174474
5650 305 2170 088 4I0L1 1695 086 178918
5650 305 2070 089 408817 1695 084 183704
5650 305 1970 090 401683 1695 082 188806
5650 35 1870 050 7714 1695 079 104201
5650 35 170 091 93015 1695 o071 199883
650 35 1670 08 390290 1695 o075 205772
114V Main B 5650 395 1570 083 6846 1695 073 211906
5550 3955 1470 094 33585 1695 o7 21248
S50 35 1370 09 5 1695 o060 22775
5650 3955 1270 095 377638 1695 o067 231477
5650 3955 170 09 374959 1695 065 238338
5650 3955 1070 097 372488 1695 063 245343
1 1 5650 3955 970 097 30214 1695 061 25282
LI 5650 3955 870 098 368156 1695 059 259742
5650 3955 770 098 36311 1695 058 267115
5650 3955 670 099 364684 1695 056 214590
tgonns 55253 0w 5650 3955 570 099 33278 1695 055 282161
Waegom a0 5650 3955 470 099 32094 1695 053 289819
ors 1w 5650 395 870 100 %1135 169 052 297557
st e
56.50 MW
N
3170 MVAR
2
|-
Lt 16100 0

o
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o= 207557
e Za00000 ke
popentpover 13 A

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 395 2070 085 423902 1695 0s2 166723
5650 395 2370 08 419158 1695 050 170400
50 50 S650 3055 2270 08 455y 1695 088 174474
5650 305 2170 088 4I0L1 1695 086 178918
5650 305 2070 089 408817 1695 084 183704
5650 305 1970 090 401683 1695 082 188806
5650 35 1870 050 7714 1695 079 104201
5650 35 170 091 93015 1695 o071 199883
650 35 1670 08 390290 1695 o075 205772
114V Main B 5650 395 1570 083 6846 1695 073 211906
5550 3955 1470 094 33585 1695 o7 21248
S50 35 1370 09 5 1695 o060 22775
5650 3955 1270 095 377638 1695 o067 231477
5650 3955 170 09 374959 1695 065 238338
5650 3955 1070 097 372488 1695 063 245343
1 1 5650 3955 970 097 30214 1695 061 25282
LI 5650 3955 870 098 368156 1695 059 259742
5650 3955 770 098 36311 1695 058 267115
5650 3955 670 099 364684 1695 056 214590
tgonns 55253 0w 5650 3955 570 099 33278 1695 055 282161
Waegom a0 5650 3955 470 099 32094 1695 053 289819
ors 1w 5650 395 870 100 31135 169 052 207557
st e 5650 3955 270 100 30403 1695 2000 050 305371
56.50 MW
N
3170 MVAR
2
|-
Lt 16100 0
b
- o
o 0573 4o
s w0 s

Aopentpover 076 kA

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 395 2070 085 423902 1695 0s2 166723
5650 395 2370 08 419158 1695 050 170400
50 50 S650 3055 2270 08 455y 1695 088 174474
5650 305 2170 088 4I0L1 1695 086 178918
5650 305 2070 089 408817 1695 084 183704
5650 305 1970 090 401683 1695 082 188806
5650 35 1870 050 7714 1695 079 104201
5650 35 170 091 93015 1695 o071 199883
650 35 1670 08 390290 1695 o075 205772
114V Main B 5650 395 1570 083 6846 1695 073 211906
5550 3955 1470 094 33585 1695 o7 21248
S50 35 1370 09 5 1695 o060 22775
5650 3955 1270 095 377638 1695 o067 231477
5650 3955 170 09 374959 1695 065 238338
5650 3955 1070 097 372488 1695 063 245343
1 1 5650 3955 970 097 30214 1695 061 25282
LI 5650 3955 870 098 368156 1695 059 259742
5650 3955 770 098 36311 1695 058 267115
5650 3955 670 099 364684 1695 056 214590
tgonns 55253 0w 5650 3955 570 099 33278 1695 055 282161
Waegom a0 5650 3955 470 099 32094 1695 053 289819
ors 1w 5650 395 870 100 31135 169 052 207557
st e 5650 395 270 100 30403 1695 050 305371
pussdy - 5650 395 170 100 359899 1695 049 313253
56.50 MW
N
3170 MVAR
2
|-
Lt 16100 0
o o0 W
b e
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o 21326 pmon
s soomon s
Soentpower 346273 KA

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 395 2070 085 423902 1695 0s2 166723
5650 395 2370 08 419158 1695 050 170400
50 50 S650 3055 2270 08 455y 1695 088 174474
5650 305 2170 088 4I0L1 1695 086 178918
5650 305 2070 089 408817 1695 084 183704
5650 305 1970 090 401683 1695 082 188806
5650 35 1870 050 7714 1695 079 104201
5650 35 170 091 93015 1695 o071 199883
650 35 1670 08 390290 1695 o075 205772
114V Main B 5650 395 1570 083 6846 1695 073 211906
5550 3955 1470 094 33585 1695 o7 21248
S50 35 1370 09 5 1695 o060 22775
5650 3955 1270 095 377638 1695 o067 231477
5650 3955 170 09 374959 1695 065 238338
5650 3955 1070 097 372488 1695 063 245343
1 1 5650 3955 970 097 30214 1695 061 25282
LI 5650 3955 870 098 368156 1695 059 259742
5650 3955 770 098 36311 1695 058 267115
5650 3955 670 099 364684 1695 056 214590
tgonns 55253 0w 5650 3955 570 099 33278 1695 055 282161
Waegom a0 5650 3955 470 099 32094 1695 053 289819
ors 1w 5650 395 870 100 31135 169 052 207557
st e 5650 395 270 100 30403 1695 050 305371
pussdy - 5650 395 170 100 359899 1695 049 313253
s 57 ans 5650 395 070 100 39624 1695 048 321199
56.50 MW
N
3170 MVAR
2
|-
Lt 16100 0
o 0 wan
b e
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o 22105 pmon
s a0 s

T

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Let's continue to increase Unit 2 AVR Mvar setpoint in steps of +1 Mvar and
display the results on the table below.

Curent MW MVARs pf. Current

5050 3955 3170 078 460778 1695 000 100 154101
5050 3955 070 079 455148 1695 100 100 154369
5050 3955 2970 080 449632 1695 200 099 155170

5650 395 2070 085 423902 1695 0s2 166723
5650 395 2370 08 419158 1695 050 170400
50 50 S650 3055 2270 08 455y 1695 088 174474
5650 305 2170 088 4I0L1 1695 086 178918
5650 305 2070 089 408817 1695 084 183704
5650 305 1970 090 401683 1695 082 188806
5650 35 1870 050 7714 1695 079 104201
5650 35 170 091 93015 1695 o071 199883
650 35 1670 08 390290 1695 o075 205772
114V Main B 5650 395 1570 083 6846 1695 073 211906
5550 3955 1470 094 33585 1695 o7 21248
S50 35 1370 09 5 1695 o060 22775
5650 3955 1270 095 377638 1695 o067 231477
5650 3955 170 09 374959 1695 065 238338
5650 3955 1070 097 372488 1695 063 245343
1 1 5650 3955 970 097 30214 1695 061 25282
LI 5650 3955 870 098 368156 1695 059 259742
5650 3955 770 098 36311 1695 058 267115
5650 3955 670 099 364684 1695 056 214590
tgonns 55253 0w 5650 3955 570 099 33278 1695 055 282161
Waegom a0 5650 3955 470 099 32094 1695 053 289819
ors 1w 5650 395 870 100 31135 169 052 207557
oy a0 5650 3955 270 100 3 1695 050 305371
pussdy - 5650 395 170 100 359899 1695 049 313253
s s 5650 395 070 100 359624 1695 048 321199
PO —— 5650 395 000 100 39568 1695 o041 326796
56.50 MW
N
3170 MVAR
2
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Lt 16100 0
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o <16 Amos
s 1m0 e

Aopentpover 35005 kA

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

If we now add together the current flow in each generator we can see that
the minimum combined current flow occurred when Unit 2 Mvar setpoint
wasat9, 10 or 11 Mvar.
ut v
Total , N . Combined
- W MW MVARS pf Curent MW MVARS pf Cument o CORERSS
565 3055 3170 078 460778 1695 000 100 154101 614879
5650 3955 3070 079 4548 1695 100 100 154369 6095.17
5550 3955 2070 080 449632 1695 200 099 15170 604801
565 3955 2870 08l 444233 1695 300 099 15049 600720
555 3055 2770 0@ 43056 1695 400 097 156333 597289
555 3955 2670 083 4306 1695 500 09 160665 594470
555 3055 2570 081 42078 1695 600 094 163469 502255
s650 3955 2470 085 423002 1695 0%2 166723 590625
555 3955 2370 08 419158 1695 0% 170400 569559
50 S650 3955 2270 08 455y 1695 088 174474 69034
s65 3955 2170 08 aw0inl 169 08 178918 59028
5650 3955 2070 089 7 1695 084 183704 589521
5650 305 1970 090 401683 1695 082 188806 590489
50 95 1870 0% 97714 169 079 194201 s19.15
50 5 1770 091 93915 169 o s soa7.78
S50 95 1670 0% 0200 169 o1 25172 so60.62
114 Main 8 50 5 1570 093 6846 1695 or 211906 son7.51
S50 55 1470 094 85 1695 on 21846 6018.32
50 .S 10 09 5 1695 08 24775 605290
S50 3955 1270 085 7638 1695 o067 231477 609115
S50 395 11700 0% 34950 169 065 238338 613297
S50 3955 1070 087 32483 1695 063 25343 617827
1 (o S50 395 970 087 30214 169 o061 252482 62269
LI 5650 3955 870 098 368156 1695 059 2597.42 627898
S5 3955 770 0% 360311 169 058 267115 633426
5650 3955 670 099 364684 1695 056 27459 639275
tgonns 55253 0w 5650 3955 510 099 36278 1695 055 282161 615439
Waegom a0 565 3055 470 099 362094 1695 053 289819 651912
ors 1w 565 395 370 100 36135 169 o052 207557 655,92
oy a0 s650 305 270 100 5 1695 050 308371 665773
pussdy - 565 395 170 100 359899 1695 oa9 313253 673151
s aas s 565 3955 070 100 359624 1695 048 321199 680823
PO —— 555 3955 000 100 359568 1695 o041 32679 686365
56.50 MW
N
3170 MVAR
2
|-
Wi s an
ey iy
- e
pts <16 Amos
s 1m0 e

Aopentpover 35005 kA

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

This can be shown grapically as below;

7000.00

630000

660000

640000

11KV MainBd

620000

Combined Generator Tot
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600000

5800.00
000

500 1000 1500 2000 2500 3000 3500
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5650 MW
3170 MVAR

N
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Multiple Generators supplying Reactive Power in Parallel

Lets concentrate on this area and redo the table just within these limits.
ut v
Total N . . Combined
- W MW MVARS pf Curent MW MVARS pf Cument o CORERSS
5650 3955 2270 085 419158 1695 600 090 170400 569550
555 3955 2360 086 41969 1695 610 090 170790 5094 82
565 3055 2350 085 418227 1695 620 090 171184 569411
5550 3055 2240 086 417763 1695 B30 090 17158 569345
555 3055 2230 086 4301 1695 640 090 171984 509285
5550 3955 2320 085 416040 1695 650 089 172389 569230
555 3955 2210 085 41638 1695 660 089 172799 569180
5550 3955 2200 086 415023 1695 670 089 17212 569135
5550 3055 2290 08 415467 1695 B0 089 173629 59096
by S S50 955 2260 087 415013 1695 B0 089 174050 569062
S50 955 2270 087 414559 1695 900 088 174474 589034
S50 955 2260 087 414108 1695 910 089 174902 569010
S50 955 2250 087 41657 1695 920 089 175334 586992
S50 955 2240 087 41200 1695 90 083 175170 586978
S50 955 230 087 412762 1695 940 087 176209 586970
S50 95 220 087 412006 1695 950 087 176651 580967
114 Main 8 S50 55 2210 087 4UST2 1695 960 087 177098 5809.69
S50 955 200 087 41420 1695 970 087 177547 sa00.77
S50 .5 219 08 41008 1695 980 087 178001 580989
S50 3955 2160 088 410549 1695 900 086 178457 589006
650 3955 270 088 410L1 1695 1000 086 178018 589028
1 F
| S
tgonns 955253 0
ors 1m
J—
56.50 MW
N
3170 MVAR
2
|-
b iy
- e
pts <16 Amos
s 1m0 e
I 9T A

Richard J Smith (richardsmit Sharing of Reactive Power



Multiple Generators supplying Reactive Power in Parallel

Again adding together the current flow in each generator we see that the
minimum combined current flow occurs when Unit 2 AVR Mvar setpoint
was +9.5 Mvar.
ut v
Total .y . Combined
- W MW MVARS pf Curent MW MVARS pf Cument o CORERSS
5650 3955 2270 085 419158 1695 600 090 170400 569550
555 3955 2360 086 41969 1695 610 090 170790 5094 82
565 3055 2350 085 418227 1695 620 090 171184 569411
5550 3055 2240 086 417763 1695 B30 090 17158 569345
555 3055 2230 086 4301 1695 640 090 171984 509285
5550 3955 2320 085 416040 1695 650 089 172389 569230
555 3955 2210 085 41638 1695 660 089 172799 569180
5550 3955 2200 086 415023 1695 670 089 17212 569135
5550 3055 2290 08 415467 1695 B0 089 173629 59096
by S50 955 2260 087 415013 1695 B0 089 174050 569062
S50 955 2270 087 414559 1695 900 088 174474 589034
S50 955 2260 087 414108 1695 910 089 174902 569010
S50 955 2250 087 41657 1695 920 089 175334 586992
S50 955 2240 087 41200 1695 90 083 175170 586978
550 955 230 087 412762 1695 940 087 176209 586970
5650 3055 2220 087 412316 1695 050 087 176651 586967
114 Main 8 S50 955 2210 087 4UST2 1695 960 087 177098 5809.69
S50 955 200 087 41420 1695 970 087 177547 sa00.77
S50 .5 219 08 41008 1695 980 087 178001 580989
S50 3955 2160 088 410549 1695 900 086 178457 589006
650 3955 270 088 410L1 1695 1000 086 178018 589028
1 F
| S
tgonns 955253 0
ors 1m
J—
56.50 MW
N
3170 MVAR
2
|-
b iy
- e
pts <16 Amos
s 1m0 e
I 9T A
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Multiple Generators supplying Reactive Power in Parallel

Again adding together the current flow in each generator we see that the
minimum combined current flow occurs when Unit 2 AVR Mvar setpoint
was +9.5 Mvar.
ut v
Total .y . Combined
- W MW MVARS pf Curent MW MVARS pf Cument o CORERSS
5650 3955 2270 085 419158 1695 600 090 170400 569550
555 3955 2360 086 41969 1695 610 090 170790 5094 82
565 3055 2350 085 418227 1695 620 090 171184 569411
5550 3055 2240 086 417763 1695 B30 090 17158 569345
555 3055 2230 086 4301 1695 640 090 171984 509285
5550 3955 2320 085 416040 1695 650 089 172389 569230
555 3955 2210 085 41638 1695 660 089 172799 569180
5550 3955 2200 086 415023 1695 670 089 17212 569135
5550 3055 2290 08 415467 1695 B0 089 173629 59096
by S50 955 2260 087 415013 1695 B0 089 174050 569062
S50 955 2270 087 414559 1695 900 088 174474 589034
S50 955 2260 087 414108 1695 910 089 174902 569010
S50 955 2250 087 41657 1695 920 089 175334 586992
S50 955 2240 087 41200 1695 90 083 175170 586978
550 955 230 087 412762 1695 940 087 176209 586970
5650 3055 2220 087 412316 1695 050 087 176651 586967
114 Main 8 S50 955 2210 087 4UST2 1695 960 087 177098 5809.69
S50 955 200 087 41420 1695 970 087 177547 sa00.77
S50 .5 219 08 41008 1695 980 087 178001 580989
S50 3955 2160 088 410549 1695 900 086 178457 589006
650 3955 270 088 410L1 1695 1000 086 178018 589028
1 F
| S
tgonns 955253 0
ors aw
st e
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N
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s 0000 ik
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Multiple Generators supplying Reactive Power in Parallel

Also this combined current flow is the same value as we calculated was
necessary to supply the demand if the power was generated at 11000 V.
ut v
Total N . . Combined
- W MW MVARS pf Curent MW MVARS pf Cument o CORERSS
5650 3955 2270 085 419158 1695 600 090 170400 569550
555 3955 2360 086 41969 1695 610 090 170790 5094 82
565 3055 2350 085 418227 1695 620 090 171184 569411
5550 3055 2240 086 417763 1695 B30 090 17158 569345
555 3055 2230 086 4301 1695 640 090 171984 509285
5550 3955 2320 085 416040 1695 650 089 172389 569230
555 3955 2210 085 41638 1695 660 089 172799 569180
5550 3955 2200 086 415023 1695 670 089 17212 569135
5550 3055 2290 08 415467 1695 B0 089 173629 59096
by S S50 955 2260 087 415013 1695 B0 089 174050 569062
S50 955 2270 087 414559 1695 900 088 174474 5890.34
S50 955 2260 087 414108 1695 910 089 174902 5990.10
S50 955 2250 087 41657 1695 920 089 175334 sa09.22
S50 955 2240 087 41200 1695 90 083 175170 5809.78
550 955 230 087 412762 1695 940 087 176209 5809.70
S50 955 220 087 412316 1695 950 087 176651 580967
114 Main 8 S50 955 2210 087 4UST2 1695 960 087 177098 580969
S50 955 200 087 41420 1695 970 087 177547 sa00.77
S50 .5 219 08 41008 1695 980 087 178001 580989
S50 3955 2160 088 410549 1695 900 086 178457 589006
650 3955 270 088 410L1 1695 1000 086 178018 589028
1 | S
Current flow = 5889.67 Amps
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Multiple Generators supplying Reactive Power in Parallel

Unit 2 generating 17 MW and +9.5 Mvar. It is at a power factor of 0.87
lagging.

11KV MainBd

0]

5650 MW
3170 MVAR

[

196165 kin
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Multiple Generators supplying Reactive Power in Parallel

Unit 1 is generating 39.5 MW and +22.2 Mvar and is also at a power factor
of 0.87 lagging.
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Multiple Generators supplying Reactive Power in Parallel

So to minimise losses and operate differently sized or loaded machines
feeding onto the same bus it is best to run them at the same power factor.
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The End
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