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* Power system operators keep voltages regulated by oo

maintaining sufficient reserves of reactive power. Insufficient A sample V-Q Curve which shows the relationship s:rYs/gSity

between reactive power and voltage. The bottom
of the curve signifies voltage collapse. The VQ
Margin is the difference in reactive power between
voltage collapse and operating points.

reactive power causes blackouts

A flowchart of the reactive reserve metrics
and the additional information required for
each metric

* Reactive power provides voltage support while active power
provides the energy consumed

Voltage Control
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* Also finds VQ Margin which is a measure of system stability

A flowchart of the complete reactive reserve metrics ~ meshed areas in urban centers.
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Results

* Finds critical contingencies and buses for each zone

Reserve Margin Per Zone
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* Able to analyze reactive power distribution and identify zones

needing additional reactive resources with VQ Margin 16 2 250
v

-VCA1l -VCA2 -~VCA3 -VCA4 -VCA5 —-VCA®b c;> 200

12 Q- 150

160 "\‘—/‘\.\/‘”

co

—t
N
o

5 100 \
3
x 0 7%\

1:32 3:28 5:29 7:30 9:31 11:32 13:33 15:28 17:29 19:30 21:31 23:32
Snapshot Time

V-Q Margin (MVAr)

AN
o

A plot of the two network-influenced reserve metrics showing both in zone and out of zone reserves.
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Zone 1 has the lowest
voltage stability

The VQ Margin for each VCA zone of an actual utility system over a period of 24 hours.
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Three-zone VCA solution for the RTS-96 Test System. Red crosses denote the critical buses in each zone.

Discussion
* VQ Margin works very well with the VCA framework

* Asexpected, CQRis a poor indicator of system stability

* VQRand EQR predict reserves closer to VQ Margin stability,
but additional work needs to be done to verify their results

* Future work includes expanding to other types of reactive
reserves and estimating necessary reserves to restore stability

A one-line diagram of the RTS-96 test system. Note the three natural zones, which correspond to the
three zones found by the VCA clustering. Despite the extensive information provided on this diagram,
it would still be impossible to determine critical buses or reactive reserves.
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