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Agenda

Utilisation of synchronous condensers for improved damping on power systems with high renewable penetration

1. Australian National Electricity Market

2. Synchronous condenser sizing

3. Synchronous condenser POD design

4. Impact on wide-area network damping
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Australian National Electricity Market
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NEM Transmission Network

Long transmission network due to large geographical

spread of population.

Various points in the network with relatively low system

strength.

Historically synchronous generation spread out and inter-

area flows monitored carefully.

Recent AEMO 30 year-road map estimated that 60% of

large scale coal generation will be decommissioned by

2030.

Reduction of inertia and system strength due

decommissioning of synchronous generation could result in

reduction in overall system damping even with addition of

synchronous condensers.

Utilisation of synchronous condensers for improved damping on 
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NEM Synchronous Condensers

Due to high penetration of IBRG, the NEM has seen

approx. 10 synchronous condensers commissioned in

recent years to provide system strength and inertia.

Recent AEMO 30 year-road map estimates that 60% of

large scale coal generation will be decommissioned by

2030.

AEMO has further identified 41 possible REZ that would

allow for connection of more IBRG due to careful economic

and technical planning. Experience from ERCOT

Panhandle is that the proposed REZs will likely require

more synchronous condensers.

Hence, the aim of this paper is to investigate condensers

ability to improve system damping via PODs.
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Synchronous condenser sizing
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Location of PVs and SC sizing

Synchronous generation displacement

emulated in NE 39 bus network by:

• Replacing G05 (300 MVA) with PV01 (990

MVA),

• Replacing G06 (800 MVA) with PV02

(1210 MVA),

• SC1 (300 MVA) and SC2 (230 MVA)

installed for PV01 and PV02 system

strength purposes respectively,

• SCs static excitation systems with inertia

time constant of 1.92 seconds.
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System Strength and 
CFCT
System Strength Assessment:

• SC sub-transient Xd” = 0.135 pu,

• SCs MVA chosen to ensure inverter SCR of 2.4
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Critical Fault Clearing Time assessment:

• Case 1 – original NE network,

• Case 2 – G05 and G06 replaced by PV01 and

PV02 (no SCs),

• Case 3 – G05 and G06 replaced by PV01 and

PV02 (with SCs),
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Eigenvalue analysis

The result of eigenvalue analysis indicate:

• Overall damping of the modes in the network are

generally recovered with installation of SCs,

• Inter-area mode between NYISO/Canada inter-

connector and rest of the NE (0.72 Hz) damping

increased is unaffected,

• The intent of this paper was to see if SCs can

dampen this particular mode further with PODs.
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Time domain RMS 
analysis
In order to further validate that the synchronous

condensers were size appropriately , RMS time domain

simulations were considered:

• Outage of Line 01-39 – excites the 0.7 Hz mode
between NYISO/Canada interconnector and rest of
NE transmission network.
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Outage of Line 01-39 

Outage of 345 kV Line 01-39:

• The reactive and active power flows on the 345 kV

Line 09-39 are monitored (remaining line connecting

NE transmission network and NYISO/Canada inter-

connector),
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Synchronous condenser POD design
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Power Oscillation Damper 
Overview
Power Oscillation Damper was designed with

following considerations:

• Remote Pelec into POD input 1,

• Pelec transducer T6 of 50ms,

• Terminal frequency into POD input 2,

• Frequency transducer T4 of 10ms,

• Washout time constants of 5 seconds (T3, T5),

• Pelec and Frequency channel lead-lag blocks,

• Pelec and Frequency channel gains,

• POD output limiter of ±7.5%.
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Lead–lag time constants:

• Designed to improve damping of modes in range from 0.6 Hz to

1.2 Hz,

• Minimise negative impact on the existing modes,

• Compensate for the phase-shift introduced by the SC excitation

system,

POD gains:

• Designed to ensure improved damping of desired modes while

ensuring reliable and robust control,
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Power Oscillation Damper 
Overview
Synchronous Condenser 1:

• Monitors the active power flow on Line 19-

16 (from bus 19 to Bus 16),

• POD settings tuned to dampen the overall

participation of PV01 and G04 in the

desired modes,

Synchronous Condenser 2:

• Monitors the summation of active power

flow on Line 21-16 (from bus 21 to Bus

16) and Line 24-16 (from bus 24 to Bus

16) ,

• POD settings tuned to dampen the overall

participation of PV02 and G07 in the

desired modes,
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Impact on wide-area network damping
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Eigenvalue analysis

The result of eigenvalue analysis indicate:

• Inter-area mode between NYISO/Canada inter-

connector and rest of the NE (0.72 Hz) damping

increased from 5.7% to 11%,

• Damping of mode between G04 and G07 (1.29 Hz)

speeds increased from 6.1% to 7.5%,

• Damping of mode between G04 and G07 against the

G02, G03, G09 and G10 (1.14 Hz) speeds increased

from 4.4% to 8.0%,

• Slight degradation in damping of the G10 local

mode.
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Time domain RMS 
analysis
In order to further validate the POD effect on area

damping, RMS time domain simulations were

considered:

• Outage of Line 01-39 – excites the 0.7 Hz mode
between NYISO/Canada interconnector and rest of
NE transmission network,

• Outage of Line 09-39 – excites the 0.7 Hz mode
between NYISO/Canada interconnector and rest of
NE transmission network,

• Outage of generator G10 – loss of the largest NE
generator,

• Outage of Load 08 – loss of Load 08.
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Outage of Line 01-39 

Outage of 345 kV Line 01-39:

• The reactive and active power flows on the 345 kV

Line 09-39 are monitored (remaining line connecting

NE transmission network and NYISO/Canada inter-

connector),
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Outage of Line 09-39 

Outage of 345 kV Line 09-39:

• The reactive and active power flows on the 345 kV

Line 01-39 are monitored (remaining line connecting

NE transmission network and NYISO/Canada inter-

connector),
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Frequency Events
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Eigenvalue analysis with 
G10 PSS
• One of the shortcomings of installing the SC PODs is

that the damping of the 1.11 Hz mode is reduced

(G10 speed local mode),

• Not uncommon when tuning PSS and POD for wide-

area network,

• G10 PSS was enabled and tuned accordingly to help

negate the effect of PODs on G10 mode (while

maintaining POD wide-area capability).
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Conclusion

• As existing synchronous generators are being retired and displaced with IBRG, overall damping of modes decreases,

• NEM expected to have a significant increase in number of synchronous condensers being connected,

• Synchronous condensers are traditionally used to provide system strengths, reactive power and voltage support, system

inertia,

• Tuning of POD presented in this paper considers remote monitoring of power flow on critical lines in the network, as well

ass potential coordination with existing stabilisers in the network,

• The study indicates that with careful design of synchronous condensers POD settings, the improved damping of system

modes can be achieved.
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