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• Decreasing Inertia
Increasing penetrations of wind generation reduces 

the dispatch of thermal generation, this reduces the 
inertia in the Grid, particularly at night. Consequently 
the Grid frequency is more sensitive to contingencies, 
such as the loss of 400 MW Combined Cycle Gas 
Turbine in the North Island.

• Increasing HVDC pole risk
To best utilise New Zealand’s wind resources, 
windfarms should be geographically spread across  
New Zealand. This creates greater power transfers 
North across the HVDC link, and greater contingency 
risk from a single HVDC pole trip.

• Greater Peak Demand for Fast Instantaneous Reserves
Demand for FIR increases dramatically for short periods as  
low inertia is combined with high HVDC pole risk.

The Problem

The Analysis Generation Scenarios and Dispatch Estimation

To estimate how much the inertia would
decrease as wind generation displaces
thermal generation, a dispatch of the power
system was estimated under high wind
generation scenarios. These scenarios
increased current wind capacity by 500 to
4000 MW. If there is no thermal generation
to displace, then new wind generation is
curtailed.

The resulting energy balance is shown in
the figure to the left and above. Energy is
shown for each eleven week period across
2013 to 2015. The figures show how the
historic demand for thermal generation is
replaced by new wind generation, figure
on the left is for an extra 500 MW. The one
on the right is for an extra 3000 MW.

Hydro generation is an excellent resource to
balance fluctuations in wind generation over
a day to a week. However the model
assumed that the operation of lake storage
will retain similar levels over several weeks.
This is shown in the combined storage level
of New Zealand’s six major controlled lakes in
the figure above.

The resultant change in inertia is shown in
the changing probability distributions in
the above figure for the North Island
Power System. The minimum inertia
appears to be limited around 5 GWs, as a
result of a minimum amount of must-run
generation, such as geothermal and hydro
with constrained flow requirements.

The Impact
Increased wind generation in the South Island replacing
thermal generation in the North Island has increased HVDC
transfer North for each scenario. This is shown in the figure to
the left. (Note no constraint is put on HVDC Transfer, so
transfers can surpass the 1,200 MW limit.)

When HVDC transfer increases above 650 MW, the risk of a
single HVDC pole trip starts to increase, as the other pole can
no longer carry any more of the transfer capacity. Coupled
with the low inertia the demand for FIR peaks for a short
period of time, as seen in the figure to the right. FIR demand
presented is in the equivalent units of Spinning Reserve, if an
estimate is made with Interruptible Load, the FIR demand
would decrease.
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Grid Frequency is dependent on the power balance
between the power supplied by the power station and
the power drawn by the electrical grid. Greater power
being generated causes the frequency to increase, as the
excessive energy causes the generators to spin faster.
However when a large generator is lost from the system
the frequency falls quickly as shown in the above figure.
Fast Instantaneous Reserves are required to stop the
further decrease, and bring the frequency back to 50 Hz.


