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Weather Impact on Energy Infrastructure
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Schematic of the Energy System
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Heatwaves: Energy System in Victoria
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Causes of the seven large-scale
heatwave -outage events
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A Twelve separate incidences of
load shedding

A Two incidents over 1GW, ~18% of
average peak daily summer load




Heatwaves: Energy System in Victoria

Number of customers affected Total customer minutes lost Frequency of outages by 6-hour
by outage cause by outage cause period and cause
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A Overloading and extreme weather were primary drivers of outages and outage severity
A The presence of concurrent extreme weather during heatwaves greatly exacerbates the severity of outages
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Probabillistic extreme Chance in future world
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Generation Example: UK Offshore Wind
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Wind turbine operation conditions
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5 days running mean return year (years)
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Low Wind: Region 1
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Production: Regions 2 & 3
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Production:
Regions 2 & 3
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Wind power density using real temperature and pressure data (kW/m~2)
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High Wind: Region 4

Risk in near future (20212040) Risk in far future (20412060)
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High Wind: Region 5

Risk in near future (20212040) Risk in far future (20412060)
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Transmission Example: Australian heatwaves
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Extreme temperatures lower conductor
transfer capacity

A _I—Iigh temperatures causes greater cqnductor_ sag, = o | e S
iIncreased risk of flashover, and physical equipment '
damage

A Passing current through a conductor causes it to heat up,
S0 operators reduce power transfer capacity during high -
temperature events to minimise risks =X

P safer power
levels used

T
____A

A Power lines are assigned static or dynamic temperature
ratings indicating the maximum allowable current for safe
operation



Event Definition: Transmission
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Transmission risks
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Transmission Example: Australian wildfires
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How can we
model and
enhance power
system resilience
under extreme
wildfire risks?

Ageing Power System

Growing Frequency A \
& Intensity of S
Wildfire Risks / “\N

-

Unintentional
Power Outage

3

Economic loss

Network recovery cost

Social loss

Vulnerable population rely
on electric med-machine




sing FWI with Power System Model
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Power System Model: Line loading
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Additional wind generation

Renewable wind distributed generation are deployed at vulnerable nodes

to recover the 15.32% load shed.

U Lower carbon emission, but higher operational cost

=

Very High 100
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Scenarios | 1T'S.,s¢t | Load shed VoLL SOcost
AUS MWh AUS AUS
b 290,825 700 10.490.370 <(o,781,%
o 829,114 0 0 (829,114

-

The overall system
cost is reduced
significantly after we
consider the VoLL

Value of Lost LoadVoLL) represents the economic and social cost associated with unserved energy,
reflecting losses incurred by disconnected customers.

Can calculate the breakeven value for renewable wind distributed generation deployment for grid

planning



Distribution Example: Substation flooding
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Norfolk substations and river catchments
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Rainfall Thresholds

North West Norfolk Rivers (Kings Lynn)
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Additional risk
factors

Difficulty to access (proximity to road)
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Projected Climate Change Impact
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95" percentile of change in risk

Change In risk unde
future climate




