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Scenario 2 Cost-benefit analysis

Key takeaways
•	Prototype Wildfire Energy Model (WEM) developed to assess power grid resilience during wildfire seasons in Victoria, Australia
•	High-resolution Fire Weather Index (FWI) data calculated and integrated with power flow analysis
•	Distributed wind generation (DG) investigated as a solution to enhance grid resilience
•	Cost–benefit analysis conducted to determine the breakeven Value of Lost Load (VoLL) for renewable investment

Figure 1. Wildfire impact on power systems - a multi-stage challenge
•	Between 2000 and 2016, Californian wildfires caused network damages costing over $700 million [1]
•	Over 280,000 Australian customers lost power for days during the 2019–2020 Black Summer [2]
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Figure 2. Motivation to enhance power grid resilience under wildfire risks
•	A large portion of networks in developed economies like Europe and the US is over 40 years old [3]
•	Extreme wildfire activity has more than doubled worldwide in the last two decades [4]

How to model and enhance power system resilience under 
extreme wildfire risks?

Figure 3. Transmission network in Victoria, Australia

•	Network component: 72 buses, 122 transmission lines, and 84 
power generators

•	Power flow analysis - objective: minimise the overall system oper-
ational cost while satisfying all security constraints

Figure 4. Climate variable heat maps at 4 pm on 3 Dec 2019 in Victoria, Australia

•	Fire Weather Index (FWI) is calculated using temperature, wind 
speed, relative humidity and precipitation to represent fire risk in 
each grid cell

•	Resolution: hourly, 0.25˚x 0.25˚
Figure 5. FWI heat maps at 4 pm on 3 Dec 2019 in Victoria,

Australia, using different classification methods

Figure 6. Scenario 1: Line loading maps for transmission networks with different FWI line disconnection thresh-
olds (lines pre-disconnected due to the violation of the preset FWI risk thresholds are marked in dark purple)

Table 1. Scenario 1: grid resilience per-
formances for the peak burning con-
dition at 4 pm on 3 December 2019 in 
Victoria, Australia - various fire risk 
control levels

Table 2. Scenario 2: grid resilience 
performances for the peak burn-
ing condition at 4 pm on 3 De-
cember 2019 in Victoria, Australia 
- with distributed generation solu-
tions (2.a is built on 1.b with FWI 
threshold = 38.0)

Table 3. Cost-benefit analysis - DG 
investment under fire risks

•	VoLL for Australian market: 
AU$15,000/MWh

•	Calculated breakeven VoLL 
to justify DG investment: 
AU$14,217/MWh

Conclusion
•	Power system resilience was assessed in high-risk regions, with Victoria, Australia as a case study
•	Stricter fire control strategies increase grid stress in both economic and environmental aspects
•	Optimised intentional power shut-offs and DG deployment can enhance resilience cost-effectively
•	A method for calculating the breakeven VoLL for DG investment is presented for grid planning

Future work
•	Extend analysis from worst-case peak burning scenarios to longer operational periods
•	Apply the model to other fire-prone regions for broader generalisation
•	Integrate real-time control systems (e.g., SCADA) to enhance industrial applicability

Background

Power system

Result & discussion Conclusion & future work

Research question

Wildfire risk Nexus

Grid Resilience in a Warming Climate: Wildfire Risk 
Management through Distributed Renewables
Weijia Yang*, Sarah Sparrow, Thomas Morstyn, David Wallom
Department of Engineering Science, University of Oxford


