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The increasing electrification of heating and transport highlights the need for a resilient electric power supply to end-

consumers. However, power system resilience is challenged by climate change, which is increasing the frequency and

duration of natural hazards and extreme weather events. Furthermore, the integration of variable renewable generation

challenges the adequacy and balance of the electricity grid. While power system operators are incorporating resilience

enhancement strategies, end-customers, especially those with critical facilities, must ensure energy supply against the risk

of long-duration power interruptions.

Community energy systems that comprise local renewable generation and multi-energy storage (batteries or thermal

storage) can provide energy supply during grid contingencies at costs that are comparable or cheaper than conventional

technologies like diesel generators. Their performance, however, depends on outage duration and renewable energy

availability, and their cost-effectiveness and reliability under rare but long outages require further analysis.

We conduct a parametric analysis by varying outage duration and solar energy availability to assess their impact on the

optimal design of community energy systems and cost–greenhouse emissions trade-offs. Furthermore, information gap

decision theory is applied to quantify the worst-case energy not served when outages exceed planned durations. This

approach enables more informed decision-making under deep uncertainty in outage durations. Our findings on a typical

Swiss commercial municipality show that community energy systems bring cost benefits over conventional backup

options for up to 12 hours of power outages. Designing systems to withstand a 12-hour outage reduces the worst-case

energy not served by 42%. Further research will focus on tapping the flexibility of community energy system technologies

(batteries, heat pumps, and electric vehicles) to assess their impact on enhancing community energy resilience.
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