
Context: A robust pathway to achieve net-zero carbon emissions by 2050 requires rapidly electrifying end use sectors 
and integrating high shares of renewables, storage, and new energy vectors across power systems.

Problem: The transition toward net-zero emissions in an increasingly electrified energy system is placing unprecedented 
pressure on utilities and system operators to plan, expand, and modernize their infrastructure.

Solution: Development of two innovative methodologies to support Canada’s transition toward net-zero emissions by 
improving the planning of electricity distribution systems, introducing a comprehensive planning framework that jointly 
optimizes economic efficiency, emissions reduction, and reliability. The first innovative approach explores a unified 
optimization model that simultaneously considers cost, emissions, and reliability over long-term horizons. Reliability is 
embedded using monetized failure probabilities, allowing clear trade-offs. A new Global Failure Rate index is introduced 
to better capture system-wide vulnerability. The second innovative approach explore a data-driven optimization approach 
applied to urban, semi-urban, and rural communities in Ontario (2025–2050). It integrates multiple datasets to evaluate 
realistic net-zero pathways, highlighting how local conditions affect decarbonization strategies.

Impact: The developed methodologies provide rigorous, replicable tools for utilities, policymakers, and communities to 
evaluate strategies that balance sustainability, reliability, and economic performance.

CUE’s Role: Led advanced technical research and analytical activities, including large-scale data analytics, database 
development, problem formulation, and the design and implementation of optimization algorithms.
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