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INTRODUCTION
1. System uncertainty due to renewable energy integration
2. Current reserve requirement settings are mostly deterministic, and 

can’t adaptive with system reliability condition
3. Stochastic dispatch models are still computationally difficult for 

large-scale systems.
4. Existing dispatch models usually ignore or simplify reserve 

deliverability issues caused potentially by network congestion.
5. Improve system flexibility and deliverability by zonal reserve 

requirement setting and deliverability assurance.
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PROBABILISTIC ZONAL RESERVE REQUIREMENT
Uncertainty sources

 Injection margin
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PROBABILISTIC ZONAL RESERVE REQUIREMENT
Probability distribution of line flow

 Zonal generation margin

Energy Deliverability Improvement – critical line between zones
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ENHANCED UNIT COMMITMENT FORMULATION WITH ZONAL 
RESERVE SETTINGS
Objective

Reserve requirement constraints:
– System level: - Deliverability constraints

– Zonal level:

6



SIMULATION AND RESULTS
 Test System
Simulation Overflow
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SIMULATION AND RESULTS
 Impacts on Operating Reserves

8



SIMULATION AND RESULTS
Operational Cost
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SIMULATION AND RESULTS
Electricity and reserve prices
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SIMULATION AND RESULTS
 Impacts of uncertainty on reserves and operational cost

 Impact of forecasting error on cost saving
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DISCUSSION AND FUTURE WORK
Discussion

– More energy and reserve will be scheduled with more critical line identified, 
hence provide more flexibility

– Performance better with 
• Higher uncertainties.
• With systems that requires more flexibility

 Future work
– Power flow probability distribution estimation
– Zonal reserve requirement accounting for line outages
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e.g. system with narrower bound on line and generator output limits.
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