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Some Reflections on Today’s Discussion

• Market monitoring and compulsory participation in real time: Pacific Gas & Electric 
submits their resources in real-time markets for fear of market monitoring

• Networks in US intra-day auctions: yes (plus reserve)

• Optimality of day-ahead clearing: Euphemia does not provide certificates of optimality, 
neither does US-type centralized unit commitment

• Uplifts: allow for more stable pricing, small fraction of market and of somewhat
secondary concern

• Reactive power and inertia: not part of market clearing

• The role of Independent System Operators: operation and market clearing

• Complexity of multi-part bidding: it is in some ways quite simple, one can simply bid
technical and economic data truthfully, including location, and let market engine take
over

• Frequency of intra-day: there are hour-ahead auctions, but not two-/three-/… hour
ahead markets



US-Style Day-Ahead / Hour-Ahead / Real-Time 
Market Model

- Unit specific
- Integrated
- No opportunity costs
- Technical and 
economic information



PJM Example



Co-Optimization

• Forward (day-ahead, hour-ahead) and real-time multi-product auctions
for simultaneous clearing of energy and reserves => forward and real-time 
reservation and activation are priced simultaneously

• Sequence of events:
• Agents bid technical/cost data by unit

• ISO solves co-optimization

• Prices are obtained as dual multipliers (sensitivities) of market clearing constraints

• Two-settlement system

• Transmission is also handled in the co-optimization

• Rules for setting reserve requirements are similar to Europe



Sequential Clearing

• Forward (month-/week-/day-ahead) reservation followed by real-time 
activation

• How does the design differ from co-optimization?
• Sequential -> reserve auctions rely on opportunity cost bidding
• Portfolio bidding (for energy)
• No real-time market for reserve capacity

• Considerations
• In a system with dynamic and uncertain conditions, can a decentralized design 

discover prices?
• If there is no real-time market for reserve capacity, how can real-time markets signal 

scarcity?
• If we wish to co-optimize in the day ahead, how can we reconciliate that with

EUPHEMIA and portfolio bidding?



Opportunity Cost



Sequential versus Coordinated Clearing in 
CWE

I. Aravena, A. Papavasiliou, ‘Renewable Integration in Zonal Markets’. Forthcoming in IEEE 
Transactions on Power Systems.



Coordinated versus Sequential Clearing



Simulation Setting

• Commitment of slow resources decided in day ahead, commitment of fast
units decided in real time. Production of all units decided in real time.

• 656 thermal generators

• Multi-area renewable production with demand and 15’ resolution

• Comparing performance of 3 policies:
• Market coupling respecting net positions, MCNetPos

• Fully coordinated real-time operation, MCFree

• Fully coordinated day-ahead and real-time operation, DetermUC

• Interpretation
• MCNetPos - : benefits of 



Policy Comparison

Policy Expected cost
[MM€/day]

Efficiency losses [%] Efficiency losses
[MM€/year]

MCNetPos 30.42 6.2 650

MCFree 29.45 2.8 294

Deterministic UC 28.64 - -

• Deterministic UC – MCFree: benefits of improved day-ahead congestion 
management

• MCFree – MCNetPos: benefits of improved cross-zonal real-time coordination



Benefits of Day-Ahead Coordination 
(Deterministic UC vs MCFree)

MCFree day-ahead schedule for spring weekday at 17:00-18:00



Benefits of Day-Ahead Coordination 
(Deterministic UC vs MCFree)

MCFree day-ahead schedule for spring weekday at 17:00-18:00



Benefits of Day-Ahead Coordination 
(Deterministic UC vs MCFree)

MCFree real-time operation for a sample of spring weekday at 17:30-17:45



Benefits of Real-Time Coordination (MCFree
vs MCNetPos)

• Adjustment of net positions is driven by 
renewable forecast error for DE / AT /LX, 
limited by zonal net demand and day-
ahead net position

• Superior performance of fully coordinated
balancing (MCFree) relative to zonal 
balancing (MCNetPos): sharing of shortage
and excess of renewable supply across
zones



Appendix



An Illustration
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