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Key Questions:

Where do market signals incentivize investment?

Which market products/timescale are most profitable?

How does market design impact incentives for specific 
technologies?
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Annual price distribution for 1-3pm

California Energy Price Signals

Energy prices (all market layers) during 4-day horizon
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97% of signal magnitude is from 10-5 Hz (day-to-day) and faster frequencies
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Dowling and Zavala (submitted), Computers & Chemical Engineering, preprint at zavalab.engr.wisc.edu
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Observations:
• Over 1 trillion prices for CA system in 2015 (500 GB uncompressed text)
• Faster timescales are most volatile
• Localized volatility at slower timescales
• System-wide volatility at faster timescales

How can a market participant take advantage of price variations?
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Observation:	No	previous	framework	considers	multi-market multi-product participation
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Markets

Optimization Framework for Market Participation
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Multi-scale market participation involves huge 
number of decisions
- What products to sell/buy and at what times?
- Constrained by resource’s physics
- Example: 1-year horizon → 300,000 variables
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Mathematical abstraction supports:
- Arbitrary technologies
- Arbitrary hierarchical levels & timescales
- Many market designs (e.g., PJM, MISO, CAISO)

Dowling et al (2017), Applied Energy
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Resource Physics Model
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Automated Data Acquisition
Model Template
- Express as algebraic equations
- Link to market model via 

energy variables

Numerical Optimization
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Dowling et al (2017), Applied Energy


