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Growing share 
of renewables

Progressive 
energy market 

integrationSlow pace in 
grid expansion

à Increasing need and costs for redispatch in 
Europe

à Challenges in assessing evolving market 
conditions for regulatory decision-making

• Coordinating electricity procurement across interconnected markets is a challenge for suppliers, 
markets, and grid operators.

• Flexibility service providers (FSP) seek optimal bidding strategies for profitability.

• Evaluating FSP bidding strategies is essential for understanding market outcomes under a given design 
and guiding evidence-based improvements.
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Multi-Market Biding Uncertainty
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Multi-Market Biding Challenges
• Strategic bidding opportunities arise when the same energy is bid for the same hours across sequential 

markets, increasing the risk of gaming behavior.

• Market complexity increases due to uncertainties such as congestion emergence, weather deviations, and 
load forecast errors.

à Limitations for Conventional Models

• Scalability Challenges: Conventional models (e.g., MPEC/EPEC) face difficulties scaling, especially when 
evaluating equilibrium strategies or managing simultaneous price and volume bids.

• Assumption of Perfect Foresight:  Bi-level optimization methods rely on iterative adjustments of agents’ 
decisions under the assumption of perfect foresight, which may overestimate the risk of strategic behavior.

à Reinforcement learning (RL) is a promising alternative, demonstrating flexibility and adaptability in overcoming 
these limitations in similarly complex tasks
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Results
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• The domain-informed curriculum learning 
(DomCL) approach builds on skills acquired in 
earlier stages.

• It uncovers additional synergies by exploiting a 
combined strategy in the final stage.

• In the absence of DomCL, learning tends to 
average across varying interdependencies due to 
weaker feedback signals from past decisions.

Standard RL vs. Domain-Informed RL
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• The domain-informed RL agent enables a more 
efficient training process and significantly 
improves the strategy for profit-maximizing 
behavior.

• However, the newly introduced market 
uncertainties in the Flex+ scenario lead to a 
slight decline in achieved profits, as they 
promote more conservative behavior.
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Key Takeaways

• Ongoing changes in electricity markets lead to rising congestion management costs. Whether new 
market designs can resolve these issues or worsen them through strategic behavior (gaming) 
remains difficult to assess.

• Conventional models often fail to capture such dynamics accurately. Reinforcement Learning (RL) 
enables scalable modeling while explicitly considering uncertainty.

à Our domain-specific RL agent provides a training-efficient approach to realistically model profit-
driven behavior in multi-market systems.

à Results show that the agent learns to exploit local market power but, under increasing 
uncertainty (Flex+ scenario), converges toward more conservative, less exploitative behavior.
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