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• Challenge:
Voltage regulation is challenging in renewable–penetrated 
microgrids due to stochastic power fluctuations.

• Limitations of Conventional Methods:
Real-time control is costly and risky, especially for a 
microgrid with multiple renewable generators.

• Proposed Solution:
Use Offline RL to train agents on existing data without real-
time interaction, achieving safe and stable voltage control.
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Data Collection: Data is collected 
ONCE, using any policy 𝜋𝛽 , from 
the real environment. This data is 
stored in the experience buffer 𝐷.

Training: The policy 𝜋 can ONLY  be 
trained using the collected offline
data. No real-time interaction with 
the environment is involved during 
the training process.

Deployment: The trained 
policy 𝜋 is deployed in the real 
environment to perform critical 
tasks like voltage regulation.
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RL Environment and Datasets

RL Environment
• State (S):  

• Action (A):  where −𝑐 ≤ 𝑎𝑘 ≤ 𝑐 .

• Reward Function (r): 

• Objective Function:  
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The IEEE 33-bus system with solar PV penetration

Dataset
•Expert: High-quality data from a 
well-trained agent.
•Medium: Adds 5% noise to expert 
actions.
•Poor: Random actions with low-
quality transitions.

•Each dataset: 200,000 transitions (s,a,r,s′)
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Offline Reinforcement Learning
➢ BCQ Algorithm: Key Innovations

◆ Action Constraints:  
• BCQ limits actions to those observed in 

offline data. * arg max ( , ) ( , )aa Q s a s a= +

◆ VAE and Perturbation Model:  
• Uses a VAE and perturbation network to refine actions.
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Offline Reinforcement Learning
➢ CQL Algorithm: Key Innovations

◆ Q-Function Update with Conservative Penalty:  

◆ Action-Specific Penalty:  
CQL also introduces an action-specific penalty to 

avoid favoring unobserved actions:
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Experiment Results
➢ Detailed Evaluation of BCQ’s Performance 

• Voltage Deviation: Lowest in Expert, highest in Poor.
• Controllable Ratio: Highest in Expert, drops with data quality.
• Out-of-Control Buses: More frequent in Poor dataset.
• Episode Return: BCQ can still learn an acceptable strategy on Poor 

dataset .
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Experiment Results
➢ Performance Comparison Between BCQ and CQL

•CQL outperforms BCQ on Poor and Medium datasets, with higher controllable rate & lower voltage deviations.
•Both algorithms perform well on the Expert dataset, but CQL is slightly more stable.
•CQL is more robust, especially with low-quality data.
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Conclusion & Future Work

Conclusion:
• Offline RL, particularly CQL, provides a good solution for voltage regulation 

in microgrids where online interaction is disallowed.

• CQL consistently outperforms BCQ in terms of stability and controllability, 
particularly in noisy or incomplete datasets.

Future Work:
• Apply Offline RL to more complicated power grid cases.

• Explore other Offline RL techniques to further improve the algorithmic 
scalability and learning efficiencies.
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Thanks!
yangsh237@sysu.edu.cn, 
yzhu16@alum.utk.edu
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