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This thesis proposes an optimal energy management strategy for microgrids,
employing multi-agent deep reinforcement learning techniques MAA2 C, MAA3 C,
MADDPG, MATD3, and MASAC algorithms. The study is divided into two main parts: 1)
A comparative analysis aimed at identifying the optimal parameters using both
Unimodal test function as well as Multimodal test function, and 2) An investigation
into the application of multi-agent deep reinforcement learning to determine optimal
placement and sizing of renewable resources and energy storage systems within the
microgrids considering voltage regulation improvements, power loss reductions, and
the cost-effectiveness of renewable energy systems and battery energy storage
solutions. IEEE- 33 bus test system is used for the implementation of proposed
algorithm. This simulation considers both residential and commercial load and forms
four scenarios: 1) fully residential area load. 2) all commercial area loads. 3) Mixed
residential and commercial area loads with commercial loads at nodes 23, 24, and 25.
4) Mixed residential and commercial area loads, with commercial areas encompassing
nodes 23 through 33. The analytical strategy is to determine the effect of the
integration of renewable energy resources and battery energy storage system on
microgrid on voltage regulation and power loss in four cases: 1) Base case: calculating
voltage regulation and power loss without electric vehicle charging station. 2) optimal
sizing and placement of renewable resources without electric vehicle charging stations.
3) optimal placement and sizing of renewable resources with electric vehicles charging

stations. And 4) optimal placement and sizing of renewable resources and battery



energy storage system with electric vehicle charging stations in microgrid. The
simulation results from the comparative study using Unimodal test function equation
and Multimodal function definitions, with optimal parameters and 5000 training
iterations, reveal that the MADDPG and MASAC algorithms provide solutions that
closely approach zero and achieve the highest reward efficiency. The parameter
lambda was set to 1.00 for the MAA2C and MAA3C algorithms, while the parameter
gamma was set to 0.01 for the MADDPG, MATD3, and MASAC algorithms. When applying
the multi-agent deep reinforcement leamning methodology with appropriate
parameters and 150 training iterations, MADDPG algorithm failed to find optimal values
in the microgrid even performing well in Unimodal function and Multimodal function
tests. The algorithms that demonstrated good performance were MAA2C and MASAC.
The study concludes that the MASAC algorithm consistently performs better under the
same parameter conditions, with 5000 and 150 training iterations. MASAC effectively
identifies optimal solutions for test equations and determines the sizing and location

of renewable energy sources in conjunction with battery energy storage systems.
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