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As energy markets transition toward decentralization and renewable
integration, Peer-to-Peer (P2P) energy trading has emerged as a viable mechanism for
efficient electricity exchange. However, existing trading frameworks face challenges in
balancing trading quantity maximization, economic surplus optimization, and
environmental sustainability. This thesis proposes a Probabilistic Bi-Level Optimization
Algorithm for Trading Quantity and Surplus Maximization (PBLO-TQSM) to enhance
market efficiency, faimess, and sustainability in P2P electricity markets. The algorithm
integrates bi-level optimization with Monte Carlo Simulation (MCS) to model
uncertainties in energy prices and supply-demand interactions. The upper-level
optimization focuses on maximizing trading quantity, while the lower-level
optimization refines surplus distribution by incorporating unmatched participant losses,
ensuring a more accurate representation of market performance. The study further
introduces a Double-Side Carbon Taxation Scheme (DCTS) to internalize environmental
costs and incentivize renewable energy adoption. Extensive Simulations with a case
study of 50 buyers and 50 sellers demonstrate that PBLO-TQSM significantly improves
resource matching efficiency and surplus distribution, reducing market inefficiencies by
6.40% and increasing trading surplus by 13.24% compared to conventional models.
Additionally, DCTS effectively aligns market incentives with sustainability goals,

promoting carbon neutrality within decentralized trading environments.
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