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Peer-to-peer energy sharing enables prosumers with solar 
or other distributed renewables to exchange surplus 
electricity directly with neighbors. When paired with 
shared or residential battery storage, communities can 
store excess generation for later use. This combination 
creates a more adaptable and efficient local energy 
market.

In collaboration with Vahid Gholamzadeh, I examined a 
range of peer-to-peer energy trading studies employing AI 
optimization to map emerging research directions from 
2020 to 2025. I additionally explored sources of 
real-world P2P energy data that could support the 
development and evaluation of academic AI trading 
algorithms.

This review is structured around three core research 
questions:
• In what ways does AI optimization function within 

peer-to-peer energy markets?
• Which industry trends have developed in this field over 

the last five years?
• How has real-world data been applied in comparable 

analyses?

2020 Trends 2021 Trends 2022 trends 2023 Trends 2024 Trends 2025 Trends
Trust & Foundations Blockchain and Deep Learning 
(RNNs) secure decentralized P2P trading, while 
Generalized Nash Equilibrium models clear markets 
without central authorities

Managing Uncertainty Multi-stage stochastic 
programming and predictive modeling are deployed to 
value energy storage and manage market 
unpredictability

Transactive Networks P2P shifts to continuous 
transactive energy sharing, using distributed 
algorithms to achieve consensus across dynamic, 
switching communication networks

EV Integration Evolutionary AI and mixed-integer 
programming optimize dynamic pricing to safely 
manage the high demand of Electric Vehicles in 
microgrids

Community Autonomy Self-organizing "holacracy" 
structures adapt AI to specific prosumer preferences, 
while smart contracts trace and penalize physical grid 
losses

Multi-Level Optimization Advanced Trilevel models 
and Reverse Stackelberg games perfectly balance 
economic incentives and physical grid limits across 
network operators, microgrids, and prosumers

The future of P2P energy, based on a review of 40 publications from 2020-2025, the industry is moving toward decentralized, community-driven energy:
• Rising Adoption: P2P networks are gaining significant attention for their potential to empower local communities.
• Energy Efficiency: Localized trading drastically reduces transmission losses and saves energy.
• The AI Imperative: Advanced AI optimization is critical to balance economic incentives with grid security, enabling the full potential of transactive energy.
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PhD Project Context: Peer-to-Peer Energy Sharing using AI optimization
The peer-to-peer electricity optimization research is based on the model to the left. It consists of: 

• Multi-community distributed energy network where producers and consumers are linked through a shared grid, with each community operating as a 
semi-autonomous microgrid containing diverse energy resources.

• Nodes act as physical connection points and edges represent feasible power flows, enabling communities to balance supply and demand internally while 
remaining interconnected with one another and the main grid.

The goal of the research is to determine an optimal AI-driven solution that determines pricing based on the demand and supply of energy within local communities. 
This will allow communities to trade energy with each other at optimal prices, without interacting with the grid as the central hub. 
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