
Solution Feasibility

Control Objectives and Constraints
Objective = Maximize Flexibility + Product of Cost Advantage of Prosumers and 
Consumers

Subjected to:

2022 IEEE PESGM
Denver, CO

July 17–21, 2022
NREL/PO-5D00-83499

A Peer-to-Peer Market-Based Control Strategy for a 
Smart Residential Community with Behind-the-Meter 

Distributed Energy Resources
Utkarsh Kumar, Fei Ding

National Renewable Energy Laboratory, Golden, CO, 80401, USA

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08GO28308. Funding provided by 
U.S. Department of Energy Office of Energy Efficiency and Renewable Energy Solar Energy Technologies Office. The views expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The 
U.S. Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published 
form of this work or allow others to do so, for U.S. Government purposes.

Conclusions
1) A distributed P2P trading framework is developed to enable resource 

sharing of behind-the-meter DERs in a residential community

2) Unbalanced power flow formulation and network voltage constraints 
are considered

3) The proposed approach can be effectively used for optimal sharing of 
energy from customer-owned DERs with other consumers within the 
community and with the upstream distribution grid 

Abstract
This paper develops a distributed peer-to-peer market control strategy to manage and to 
enable resource sharing of behind-the-meter distributed energy resources in a residential 
community. The proposed framework has the following major steps:
1) Each consumer or prosumer determines the flexibility of their point of connection to the 

power network such that the obtained flexibility is network-feasible. 
2) Based on the feasible flexibility, the consumers and the prosumers trade power among 

each other at each time instance to fulfil their preferred load requirements while 
maximizing their payoffs and helping to regulate node voltages inside the community. 

3) Because the problem to be solved is non-convex, a distributed particle swarm 
optimization algorithm is used to coordinate the consumers/prosumers in a fully 
autonomous manner

Numerical Results

The Distributed P2P Framework
The envisioned framework considers a home energy management system (HEMS), which manage DERs, such as rooftop 
photovoltaics, battery energy storage systems, electric water heaters, and heating, ventilating and air-conditioning appliances, in 
each home.
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