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ARTICLE INFO ABSTRACT

In this paper, a bi-objective mixed-integer non-linear programming (MINLP) model
is proposed to design a P2P electricity market for price-based energy management
incorporating incentives and time-based demand response programs (DRPs),
considering the active involvement of retailers. The proposed mathematical model
was investigated for a hypothetical smart microgrid connected to the upstream grid,
based on real data from Tehran, Iran. The results indicated that due to the Iranian
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Furthermore, investigating the impacts of DRPs revealed that their implementation
and price elasticity of demand increased retail and overall MG profit by up to 10.3%
and 39.98%, respectively. Additionally, implementing DRPs benefits consumers
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Introduction

Recently, DERs have gained attention as effective alternatives to traditional electricity generation
located at the distribution network and demand side, offering numerous technical and environmental
advantages. Continuous cost reductions in renewable energy technologies, such as photovoltaic panels
and battery energy storage systems (BESS), have further boosted their appeal. However, the high
penetration of DERs presents significant challenges in controlling, operating, planning, and protecting
modern power systems. P2P energy trading has emerged as a promising solution to enhance the
efficiency of renewable energy resources and address some of these challenges. Yet, integrating P2P
markets with upstream networks remains complex, as consumers must navigate both P2P and
centralized markets. Retailers facilitate equilibrium in some P2P market schemes by designing suitable
pricing mechanisms. These pricing schemes must consider Distribution Use of System (DUoS) and
Local Use of System (LU0S) charges, which affect consumer costs and investment incentives. DRPs
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can mitigate these effects, but choosing appropriate pricing schemes based on DRPs remains
challenging.

Research Method

The proposed P2P electricity trading market comprises three primary entities: Prosumers, Consumers,
and a Retailer. Prosumers, users with PV systems, are classified into two groups based on whether
they have BESS or not. Consumers, without PV systems, can purchase electricity at reduced prices in
the P2P market. Acting as a DSO, the Retailer facilitates P2P transactions and optimizes energy
production and distribution to maximize profits while ensuring demand satisfaction and efficient
resource use. Consumers and prosumers exchange energy within close geographic proximity. In this
model, the MG sources energy from both the Retailer and the P2P market for consumption and battery
charging. Surplus prosumer energy is sold to the upstream market. During shortages, the Retailer
procures electricity from the wholesale market and supplies it to the MG. The DRP encourages
consumers to participate in the P2P market, thereby reducing energy consumption expenses. LU0S
and DUoS costs, which align with P2P market characteristics, are accounted for by the Retailer and
incorporated into market prices.

Results and discussions

The findings indicate that a significant portion of the retailer's revenue comes from selling electricity
to the wholesale market. This is due to the high tariffs set by the Iranian government for purchasing
renewable energy. Consumers primarily incur expenses by using distributed generators (DGs) for MG
energy. However, participating in the P2P market can significantly reduce consumers' expenses,
especially for those without DGs. The implementation of incentive-based DRPs and consideration of
demand elasticity substantially increase consumers' expenses due to battery usage during peak hours,
but they also encourage consumer participation in the P2P market. The best outcome is achieved by
combining time-based and incentive-based DRPs with demand elasticity, resulting in a 10.3% increase
in retailer profit and a 39.98% increase in total MG profit. Additionally, DRPs effectively moderate
peak-hour loads.
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. Distributed Energy Resources (DERS)

. Photovoltaic (PV) Panels

. Battery Energy Storage Systems (BESS)
. Peer to Peer (P2P) energy trading.

. Prosumer

. Centralized Market

. Community-based
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1. Local use of network service (LU0S)
2. Distribution Use of System (DU0S)
3. Time Of Use (TOU)

4. Real Time Pricing (RTP)

5. Critical Peak Pricing (CPP)
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