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1 Peer to peer (P2P)
2 The Nash bargaining game model for optimal unit commitment (BGMU)
8 Distributed energy resources(DERs)
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Abstract:

Integrating renewable energy into electric grids is essential for a sustainable transition away from
fossil fuels, improving energy security and reducing environmental impacts. Peer-to-peer (P2P)
local energy trading is a promising paradigm that enables direct transactions between small-scale
producers and consumers, thereby facilitating renewable,integration while reducing losses and
strengthening energy federalism. This paper proposes-a. two-stage, dual-layer, decentralized
framework for P2P electricity trading in a smartimicrogrid. In Stage I, a Nash bargaining game—
based unit commitment (BGMU) determines the day-ahead optimal schedules of distributed
energy resources (DERs) and flexible.consumers while enforcing distribution-network constraints.
In Stage Il, a dual-layer local market executes the trades: the first layer matches buy/sell orders
among peers, and the second layer-manages residual unmatched energy through a competitive
mechanism that coordinates available storage capacity. Simulation results on a benchmark 15-bus
radial microgrid show that the proposed approach reduces total operating cost by about 57%
compared with sourcing solely from the wholesale market; adding the second market layer yields
an additional ~9% cost reduction. The framework maintains feasibility with respect to network
limits and converges reliably. To assess computational scalability, we extend the study to IEEE
33< and 69-bus distribution systems; the model remains tractable on standard hardware, with
solving.times growing from seconds to a few minutes as network size increases. These findings
highlight the potential of decentralized, market-based coordination to enhance the economic

efficiency and renewable uptake of future distribution grids.

Keywords:
Decentralized local electricity trading, Two-stage energy market, Renewable energy sources, Nash
bargaining game
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4 Gas fired generator (GFG)
% Prosumer
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® Photo voltaic (PV)

" Wind turbine (Wind)

8 Power to hydrogen gas (P2G)

° Integrated energy system provider (IESP)

10 Carbon capture
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11 Continuous double auction (CDA)
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12 Smart Residential Complexes without energy storage capability (SRC)
13 SRC with energy storage capability (SRCP)
1 Energy storage systems (ESSs)
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Import residual matrix
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’ Select time period t=1
There is a shortage %* A " Thereis a surplus
| - No o |
A
e stop t<24 t &
\ No ESSS or SRCPs ™ ‘ I ESSs Capacity free?~ No
Trade with the power grid *— Yes - ' _~>——+|Trade with the power grid —

1 _ Capacity free?

‘, ‘ 3
L 2 No 1—
< there is shortage or >
‘ Create bids and offers surplus? Create bids and offers

CE— | — Yés ] ; l—
Sort bids and offers and Sort bids and offers and
allocate in the order book |allocate in the order book
L
Clear the market until no further capacity for ‘ Clear the market until no further capacity for l
‘ selling or purchasing is available. ‘ selling or purchasing is available.
| |
‘ Update ESSs SOC ‘ ’ Update ESSs SOC ‘

b 4 b3

7 T Yes T Yes
<_There is a shortage? ——{Trade with the power grid There Is a surplus? —— Trade with the power grid

| NO [ NO
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