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Owing to the augmenting penetration of distributed energy resources (DER) in active
distribution systems and the high significance of peer-to-peer (P2P) energy trading,
uncovering a proper approach to operate these resources in nanogrids (NG) is
essential. In this structure, NGs behave as active participants in P2P energy dealings
and reach Nash equilibrium utilizing the presented game theory algorithm. This
research has developed a comprehensive model to examine the energy system
dynamics employing a game theory approach named the Nikaido-Isoda function and
Relaxation algorithm (NIRA). Besides, this study has analyzed the influences of
various factors on the economic earnings and losses of NGs, consisting of natural
gas price upsurges, renewable energy production boosts, and disconnection from the
upstream grid, stressing the need for flexibility and adaptability to alterations in the
energy ecosystem. Simulation outcomes reveal that with a doubling of renewable
production and a tripling of fuel price in the case study, the whole NGs' participation
in the P2P trades has encountered 113% growth and 5% reduction compared to the

normal scenario. Therefore, the presented method leads to improved energy
efficiency, decreased costs, and enhanced power system sustainability. The results of
this paper could serve as a practical way to expand the usage of renewable energy
and form local energy markets, helping policymakers and energy managers to design
useful techniques for gaining more sustainable and flexible energy systems.
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Introduction

To attain a reliable, cost-effective, and zero-emission power system, the operation of
distributed energy resources (DER), especially based on renewable sources, has experienced
substantial growth in recent years. Hence, peer-to-peer (P2P) energy trading as a novel
scheme has been introduced to accelerate the mentioned targets while diminishing energy
transmission and distribution expenditures. Nevertheless, implementing this type of market
faces several challenges linked to the decision-making process and pricing strategies owing to
the variable nature of renewable energy generation and consumption demand. Therefore,
employing game theory approaches can be a proper solution to handle players' complex
interactions in this market structure. However, more investigation is needed to comprehend
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the influence of various motivation mechanisms on participants' decisions and manners.
Therefore, this study has explored how to run and settle P2P energy trading in a neighborhood
community consisting of nanogrids (NG) to optimize energy deals among them.

Methodology

The presented system consists of NGs experiencing a P2P energy market to purchase and sell
electricity within a neighborhood community connected to the upstream grid. Excess energy
production by each NG can be employed to charge its energy storage system, satisfy its local
responsive demand, or sell to the buyer players in the market. To attain these objectives, the
suggested structure has two main units: the UCDR unit and the NIRA unit. The UCDR unit is
employed for the local scheduling and control of each NG's DERs to make NGs capable of
partaking in energy trading while meeting their local demand. Through the community
manager, the NIRA unit has been implemented to portray the competitive nature of this
energy market, where participants engage in P2P, P2G, and G2P electricity interactions. To
find the Nash equilibrium, the performance of the NIRA unit has been started based on the
players' offers which is the UCDR unit output. Ultimately, the NIRA unit's outcome would
determine the optimum share of players in selling and buying transactions.

Results and Discussion

The efficacy of the suggested process by scrutinizing simulations of P2P, P2G, and G2P
energy trading in various scenarios has been evaluated in this part. The changes in
participants' payoff functions because of upturns in natural gas fuel prices, depicted in Figure
9, reveal that NGs faced earnings reduction, while the upstream grid's payoff improved. Due
to the surge in fuel costs, NGs' shares in sale interactions have considerably altered as
illustrated in Figure 10. For instance, by a 90% and a 150% growth in the fuel price compared
to the normal operation scenario, NG4's participation has lessened from 84% to 77% and
56%, respectively. Nonetheless, the shares of NG1 and NG2 in selling trades have extended,
with NG1 increasing from almost zero to 10% and 17%, and NG2 rising from 16% to 28%
and 38%. According to the results, most energy deals have happened between 9 AM and 5
PM when the range of renewable resources' production is high. In addition, the alteration
trend of players' payoff functions due to 50% and 100% renewable energy production growth
led to substantial improvements in the payoff function of NGs as shown in Figure 11. This
fact has also been proved by indicating the significant contribution of players in P2P and P2G
energy trading via augmenting renewable energy generation as displayed in Figure 12. On the
other hand, differences in players' income because of turning the operation from on-grid mode
to off-grid mode, demonstrated in Figure 13, present the NGs' payoff values have diminished,
leading to higher expenses for these players.

Conclusion

NIRA, a non-cooperative game theory approach, has been used in this paper to show a proper
technique for running energy deals among microsystems in a neighborhood system. This
approach lets participants, following opposite objectives, compete with each other to attain
more fair and effective energy trading. Simulation results display that renewable generation
growth and a surge in fuel expenditures have substantially affected the energy system
dynamics. This study has underlined the importance of a systemic strategy for more profitable
energy management of DERs. Besides, this research exposes the necessity of understanding
complicated interactions among various parts and the capability to adapt to quick changes in
the energy communities.
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