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Abstract 

In this paper, a novel Bayesian game model is developed to estimate the behavior of the Electric Vehicles (EVs) 

and smart grid. The proposed model focus on EVs as consumers and how to combine them efficiently into the smart 

grid. We first briefly introduce the smart grid and its structure. Then, the proposed model is presented and the effect 

of different variables such as load demand, energy price, and battery charge are investigated. Finally, the simulation 

is carried out on a test case and the obtained results demonstrate that our models help to efficiently combine the EVs 

into the smart grid. 
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1. Introduction 

A smart grid is defined as an intelligent power network that combines various technologies in power 

and communication to monitor and optimize the operations of all functional units from electricity 

generation to end-customers[1]. The large penetration of EVs, if properly managed, can support the 

electricity smart distribution network. EVs batteries’ can be utilized as the storage devices to mitigate the 

fluctuations in power demand and providing frequency control [2]. Smart grids should have a good 

energy structure allowing it to deliver electricity efficiently with minimal losses. Moreover, the need of a 

distributed communication network seems to be fundamental to guarantee a bidirectional flow of 

information between all the smart grid actors. The emergence of EVs in the power grid has created a fear 

of falling into the electricity frequency due to the huge number of vehicles, which can be deployed in the 

grid [3]. These latter are considered to be one of the major consumers of electricity in smart grid [4]. As a 

consequence, analysing the effect of EVs charging on smart grid and designing an optimal charging 

strategy for EVs are important. In [3], the authors proposed a non-cooperative Stackelberg game model to 

optimize the combination of EVs into the smart grids. In [5], the authors developed a mean field model to 

show the behaviour of EVs and plug hybrid electric vehicle (PHEV) owners aiming selfishly to maximize 

their satisfaction under electricity pricing policy constraints. A novel algorithm based on cooperative 

game theory was developed for the integrated wind turbines power system to optimize the wind turbines 

and power system profits [6]. A non-cooperative game model is presented in [7] to survey energy trading 

in the smart grid. In this paper, we first define a smart grid architecture and the combination of EVs into 

the smart grids briefly. Then, we develop a game model that aims to optimize the charging of EVs. This 

model is based on Bayesian Nash Equilibrium (BNE), which aims to make a balance between the 

electricity offer and demand. The novelty introduced in this paper compared with the other works is a 
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theoretic game approach considering decisive parameters which proposed to combine optimally EVs in 

the smart grid. 

2. Smart Grid Architecture  

In this section, we introduce the architecture of the smart grid that takes into account the existing 

equipment and applications to ensure the proper functioning of this network. Moreover, with a good 

vision of this architecture, power system stockholders can predict the future requirements. The most 

challenging issue on the smart grid is to optimize the management of its resources and equipment in order 

to cover the average demand. The power network has as goal to distribute electricity to all users. Due to 

the excessive increasing of the electricity demand caused by diverse factors such as the birth of new and 

diverse consumers like the EVs, the smart grid has to promote its capacity and increase its production by 

deploying decentralized and fluctuant energy sources such as wind and solar power [8-10]. All this 

requires a new and complete vision of the electricity network to quickly overcome peak demand of 

electricity and intermittency of energy sources. The current vision of an effective smart grid offers a great 

opportunity to the modernization of public services through a vast increase in number and types of 

connected devices. This migration to a smart network using connected devices is driving the need for an 

increased bandwidth network with a high safety and reliability. So, there is a need for a real study to 

establish the necessary infrastructure to ensure a good two-way communication between the different 

stakeholders and to exchange useful information such as price, availability, and amount of required 

electricity. The proposed smart grid architecture to analyze the interaction between smart grid and EVs is 

depicted in Figure. 1.  

 

Fig. 1. EVs and smart grid interaction 

As can be seen, EVs can be charged either from the smart grid or from other alternative sources such 

as rooftop photovoltaic panels.  

3. Game Formulation  

In this section, we define the Bayesian game model to combine the EVs into the smart grid. We first 

provide the payoff matrix of the game related to our two players, which are: the SG as an electricity 

supplier and the EV as a consumer. Afterward, we define a set of strategies that could occur between 

these players. Finally, based on these strategies and with the help of BNE concept, we predict the action 

of each player. 

 A Bayesian game can be described by   where N 

is the set of players,  indicates the action set of player i,  describes the type space player i,  indicates 

the payoff of the ith player and  is the belief of player i with respect to the uncertainty over the other 

players’ types. In our work, we consider two players: the SG and the EV; . Each player 

chooses to perform a specific action in order to maximize its payoff. We note that, in game theory concept, 

players are rational and want to maximize their own payoff. The SG can perform one of these two pure 
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strategies: deliver or do not deliver; . The EVs also have two type: charging or do not 

charging;   

The strategies can be described mathematically as follows: , and 

, . The “Nature” randomly chooses a type for each player based on the 

probability distribution across the each player’s type space. Let q1 be the prior probability of player SG 

being deliver type  and therefore  is equal to 1-q1. Similarly, Let p1 be the prior 

probability of player EV being charge type  and therefore  is equal to 1-p1. It should be 

noted that p1, 1-p1, q1 and 1-q1 are common knowledge. In this game, we divide time into regular intervals 

called time-slots; each one of them represents a stage. However, at each stage there is an interaction 

between the SG and an EV. Therefore, with the help of Bayesian game concept, we model the different 

strategies that could occur between an EV and the SG. The future state prediction for the behavior of each 

one is determined by the BNE. The extensive form of the game is depicted in the Figure. 2.  

 

 

 

 

 

 

 

 

 

Fig. 2. Extensive form of the game 

 

Table 1. Presents the prior belief. The payoff equation can be described as follows: 

 

;   ; 

;                   ; 

;                                           ; 

;                                           . 

 

Where is the amount of requested electricity at the time t,  and  are the revenue 

obtained from the selling energy in time t and the cost of purchased energy at time t simultaneously. 

 is also the state of charge of the battery of EV and  is the requiring power for driving 

purpose. It should be noted that all payoffs are normalized in order to create dimensionless variables. 

Therefore, each payoff equals to a score without unit. For example, the amount of requested electricity P(t) 

is normalized as follows: (P (t) = Preal/Pmax). 
 

Table 1. Prior belief  

           SG 

EV 
C DC 

D p1q1 q1(1-p1) 

DD p1(1-q1) (1-p1)(1-q1) 

 

EV
C DC

SG

D DD

(X11,Y11) (X12,Y12)

C DC

(X22,Y22)(X21,Y21)
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3.1. Equilibrium determination 

According to Nash, there is a mixed strategy BNE {SSG (ASG, q*), SEV (AEV, p*)} in which both 

players do not change their actions. Therefore, the BNE concept is utilized to predict the stage that the SG 

and the EV do not change their strategies, which are delivered and charge, respectively. Consequently, 

there is a mixed strategy BNE {SSG (deliver, q1*), SEV (charge, p1*)} so that the SG chooses to deliver 

action when the probability q1>q1* and the EV chooses charge action when p1 > p1*. The proof of this 

theorem is presented as follows: 

   

  

It is clear that EV select charge action when UEV (Charge) > UEV (Do not charge). This situation can 

describe as follows: 

  

Similar to EVs, the mixed strategy of the SG can be defined as follows: 

  

  

The SG will choose to deliver action when USG (Deliver) > USG (Do not deliver). This situation can 

describe as follows: 

  

Thus, we can conclude that the Nash equilibrium corresponds to (q1*, p1*) and in this situation, no one 

wants to change related actions. 

4. Simulation Results 

The effect of load demand and selling energy price are tested in this paper. The load demand, energy 

price, and SOC data are gathered from [11, 12]. The simulation is carried out for 24 hours and the load is 

categorized to three periods, peak time, mid-time and off-peak time. The load demand and energy price 

are presented in Figure.3 (a) and Figure.3 (b) respectively. 
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Fig. 3. The load demand and energy price 

 

It should be noted that energy price is related to load demand such that as the load demand increases 

the energy price is also increases. Several states are considered and different SOC,  and  are 

considered and the result are depicted in Figure. 4.  

As can be seen in the figure. 4,   is increasing as the load increases. This is due to the fact that when 

the load increases the cost of energy is also increasing. Therefor the EVs are willing to purchase energy in 
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off-peak or mid-peak. On the other hand  is decreasing from off-peak time to peak time. Thus, SG is 

willing to sale its energy in off-peak time. 
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Fig. 4. simulation results 

5. Conclusion 

During the past years, the smart grids confront many changes, in addition, fundamental changes. But 

they still need more improvement because of the nonstop birth of new requirements and challenges. In 

this paper, we proposed Bayesian game models to combine EVs into the SG. Simulation results show the 

efficiency and good performance of the proposed model. To achieve more realistic simulation results, we 

considered three different time periods: off-peak, mid-peak and on-peak times to ensure more accurately 

the balance between the electricity demand and supply. Therefore, the proposed model offer a good 

management of electricity flow through a good operation of resources. The obtained simulation results 

demonstrate that our models help to efficiently combine the electric vehicles into the smart grid. 
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