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A B S T R A C T  
 

 

This study has been conducted aiming at improvement of a multi-agent model whose task is planning 

and energy management of a power distribution system based on electric vehicles and their aggregators. 

In this work, the wear of automobile batteries is considered as an inhibitor agent for electric vehicle 
owners which affects other agents. Therefore, the aggregator agent should consider the cost as 

encouragement for the owners of electric vehicles. The agents used in this paper are: 1) Technical agent 

distribution system operator 2) Distribution System Operator market agents 3) Electric vehicle 
aggregator agents. This paper proposes a strategy for the aggregation agent of electric vehicles in a 

competitive electricity market, taking into account market reservations. This model provides a way to 

reimburse vehicle owners for battery burnout over the consumption cycle and it helps to increase the 
desire of electric vehicles to charge and sell electricity to the market and increase the profits of vehicle 

agents and owners. 
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1. INTRODUCTION 
 

Various methods have been proposed to minimize costs 

in power distribution networks (1). Today, electricity 

exchanges in most countries take place through the 

electricity market and by considering the economic 

performance of power systems by the system operator, 

which is required to maintain an acceptable level of 

security (2). The technology of electric vehicles, or those 

with battery-powered vehicles, can be divided into two 

general categories of EVs  and Plug-In Hybrid Electric 

Vehicle (PHEVs). Among these technologies, PHEVs 

are generally more attended due to the ability to work 

simultaneously with two internal combustion and electric 

engines (3, 4). 

On the other hand, PHEVs can solve many power 

system problems as a potential electric energy store and 

causes the possibility of electric energy storages with 

high capacity, but sporadic, and random-behavior. 

Introducing an appropriate aggregator for these types of 

vehicles and defining its relationships with other power 

system organizations can help them grow faster. An 

aggregator is an agent as an interface between the system 

operator and the consumer. The aggregator helps to 

facilitate the use of electric vehicles and maximize the 

profit of operator and vehicles (5). The existence of 

batteries in these vehicles as their main characteristic, as 

well as the ability to charge and discharge electricity 

power through the global power grid lead to change the 

attitude to these vehicles from an electrical load to a 

moving electrical energy storage. Managing battery 

charging and discharging electric vehicle batteries is one 

of the most important issues in electric vehicle-based 

smart grids. In fact, the management of vehicle charging 

and the timing of consumed electricity traffic should be 

such that the profit of all market participants reaches its 

optimal level and reduces network costs (6). One of the 

most basic needs for a healthy competition is the 

monitoring on parties’ performance by the neutral factor. 

In the electricity market, this task is performed by the 

Independent System Operator (ISO). Independent system 

operator is responsible for maintaining the security of the 

system. This operator acts in market environment 

independently and does not discriminate between them in 

encouraging or penalizing participants. It is at the same 

time responsible for operating the power system and 

operating from the ultimate market. Generation 

companies (Gencos) produce and sell electrical energy. 

They also provides additional ancillary services such as 

frequency regulation, voltage control and reserve for 

which the operator needs. A generation company can 

own one or more power plants with different 

technologies. Generation companies may also be called 

Independent Power Producers (IPPs). Transmission 

companies (Transcos) are the owners of transmission line 

equipments. These companies use their own equipment 

in accordance with the independent operating system 

instructions. Distribution companies (Discos) are the 

owners and operators of the distribution network. In this 

paper, the focus is on production and transmission and, 

distribution network is not used. Virtual power plants are 

agents of power system without power generation; but 

they can store electrical power at some times and return 

it to the grid at other times. In this work, electric vehicles 

are considered as virtual power plants. 

In this paper, a way to optimize the planning of 

electric vehicle charging is proposed. The proposed 

model will be a complete model of smart grids that will 

include all the participants. Participants in the proposed 

model will include electric vehicles, distributed 

generation resources and aggregators. Each of the 

existing agents is trying to maximize its profits in the 

electricity market. Therefore, various agents must be able 

to estimate market conditions by predicting load and 

prices, and present their best offerings for market 

participation; this is done with the help of a hierarchical 

multi-agent control system and CPLEX optimization 

methods with the GAMZ software.  

The second section focuses on theoretical foundations 

and provides the background to the proposed research. 

The third section, the proposed model is presented. In 

section 4, the results obtained are analyzed. In section 5, 

we will present the discussion. in section 6, the 

conclusion is presented.  

 

 

2. RESEARCH BACKGROUND 
 

Multi-agent system models were first introduced and 

used to control the components of smart grids (7), which 

are most commonly used for large area grids. An example 

is the use of these models in intelligent energy markets 

(8-16). The multi-agent system is a new computational 

model in which several inputs interact with other inputs 

in an environment (10, 17). 

The application of multi-agent systems is divided into 

two groups: solving the problems of large power systems 

with the goal of reducing computations (11, 12, 18, 19). 

Controlling power systems by dividing the system into 

smaller subsystems and increasing decision-making 

power (13, 14, 20). 

A multi-agent system model is discussed in literature 

[15-18,21] for managing a distribution system 

comprising a large number of electric vehicles. The main 

reason is the use of the power system and, this agent 

modifies the program with the control and study of the 

network and informs them. 

Hamidi and Moradi (19) presented a multi-agent 

system is where the charging time of electric vehicles is 

determined in a way that occurs at the lowest cost of 

electricity. In this work, the capacity of the transmission 

lines has been considered as a limiting factor for decision 
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making. It should be kept in mind that the transmission 

lines should not be loaded more than their capacity. 

Hamidi et al. (21) also provided a way to charge 

vehicles when the network price is the lowest. In this 

work, electricity prices are also affected by the time of 

charging vehicles. In other words, the time of minimum 

price is a function of the time of charging vehicles, and 

the time of charging vehicles should also occur at the 

lowest market price. With this in mind, the two variables 

should be optimized in terms of each other. 

Hu et al. (22) provided a multi-agent method 

according to which, in the environment including electric 

vehicles, the filling of transmission lines is managed and 

prevented. 

Multi-agent systems are used for a variety of 

electricity network optimizations. The hierarchical agent-

oriented control system is shown in Figure 1. 

It is assumed in this work that four agents are 

considered. These agents are as follows: 

1. Technical Distribution System Operator (Technical 

DSO) 

2. Market Distribution System Operator (Market DSO)  

3. Electric Vehicle Virtual Power Plant (EV VPP)  

4. Dispersed Energy Resources (DER) 

In Figure 1, the relationship between these agents is 

completely identified. The task of technical DSO is to 

control the technical agents of the network, such as filling 

lines. The market DSO also optimizes system economic 

affairs. Also, the task of electric vehicles or EV VPP is 

the control and management of electric vehicles (23-28). 

 

 

3. MODELLING 
 

In this paper, electric vehicles owners give the 

responsibility of charging and discharging their batteries 

 

 

 
Figure 1. The relationship between various agents in the 

distribution system (22) 

to the aggregators. Aggregators can charge batteries at 

low power prices and in the high-load hours, additional 

and unused charge of these vehicles will bring back to the 

grid. The battery charging by the grid is called Grid-to-

Vehicle (G2V), and the return of energy from the 

vahicle's battery to the grid is called Vehicle-to-Grid 

(V2G). The owner of any electric vehicle has the ability 

to or not to participate in the market with the binary 

variable 𝛼𝑡,𝑣 ∈ {1,0}. If the vehicle is capable of charging 

and discharging, this variable will show the number 1 and 

if there is no ability for any reason, such as failure or 

absence in the parking, then the corresponding variable 

represents the zero number. This variable specifies the 

state of the device v at t. 

If the EV is ready for charging or discharging, it must 

behave according to the program that the aggregator 

specifies and, if necessary, receives energy from the grid, 

and in other times it will provide energy to the grid. This 

will increase the owner's profit, electric vehicle 

aggregator as well as the power system. 

The aggregator maximizes its profits by planning 

electrical vehicles. The aggregator profit is obtained from 

difference in revenue from services provided to the grid 

and costs incurred on the grid. One of the charges made 

in the network is the cost of wearing out electric vehicle 

batteries. In this work, it is assumed that the aggregator 

participates in both the regulation up and regulation down 

market and offers proposals in both. If aggregator offer 

are accepted by Independent System Operator (ISO), it is 

necessary to participate in the market and provide the 

services required by the Independent System Operator. 

Otherwise, it will suffer damage. Figure 2 shows the 

decision tree made by the aggregator in the day ahead 

market. It can be better to see the probabilities in Figure 

2. The aggregator offering in the market is that it offers 

two numbers, one for the price, and one for the market 

share. To accept the aggregator proposal, a probability is 

defined which is shown with 𝜋𝑎. Also, the probability of 

deployment in the market is also shown with the variable 

𝜋𝑑. In the event of winning by the aggregator in the 

market, two powers are defined; One 𝑃𝑐𝑎𝑝, which means 

the aggregator suggested power that specifies the 

proposed capacity and one 𝑃𝑎𝑐𝑐𝑒𝑝𝑡, which means its 

accepted power in day ahead regulation market by ISO. 
 

 

 
Figure 2. Decision tree for market interactions 
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In branch (I), the capacity offer is accepted with 

probability 𝜋𝑎. In the following, and after admission to 

the market, the potential established by SO may be 

ranged from zero to 𝑝𝑎𝑐𝑐𝑒𝑝𝑡, in this case: 

(1) 0 ≤ 𝑝𝑑𝑒𝑝𝑙 ≤ 𝑝𝑎𝑐𝑐𝑒𝑝𝑡 

This happens with the probability 𝜋𝑑 and is indicated 

in Figure 2. Also, the aggregator must realize that the 

power demanded by the SO can be higher than the 

expected power, and therefore the shortened power or 

𝑝𝑠ℎ𝑜𝑟𝑡  must be considered. An ideal case without a 

penalty factor has been shown in (a) from Figure 3. In 

this aggregator, the 𝜆𝑐𝑎𝑝 is established for the accepted 

capacity 𝑝𝑎𝑐𝑐𝑒𝑝𝑡 and 𝜆𝑅𝑇  is paid for 𝑝𝑑𝑒𝑝𝑙 . 

In branch (V), the aggregator expects that his 

proposal to be accepted with probability 𝜋𝑎, but not 

deployed in the RT market. In this case, no gain is 

achieved, and only the offer placed on the market next 

day is received at the price of 𝜆𝑐𝑎𝑝. In branch (V), the 

offer is accepted and it is expected that all accepted 

capacity is not used in RT market. In this case, there is no 

benefit to participation in the RT market, and not the risk 

for the aggregator. In fact, in this case, only the offer to 

participate in the day ahead market and with the price of 

𝜆𝑐𝑎𝑝 is accepted. 

In this model, an aggregator which decides to 

maximize its profit is considered. The objective function 

of this problem is written as follows.  

(2) max {𝑟𝑒𝑚 + 𝑟𝑐𝑎𝑝 + 𝑟𝑑𝑒𝑝𝑙 − 𝑐𝑟𝑒𝑔𝑢𝑝 − 𝑐𝑟𝑒𝑔𝑑𝑛 − 𝑐𝑑𝑒𝑔}  

In relation 2, the symptoms are as follows: 
emr  : Profit from the participation on the day ahead energy market 

capr : Profit from the participation on the day ahead energy market 

deplr   :The expected profit in the real time market for up and down 

regulations are respectively obtained with the probabilities 𝜋𝑎 and  

𝜙𝑎. Also, the deployment and implementation of a proposal offered in 

the RT market occurs with probabilities 𝜋𝑎 and  𝜙𝑎. 

regupc  : The cost of up regulation services 

regdnc  : The cost of down regulation services 

degc  : Battery Depreciation Costs 

 

 

 
Figure 3. Actual profit and costs for a) a non-penalty b) 

penalty cases 

In the model proposed in this paper, it is assumed that 

the energy and reserve market are closed by the system 

operator based on the power pool market. The system 

operator identifies generators' produced power program 

by doing Unit Commitement (UC) program. In this work, 

the energy and reserve market is closed in two steps. In 

the first stage, the energy market is implemented and the 

reserve market will be exploited in the second stage. 

After closing day ahead market, during the operation 

of the system, it may happen that there is a need for more 

or less planned energy. For this reason, there is a need for 

interaction of RT market. If the required power is greater 

than the planned power in the DA market, up regulation 

is required and unsupplied energy is provided. Also, if 

the load is less than production, this excess power will be 

sold at up regulation. 

In this work, the market price is provided in step form 

and the price and quantity of power accepted in market 

are also in step form. Each of the power values and prices 

offered to them is accepted on the market with different 

probabilities. Figure 4 shows the total of this process and 

the final ordered pair of value-price. 

It is necessary to define its various variables in order 

to obtain the objective function,. At first, 𝑟𝑒𝑚 or profit 

from the DA market is obtained. 

The relation 3 of the profit from the day ahead market 

is as follows: 

(3) 𝑟𝑒𝑚 = Δ𝑡 ∑ ∑ 𝜆𝑡
𝐷𝐴

𝑣∈𝑉𝑡∈𝑇 (𝜂𝑣
𝑑𝑠𝑔

. 𝑝𝑡,𝑣
𝑒𝑚𝑑𝑠𝑔

− 𝑝𝑣,𝑡
𝑒𝑚𝑐ℎ𝑔

)  

in relation to 3: 

The electricity price at the hour t of the day 

ahead market  
𝜆𝑡

𝐷𝐴   

Battery discharge efficiency v 𝜂𝑣
𝑑𝑠𝑔

  

Battery dischargable power v at hour t 𝑝𝑡,𝑣
𝑒𝑚𝑑𝑠𝑔

  

 

 

 
Figure 4. Capacity and price accepted in the market (a) 

Prices and acceptance probabilities for each price (b) Power 

values and acceptance probabilities for each value (c) 

Ordered pair of power- price, which is obtained from the 

combination of two graphs (a and b) 
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Power stored in battery v at hour t 𝑝𝑣,𝑡
𝑒𝑚𝑐ℎ𝑔

  

Study interval for calculating profit 𝛥𝑡 

Also, the day ahead regulation market profit is calculated 

according to relation 4: 

(4) 
𝑟𝑐𝑎𝑝 =  ∑  ∑ [(𝜔𝑡,𝑏

𝑢𝑝
𝜆𝑡,𝑏

𝑢𝑝
)𝜋𝑎𝑝𝑡

𝑢𝑝
+𝑏∈𝐵𝑡∈𝑇

(𝑤𝑡,𝑏
𝑑𝑛𝜆𝑡,𝑏

𝑑𝑛)Φ𝑎𝑝𝑡
𝑑𝑛]  

In relation 4, the values are as follows: 
A binary variable that indicates whether 

step b of price-value-probability curve is 

active or not. 

: 𝜔𝑡
𝑢𝑝\𝑑𝑛 

Regulation price at time t and step b. : 𝜆𝑡,𝑏
𝑢𝑝\𝑑𝑛

 

The acceptance probability (winning) in 

the regulation up market 
: 𝜋𝑎 

The acceptance probability (winning) in 

the regulation down market  
: 𝛷𝑎 

Regulation power suggestion at hour t : 𝑝𝑡
𝑢𝑝\𝑑𝑛

 

The mentioned relationship involves only profits from 

capacity market commitment. If the system operator 

needs to use the offered offer in the capacity market, it is 

necessary to buy at RT market price. 

The profit from this work is in the form of a relation 

5: 

(5) 
𝑟𝑑𝑒𝑝𝑙 =

 𝜋𝑎𝜋𝑑𝜂𝑑𝑠𝑔 ∑  𝑡∈𝑇 ∑  𝑣∈𝑉 ∑  𝑏∈𝐵 (𝑣𝑡,𝑏
𝑢𝑝

𝜆𝑡,𝑏
𝑅𝑇)(𝑒𝑡,𝑣

𝑟𝑒𝑔𝑢𝑝
+

𝑒𝑡,𝑣
𝑠𝑡𝑜𝑝𝑑𝑠𝑔

)  

In relation 5, 𝜆𝑡,𝑏
𝑅𝑇 , the RT market price is obtained from 

the curve of Figure 4. 𝑒𝑡,𝑣
𝑟𝑒𝑔𝑢𝑝

 is also the energy that is 

expected to be deployed and used in the market for 

regulation up. Also, 𝑒𝑡,𝑣
𝑠𝑡𝑜𝑝𝑑𝑠𝑔

 is the energy is scheduled 

for energy discharging in the regulation up service. The 

𝑟𝑑𝑒𝑝𝑙 benefit discussed in this section is shown in branch 

(III) of Figure 2. The aggregator must install a part of the 

capacity offer in order to obtain this benefit, regardless of 

the risk of consumption more than the proposed power. 

This will likely result in the aggregator being forced to 

pay the costs due to lack of capacity. This cost is shown 

in relation 6. 

𝐶𝑟𝑒𝑔𝑑𝑛 =  Φ𝑎Φ𝑑(1 − Φ𝑑) ∑  𝑡∈𝑇 ∑  𝑏∈𝐵 (𝑣𝑡,𝑏
𝑢𝑝

𝜆𝑡,𝑏
𝑅𝑇)  

(𝑝𝑡
𝑑𝑛 − Φ𝑎Φ𝑑𝑝𝑡

𝑑𝑛) 
(6) 

𝐶𝑟𝑒𝑔𝑢𝑝 =  𝜋𝑎𝜋𝑑(1 − 𝜋𝑑) ∑  𝑡∈𝑇 ∑  𝑏∈𝐵 (𝑣𝑡,𝑏
𝑢𝑝

𝜆𝑡,𝑏
𝑅𝑇) 

(𝑝𝑡
𝑢𝑝

− 𝜋𝑎𝜋𝑑𝑝𝑡
𝑢𝑝

) 
(7) 

In relation 7, the difference between the suggested 

capacity 𝑝𝑡
𝑢𝑝

 and the power expected to be used indicates 

the power shortage. This power shortage should be 

purchased by an aggregator on the RT market. The 

probability of this power shortage is 𝜋𝑎𝜋𝑑(1 − 𝜋𝑑). The 

term (1 − 𝜋𝑑) is called the power shortage probability or 

𝜋𝑠ℎ𝑜𝑟𝑡. This probability has been shown in branch (IV) 

of Figure 2. 

Now, if the power purchased is more than used or 

deployed, the excess amount should be sold in the RT 

market. This is called regulation down. Charging and 

discharging the vehicle batteries will cost the owners of 

electric vehicles. As a result, they do not want to adjust 

the charge and discharge of vehicles by the aggregator. 

Therefore, in order to encourage this, the aggregator 

should consider a cost as encouragement for them. This 

amount should be such as to compensate the wear of the 

batteries due to charge and discharge. Relation 8 is used 

for wear of the battery of existing electric vehicles: 

(8) 
𝑐𝑑𝑒𝑔 =  ∑ 𝐶𝑣

𝑏𝑎𝑡 |
𝑚𝑣

100
| [

𝛥𝑡 ∑ (𝑝𝑡,𝑣
𝑒𝑚𝑑𝑠𝑔

+𝑝𝑡,𝑣
𝑒𝑚𝑐ℎ𝑔

)−𝜉𝑣 𝑡∈𝑇

𝐵𝐶𝑣
𝑣∈𝑉   +

 
∑ (𝜋𝑎𝑒𝑡,𝑣

𝑟𝑒𝑔𝑢𝑝
+𝑝𝑡,𝑣

𝑒𝑚𝑐ℎ𝑔
)𝑡∈𝑇

𝐵𝐶𝑣
]  

In the relationship 8: 

BCv  Battery capacity of vehicle v 

Cv
bat  Battery cost of vehicle v 

mv  
The linear estimate of battery life of vehicle v based 

on the number of charge and discharge cycles 

ξv  Total energy for movement of vehicle v 

In relation 8, the aggregator is obliged to compensate 

the owners of electric vehicles, to transfer energy to the 

network and wear of the batteries. This amount of 

compensation is dependent on the discharge power 

shown with pt,v
emdsg

. For excess energy received from the 

grid, compensation should also be considered. But this 

compensation is paid for the excess energy on the use of 

the vehicle for moving. For example, if energy 𝜉𝑣 is 

required for a vehicle to move, wear compensation for 

battery is considered for the energy that is more than this 

charge. It should be noted that for regulation services, the 

energies 𝑒𝑡,𝑣
𝑟𝑒𝑔𝑑𝑛

 and 𝑒𝑡,𝑣
𝑟𝑒𝑔𝑢𝑝

, which cause the wear of the 

batteries, are considered and the number of charge times 

does not matter and it does not burn out the battery of the 

electric vehicle. The objective function mentioned at the 

beginning of the modeling has constraints and limitations 

that are discussed below. 

The relations 9 and 10, respectively, indicate the 

proposed capacity of regulation up and down. 

(9) 𝑝𝑡
𝑢𝑝

𝜋𝑑Δ𝑡 = ∑  𝑣∈𝑉 (𝑒𝑡,𝑣
𝑟𝑒𝑔𝑢𝑝

+ 𝑒𝑡,𝑣
𝑠𝑡𝑜𝑝𝑐ℎ𝑔

)    ∀𝑡 ∈ 𝑇  

(10) 𝑝𝑡
𝑑𝑛Φ𝑑Δ𝑡 = ∑  𝑣∈𝑉 (𝑒𝑡,𝑣

𝑟𝑒𝑔𝑑𝑛
+ 𝑒𝑡,𝑣

𝑠𝑡𝑜𝑝𝑐𝑑𝑛
)   ∀𝑡 ∈ 𝑇  

Now, if the extra capacity of the batteries is taken into 

account, the aggregator can, by utilizing and scheduling, 

perform the regulation up and down and do not have to 
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buy the RT market. The constraints of this work are 

shown in relations 11 to 12: 

(11) 
𝑠𝑜𝑐𝑡,𝑣 = 𝑠𝑜𝑐𝑡−1,𝑣 + 𝜂𝑣

𝑐ℎ𝑔
𝑝𝑡,𝑣

𝑒𝑚𝑐ℎ𝑔
Δ𝑡 − 𝑝𝑡,𝑣

𝑒𝑚𝑑𝑠𝑔
Δ𝑡 −

𝜉𝑣 (
𝑆𝑡,𝑣

∑ 𝑆(𝑡,𝑣)𝑡∈𝑇
)  ∀𝑡 ∈ 𝑇, 𝑣 ∈ 𝑉 

(12) 𝑠𝑜𝑐𝑡,𝑣 ≥ 𝜉𝑣 (
𝑆𝑡,𝑣

∑ 𝑆(𝑡,𝑣)𝑡∈𝑇
)     ∀𝑡 ∈ 𝑇, 𝑣 ∈ 𝑉  

(13) 0 ≤ 𝑒𝑡,𝑣
𝑟𝑒𝑔𝑑𝑛

+ 𝑒𝑡,𝑣
𝑠𝑡𝑜𝑝𝑑𝑠𝑔

≤ 𝑆𝑜𝐶𝑣
𝑀𝑎𝑥 − 𝑠𝑜𝑐𝑡,𝑣       ∀𝑡 ∈

𝑇, 𝑣 ∈ 𝑉  

(14) 0 ≤ 𝑒𝑡,𝑣
𝑟𝑒𝑔𝑢𝑝

+ 𝑒𝑡,𝑣
𝑠𝑡𝑜𝑝𝑐ℎ𝑔

≤ 𝑠𝑜𝑐𝑡,𝑣 − 𝑆𝑜𝐶𝑣
𝑀𝑖𝑛      ∀𝑡 ∈

𝑇, 𝑣 ∈ 𝑉  

In all of the equations and relationships mentioned above, 

it should be noted that the capacity of the batteries is less 

than the minimum and does not exceed the maximum. 

Therefore, the relationship 15 for the batteries is 

considered: 

(15) 𝑆𝑜𝐶𝑣
𝑀𝑖𝑛 ≤ 𝑠𝑜𝑐𝑡,𝑣 ≤ 𝑆𝑜𝐶𝑣

𝑀𝑎𝑥      ∀𝑡 ∈ 𝑇, 𝑣 ∈ 𝑉 

A constraint should also be taken into account that to put 

the battery energy at the end of the day at the constant 

amount at the beginning of the day. This constraint is 

considered in relation 16: 

(16) 𝑠𝑜𝑐𝑡=|𝑇|,𝑣 = 𝑆𝑜𝐶𝑣
𝑖𝑛𝑖𝑡           𝑣 ∈ 𝑉 

 

 

4. ANALYSIS 

 

Given the hypotheses of the problem, a unique 

mathematical model was identified for the problem. 

Finally, mathematical relations were extracted and 

formulated according to the proposed model. According 

to the proposed model, its results are analyzed using the 

GAMS software and using the CPLEX method. In this 

work, the system consisting of 100 electric vehicles have 

been considered which are controlled by an aggregator. 

The system is equipped with aggregating agents for 

electric vehicles or virtual power plants (VPP), electric 

power consumers, electric vehicles and system operators. 

Electric vehicle information is assumed as follows: 

Battery capacity of each vehicle is 24 kWh. The 

maximum battery charge is 95% and its discharge depth 

is 15%. The internal energy of the batteries is initially 

considered as random numbers for each battery. The 

battery wear rate or gradient, or 𝑚𝑣 for each battery, is 

considered to be -0.015. A similar step curve is used for 

market offerings. The probabilities 𝜋𝑎 and Φ𝑎 equal to 

0.9 and the probabilities 𝜋𝑑 and Φ𝑑 equal to 0.8. The 

curve used in this study has four steps, which are 

represented by the set b. The stepwise prices for all four 

steps 𝜆𝑑𝑛  for 24 hours are shown in Table 1. 

 

TABLE 1. Market price for regulation down 

Hours Step1 Step2 Step3 Step4 

1 6 7 8 9 

2 6 7 8 9 

3 7 8 9 10 

4 7 8 9 10 

5 8 9 10 11 

6 8 9 10 11 

7 8 9 10 11 

8 8 9 10 11 

9 9 10 11 12 

10 10 11 12 13 

11 11 12 13 14 

12 12 13 14 15 

13 13 14 15 16 

14 14 15 16 17 

15 13 14 15 16 

16 12 13 14 15 

17 11 12 13 14 

18 10 11 12 13 

19 12 13 14 15 

20 13 14 15 16 

21 14 15 16 17 

22 12 13 14 15 

23 10 11 12 13 

24 8 9 10 11 

 

 

Also 𝜆𝑢𝑝 or the price of each step for regulation up is 

shown in Table 2. 
 

 

TABLE 2. Market price for regulation up 

Hours Step1 Step2 Step3 Step4 

1 6 7 8 9 

2 6 7 8 9 

3 7 8 9 10 

4 7 8 9 10 

5 8 9 10 11 

6 8 9 10 11 

7 8 9 10 11 

8 8 9 10 11 

9 9 10 11 12 

10 10 11 12 13 
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Hours Step1 Step2 Step3 Step4 

11 11 12 13 14 

12 12 13 14 15 

13 13 14 15 16 

14 14 15 16 17 

15 13 14 15 16 

16 12 13 14 15 

17 11 12 13 14 

18 10 11 12 13 

19 12 13 14 15 

20 13 14 15 16 

21 14 15 16 17 

22 12 13 14 15 

23 10 11 12 13 

24 8 9 10 11 

 

 

Regulations up and down at different hours of the day 

are shown in the Figures 5 and 6. 

Regulation down energy is shown negatively in 

Figure 6. Also, in 24 hours a day and for all electrical 

vehicles in the grid, the sum of the energies 𝑒𝑠𝑡𝑜𝑝𝑐ℎ𝑔 and 

total energies 𝑒𝑠𝑡𝑜𝑝𝑑𝑠𝑔 are summarized in Table 3.  

 

 

 
Figure 5. Regulation up energy 

 

 

 
Figure 6. Regulation down energy 

TABLE 3. Energies 𝒆𝒔𝒕𝒐𝒑𝒅𝒔𝒈 and 𝒆𝒔𝒕𝒐𝒑𝒄𝒉𝒈 

 

 

The total aggregator profit is obtained from the 

algebraic sum of revenues and expenses. Revenues and 

costs and, ultimately, the profits earned by the aggregator 

are presented in Tables 4 and 5. 

(39) Costs - Income = Aggregator Benefit 

Using the relationship 39, the profit from participating of 

aggregator in the market is the numerical value of $ 2.9 

× 106, in the reference paper, the total cost which 

aggregator pays for the regulation market is equal to 

2.436 × 106. In the research, the total regulation costs are 

about 1.33 × 105. The reason for this difference is in three 

cases. The aggregator can achieve huge profits by using 

only electric vehicle battery capacity and accurately 

scheduling battery charging and discharging. In fact, the 

resources that lead to profits for the aggregator are 

vehicle batteries which acts as virtual power plants 

(VPP). Now, if the capacity of these batteries changes, 

the capacity of the VPPs has actually changed and it is 

expected that this change will strongly affect the energy 

exchanges and grid financial transactions and aggregator 

of electric vehicles. 

Table 6 shows the effect of battery capacity on 

aggregator financial transactions. The effect of the 

battery capacity on the aggregator's profit is shown in 

Figure 7. As shown in Figure 7, increasing the capacity 

of the batteries increases the available power of the 

aggregator and increases its maneuverability. This 

increased maneuverability will increase its profits. 

 

 
TABLE 4. Revenue from aggregator participation in markets 

Value    )$(  Abbreviation Revenues (Income) 

5.2*104 rem 
Profit from the participation on the 

day ahead energy market 

2.2*106 rcap Profit from the participation on the 

day ahead energy market 

8.1*105 rdepl Income from the deployment of 

power in the RT market 
 

 
TABLE 5. Costs that the aggregator pays 

Value ($) Abbreviation Costs 

8.7*104 cregup The cost of up regulation services 

1.3*104 
cregdn 

The cost of down regulation 

services 

3.3*104 cdeg Battery Depreciation Costs 

Value (KWh) Energy 

32586 estopchg  
1570 estopdsg  
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TABLE 6. Effect of battery capacity on aggregator profit 

Aggregative profit ($) Each vehicle's battery capacity (KWh) 

1.97*106 12 KWh 
2.43*106 15  KWh 
2.76*106 18  KWh 

2.89*106 21  KWh 
2.96*106 24 KWh 

 

 

According to Figure 7, it is clear that with increasing 

battery capacity, profit will be increased but profit 

growth will decrease.  

 
 
5. Discussions  
 
In fact, when the price of electrical energy in the grid is 

low, the aggregator can charge the available vehicle 

battery with proper planning and when the price of 

electricity in the grid is high it sells the excessive energy 

stored in batteries to the grid. In addition to making big 

profits, the aggregator can pay the owners of electric 

vehicles to encourage and to compensate the wear 

batteries. On the other hand, the network's electricity 

price is high during peak hours and is low during low 

hours. However, if vehicles get electricity from the grid 

at low load hours and they bring this energy back to the 

grid at peak times, help for peak shaving or flattening the 

load profile. With this, the costs of investment, operation, 

repair and maintenance of the network also significantly 

improve. The participation of electric vehicles in the 

electricity market depends on their charging status. Table 

7 and Figure 8 show the status for all vehicles within the 

next 24 hours. 

How to charge a vehicle has an inverse relationship 

with power consumption and its price. As shown in 

Figure 8, during the hours when the electricity price is 

low (early and late hours), the charge status of vehicles is 

 
 

 
Figure 7. The Effect of Battery Capacity on Aggregator 

Profit 

TABLE 7. Charging status of electric vehicles 

hours Charging vehicles hours Charging vehicles 

1 1235.667 13 2055.978 

2 1840.482 14 1942.5 

3 1889.484 15 1861.837 

4 2075.37 16 1865.619 

5 2043.889 17 1933.543 

6 1972.539 18 1998.315 

7 1917.485 19 1991.335 

8 1867.943 20 1960.806 

9 1917.572 21 1922.909 

10 1933.761 22 1870 

11 1963.472 23 1786.667 

12 1944.741 24 1200 

 

 

 
Figure 8. Charging status of electric vehicles 

 

 

higher than when the price of electricity is high (mid-day 

hours). The reason for this is that vehicles prefer to 

deliver power to the grid in the time of expensive 

electricity and when it's cheap, buy electricity from the 

electricity grid. In fact, the management of vehicle 

charging and the timing of electricity consumption 

should be such that the profits of all market participants 

reach their optimum level and reduce network costs. This 

issue has always been an important topic for electric 

vehicles and attracted experts’ attention. 

 
 
6. CONCLUSION  
 

In this work, the focus was on multi-agent model 

technology for power management of electric vehicle 

systems. In the electricity market, there are agents or 

participants that facilitate the exchanges and operation of 

the electricity grid. These factors are usually identified as 

follows: 

• The agent of Distribution System Operator (DSO) 
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• Market agents of the distribution system operator who 

are responsible for the economic activity of the system. 

• Agents of virtual power plants of electric vehicles (in 

this case electric vehicles are considered as virtual power 

plants). 

• Electric vehicle agents 

Considering the relationship between these agents 

and market participants has led to a comprehensive 

model governing the electric vehicle-based markets. The 

proposed model is a multi-agent model and is a topic that 

is less of a concern for researchers. For this reason, with 

the advancement and increase of electric vehicles in the 

urban structure, there are many problems that, despite the 

many advantages of electric vehicles, makes it even more 

difficult to use these vehicles. Therefore, it is necessary 

to provide a comprehensive and optimal plan for the 

interaction between the agents and the optimum charging 

of vehicles considering the complete structure of the 

multi-agent systems. It can also provide relative safety 

and welfare for the grid and owners of electric vehicles 

while optimizes the profitof all market participants. 

 

 

7. REFERENCES 
 

1. Hamidi H, Moradi Abadi A, Amin Mousavi S. A New Method 

for Open Government using of Information Technology. 
International Journal of Engineering, Transactions C: Aspects. 

2022;35(3):493-501. 10.5829/ije.2022.35.03C.01  

2. Hamidi H, Vafaei A, Monadjemi A. Algorithm based fault 
tolerant and check pointing for high performance computing 

systems. Journal of applied sciences. 2009;9(22):3947-56.   

3. Pandžić H, Dvorkin Y, Wang Y, Qiu T, Kirschen DS, editors. 
Effect of time resolution on unit commitment decisions in systems 

with high wind penetration. 2014 IEEE PES General Meeting| 

Conference & Exposition; 2014: IEEE. 

10.1109/PESGM.2014.6939548 

4. Hamidi H, Vafaei A. Evaluation of fault tolerant mobile agents in 

distributed systems. International Journal of Intelligent 
Information Technologies (IJIIT). 2009;5(1):43-60. 

10.4018/jiit.2009010103  

5. Moradi R, Hamidi H. A New Mechanism for Detecting Shilling 
Attacks in Recommender Systems Based on Social Network 

Analysis and Gaussian Rough Neural Network with Emotional 

Learning. International Journal of Engineering, Transactions B: 

Applications. 2023;36(2):321-34. 10.5829/ije.2023.36.02b.12  

6. Nilchi AN, Vafaei A, Hamidi H, editors. Evaluation of security 

and fault tolerance in mobile agents. 2008 5th IFIP International 
Conference on Wireless and Optical Communications Networks 

(WOCN'08); 2008: IEEE. 10.1109/WOCN.2008.4542509  

7. Wang Y, Xia Q, Kang C. Secondary forecasting based on 
deviation analysis for short-term load forecasting. IEEE 

Transactions on Power Systems. 2010;26(2):500-7.   

8. Zhang Y-j, Ren Z. Real-time optimal reactive power dispatch 
using multi-agent technique. Electric Power Systems Research. 

2004;69(2-3):259-65.   

9. Disfani VR, Fan L, Piyasinghe L, Miao Z. Multi-agent control of 
community and utility using Lagrangian relaxation based dual 

decomposition. Electric Power Systems Research. 2014;110:45-

54. 10.1016/j.epsr.2014.01.009  

10. Hamidi H, Kamankesh A. An approach to intelligent traffic 
management system using a multi-agent system. International 

Journal of Intelligent Transportation Systems Research. 

2018;16:112-24. 10.1007/s13177-017-0142-6  

11. Karfopoulos EL, Hatziargyriou ND. A multi-agent system for 

controlled charging of a large population of electric vehicles. 

IEEE Transactions on Power Systems. 2012;28(2):1196-204. 

10.1109/TPWRS.2012.2211624  

12. Miranda J, Borges J, Mendes MJ, Valério D. Development of a 

multi-agent management system for an intelligent charging 
network of electric vehicles. IFAC Proceedings Volumes. 

2011;44(1):12267-72.  https://doi.org/10.3182/20110828-6-IT-

1002.03492 

13. Hamidi H, Vafaei A, Monadjemi SA. Evaluation and 

checkpointing of fault tolerant mobile agents execution in 

distributed systems. Journal of Networks. 2010;5(7):800.   

14. Unda IG, Papadopoulos P, Skarvelis-Kazakos S, Cipcigan LM, 

Jenkins N, Zabala E. Management of electric vehicle battery 
charging in distribution networks with multi-agent systems. 

Electric Power Systems Research. 2014;110:172-9.  

https://doi.org/10.1016/j.epsr.2014.01.014 

15. Hamidi H. A combined fuzzy method for evaluating criteria in 

enterprise resource planning implementation.  Intelligent systems: 

Concepts, methodologies, tools, and applications: IGI Global; 

2018. p. 639-70. 

16. Hamidi H, Vafaei A, Monadjemi SAH. Analysis and evaluation 

of a new algorithm based fault tolerance for computing systems. 
International Journal of Grid and High Performance Computing 

(IJGHPC). 2012;4(1):37-51. 10.4018/jghpc.2012010103  

17. Rahman MS, Oo A. Distributed multi-agent based coordinated 

power management and control strategy for microgrids with 

distributed energy resources. Energy conversion and 

management. 2017;139:20-32.  

https://doi.org/10.1016/j.enconman.2017.02.021 

18. Hamidi H, Seyed Lotfali S. Analysis of role of cloud computing 

in providing internet banking services: Case study bank melli iran. 
International Journal of Engineering, Transactions B: 

Applications. 2022;35(5):1082-8. 10.5829/ije.2022.35.05b.23  

19. Hamidi H, Moradi S. Analysis of consideration of security 
parameters by vendors on trust and customer satisfaction in e-

commerce. Journal of Global Information Management (JGIM). 

2017;25(4):32-45. 10.4018/JGIM.2017100103  

20. Van der Veen R, Kisjes K, Nikolic I. Exploring policy impacts for 

servicising in product-based markets: A generic agent-based 

model. Journal of Cleaner Production. 2017;145:1-13. 

10.1016/j.jclepro.2017.01.016  

21. Hamidi H, Vafaei A, Monadjemi SA. Analysis and design of an 

abft and parity-checking technique in high performance 
computing systems. Journal of Circuits, Systems, and Computers. 

2012;21(03):1250017.   

22. Hu J, Morais H, Lind M, Bindner HW. Multi-agent based 
modeling for electric vehicle integration in a distribution network 

operation. Electric Power Systems Research. 2016;136:341-51. 

10.1016/j.epsr.2016.03.014  

23. Hamidi H, Fazeli K. Using Internet of Things and biosensors 

technology for health applications. IET Wireless Sensor Systems. 

2018;8(6):260-7. 10.1049/iet-wss.2017.0129  

24. Mengistu D, Davidsson P, Lundberg L, editors. Middleware 

support for performance improvement of MABS applications in 

the Grid environment. Multi-Agent-Based Simulation VIII: 
International Workshop, MABS 2007, Honolulu, HI, USA, May 

15, 2007, Revised and Invited Papers 8; 2008: Springer.  

25. Hamidi H, Mohammadi K. Modeling fault tolerant and secure 

mobile agent execution in distributed systems. International 

https://doi.org/10.3182/20110828-6-IT-1002.03492
https://doi.org/10.3182/20110828-6-IT-1002.03492
https://doi.org/10.1016/j.epsr.2014.01.014
https://doi.org/10.1016/j.enconman.2017.02.021


H. Hamidi and A. Tavassoli / IJE TRANSACTIONS B: Applications  Vol. 37 No. 02, (February 2024)   402-411                             411 

 

Journal of Intelligent Information Technologies (IJIIT). 

2006;2(1):21-36. 10.4018/jiit.2006010102  

26. Daraei A, Hamidi H. An efficient predictive model for myocardial 

infarction using cost-sensitive j48 model. Iranian journal of public 

health. 2017;46(5):682.   

27. Torabi A, Hamidi H, Safaie N. Effect of sensory experience on 

customer word-of-mouth intention, considering the roles of 

customer emotions, satisfaction, and loyalty. International Journal 
of Engineering, Transactions C: Aspects,. 2021;34(3):682-99. 

10.5829/ije.2021.34.03c.13  

28. Asadi Saeed Abad F, Hamidi H. An architecture for security and 
protection of big data. International Journal of Engineering, 

Transactions A: Basics. 2017;30(10):1479-86. 

10.5829/ije.2017.30.10a.08  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

COPYRIGHTS 

©2024  The author(s). This is an open access article distributed under the terms of the Creative Commons 

Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long 

as the original authors and source are cited. No permission is required from the authors or the publishers . 

 

 

 

 

Persian Abstract 

 چکیده 
کنندگان     یع و تجم   یکی الکتر  یخودروها  یتبا محور   یکی الکتر  ی انرژ  یعتوز  یستمس  یریتو مد  یزیرآن برنامه   یفهاست که وظ    ی مدل چندعامل  یکمقاله، بهبود    ین هدف از ا

قرار   یر را تحت تأث یگر د یهاشده است که عامل در نظر گرفته  یکیالکتر یصاحبان خودروها ی، براعامل بازدارنده یکعنوان خودروها به ی باتر ی کار فرسودگ ین هاست. در اآن

  ی ( عامل فن1اند از:مقاله عبارت   ینشده در ا. عوامل استفادهیرددر نظر بگ   یکیالکتر  ی صاحبان خودروها  یعنوان مشوق برابه  ایینههز  یدکننده، با  یع. لذا عامل تجمدهدیم

 یکی،الکتر  یخودروها  یکننده   یععامل تجم  یبرا  یشنهاددهیپ  یمقاله، استراتژ  ین. ا  یکیالکتر  یکنندگان خودروها  یع( تجم3   یعتوز  بازاربردار  ( بهره 2   یعتوز  یستمبردار سبهره

در    های باتر  یفرسودگ  رای ب  یکیالکتر  یغرامت دادن  به صاحبان خودروها   یبرا  یمدل، راهکار   ین. ادهدی بازار را انجام م  یو با در نظر گرفتن رزروها  ی در بازار برق رقابت

بردار و صاحبان  شده و سود بهره  یشترشارژ و فروش برق به بازار ب   یبرا  یکی الکتر  یاز خودروها  یبرداربهره   یلکه تما  کندیو کمک م  کندی مصرف ارائه م  یطول چرخه

 . یابد یشخودروها افزا
 


