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Abstract-- Renewable energy generations depend on 

environmental conditions, and often don't coincide with energy 

consumptions. In addition, uncontrolled charging of electric 

vehicles (EVs) leads to technical problems in the grid and 

economic inefficiency for EVs owners. In this paper, a bi-level 

energy management algorithm is presented for a distribution 

network consisting of EVs and renewable energy generations at 

high penetration level. Energy management at the distribution 

network level is done centrally by distribution system operator 

(DSO). In the second level, the parking operator is responsible for 

providing EVs energy. The parking operator uses the difference in 

energy prices between the time steps to determine the level of 

power exchange between EVs and the distribution network in 

order to reduce the cost of providing energy for EVs in the parking 

lot. The proposed algorithm coordinates the charging and 

discharging of EVs with the network conditions and the output of 

renewable generations while provides financial benefits for vehicle 

owners. The results indicate the proposed bi-level energy 

management has been able to use the freedom of the EVs to 

balance the power of the network and support renewable 

generations as well as increase the financial benefits of EVs 

owners. 

 
Index Terms-- EVs, Distributed power generation, Financial 

benefits of vehicle owners, Energy management  

 
I.  INTRODUCTION 

ower generation and energy management are some of the 

most important issues in the policies of today's societies. 

Several structures have been proposed to provide clean, 

permanent and low-cost energy. Clean energy is provided by 

increasing usage of solar, wind, sea waves and etc. On the 

consumption-side, clean energy consumptions such as electric 

vehicles (EVs) are replacing fossil fuel vehicles. These EVs are 

dependent on the power grid to provide power. 

  Due to dependence on environmental conditions, 

renewable energy resources are available just for a few hours a 

day. Also, these resources often do not necessarily coincide 

with energy consumption, causing imbalances between 

electricity production and consumption. If renewable power 

generation exceeds the power consumption, it will lead to 

overvoltage in the network, followed by a reversal of current 

power. Conversely, during peak energy consumption periods 

when the grid does not generate enough renewable power, the 
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grid voltage drops. Hence, increasing the penetration of 

renewable energy sources is only possible if it is supported by 

energy consumption [1]. 

EVs are increasing as new energy consumptions. The 

presence of a large number of plug-in EVs in the network and 

the lack of correct management of these EVs can cause 

problems for the network. The most important of these 

problems is the creation of a new peak in the distribution 

network [2]. 

  The plug-in EVs store the required energy for travel in the 

batteries embedded in the EVs. The battery capacity of every 

plug-in electric vehicle is not enough to be managed by 

distribution system operator (DSO). While the aggregation of 

these EVs in charge parking can create significant capacity for 

charging or discharging energy, this capacity is sufficient to be 

used as an energy management program. Therefore, in order to 

power balancing in the network, DSO can determine policies 

for EVs parking lots. DSO's policies for power balancing, along 

with energy pricing policies, can reinforce motivation of 

owners of EVs to participate in this direction [3]. 

  Several studies have been conducted on the simultaneous 

control of renewable energy generations and EVs at the 

distribution network level. Article [4] for the planning of daily 

energy resources, coordinated with dynamic electricity prices 

for EVs, presents a stochastic model for solving the challenges 

of demand and renewable resources. Reference [5] investigates 

the economic benefits of coordinated control of distributed 

energy sources and EVs in smart micro grids operation. Impact 

of electric vehicle customer response to time-of-use rates on 

distribution power grids is presented in reference [6]. The 

authors of [3] have investigated the related topics for integrating 

the EVs into smart grids, as well as integrating renewable 

energy generations into EVs. Studies present different 

strategies for charging the EVs in the distribution network are 

[7,8]. Optimization, control and charging management of EVs 

fleet in intelligent networks are discussed in reference [9]. In 

this study, the effects of EVs managed charging on the 

performance of the transmission system, distribution, local 

generation, especially renewable energy generations, as well as 

the profits of EV owners, have been investigated. In [10] the 

authors study the combination of EVs and wind power sources 

for peak modification. Reference [11] provides the formulation 
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of a hybrid model for optimal allocation of resources for EVs 

charging stations, renewable energy sources, and energy 

storage systems in distribution networks. 

The reliability of the distribution network consists of 

renewable generations and EVs was investigated in [12] and it 

has been proven that increasing the bidirectional power 

exchanges between the EVs and the network increases the 

reliability of the distribution network. 

  Providing the managed power for EVs can reduce daily 

load fluctuations. Researchers in [13] determine the final 

capacity of parking lots by performing optimal power flow to 

balance energy consumption and production, and maintenance 

the network voltage level within the allowed range. In [14], an 

innovative and repetitive method is used to provide required 

energy for EVs by distributed generations. The strategy of this 

method creates a virtual price, based on the difference between 

energy consumption and production. The authors in [15] used 

the concept of filling low load hours to balance energy 

consumption and production. 

Creating coordination between renewable energy 

generations and EVs as controllable energy consumptions 

increase the penetration of renewable energy. Researchers in 

[16] used a dynamic approach to maximize usage of renewable 

generations to charge EVs. The basis of determining the power 

levels of EVs is their state of charge (SOC). The authors [17] 

have used mixed integer linear programming to reduce usage of 

conventional power generation and increasing penetration of 

renewable generations. Paper [18] assesses the economic and 

environmental impacts of providing renewable energy for 

charging EVs. 

Many factors effect in reducing costs of distribution 

network. Using low-cost power generations and providing 

energy at low-cost intervals will reduce network costs. 

Researchers in [19] used extra power of EVs as reserve in the 

distribution network. The amount of reserve in the grid is based 

on the difference between energy consumption and generation. 

In [20], by changing the distribution network structure through 

reconfiguration, selects the most appropriate structure in terms 

of energy providing cost for the network. In [21], a mixed-

integer non-linear method was used to reduce the cost of 

network energy. This methodology was presented by the market 

agent and EVs agent and by making changes in the price of 

energy. 

Unmanaged increasing of penetration level of distributed 

power generation and EVs (as energy consumptions), cause 

intensifying the imbalance between energy consumption and 

production, resulting in the deviation of voltage levels in the 

network. Researchers in [22] used optimal power flow to 

determine the level of parking power exchanges under the 

allowed conditions for network voltage. In addition, the fuzzy 

management method was used to prioritize EVs and select the 

most suitable vehicle for charging. 

Among the major setbacks in the distribution network 

energy management formed from renewable energy and EVs is 

the uncertainty about the behavior of EVs and local generations. 

Different methods for compensating of the uncertainty inherent 

in the behavior of EVs and distributed power generations were 

investigated in [23,24]. Monte Carlo method was proposed to 

compensate for the uncertainty in the behavior of EVs and 

renewable generations in [25]. In addition, energy storage for 

integration of renewable energy and EVs was also used in this 

reference. Researchers in [26] compensated for uncertainty in 

the behavior of EVs and renewable generations by expanding 

power flow at 12-hour time steps. The authors in [27] used the 

probabilistic method to estimate time to start charging and the 

time taken to charge of EVs to compensate for the uncertainty 

in EVs behavior. Paper [28] presented a method for developing 

interaction between EV parking lots and the distribution system 

operator in the energy and reserve markets, which considers the 

uncertainty of load and wind power. 

EVs charging / discharging management at the parking lots 

level provide an opportunity to increase the benefits of EVs. In 

this regard, the issues and problems of the EVs energy supply 

by parking lots were thoroughly investigated by the researchers 

in [29,30]. Researchers in [31] have presented a model for 

increasing the financial benefits of EV parking lots as a multi-

energy system. In this reference, the concept of exchanging 

power between vehicle and parking lot instead of power 

exchange between vehicle and network is used. Authors of [32] 

maximized the number of charged EVs with the lowest cost, 

using demand response methods. 

One of the issues that has been neglected in the studies, is 

the use of EVs in the parking lot as an electrical energy storage. 

For this reason, EVs can be used to transfer power between peak 

hours of local generation and peak energy consumption. EVs, 

in addition to the controllable capability for providing the 

required energy, can be used like energy storage due to the 

freedom of action in terms of available battery capacity (as 

compared to the required battery capacity) and parking time. 

Especially when EVs can be integrated into parking lots. In 

addition, the other issues that have not been addressed are 

creating dependencies in the profits of EVs to support 

renewable power generation. In this case, any vehicle that 

benefits from renewable energy generation to provide its 

required energy or transfers generated power of renewable 

energy generation to peak hours of consumption will earn more 

benefits. In this context, creating an infrastructure that can 

optimize the benefits of network assets is critical for renewable 

energy generations alongside the benefits of EVs. 

In this paper, an algorithm based on bi-level energy 

management is proposed to control the combination of 

renewable energy generation and EVs under high penetration. 

At the first level, DSO will calculate the tariff energy price as 

day-ahead, based on the behavior of renewable generations, in 

order to create coherence between controllable consumptions 

(EVs) and renewable energy generations. In addition, DSO will 

change parking lots design capacity by performing optimal 

power flow, with the goal of reducing the energy providing cost 

and maximizing usage of renewable generations, as well as 

satisfying network operation constraints. In the second level, 

the parking lot operator will determine the ability of EVs to earn 

the financial benefits, using the price difference in the time 

intervals that EVs are in the parking lot. Then, by performing 

linear optimization based on the financial benefits of EVs 
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(depending on difference in energy price), the level of vehicle 

power exchange with the network will be determined at any 

time. The innovations of this study are summarized as follows. 

1- In this method, due to the available excess capacity of EVs 

batteries, the parking of EVs is used as energy storage in 

order to transfer as possible as the energy surplus of 

renewable energy generations to peak hours of 

consumptions. 

2-  To create coordination between controllable 

consumptions (EVs) and renewable energy generations, 

tariff energy price has been created based on the behavior 

of renewable generations. In this case, the benefits of 

controllable energy consumptions will depend on the 

exploitation of renewable generations. Additionally, 

viewpoint from ahead time intervals will be available to the 

parking operator by the tariff price. 

3- In the proposed method, the operation of DSO and parking 

operator is real-time and is based on hourly electricity 

production and load balancing. This will cover 

uncertainties in the behavior of renewable energy 

generations and owners of EVs. 

4- The profitability of EVs is improved in two ways. A) 

Power transmission from the peak hours of renewable 

generation to peak hours of consumption. B) Providing 

energy for EVs at time intervals with low price (the peak 

of renewable generations). 

The paper is organized as follows. In Section II, the energy 

management mechanism is presented at the distribution 

network level. The energy management of EVs in parking lots 

is described in Section III. The results of simulation studies are 

presented in Section IV and the conclusions are presented in 

Section V. 

 

II. ENERGY MANAGEMENT AT THE 

DISTRIBUTION NETWORK 

For proper operation of a distribution network consisting of 

distributed power generation and EVs at high penetration level, 

a parking capacity management approach is presented with 

regard to energy price. This method is based on the optimal 

power flow. In this context, the energy tariff rate will be 

determined in such a way that energy price will be low for EVs 

at peak hours of renewable power generations and high at peak 

hours of energy consumption. This will encourage EVs to 

supply their energy at peak hours of renewable generations. In 

addition, based on the imbalance between local power 

generations and energy consumptions, parking lots capacity 

will be managed in real time market. 

The proposed energy management algorithm is performed at 

one hour's steps. For this purpose, all parameters are assumed 

to be constant over a one-hour period. In addition, it is assumed 

that the initial capacity and location of parking lots of EVs and 

local power generation are already designed and known. 

 

A. Formation of tariff price 

The energy tariff rate for controllable consumptions (EVs) 

will be calculated by DSO as day-ahead. Electricity tariffs are 

determined based on forecasts of renewable energy production 

and energy consumption. For this purpose, the average 24-hour 

deployment cost per kWh of energy required for electric 

vehicles is taken as a reference price. Then, according to the 

difference between the output of renewable generations and 

energy consumptions, changes in the reference price of energy 

will be formed (see Fig.1). 

The average 24-hours cost of energy needed for EVs can be 

calculated based on the electricity market rate or the expired 

cost of energy in the distribution network. The cost of energy in 

the distribution network is cheaper than energy market rate; 

because renewable energy generations cover a part of the 

network's energy consumptions. In this regard, to calculate the 

reference price of energy, the expired cost of energy in the 

distribution network is used. 

𝜋𝑎𝑣𝑔,𝑁 =

∑ [((∑ 𝑃𝑙
𝑡,𝑗𝑁

𝑗=1 ±∑ 𝑃𝑝
𝑡,𝑗𝑁

𝑗=1 −∑ 𝑃𝐷𝐺
𝑡,𝑗𝑁

𝑗=1 )∙𝜋𝑡)−((∑ 𝑃𝐿𝐷𝐺
𝑡,𝑗𝑁

𝑗=1 )∙𝜋𝐿𝐷𝐺
𝑡 )]24

𝑡=1

∑ (∑ 𝑃𝑙
𝑡,𝑗𝑁

𝑗=1 ±∑ 𝑃𝑝
𝑡,𝑗

−∑ 𝑃𝐷𝐺
𝑡,𝑗

−∑ 𝑃𝐿𝐷𝐺
𝑡,𝑗𝑁

𝑗=1
𝑁
𝑗=1

𝑁
𝑗=1 )24

𝑡=1

         (1) 

𝜋𝑎𝑣𝑔,𝑀 =
∑ ((∑ 𝑃𝑝

𝑡,𝑗𝑁
𝑗=1 )∙𝜋𝑡)24

𝑡=1

∑ ∑ 𝑃𝑝
𝑡,𝑗𝑁

𝑗=1
24
𝑡=1

                        (2) 

𝜋𝑎𝑣𝑔 = 𝛽 × 𝜋𝑎𝑣𝑔,𝑁 + (1 − 𝛽) × 𝜋𝑎𝑣𝑔,𝑀             (3) 

 
Fig.1. Flowchart of the DSO actions 

 

Equation (1) shows the average cost per kWh of energy in 

the distribution network. The first term of this equation shows 

the cost of energy exchanged with the upstream network and 

the second term shows the cost of energy from non-renewable 

local production. According to this, the power exchanged with 

the upstream network is settled at the price of 𝜋𝑡, and the cost 

of producing non-renewable power is equal to 𝜋𝐿𝐷𝐺
𝑡 . As 

mentioned, distributed generation units cover part of the 

network load, and therefore, in this equation, the amount of 

electricity production of these units is shown with the opposite 

sign of the load. The parking lots can also be connected to the 

network as charging or discharging at any time and have the 

sign corresponding to electricity production or consumption. In 

equation (2), the average cost per kWh of energy for parking 

lots is calculated. In this regard, parking lots can have signs 

corresponding to electricity production or consumption at any 

Forecast output of local power generation and uncontrolled 

energy consumptions for a 24-hour period 

Determine 24 energy tariff signals 

Perform optimal power flow and determine changes in the 

level of exchanges of each parking lot with the network 
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the respective parking lot 
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time. In equation (3), the average 24-hour cost of supplying 

energy needed for EVs is calculated based on the variation in 

parking design capacity. By changing the 𝛽 parameter, it is 

possible to increase the effectiveness of parking lots in the 

production cost. 

Parking lots tariff price rate is based on difference in the 

output of renewable generations and energy consumptions, as 

expressed in (4). If renewable energy generations are more than 

energy consumptions, the cost of energy will be lower for 

parking lots. In contrast, with increasing energy consumptions, 

the energy price for parking lots is rising, so parking lots can 

earn revenue by selling (discharging) energy to the network.  

𝜋𝑃
𝑡 = 𝜋𝑎𝑣𝑔 + 𝛾 [

[(𝑥∙∑ 𝑃𝑙
𝑡,𝑗𝑁

𝑗=1 −∑ 𝑃𝐷𝐺
𝑡,𝑗𝑁

𝑗=1 )]

∑ 𝑃𝑝
𝑡,𝑗𝑁

𝑗=1

∙ 𝜋𝑎𝑣𝑔]                (4) 

In this equation, coefficient 𝛾 is effect of the price of the 

parking tariff from difference between renewable generation 

and energy consumption. The value of this parameter is at the 

discretion of the system operator to reflect impact of renewable 

resources in supplying the load. 

B. Parking lots capacity management 

The DSO manages capacity of parking lots in real time 

market based on information of energy consumptions and 

power generations for each time step. Renewable energy 

generations will be used at the maximum available capacity. In 

addition, parking lots will operate at nearest value to their 

design capacity. DSOs change parking lot design capacity with 

the goal of reducing the cost of providing energy for targeted 

consumption and maintaining grid constraints based on optimal 

power flow. The imbalance between power consumption and 

generation in the studied distribution network will be 

exchanged with the upstream network. In the event of violation 

of the voltage constraint or grid lines loading limitations, the 

surplus or deficit will be exchanged with parking lots and will 

change their design capacity.  

    As mentioned, the objective function is minimizing the 

cost of providing energy of covered consumptions: 

𝑚𝑖𝑛 {∑ ((𝑃𝑝
𝑡,𝑗

∙ 𝜋𝑃
𝑡 ) + (𝑃𝐿𝐷𝐺

𝑡,𝑗
∙ 𝜋𝐿𝐷𝐺

𝑡 ))𝑁
𝑗=1 + (∑ (𝑃𝑝

𝑡,𝑗
+𝑁

𝑗=1

𝑃𝐷𝐺
𝑡,𝑗

) − ∑ (𝑃𝑙
𝑡,𝑗

)𝑁
𝑗=1 ) ∙ 𝜋𝑡}                                  (5) 

Given the following constraints: 

𝑉𝑚𝑖𝑛 ≤ 𝑉𝑚 ≤ 𝑉𝑚𝑎𝑥                                                    (6) 

𝑝𝑖𝑗
2 + 𝑞𝑖𝑗

2
≤ 𝑆𝑖𝑗,𝑚𝑎𝑥

2                                            (7) 

𝑃𝑝,𝑚𝑖𝑛 ≤ 𝑃𝑝
𝑡,𝑗

≤ 𝑃𝑝,𝑚𝑎𝑥                                             (8) 

𝑆𝐷𝐺 ≤ 𝑆𝐷𝐺,𝑚𝑎𝑥                                                        (9) 

𝑝𝑖 = 𝑉𝑖 ∑ 𝑌𝑖𝑗𝑉𝑗 cos(𝛿𝑖 − 𝛿𝑗 − 𝜃𝑖𝑗)𝑁
𝑘=1                                (10) 

𝑞𝑖 = 𝑉𝑖 ∑ 𝑌𝑖𝑗𝑉𝑗 sin(𝛿𝑖 − 𝛿𝑗 − 𝜃𝑖𝑗)𝑁
𝑘=1                           (11) 

𝑝𝑖𝑗 = 𝑉𝑖𝑉𝑗(𝐺𝑖𝑗sin𝛿𝑖𝑗 + 𝐵𝑖𝑗𝑐𝑜𝑠𝛿𝑖𝑗) − 𝐺𝑖𝑗𝑉𝑖
2                    (12) 

𝑞𝑖𝑗 = 𝑉𝑖𝑉𝑗(𝐺𝑖𝑗sin𝛿𝑖𝑗 − 𝐵𝑖𝑗𝑐𝑜𝑠𝛿𝑖𝑗) + 𝐵𝑖𝑗𝑉𝑖
2               (13) 

The first part of equation (5) represents the cost of energy 

supplied through parking lots and distributed generation 

sources. The second part of this equation also shows settlement 

of the power imbalance with the real time market price of 

energy. 

Constraints (6), (7), (8), and (9) indicate network voltage 

limitation, lines loading limits, capacity limitation for parking 

lots, and limitation in local power production, respectively. The 

active and reactive injection power to the buses in (10) and (11), 

respectively, and the active and reactive power of the lines in 

(12) and (13) are visible. 

C. Modeling distributed generations 

The sources of distributed power generation studied in this 

paper include photovoltaic and wind power generations as 

renewable power generation [33], and the power generation 

sources of micro-turbine and fuel cell as non-renewable power 

generation [34,35]. 

𝑃𝑝𝑣
𝑡,𝑗

= 𝜂𝑔𝑛𝐴𝑚𝐺𝑡                              (14) 

Where 𝜂𝑔 is the instantaneous PV generator efficiency, 𝐴𝑚 

the area of a single module used in a system (m2), 𝐺𝑡 the global 

irradiance incident on the titled plane (W/m2) and N is the 

number of modules. 

𝑃𝑤𝑡
𝑡,𝑗

= {

   0               𝑣𝑤
𝑡 < 𝑣𝑚𝑖𝑛 𝑜𝑟 𝑣𝑤

𝑡 > 𝑣𝑚𝑎𝑥

𝑣𝑤
𝑡 −𝑣𝑚𝑖𝑛

𝑣𝑟−𝑣𝑚𝑖𝑛
         𝑣𝑚𝑖𝑛 ≤ 𝑣𝑤

𝑡 < 𝑣𝑟       

𝑃𝑟                         𝑣𝑟 ≤ 𝑣𝑤
𝑡 < 𝑣𝑚𝑎𝑥    

                 (15) 

𝑃𝐷𝐺
𝑡,𝑗

= 𝑃𝑝𝑣
𝑡,𝑗

+ 𝑃𝑤𝑡
𝑡,𝑗

                            (16) 

𝜋𝐿𝐷𝐺(𝑡) = (𝑈𝑡

𝑃𝐿𝐷𝐺
𝑡⁄ ) + 𝑏 ∙ 𝑃𝐿𝐷𝐺

𝑡                  (17) 

𝑃𝐿𝐷𝐺
𝑡 − 𝑃𝐿𝐷𝐺

𝑡−1 ≤ 𝑅𝑈                         (18) 

𝑃𝐿𝐷𝐺
𝑡−1 − 𝑃𝐿𝐷𝐺

𝑡 ≤ 𝑅𝐷                       (19) 

𝑃𝐿𝐷𝐺,𝑚𝑖𝑛
𝑡 ≤ 𝑃𝐿𝐷𝐺

𝑡 ≤ 𝑃𝐿𝐷𝐺,𝑚𝑎𝑥
𝑡                     (20) 

The equations (14) and (15) respectively represent the output 

of photovoltaic power generation and dependence on the solar 

radiation level and the output of wind power generation, 

depending on velocity of the wind. Equation (16) shows 

distributed renewable energy generations at time t and bus j is 

equal to wind and photovoltaic power generation. Equation (17) 

expresses the cost of local non-renewable electricity production 

based on the output power and amount of start-up cost per 

kilowatt of production. The constraints (18 to 20) are correlated 

with the rate of power growth, power loss and local generation 

capacity. 

 

III. ENERGY MANAGEMENT AT THE EVs 

PARKING LOT LEVEL 

The ideal conditions for EVs owners are to provide their 

energy at the cheapest time steps of vehicle presence in the 

parking lot. In addition, owners of EVs can earn revenue by 
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doing charge and discharge managed at the other time steps of 

their presence in the parking lot. Therefore, if the average price 

of energy at the effective rate of return is taken as the base price, 

buying energy at a lower price and selling energy at a higher 

price than the base price increases the economic benefits of 

electric vehicle owners. Also, the larger the time step price 

difference from the base price, the more profitable the EV. 

Thus, by analyzing the state of charge of electric vehicles and 

analyzing the price of energy charges, the degree of profitability 

of electric vehicles is determined  (see Fig.2). 

   In the proposed method, the percentage (half) of the 

financial benefits of EVs is allocated to the owner of the parking 

lot. On the other hand, due to limited capacity of parking lots, 

the benefits of all EVs can't be provided. Therefore, the owner 

of the parking lot is trying to support a vehicle that is more 

profitable. 

A. Determine the level of power exchange between EVs and the 

network through parking lot 

The level of power exchange between EVs and the network 

(through parking) is optimized by linear programming. The 

purpose of determining the level of power exchange between 

EVs with the network based on the financial profitability of 

EVs is to maximize the revenue of set of EVs inside parking lot. 

 
 Fig.2. Flowchart of the parking lot operator behavior 

𝑚𝑎𝑥{∑ [𝑀𝑐
𝑒,𝑡 ∙ 𝑃𝐸𝑉

𝑒,𝑡]𝑛
𝑒=1 − 𝐾|𝑃𝑃 − ∑ 𝑃𝐸𝑉

𝑒,𝑡𝑛
𝑒=1 |}                      (21) 

Constraints of linear optimization method will also be 

managed with regard to EVs constraints. 

𝑃𝐸𝑉,𝑚𝑖𝑛
𝑒,𝑡 ≤ 𝑃𝐸𝑉

𝑒,𝑡 ≤ 𝑃𝐸𝑉,𝑚𝑎𝑥
𝑒,𝑡

                  (22) 

Equation (21) expresses the goal of the parking operator in 

two parts. The first part is related to the financial benefits of 

EVs inside the parking lot. The second part is guaranteed to 

maintain parking capacity within the allowed range. K is a great 

value which puts the greatest benefit of parking in subject to 

achievement the parking design capacity. 

   The analysis of the state of charge of EVs shows the 

amount of power required or the excess energy stored in the 

battery of EVs for the parking operator. In this regard, final state 

of charge of EVs is considered as a reference for state of charge. 

Based on the difference in state of charge of each vehicle from 

its reference value, the number of required steps one-hour is 

calculated to provide the vehicle's final energy according to 

equation (23).  

𝑇𝑚
𝑒,𝑡 =

(𝑠𝑜𝑐𝑓𝑖𝑛
𝑒 −𝑠𝑜𝑐𝑒,𝑡)×𝐸𝑏𝑎𝑡𝑡

𝑒

𝑃𝑐ℎ𝑎𝑟𝑔𝑒𝑟
𝑒                                                     (23) 

The parking lot operator calculates the profitability of 

existing EVs in the parking lot by analyzing energy price. In 

this regard, according to the results of the analysis of the state 

of charge of EVs, the cheapest time steps for the providing of 

final energy of vehicle are predicted and the average price of 

other steps will be considered as a reference price. The price 

deviation of each step compared to the price reference indicates 

the amount of profitability of the electric vehicle at that time 

step. 

The average energy price in time steps and the charge motive 

function of the vehicle are presented using equations (24) and 

(25). 

𝐶𝑎𝑣𝑔
𝑒,𝑡 =

∑ 𝜋𝑃
𝑙

𝑙

𝑡𝑒𝑥
𝑒,𝑡−𝑇𝑚

𝑒,𝑡  , 𝑙 ∈ 𝐴                                    (24) 

𝑀𝑐
𝑒,𝑡 = 𝐶𝑎𝑣𝑔

𝑒,𝑡 − 𝜋𝑃
𝑡                                       (25) 

B. Modeling of EVs 

The most important parameters in modeling the behavior of 

EVs are battery capacity, state of charge of battery at any time 

step, and charger power. In this regard, the technical constraints 

and limitations below are important [36]. 

(1 − 𝐷𝑝𝑙𝑎𝑔
𝑒,𝑡 )(𝑃𝑐ℎ

𝑒,𝑡 + 𝑃𝑑𝑖𝑠
𝑒,𝑡) = 0                                              (26) 

𝑃𝑐ℎ
𝑒,𝑡 × 𝑃𝑑𝑖𝑠

𝑒,𝑡 = 0                                                                      (27) 

0 ≤ Qch
e,t ≤ (𝑠𝑜𝑐𝑚𝑎𝑥

𝑒 − 𝑠𝑜𝑐𝑒,𝑡) ∙ 𝐸𝑏𝑎𝑡𝑡
𝑒                                    (28) 

0 ≤ Qdis
e,t ≤ (𝑠𝑜𝑐𝑒,𝑡 − 𝑠𝑜𝑐𝑚𝑖𝑛

𝑒 ) ∙ 𝐸𝑏𝑎𝑡𝑡
𝑒                                    (29) 

𝑃𝑐ℎ
𝑒,𝑡 ≤ 𝑃𝑐ℎ𝑎𝑟𝑔𝑒𝑟

𝑒                                                                      (30) 

𝑃𝑑𝑖𝑠
𝑒,𝑡 ≤ 𝑃𝑐ℎ𝑎𝑟𝑔𝑒𝑟

𝑒                                                                       (31) 

𝑠𝑜𝑐𝑒,𝑡𝑒𝑥 ≥ 𝑠𝑜𝑐𝑓𝑖𝑛
𝑒                                                                    (32) 

𝑠𝑜𝑐𝑒,𝑡+1 = 𝑠𝑜𝑐𝑒,𝑡 + (
𝑃𝐸𝑉

𝑒,𝑡

𝐸𝑏𝑎𝑡𝑡
𝑒 )                                                  (33) 

𝑃𝐸𝑉
𝑒,𝑡 = 𝑃𝑐ℎ

𝑒,𝑡 + 𝑃𝑑𝑖𝑠
𝑒,𝑡                                                                   (34) 

𝑃𝑝
𝑗,𝑡

= ∑ 𝑃𝐸𝑉
𝑒,𝑡  𝑛

𝑒                                                                       (35) 

Based on (26), EVs have the ability to exchange with the 

network only if they are connected to the network. Furthermore, 

Analyzing state of charge of vehicles that are in parking lot 

Analyzing the energy price and calculating the impact of each 

electric vehicle on the profits of parking lot 

Creating function of the dependence of parking lot profit to 

vehicles 

Optimization of electric vehicles power exchanges through 

linear programming 
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EVs do not have the ability to simultaneously charge and 

discharge, which is modeled (27). The available capacity for 

charging and discharging EVs is modeled in (28) and (29). 

Equations (30) and (31) model the charger's limitation and (32) 

represents a guarantee for the providing energy required for 

EVs. The charging state of EVs at the end of each step is 

calculated according to (33). Equation (34) also indicates the 

power exchanged with each EV at each node. It should be noted 

that equations (26) to (34) are valid for all nodes. Equation (35) 

also shows the total power exchanged with each parking lot at 

any time. 

IV. SIMULATIONS AND NUMERICAL STUDIES  

In this section, the proposed bi-level energy management 

method will be tested. In this study, simulation is presented 

using GAMS optimization software tasted on the standard IEEE 

33-bus network [38]. In this regard, in order to verify the 

validity of the proposed method, the behavior of DSO has been 

investigated in six states. These states, which depend on the 

level of penetration of distributed power generation and EVs, 

are shown in Table I. The second part of the study was done in 

a sample parking lot and the parking operator's behavior was 

investigated in three states. In the first and second modes, the 

ability to change the parking capacity is about 1/4 and 1/8 of 

parking design capacity, respectively. In the third case, parking 

constraints are not considered and parking operator behavior is 

only in order to meet the needs of EVs. 

 
TABLE I 

 Penetration Level of Local Generation and Evs in Study Scenarios 

Study of DSO 

behavior 

Study states 

1 2 3 4 5 6 

Penetration level of 

local generation 
66% 66% 66% 33% 33% 33% 

Penetration level of 

EVs 
0% 30% 50% 0% 30% 50% 

A. Input data 

The initial information required to study the behavior of the 

DSO under the proposed method of energy management 

involves predicting the behavior of distributed generations, 

energy price, and energy consumptions. This information is 

presented in Fig.3 [28, 39].  

Initial information on fuel cell and microturbine energy 

sources is also provided in Table Ⅱ [34, 35]. Additionally, the 

allowed voltage deviation is considered to be 0.05 per unit [40]. 

In this study, half of local power productions are allocated to 

photovoltaic and 40% to wind resources, and the rest to non-

renewable productions. In addition, four parking spaces are 

located at buss 9, 15, 27 and 32 with a design capacity of 500 

KWh and a 25% changeability capability. 

 

 

 

 
Fig.3. a) Output of photovoltaic power generation. b) output of wind power 

generation. c) Energy prices at one hour's steps. d) predicted daily load figure 

TABLE Ⅱ 

 Information of Non-Renewable Local Power Generations 

RD RU MDT MUT 𝑷𝒎𝒂𝒙 𝑷𝒎𝒊𝒏 b a Type 

350 350 3 3 700 150 0.01 0.015 
Micro 

turbine 

150 150 1 1 300 50 0.01 0.02 Fuel cell 
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The initial information for EVs is presented in Table Ш. The 

EVs in this study use batteries with a capacity between 10 and 

30 kWh [41]. In addition, the charger power used for EVs is up 

to 2.5 kWh. This power is related to parking lots with a voltage 

level of 208 to 240 V and a current of about 10 A [27]. On the 

other hand, for the purpose of increasing the battery life of EVs 

and preventing high discharge, as well as guaranteeing the 

availability of EVs in an emergency, the minimum state of 

charge is 30% of the vehicle's battery capacity. 

 
TABLE Ш 

 Information of Evs Studied in Sample Parking 

Type 
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vehicle 

fleet 1 
1 6 30 80 18 260 

vehicle 

fleet 2 
2 9 45 85 21 240 

vehicle 

fleet 3 
7 13 45 90 18 165 

vehicle 

fleet 4 
8 16 30 85 18 150 

vehicle 

fleet 5 
13 21 30 80 20 185 

vehicle 

fleet 6 
19 24 40 85 24 240 

In this study, the fleet of EVs was examined in three 

categories. The first category of EVs enter the parking lot 

before the peak of renewable generations. The second and third 

categories are present in the parking lot during and after the 

peak of renewables generations. Each of these three categories, 

according to the input SOC, is grouped into two groups with 

input SOC and without input SOC.  

 
Fig.4. Tariff energy price provided by DSO 

B. Results of optimization of DSO behavior  

DSO calculates the energy price in the first step. Fig. 4 

shows the tariff decision results. On the other hand, as can be 

seen from the figure, parking lots have low energy costs during 

10:00 to 15:00 (the peak of renewable energy generation), and 

expensive at the peak of energy consumption. In addition, the 

energy tariff 1 in the peak hours of renewable energy 

generations is cheaper than the energy tariff 2. Because energy 

tariff 1 is related to the penetration level of 66% of local 

generations and energy tariff 2 is related to the penetration of 

33% of local generations. 

The bus voltage level of the distribution network at peak 

hours of energy consumption (at 21:00 o’clock) and the peak of 

renewable generation (at 13:00 o’clock) is shown in Fig.5 and 

Fig.6. 

 
Fig.5. Network voltage level at the peak of renewable power generation 

 
Fig.6. Network voltage level at peak power consumption 

By reflecting to Fig. 5, in State 3, while penetration 

coefficient of EVs and renewable energy sources is 

simultaneously at its highest value, the voltage level is in the 

best way within the permissible range. From Fig.6, it can be 

seen that with increase of penetration of EVs (from state 1 to 

3), the voltage profile of the buses is in a better range. This 

shows that the increasing penetration of EVs will help to 

improve the voltage profile in all buses. 

As presented in Fig.7 an imbalance between local production 

and energy consumption exists. When the wind and 

photovoltaic power generation are at their highest level (10:00-

15:00), the power generation is more than of consumption, on 

the other hand, during the peak consumption hours (18:00-

23:00), the amount of consumption is more than production, 

and this imbalance must be compensated at a later stage.  
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Fig.7. Imbalance between local generations 

The results of optimal power flow manage the level of power 

exchange (capacity) of the parking lots. This is presented in 

Fig.8. As it is clear from this figure, the level of energy 

exchange of parking lots decreases during peak consumption 

hours (18:00-24:00) or when renewable energy generation 

decreases (5:00-8:00). Instead, in the peak state of production 

of renewable energy resources (10:00-15:00) the energy 

exchange level of the parking lots has increased and reached 

650 KW in the highest state. 

 
Fig.8. Parking lots managed capacity 

 

At some times steps, parking design capacity is unchanged. 

In these intervals, local generation and energy consumption are 

at a level. In other words, energy consumptions are provided 

locally, or the supply of energy from the upstream network will 

not violate the network conditions. 

The proposed model could also capitalize on the positive 

potential of connecting electric vehicles to the grid to increase 

the use of renewable energy. 

C. Results of optimization of parking operator behavior 

The power exchange level between parking and network for 

the three study states in Fig.9 is investigated. State 3, which 

shows the level of power needs of vehicle, expresses that the 

needs of the EVs aren't matched to the parking capacity. 

 
Fig.9. Power exchange level of parking with the network 

The cumulative profit of the parking operator for the two 

study states 1 and 2 is compared in Fig.10. This is the result of 

the difference of parking cost in two states than the parking cost 

for state 3 (Elimination of the power needs of EVs). As it is 

known, parking is in the first state more profitable. 

 
Fig.10. Cumulative profit created for parking operator 

The results of the management program of charging/ 

discharging EVs based on linear optimization are shown in 

Table IV. The fleet of EVs that were present in the parking lot 

before the peak of renewable generations, with the release of 

available battery capacity at expensive intervals, provided their 

energy at the peak of renewable generations. 

For example, during 2:00-4:00, when renewable energy 

generation is low due to the lack of solar energy, in fleet 2, EVs 

benefit by discharging their batteries and selling power to the 

grid. Then during 6:00-9:00, when renewable energy generation 

increases, EVs receive energy from the grid and charge their 

batteries. The fleets of EVs that were in parking lots after peak 

renewable energy generation increased their financial benefits 

by transferring power from peak hours of renewable energy 

generation to peak consumption hours. In the meantime, the 

fleet of EVs that provided energy at the peak of renewable 

generations made the balance between power consumption and 

production. 
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 TABLE IV 

Results for Scheduling of Evs State Of Charge 
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1 40.71      

2 54.6 42.07     

3 68.49 39.14     

4 82.38 36.21     

5 81.73 45.97     

6 80.68 55.73     

7  67.63 39.75    

8  79.53 30 35.07   

9  85 42 30   

10   54 37.33   

11   66 44.67   

12   78 52   

13   90 52 35.28  

14    63 42.36  

15    74 47.94  

16    85 53.02  

17     65.52  

18     78.02  

19     78.02 48.01 

20     78.02 55.71 

21     80 62.13 

22      69.82 

23      77.51 

24      85.21 

 

In order to better understand the performance of electric 

vehicle battery charging process in the presence of renewable 

energy sources, Fig.11 is presented.  

In Fig.11, the SOC of EVs batteries for fleet 3 and fleet 4 are 

shown during the hours of high penetration of renewable energy 

sources. These two fleets enter the parking lot before the 

extensive renewable energy generation and leave the parking 

lot after its reduction. As seen in the performances of these two 

fleets, with the increase in wind and photovoltaic energy 

generation, EV owners charge their batteries more and increase 

their SOC. In fact, these EVs have supported the increase in 

renewable energy generation by managing their SOC. 

 
Fig.11. SOC of vehicle fleet 3 and vehicle fleet 4  

 

V. CONCLUSION 

This study sought to assess the impact of using energy prices 

as a basis for establishing coordination among EVs and the 

output of renewable energy sources in two stages. In addition, 

the freedom of EVs has been used to offset the imbalance 

between energy consumption and production. As seen from the 

simulation results, the profit of electric vehicles has increased 

and the grid voltage profile has also improved. It was observed 

that by using the presented method, the capacities of EVs 

parking lots are well managed. The proposed model could also 

capitalize on the positive potential of connecting EVs to the 

electricity distribution network to increase the use of renewable 

energy. 

NOMENCLATURE 

Indexes 

A 
Index of time steps that considered for earning 

revenue of EV 

𝛽  
Variability coefficient of design capacity of 

parking lots 
e Index of EVs 
i, j Index of Buses 

n 
Index related to number of EVs available in the 

parking lot 
N Total number of buses in network 
t Index of Time 

𝑡𝑒𝑥  
Index related to the time which the EV exits 

from the parking lot 

x 
Percentage of daily consumptions that local 

productions are considered to meet them 

γ 
Impact of tariff price from diversion between 

renewable production and energy consumption 
Parameters 

a, b 
Coefficient of cost function of non-renewable 

productions 
𝛿𝑖  Voltage angle at bus i 

𝛿𝑖𝑗  
The angle difference between the voltages of 

buses i and j 
𝐸𝑏𝑎𝑡𝑡

𝑒   Battery capacity of EV 

𝑀𝑐
𝑒,𝑡  

The charge motive function of the vehicle e 

based on the energy price at time t 
MDT Minimum downtime 
MUT Minimum uptime 
𝜋𝑡  Price of energy market 

𝜋𝑙
𝑡  

Contractual energy price between DSO and 

uncontrollable consumptions 

𝜋𝐿𝐷𝐺
𝑡   Energy price of non-renewable productions 

𝑃𝑐ℎ𝑎𝑟𝑔𝑒𝑟
𝑒  Charger power of EV e 

𝑃𝐸𝑉,𝑚𝑎𝑥
𝑒,𝑡  

Maximum level of vehicle power exchange with 

the network 

𝑃𝐸𝑉,𝑚𝑖𝑛
𝑒,𝑡  

Minimum level of vehicle power exchange with 

the network 

𝑃𝑙𝐷𝐺,𝑚𝑎𝑥 
Maximum output of non-renewable energy 

production 

𝑃𝑙𝐷𝐺,𝑚𝑖𝑛 
Minimum output of non-renewable energy 

production 
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𝑃𝑙
𝑡,𝑗  

Power consumption of uncontrollable loads at 

time t and bus j 
Qch

𝑒,t  Capacity available for charging EV at time t 

Qdis
𝑒,t   Capacity available for discharging EV at time t 

RD 
Power downward rate for non-renewable 

productions 

RU 
Power upward rate for non-renewable 

productions 
𝑆𝑖𝑗,𝑚𝑎𝑥 Maximum power of the line between buss i and j 

𝑆𝐷𝐺,𝑚𝑎𝑥 Maximum of distributed generation output 

𝑠𝑜𝑐𝑓𝑖𝑛
𝑒  Final state of charge of EV e 

𝑠𝑜𝑐𝑚𝑎𝑥
𝑒  Maximum of state of charge of EV e 

𝑠𝑜𝑐𝑚𝑖𝑛
𝑒   Minimum of state of charge of EV e 

𝑇𝑚
𝑒,𝑡  

The time it takes to prepare the vehicle e for the 

first zero at time t 

𝜃𝑖𝑗  Angle of 𝑌𝑖𝑗 

U  Start-up cost of non-renewable productions 
𝑉𝑚  Voltage of bus m 
𝑉𝑚𝑎𝑥  Maximum network voltage level 
𝑉𝑚𝑖𝑛  Minimum network voltage level 
𝑌𝑖𝑗   Admittance of line between buses i and j 

Variables 

𝐶𝑎𝑣𝑔
𝑒,𝑡   

Average energy price in time steps related to 

index A 

𝐷𝑝𝑙𝑎𝑔
𝑒,𝑡   

A binary variable indicating that vehicle e be in 

the parking lot at a time step t 

𝜋𝑎𝑣𝑔  
The average 24-hour cost of providing energy of 

EVs 
𝜋𝑃

𝑡   Tariff energy price for parking lots 

𝑃𝑐ℎ
𝑒,𝑡  Transferred power from network to EV at time t 

𝑃𝑑𝑖𝑠
𝑒,𝑡  

Transferred power from EV e to the network at 

time t 

𝑃𝐷𝐺
𝑡,𝑗  

Output of distributed renewable energy 

generations at time t and bus j 

𝑃𝐸𝑉
𝑒,𝑡  

Power exchange level of vehicle e with the 

network at time t 
𝑝𝑖   Injected active power to bus i 
𝑝𝑖𝑗   Active power of the line between buss i and j 

𝑃𝐿𝐷𝐺
𝑡,𝑗   

Output of non-renewable energy generation at 

time t and bus j 

𝑃𝑝
𝑡,𝑗  

Level of power exchanges based on the tariff 

price between the network and parking lot at 

time t and bus j 
𝑃𝑝𝑣

𝑡   Photovoltaic power generation output 
𝑃𝑤𝑡

𝑡   Wind power generation output 
𝑞𝑖  Injected reactive power to bus i 
𝑞𝑖𝑗   Reactive power of the line between buss i and j 
𝑠𝑜𝑐𝑒,𝑡  State of charge of EV at time t 

VI.  REFERENCES 

[1] A. Mandev, P. Plötz, F. Sprei, G. Tal, “Empirical charging behavior of 
plug-in hybrid electric vehicles,” Applied Energy, Vol. 321, September, 

2022, 119293. 

[2] F. Mwasilu, J. John Justo, E.-K. Kim, T. Duc Do and J.-W. Jung, “Electric 
vehicles and smart grid interaction: A review on vehicle to grid and 

renewable energy sources integration,” Renewable and Sustainable 
Energy Reviews, Vol.34, pp. 501-516, June, 2014. 

[3] C. Roe, A. P. Meliopoulos, J. Meisel and T. Overbye, “Power System 

Level Impacts of Plug-In Hybrid EVs Using Simulation Data,” IEEE 
Energy 2030, Atlanta, GA USA, November, 2008. 

[4] J. Soares, M. A. Fotouhi Ghazvini, N. Borges, Z. Vale, “Dynamic 

electricity pricing for EVs using stochastic programming,” Energy, Vol. 
122, pp. 111-127, March, 2017. 

[5] A. G. Anastasiadis, G. P. Kondylis, G. A. Vokas, S. A. 

Konstantinopoulos, C-T. Salame, A. Polyzakis, K. Tsatsakis. “Economic 
benefits from the coordinated control of Distributed Energy Resources 

and different Charging Technologies of EVs in a Smart Microgrid,” 

Energy Procedia, Vol. 119, pp. 417-425, July, 2017. 
[6] C.B.  Jones, W. Vining, M. Lave, T. Haines, C. Neuman, J. Bennett, D.R. 

Scoffield, “Impact of Electric Vehicle customer response to Time-of-Use 

rates on distribution power grids,” Energy Reports, Vol. 8, pp. 8225-8235, 
November, 2022. 

[7] L. Luo, P. He, S. Zhou, G. Lou, B. Fang, P. Wang, “Optimal 

scheduling strategy of EVs considering the limitation of battery state 
switching times,” Energy Reports, Vol. 8, Supplement 5, pp. 918-

927, August, 2022. 

[8] K. Gorgani Firouzjah, “Profit-based electric vehicle charging scheduling: 
Comparison with different strategies and impact assessment on 

distribution networks,” International Journal of Electrical Power & 

Energy Systems, Vol. 138, 107977, June, 2022. 
[9] Z.J. MaxShen, B. Feng, C. Mao, L. Ran, “Optimization models for 

electric vehicle service operations: A literature review,” Transportation 

Research Part B: Methodological, Vol. 128, pp. 462-477, October, 2019. 
[10] A. G. Anastasiadis, G. A. Vokas, S. A. Konstantinopoulos, G. P. 

Kondylis, T. Khalil0F, A. Polyzakis, K. Tsatsakis. “Wind Generation and 

EVs coordination in Microgrids for Peak Shaving purposes,” Energy 
Procedia, Vol. 119, pp. 407-416, July, 2017. 

[11] S. M. Kandil, H E.Z. Farag, M F. Shaaban, M. Zaki El-Sharafy. “A 

combined resource allocation framework for PEVs charging stations, 
renewable energy resources and distributed energy storage systems,” 

Energy, Vol. 143, pp. 961-972, January, 2018. 

[12] S. Shafiq, A.T. Al-awami, “Reliability and Economic Assessment of 
Renewable Micro-Grid with V2G EVs Coordination,” IEEE Jordan 

Conference on Applied Electrical Engineering and Computing 

Technologies, Amman, Jordan, December, 2015. 
[13] T. Mao, W. H. Lau, C. Shum, H. Chung, K. F. Tsang, N.C. F. Tse, “A 

new schedule-controlled strategy for charging large number of Vs with 

load shifting and voltage regulation,” IEEE PES Asia-Pacific power and 
Energy Engineering Conference (APPEEC), Brisbane, QLD, Australia, 

November, 2015. 

[14] E.L. Karfopoulos, N.D. Hatziargyriou, “Distributed Coordination of EVs 
Providing V2G Services,” IEEE Transactions on Power Systems, Vol. 31, 

No. 1, pp. 329–338, February, 2016. 

[15] E. Xydas, C. Marmaras, L. M. Cipcigan, “A multi-agent based scheduling 
algorithm for adaptive EVs charging,” Appl. Energy 177, pp. 354–365, 

September, 2016. 
[16] F. Khoucha, M. Benbouzid, Y. Amirat, A. Kheloui, “Integrated Energy 

Management of a Plug-in Electric Vehicle in Residential Distribution 

Systems with Renewables,” IEEE 24th International Symposium on 
Industrial Electronics (ISIE), pp. 717–722, June, 2015. 

[17] A. Schuller, C. M. Flath, S. Gottwalt, “Quantifying load flexibility of EVs 

for renewable energy integration,” Appl. Energy, Vol. 151, pp. 335–344, 
August, 2015. 

[18] A. Alsharif, C. Wei Tan, R. Ayop, A. Dobi, K. Yiew Lau, “A 

comprehensive review of energy management strategy in Vehicle-to-Grid 
technology integrated with renewable energy sources,” Sustainable 

Energy Technologies and Assessments, Vol. 47, 101439, October, 2021. 

[19] A. Zakariazadeh, S. Jadid, P. Siano, “Integrated operation of EVs and 
renewable generation in a smart distribution system,” ENERGY Convers. 

Manag., vol. 89, pp. 99–110, January, 2015. 

[20] A. Kavousi-fard and A. Khodaei, “Efficient integration of plug-in EVs via 
reconfigurable microgrids,” Energy, Vol. 111, pp. 653–663, September, 

2016. 

[21] J. Hu, H. Morais, M. Lind, H. W. Bindner, “Multi-agent based modeling 
for electric vehicle integration in a distribution network operation,” Electr. 

Power Syst. Res., Vol. 136, pp. 341–351, July, 2016. 

[22] E. Akhavan-rezai, S. Member, M. F. Shaaban, S. Member, S. Member, F. 
Karray, S. Member, “Online Intelligent Demand Management of Plug-In 

EVs in Future Smart Parking Lots,”  IEEE Systems Journal, Vol. 10, No. 

2, pp. 483–494, April, 2016. 

https://www.sciencedirect.com/science/article/pii/S0306261922006481#!
https://www.sciencedirect.com/science/article/pii/S0306261922006481#!
https://www.sciencedirect.com/science/article/pii/S0306261922006481#!
https://www.sciencedirect.com/science/article/pii/S0306261922006481#!
https://www.sciencedirect.com/journal/applied-energy
https://www.sciencedirect.com/journal/applied-energy/vol/321/suppl/C
https://www.sciencedirect.com/science/article/pii/S235248472201188X#!
https://www.sciencedirect.com/science/article/pii/S235248472201188X#!
https://www.sciencedirect.com/science/article/pii/S235248472201188X#!
https://www.sciencedirect.com/science/article/pii/S235248472201188X#!
https://www.sciencedirect.com/science/article/pii/S235248472201188X#!
https://www.sciencedirect.com/science/article/pii/S235248472201188X#!
https://www.sciencedirect.com/science/article/pii/S235248472201188X#!
https://www.sciencedirect.com/science/article/pii/S235248472201188X#!
https://www.sciencedirect.com/journal/energy-reports
https://www.sciencedirect.com/journal/energy-reports/vol/8/suppl/C
https://www.sciencedirect.com/science/article/pii/S2352484722004462#!
https://www.sciencedirect.com/science/article/pii/S2352484722004462#!
https://www.sciencedirect.com/science/article/pii/S2352484722004462#!
https://www.sciencedirect.com/science/article/pii/S2352484722004462#!
https://www.sciencedirect.com/science/article/pii/S2352484722004462#!
https://www.sciencedirect.com/science/article/pii/S2352484722004462#!
https://www.sciencedirect.com/science/article/pii/S2352484722004462
https://www.sciencedirect.com/science/article/pii/S2352484722004462
https://www.sciencedirect.com/science/article/pii/S2352484722004462
https://www.sciencedirect.com/journal/energy-reports
https://www.sciencedirect.com/journal/energy-reports/vol/8/suppl/S5
https://www.sciencedirect.com/science/article/abs/pii/S0142061522000242#!
https://www.sciencedirect.com/journal/international-journal-of-electrical-power-and-energy-systems
https://www.sciencedirect.com/journal/international-journal-of-electrical-power-and-energy-systems
https://www.sciencedirect.com/journal/international-journal-of-electrical-power-and-energy-systems/vol/138/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S0191261518304545#!
https://www.sciencedirect.com/science/article/abs/pii/S0191261518304545#!
https://www.sciencedirect.com/science/article/abs/pii/S0191261518304545#!
https://www.sciencedirect.com/science/article/abs/pii/S0191261518304545#!
https://www.sciencedirect.com/journal/transportation-research-part-b-methodological
https://www.sciencedirect.com/journal/transportation-research-part-b-methodological
https://www.sciencedirect.com/journal/transportation-research-part-b-methodological/vol/128/suppl/C
https://ieeexplore.ieee.org/author/37085391831
https://ieeexplore.ieee.org/author/37275767500
https://ieeexplore.ieee.org/author/37085386965
https://ieeexplore.ieee.org/author/37278758300
https://ieeexplore.ieee.org/author/37272827100
https://ieeexplore.ieee.org/author/37327159800
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://www.sciencedirect.com/science/article/abs/pii/S2213138821004495#!
https://www.sciencedirect.com/science/article/abs/pii/S2213138821004495#!
https://www.sciencedirect.com/science/article/abs/pii/S2213138821004495#!
https://www.sciencedirect.com/science/article/abs/pii/S2213138821004495#!
https://www.sciencedirect.com/science/article/abs/pii/S2213138821004495#!
https://www.sciencedirect.com/journal/sustainable-energy-technologies-and-assessments
https://www.sciencedirect.com/journal/sustainable-energy-technologies-and-assessments
https://www.sciencedirect.com/journal/sustainable-energy-technologies-and-assessments/vol/47/suppl/C
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4267003


Journal of Modeling & Simulation in Electrical & Electronics Engineering (MSEEE)                               47 
 

[23] J. Zhou, Y. Zhang, Z. Li, R. Zhu, A. zeman, “Stochastic scheduling of a 
power grid in the presence of EVs, RESs, and risk index with a developed 

lightning search algorithm,” Journal of Cleaner Production, Vol. 364, 

132473, September, 2022. 
[24] J. Wu, Y. Liu, X. Chen, C. Wang, W. Li, “Data-driven adjustable robust 

Day-ahead economic dispatch strategy considering uncertainties of wind 

power generation and electric vehicles,” International Journal of 
Electrical Power & Energy Systems, Vol. 138, 107898, June, 2022. 

[25] M. S. Elnozahy, T. K. Abdel-galil, M. M. A. Salama, “Probabilistic ESS 

sizing and scheduling for improved integration of PHEVs and PV systems 
in residential distribution systems,” Electr. Power Syst. Res., Vol. 125, pp. 

55–66, August, 2015. 

[26] A. O. Connell, S. Member, D. Flynn, S. Member, A. Keane, “Rolling 
Multi-Period Optimization to Control Electric Vehicle Charging in 

Distribution Networks,” IEEE Transactions on Power Systems, Vol. 29, 

No. 1, pp. 340–348, January, 2014. 
[27] H. Kamankesh, V. G. Agelidis, A. Kavousi-fard, “Optimal scheduling of 

renewable micro-grids considering plug-in hybrid electric vehicle 

charging demand,” Energy, Vol. 100, pp. 285–297, April, 2016. 
[28] S. Aghajani, M. Kalantar. “Operational scheduling of EVs parking lot 

integrated with renewable generation based on bilevel programming 

approach,” Energy, Vol. 139, pp. 422-432, November, 2017. 
[29] J. C. Mukherjee and A. Gupta, “A Review of Charge Scheduling of EVs 

in Smart Grid,” IEEE Systems Journal, Vol. 9, No. 4, pp. 1541-1553, 
October, 2015. 

[30] M. Kuran, A. C. Viana, L. Iannone, D. Kofman, G. Mermoud, J. p. 

Vasseur, “A Smart Parking Lot Management System for Scheduling the 
Recharging of EVs,”  IEEE Transactions on Smart Grid, Vol. 6, No. 6, 

pp. 2942-2953, November, 2015. 

[31] M. Yazdani-Damavandi, M. P. Moghaddam, M.R. Haghifam, M. Shafie-
khah, J. P. S. Catalão, “Modeling Operational Behavior of Plug-in EVs’ 

Parking Lot in Multienergy Systems,” IEEE Transactions on Smart Grid, 

pp. 1-12, January, 2016. 

[32] L. Yao, W. H. Lim and T. S. Tsai, “A Real-Time Charging Scheme for 
Demand Response in Electric Vehicle Parking Station,” IEEE 

Transactions on Smart Grid, pp. 1-11, January, 2017. 

[33] J. H. Lim, “Optimal Combination and Sizing of a New and Renewable 
Hybrid Generation System,” Future Generation Communication and 

Networking, Vol. 5, No. 2, December, 2013. 

[34] W. Gu, Z. Wu, R. Bo, W. Liu, G. Zhou, W. Chen and Z. Wu, “Modeling, 
planning and optimal energy management of combined cooling, heating 

and power microgrid: A review,” International Journal of Electrical 

Power & Energy Systems, Vol. 54, pp. 26-37, January, 2014. 
[35] S. Diaf, D. Diaf, M. Belhamel, M. Haddad, A. Louche, “A methodology 

for optimal sizing of autonomous hybrid PV/wind system,” Energy 

Policy, Vol. 35, No. 11, pp. 5708-5718, November, 2007. 
[36] T. Leonor, M. J. Humberto, “Power demand impacts of the charging of 

EVs on the power distribution network in a residential area,” in 

Proceedings of the 2011 3rd International Youth Conference on Energetic 
(IYCE), pp. 1-6, July 2011. 

[37] J. Tant, S. Member, F. Geth, S. Member, D. Six, P. Tant, J. Driesen, S. 

Member, “Multiobjective Battery Storage to Improve PV Integration in 
Residential Distribution Grids,” IEEE Transactions on Sustainable 

Energy, Vol. 4, No. 1, pp. 182–191, January, 2013. 

[38] R. Christie, "power system test case archive," [online]. Available: http:// 
www.ee.washington.edu/ reserch/ pstea. 

[39] P. Mesari´c, S. Krajcar, “Home demand side management integrated with 
EVs and renewable energy sources,” Energy and Buildings, Vol. 108, pp. 

1-9, December, 2015. 

[40] Requirements for Voltage Characteristics in Public Distribution Systems 
Standard EN 50160, 2014. 

[41] G. Li and X. P. Zhang, "Modeling of Plug-in Hybrid Electric Vehicle 

Charging Demand in Probabilistic Power Flow Calculations," IEEE 
Transactions on Smart Grid, Vol. 3, No. 1, pp. 492-499, March, 2012. 

https://www.sciencedirect.com/science/article/abs/pii/S0959652622020741#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652622020741#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652622020741#!
https://www.sciencedirect.com/science/article/abs/pii/S0959652622020741#!
https://www.sciencedirect.com/journal/journal-of-cleaner-production
https://www.sciencedirect.com/journal/journal-of-cleaner-production/vol/364/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S014206152101111X#!
https://www.sciencedirect.com/science/article/abs/pii/S014206152101111X#!
https://www.sciencedirect.com/science/article/abs/pii/S014206152101111X#!
https://www.sciencedirect.com/science/article/abs/pii/S014206152101111X#!
https://www.sciencedirect.com/science/article/abs/pii/S014206152101111X#!
https://www.sciencedirect.com/journal/international-journal-of-electrical-power-and-energy-systems
https://www.sciencedirect.com/journal/international-journal-of-electrical-power-and-energy-systems
https://www.sciencedirect.com/journal/international-journal-of-electrical-power-and-energy-systems/vol/138/suppl/C
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://www.researchgate.net/journal/IEEE-Systems-Journal-1932-8184
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165411
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165411
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165411
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165411
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165391
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165391
http://www.ee.washington.edu/
http://www.ee.washington.edu/
https://www.researchgate.net/journal/IEEE-Transactions-on-Smart-Grid-1949-3053
https://www.researchgate.net/journal/IEEE-Transactions-on-Smart-Grid-1949-3053

