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The increasing penetration of electric vehicles (EVs) brings out great challenges to the 

performance of distribution systems (DSs). To address these challenges, determining the 

maximum hosting capacity of EVs in DSs becomes an important task for DS operators. In this 

work, a new methodological framework is proposed to determine the maximum capacity of DSs 

for accommodating EVs. For this aim, two typical charging scenarios, namely uncontrolled and 

controlled charging schemes are taken into consideration. In the uncontrolled charging scenario, 

use load profile of EVs and additional available power (AAP) to determine the maximum hosting 

capacity. A probabilistic method is utilized to simulate the EV load profiles by using the data of 

daily travel distance, arrival time and departure time. In the controlled charging scenario, the 

maximum hosting capacity is calculated by the daily AAP and the energy consumption of EVs 

charging. A hybrid algorithm based on Monte Carlo simulations is used to determine the maximum 

capability of DSs for accommodating EVs. The evaluation results confirm the effectiveness of the 

proposed method.  
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1. Introduction 

 

In recent years, greenhouse effect becoming more and more serious, countries around the 

world are eager to alleviate this phenomenon. Electric vehicles (EVs) have attracted wide 

attention due to their clean and efficient characteristics. However, a large number of EVs 

connected to the distribution systems (DSs) will bring negative impact on the systems, so it is 

very critical to determine the maximum hosting capacity of EVs in the DSs.    

The impacts of EV penetration on DS performances have been discussed in many existing 

literatures [1]–[6]. For example, in [1], the authors analyzed the impacts of EV penetration on 

the current limits of an urban DS in the U.S. The author studies that how to improve the 

resilience of the DSs by using the power supply capacity of EVs, especially in the period of 

power outage, EVs as emergency backup power source to improve the resilience of the DSs in 

[2]. Reference [3] analyzes the influence of EVs with different penetration in the DSs, and 

reduces the impact of EVs charging on the DSs by the combination of distributed generation 

and charging stations. Reference [4] studies the influence of EVs on the DSs at different 

penetration. Through the simulation analysis of a DS in the UK, the charging and discharging 
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behaviors of EV users have great randomness and personal preference, and the charging process 

will lead to voltage deviation and system efficiency degradation. Reference [5] shows that the 

charging of EVs will damage the distribution transformer and have an adverse impact on its 

service life. Reference [6] studies the influence of charging process of EVs on the performance 

of DSs, including transformer overload, harmonic current generation, voltage drop and so on. 

However, the system constraints must be met while determining the maximum hosting capacity. 

Some detailed studies of the controlled charging and discharging strategies of EVs in [7]-

[11]. Reference [7] shows the impact of different charging strategies adopted by EVs on the 

DSs, with the objective of ensuring the reliability of the DSs while minimizing the charging 

cost. Reference [8] uses a charging scheduling strategy to reduce voltage deviation and power 

loss, and improve the economy and reliability of DSs. Reference [9] proposes an intelligent 

charging management system to ameliorate the voltage quality and reduce peak load and 

systems operating cost. The authors of [10] made an estimation for the capability of a DS  to 

accommodate EVs. Reference [11] calculates the maximum hosting capacity and meets the 

requirements of system reliability. 

All of the above studies in literatures [7]-[11] have helped a lot in the field of EV integration 

in the DS. However, in these existing studies, the impacts of EV charging strategy were not 

fully considered in assessing the hosting capability of DSs. Therefore, more researches about 

this issue should be done.  

Based on the above background, this work provides a new methodological framework to 

calculate the capability of DSs for accommodating EV charging loads, while considering the 

impacts of EV operation strategy. For this aim, two typical charging scenarios, namely 

uncontrolled and controlled charging schemes are taken into consideration. In the uncontrolled 

charging scenario, use load profile of EVs and additional available power (AAP) to determine 

the maximum hosting capacity. A probabilistic method is utilized to simulate the EV load 

profiles by using the data of daily travel distance, arrival time and departure time. AAP is 

obtained by comparing the hourly loads with the maximum hourly loading capacities. The 

maximum hourly loading capacities are obtained when the voltage is critical over the limit. In 

the controlled charging scenario, the maximum hosting capacity of the DSs can be obtained by 

using the daily energy consumption of EVs and the daily AAP of DSs. In the DSs, the expected 

maximum hosting capacity is determined based on Monte Carlo simulations of the hybrid 

algorithm.  

The remainder of this paper is as follows. Section 2 outlines the calculation method. Section 

3 shows the process of constructing the load profile and the method of calculating the AAP. 

Section 4 includes case studies, results and discussions. Section 5 provides the conclusion. 

 

2.  Description of proposed evaluation methodology 

 

This part shows the calculation method of the maximum capability of DSs for 

accommodating EVs. A schematic diagram for the discussed DS with EVs is illustrated in Fig.1. 

The first calculation process is selecting the part or all of the nodes in the DSs as a position 

to allow the charging and discharging of EVs, and then, the AAP for the corresponding nodes 

need to be estimated, the expected EVs penetration of the selected nodes can be calculated by 

the load profile of the EVs and AAP. Finally, the maximum hosting capacity in two charging 

scenarios is obtained. The detailed descriptions are given in the following sections. 
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Fig.1: Illustration of a typical DS with EVs 

 
2.1. Uncontrolled charging 

 

In the uncontrolled charging case, the AAP at each selected node is calculated firstly. After 

that, the initial level of EV penetration for the selected node can be obtained as 
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where i, j, k, n are the index for hours, days, the number of system buses, and the number 

of EVs; um
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N  represents the minimum number of EVs at node k in this charging scenario; 
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day j and for node k. 

The initial penetration of EVs is obtained by (1), the formulation for updating the 

penetration at each node is developed as in (2)  
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where u

k
N  is the number of EVs at node k in this scenario; ε is the tolerance level. 

In the case of uncontrolled charging, the maximum hosting capacity is the sum of the 

maximum hosting capacity of selected nodes.  

 

2.2. Controlled charging  

 

In the controlled charging case, the daily AAP of the DS can be obtained as 
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where Wj is the AAP on day j, which can be obtained according to (4). 
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where Ncm represents the minimum number of EVs in this scenario, ,

ev

j mW
 
is the energy 

consumption of EVs on day j. In this work, ,

ev

j mW  can be determined as follows: 
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where Dj,m  is the driving distance of EV m on day j. ev

m
W  is the driving energy 

consumption per mile of EV m. 

After that, the number of EVs can be updated by following: 
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where Nc is the number of EVs in this scenario.  

This process is repeated until the stop condition in equation (6) is met. Finally, the 

maximum hosting capacity in the controlled charging scenario is obtained. 

 

3. Modelling of EV charging demand 

 

In the method proposed in this work, the establishment of load profiles and the calculation 

of AAP are critical for determining the maximum hosting capacity. The detailed description 

about the applied method is presented as follows. 

 

3.1.  EV load profiles 

 

To obtain the EV load profiles, the daily energy consumption, and parking duration of 

EVs need to be considered and modelled. 

a) Parking duration 

  In this paper, the parking duration of home charging stations and public charging stations 

are modeled respectively, the specific expression is as follows.    

 
ar d

j j j
H H H= −                                                                              (7) 

ar d

j j j
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(8) 

where ar

jH , d

jH  and 
j

H  are the arrival time, departure time and parking duration of the 

home charging stations on day j, respectively; ar

jP , d

jP  and 
j

P  are the arrival time, departure 

time and parking duration of the public charging stations on day j, respectively. 

Since different individuals have different behavioral patterns, the daily arrival and 

departure time could change dynamically in actual implementations. This uncertain and 

variable nature is represented by using a probabilistic distribution model and captured by 

using a well-known random sampling method, namely Monte-Carlo simulations, in our 

evaluation procedures. 

  This work assumed that the arrival time and departure time at home and public charging 

stations follow truncated gaussian distribution. 
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where arhµ ( arpµ )/ dhµ ( dpµ ) and 
arhσ (

arpσ )/
dhσ (

dpσ ) represent the mean value and 

standard deviation of the EV arrival/departure time in the home and the public charging case, 

respectively. 
min
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bounds for the variation of uncertain factors.  

b) EV load profile 

This work assumed that the EVs will start charging immediately after arriving at the parking 

places. Moreover, the information about their departure time and required energy would be 

input manually into the charging management system. When the parking duration is equal to or 

shorter than the required charging time, the charging process will continue during the parking 

period as expressed below: 
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where Hj,m and 
,

ch

j m
H  are the parking duration and charging time of EV m at home on day j, 

respectively. Pj,m and 
,

ch

j m
P  are the parking duration and charging time of EV m at the public 

charging stations on day j, respectively. 

On the contrary, the charging would happen during the entire charging time, as expressed 

below: 
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For the former case (11), the hourly demand of EVs can be determined as follows: 
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where 
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is the hourly energy consumption of EV m at the home charging station on 

day j. 
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where 
, ,

P

i j m
P

 
is the hourly energy consumption of EV m at the public charging station on 

day j. 
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For the latter condition described in (12), the hourly demand of EVs can be determined as 

follows: 
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Based on the hourly demands obtained above, the load profile at a corresponding node can 

be derived, by using  
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3.2. Calculation of AAP 

 

The calculation of the AAP in the DSs is based on the hourly loads and the maximum hourly 

loading capacity.  

a) Estimate the maximum loading capacity: Gradually increase the node load until the 

voltage exceeds the limit, the maximum loading capacity of the corresponding node is obtained. 

The maximum voltage deviation is 5% of the rated voltage. The voltage state is obtained by 

calculating the power flow using the forward-backward sweep method. 

b) Construction of load profile: In this paper, load profile of DSs at each node consists of 

peak load and hourly load. The annual load profiles of the node is composed of the combination 

of the hourly load demand and the peak load of the corresponding node. 

c) Determination of AAP: AAP is the difference between the maximum hourly loading 

capacity and the hourly loads. 

 
max

, , , , , ,i j m i j k i j k
P P L= −                                                                                                              (18) 

where max

, ,i j k
P  and Li,j,k are the maximum loading capacity and load of node k at hour i, day j, 

respectively; Pi,j,k is AAP of node k at hour i, day j. 

 

4. Numerical study 
 

4.1 Data 

 

Numerical studies are conducted based on the IEEE 69-bus test system. The detailed 

information about the system can be found in [13].  
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Fig. 2: Selected nodes of the IEEE 69 test feeder 

 

This work sets the average charging rate of home and public charging stations as 3 kW/h 

and 5 kW/h respectively. The average energy consumption of an EV is taken to be 0.407 

kWh/mile [14]. 40% of EVs are charged at home and 60% at public stations [15]. The daily 

travel distance, arrival time and departure time probability density functions(PDFs) of EVs are 

shown in Fig.3 to Fig.7 [16-18] respectively. The AAP of the DS is calculated by using the 

calculation method mentioned above. 

 

 
Fig. 3: Probability distribution function of EV daily travel distance 

 

 
Fig. 4: Probability distribution function of EV arrival at home 
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Fig. 5: Probability distribution function of EV arrival at public charging stations 

 

 
Fig. 6: Probability distribution function of EV departure from home 

 

 
Fig. 7: Probability distribution function of EV departure public charging stations 

 

Some comparative analysis are conducted based on the four envisaged scenarios as defined 

below: 

Case I: Calculate the maximum hosting capacity at all nodes in uncontrolled charging 

scenario. Assume that EVs are evenly distributed at each node. Firstly, calculate the AAP of 

the nodes, and the initial number of EVs is obtained by using (1). The hourly charging demand 

is determined by section3.1. Calculate the maximum hosting capacity of each node with (2).  

Case II: Calculate the maximum hosting capacity at all nodes in controlled charging scenario. 

(3) is used to calculate the daily AAP, (4) is used to get the initial number of EVs, Calculate the 
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maximum hosting capacity of each node with (6). The AAP in this case is the same as case I. 

The other settings are kept the same as in Case I. 

Case III: Calculate the maximum hosting capacity of the selected nodes in uncontrolled 

charging scenario. Firstly, calculate the AAP of the selected nodes. The other settings are kept 

the same as in Case I. 

Case IV: Calculate the maximum hosting capacity of the selected nodes in controlled 

charging scenario. The AAP in this case is the same as case III. The obtained AAP in Case III 

is used in this case. The other settings are kept the same as in Case II. 

 

4.2 Results and Discussions 

 

The evaluation results that obtained from each of the above cases are presented in Table 

1. 

 

Table 1: Evaluation results 

Case I 
Number of EVs Peak load (kW) 

438 595 

Case  II 
Number of EVs Peak daily energy (kWh) 

1510 13015 

Case  III 
Number of EVs Peak load (kW) 

230 391 

Case  IV 
Number of EVs Peak daily energy (kWh) 

912 8266 

  

 From the evaluation results in Table 1, the maximum hosting capacity in Case I is 438 

cars, peak load is 595kW, the maximum hosting capacity of Case II is 1510 cars, peak daily 

energy is 13015 kWh. From the perspective of EVs penetration, the maximum hosting 

capacity of Case II is 244.75% higher than that of Case I. In Case III, the maximum hosting 

capacity is 230 cars, peak load is 391kW, and Case IV has a maximum hosting capacity of 

912 cars, peak daily energy is 8266 kWh, the maximum hosting capacity of Case IV is 

296.52% higher than that of Case III.  

  From the evaluation results in Table 1, it can also be found that, compared with Case I 

and Case III, the maximum hosting capacity in Case II and Case IV is higher. On the whole, 

compared with the uncontrolled charging scenario, in the controlled charging scenario, the 

DSs have a higher hosting capacity for EVs. This is because in the controlled charging 

scenario, the AAP can be maximized by adjusting the charging time and charging strategy of 

EVs. For example, During the period when AAP is large, more EVs are charged to ensure 

that the AAP is fully utilized. During the period when AAP is small, the charging time for 

EVs that are not urgently used can be delayed. However, in uncontrolled charging scenario, 

due to the randomness of EVs charging behavior, EV users will choose charging time and 

charging pattern according to their personal preference, so they cannot make full use of the 

AAP. Random charging behavior of EVs will also affect the performance of the DSs in some 

aspects, and its influence can be reduced in controlled charging scenario. To ensure the 

reliability and safety of the system, the hosting capacity in uncontrolled charging scenario is 

smaller than that in controlled charging scenario.  
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  In addition, the hosting capacity of Case I and Case II is 90.43% and 65.57% higher than 

that of Case III and Case IV, respectively. Due to under the same charging strategy, the more 

nodes that can be used for EVs charging, the more AAP can be obtained, which can meet the 

charging demand of more EVs. Therefore, on the premise of meeting system constraints, 

Case I and Case II have higher hosting capacity than Case III and Case IV respectively.  

The maximum hosting capacity of Case I is 108.22% less than that of Case IV. This fully 

reflects the role of controlled charging strategy, indicating that the charging strategy changes 

the charging behavior of EV users, makes better use of AAP, and makes up for the 

disadvantage of fewer charging nodes. The hosting capacity even exceeds that of all nodes 

as charging station in uncontrolled charging scenario. 

Through the evaluation results, validated the role of the proposed method in determining 

the maximum capacity of DS to accommodate EVs under two charging scenarios. This could 

be good for the grid utilities in real-world practices when deciding the optimal investment 

and placement of EV charging stations. And it can be also beneficial to the regulatory 

administrations (e.g., government) since a precise estimation on the headroom of DSs to 

accommodate EV penetration could help for them to make more scientific policies on the EV 

development in the context of future smart cities.  

 

5. Conclusion 

 

In this work, we provide a new methodological framework to determine the maximum 

capability of DSs to accommodate EV charging loads. Compare with existing studies, the 

main contribution of this work lies in that we proposed a new indicator, i.e., AAP, to indicate 

the expected effects of power interactions between EVs and the DS, according to the 

maximum loading capacity, system load profiles, and the voltage constraints of the DSs. To 

achieve this aim, the load profiles of EVs is constructed by using the PDFs of driving distance, 

arrival time and departure time. Based on the simulation results of case studies, it is found 

that the maximum capability of DSs for accommodating EVs under controlled charging is 

much higher than that under uncontrolled charging scenario. In addition, the method 

proposed in this paper can greatly improve the utilization rate of system resources. Therefore, 

this study provides a practical tool for planning the deployment of charging stations in DSs. 

Also, the proposed approach can be also beneficial to the regulatory administrations since a 

precise estimation on the headroom of DSs to accommodate EV penetration could help for 

them to make more scientific policies on the EV development in the context of future smart 

cities. 
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