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   ABSTARCT 

The development of each nation depends on the consumption of electrical energy. 

Nowadays, fossil fuel pollution causes very harmful environmental damage. Technological findings 

indicate that electric vehicles play a crucial role in the road transport system. From this point of 

view, electric vehicles are used, but the charging stations for these electric vehicles are not as 

available as gas stations. Thus, the main objective of this paper is to determine the location for the 

placement of EV charging stations for an IEEE 33 bus s 
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1. INTRODUCTION 

The optimal planning of electric vehicle (EV) charging infrastructure will play an 

indispensable role to better cope with the increasing number of electric vehicles. An effective 

planning strategy will help network operators reduce costs, enable policymakers to make informed 

decisions, and provide EV users with more places to charge their vehicles. However, the planned EV 

charging stations (EVCSs) will inevitably put additional strain on the existing distribution grid. 

There are some papers that deal with the expansion planning of the distribution network. Most of the 

population in the world are using the fuel dependent vehicles. These fuel based vehicles are causing 

air pollution by releasing dangerous gases such as CO2, Carbon Monoxide (CO) etc.and also the 

fossil fuels are getting exhausted day by day. Beyond these all issues Electric vehicles are introduced 

but for these EV’s the Charging Stations are not developed yet, they are in developing stage. So, if 

the people want to travel long distances with the EV’s there is no Charging stations as much like as 

the Fuel pumps. Hence, the solution for this problem is to develop the Charging Stations as fast as 

possible. The main advantage of the EV’s are that they are mainly runs on less cost and freely 

available renewable Energy Resources, requires less maintenance due to reduction in moving parts. 

But there is a disadvantage is the requirement of large batteries for long range distance. At present, 

research is going on to improve the energy density of Battery Technology. Advantages of the electric 

vehicles are(i)       The operation and construction of the ICE is more complex and heavy in weight. 

Also, it is more expensive.(ii) In ICE 75% of energy is wasted. It requires more maintenance(iii) It 

cannot run on Renewable Energy Sources like Solar, Wind .(iv) The ICE produces an unhealthy 

Exhaust. The every Litre of Gasoline produces the 2.3kg of CO2.(v) The current transportation 

system is responsible for about 23% of Green House gas emissions worldwide.Current trends 

suggest that the EV is a promising technology for road transportation. There is a substantial increase 

in the number of EV’s due to improved energy efficiency and reduction in environmental impact as 

compared with ICE vehicles.The International Energy Agency (IEA) global electric vehicle outlook 

2018 made a survey on EV’s sales and it’s charging infrastructure. Over 1 million Electric vehicles 

were sold in 2017- a new record –with more than half of the global sales in china. The total number 

of electric vehicles on the road surpassed 3 million worldwide, an expansion of over 50% from 2016. 

There cent figure is about 4.2 million Electric Vehicles in 2018.  

Electric Vehicle Charging Stations in Distribution system networks are rapidly increased as the load 

demand on the distribution system is growing exponentially. EVCS is small scale power generation 

and usually located in distribution network. EVCS units are mainly energised by wind, Solar and 

Fuel cell and have many advantages over centralized power generation. The optimum EVCS 

placement and sizing at planning stage of distribution system is necessary to achieve reduction of 
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power system losses and improves the voltage profile. However, installing of EVCS units at Non-

Optimal place may get an opposite effect to what is desired. 

 

2. PROBLEM FORMULATION 

Whenever the Node is appear in the Distribution System there must be existing power losses. 

However, the Charging stations for the Electric Vehicles are acts as nodes for the Distribution 

system. So, that there is a power losses. This problem can be overcome by using some Meta-

Heuristic Algorithm. Here, in this case the Meta-Heuristic Algorithm called Particle Swarm 

Optimization technique is used to reduce the power losses and improve the voltage profiles after 

placing the EVCS for an IEEE 33 Bus system. Here, Newton-Raphson method is used for power 

flow calculations before and after placing the EVCS in the Distribution system. 

 

3. METHODOLOGY 

In this paper a methodology is used for finding the good optimal location for the EVCS for 

an IEEE 33 bus system Heuristic Technique for determining the placement of EVCS in the power 

grid.Two major components of any Meta-Heuristic Algorithm are Intensification, Diversification or 

Exploitation and Exploration. Diversification means to generate diverse solutions so as to explore 

the search space on a global scale. Intensification means to focus on the search in a local region by 

exploiting the Information that a current good solution is found in this region. This is in combination 

with the selection of the best solutions. The selection of the best solutions ensures that the solutions 

will converge to the optimality, whereas the Diversification via randomization avoids the solutions 

being trapped at local optima and at the same time increases the diversity of the solution. The good 

combination of these two major components will usually ensure that the global optimality is 

achievable. 

 

4.   POWER FLOW CALCULATIONS 

For power flow calculations Newton-Raphson method is used to calculate the power losses. 

Here, the voltage profile is going to increase after applying the Heuristic algorithm and this can be 

observed by using the Raphson method. A Power flow study aims to determine the voltages for a 

particular load, generator, and network state. (Magnitude and angle). Once all bus voltages are 

defined, it is easy to measure line flows and losses. It has quadratic properties of convergence. . The 

convergence is very quick, and the number of iterations will be unaffected by the device's length.  

The power flow equation that was used in the process of resolving a network issue uses 

Voltage and Power equations.  

 *i i iS V I   (1.1) 

Where Si is the apparent power at Ith bus, Vi is the voltage at Ith bus and Ii is the current at Ith 

bus. 

The Input current can be obtained by using the equation is 
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The power flow equation is solved by using Newton-Raphson method is 
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The Active and Reactive power losses in the line are calculated by the following equations. 
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By using this method Load Flow Analysis is done and Power-Losses will be obtained. 

 

5. PARTICLE SWARM OPTIMIZATION TECHNIQUE(META-HEURISTIC) 

The PSO algorithm description and comments of the steps are presented as follows. 

Step1: (Input System Data and Initialization) 

In this step, the distribution network configuration, data and the available candidate 

EVCS sizing and locating EVCSs are input. The maximum allowed voltage drop, the 

characteristics of feeders, impedance and rating current, are also specified. The PSO 

parameters, number of population members and iterations as well as the random initial 

selection of particles weight, the random-based initial population of particles Xj (size of 

EVCSs) and the particles velocity Vj in these arch space are also initialized.  

Step2: (Calculate the Objective Function) 

The network solution program will set up with initial data that objective function will 

calculate for summation of each particle. Given the EVCS size determined in the 

previous step, system equations are reconstructed and load flow is run and the buses 

voltage as well as the line current is calculated. After that, the distribution line loss of 

all lines is calculated using the distribution load flow and power loss equations 

specified. The objective function is now constituted by equation describing the single 

objective or multi objective minimization or maximization criteria. The constraints are 

also computed using equation describing the limits on the system variables and control 

variables in this step and included in the objective function with penalty factors. It 

means that if a constraint is not satisfied, a large number as a penalty factor is added to 

the objective function to exclude the relevant solution from the search space. 

Step3: (Calculate P best) 

The component of the objective function value associated with the position of each the  

particles  is  compared  with  the  corresponding  value in previous iteration and the 

position with lower objective function is recorded as P best for the current iteration. 

Step4: (Calculate G best) 

In this step, the lowest objective function among the P bests related to all particles in the 

current iteration is compared with it in the previous iteration and the lower one is recorded 

as G best. 

Step5: (Update position and velocity) 

The position and velocity of particles can be calculated for next iteration using equations 

obtained for P & G. It should be noted which α and β are acceleration coefficients that can 

be calculated as following: The obtained equation associated with P, W is to adjust the 

effect of the velocity in the previous iteration on then EV velocity for each particle. 

Regarding the obtained velocity of each particle by equation obtained for P, the position of 

particles can be updated for the next iteration using equation associated with P. 

Step6: (Check convergence criterion) 

If 𝐼𝑡𝑒𝑟=𝐼𝑡𝑒𝑟𝑚𝑎𝑥 Or if the output does not change for a specific number of iterations, 

the program is terminated and the results are printed, else the program goes to step2. 

Depends on objective function there are different modes off initialization of the algorithm. 

There are a few methods for stopping the iteration loop that in the following is 

expressed in three modes: 

1) The algorithm can be finalized after achieving to satisfy cost and desired value of the 

objective function. 

2) After to achieving the some stall iteration. It means after the specified time has 

elapsed or number of iterations without any improvement in out come 

3) After the specified time hash lapsed or number of state iterations. 

Finally, after calling each of the above cases, the algorithm will end and the result 
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will print in the output. Here P is the Position and G is the Global best solutions. 

 

6.  Simulation  

An IEEE 33 bus system was considered for optimal placement of EVCS, the bus system's 

configuration in all 33 radials is given by Number of lines: 32, Slack bus number: 1,  

 

 

 
  The EVCS location for the heavy buses is identified in the IEEE 33 bus system based on the LSF 

component. In Figure 9, where 1 indicates a need for EV placement and 0 indicates no need for EV 

placement. From the conventional system, 21 buses are obtained for optimal placement of EVCS in 

the IEEE 33 bus system. The HHO algorithm reduces the site for placing EVCS, identifies 12 strong 

buses, and another PSO algorithm also uses the IEEE 33 bus system to implement it, reduced to 10 

buses for an optimal site compared to the traditional system . Finally, a reliability test was performed 

and compared to the traditional, HHO and PSO to achieve an optimal placement of EVCS in an 

IEEE 33 bus system. Finally, from the probability of EV location, it is clear that buses 7, 12, 17 and 

31 are identified as the strong buses for the optimal placement of EVs in the IEEE 33 bus system 

 

7.CONCLUSION AND FUTURE SCOPE  

In this article, the PSO technique was used to examine the best position of EVCS on the IEEE 33 

bus. System, also analyzed the impact of system voltage stability, reliability and power losses for 

optimal placement of EVCS. The Newton-Raphson method was used to quantify the power flow. 

PSO and HHO algorithms were selected for the optimal placement of EVCS, the simulation results 

were compared to the conventional system and show the variation of LSF for different buses in 

relation to nominal and system voltages. The bus location sequence is determined by the descending 

order of the values for the LSF component to locate the best position vector. Finally, a reliability test 

comparison was performed for conventional, PSO and HHO for IEEE 33 bus spsoystem and 

concluded that buses 7, 12, 17 and 31 in total four buses were identified as the strong buses for the 

optimal placement of EVCS, the this can balance the corresponding buses according to their load 

requirement (during load and peak load). The research work can be furthered by integrating 

Distributed Generations (DG) into the IEEE 33 bus system and due to the intermittent nature of DGs 

like solar, wind etc. the optimal mapping of the energy management strategy is better analyzed in the 

system for the reliable operation of the grid during the load peaks 
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