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Abstract 
 

Owing to several advantages of Plug-in Electric Vehicles (PEVs) like less noise, emission less, good efficiency and the reduced cost 

has attention to the governments, researchers and manufactures in recent time. The Plug-in Electric Vehicle (PEV) plays a vital role 

in    replacement of conventional vehicles in future, because of penetration of renewable energy resources in conventional generation. 

The modernized of micro grid is happening due to usage of clean energy for EV charging. The cost of electric vehicle charging is 

challenging issue in the development of plug-in electric vehicle. The coordination between renewable generation and conventional 

generation is very much needed in near future. The dynamic nature of renewable energy resources causes frequent interrupts in elec-

tric vehicle charging. The problem of nonlinear power generation with renewable resources is overcome by electric vehicle battery 

storage system which   enables the EV battery to charge during low demand period and gets discharged into the micro grid during 

high demand periods. This paper developed an optimal schedule for stationary Plug-in Electric Vehicle charging in operation with 

micro grid. The obtained optimal schedule provides balance between active and reactive power in generation and load as well. The 

integration of renewable energy resources is achieved through solar, wind in Vehicle-2-Grid (V2G) approach which is used to safe-

guard to renewable energy resources by store additional energy produced during peak load period and feeding back to the micro grid 

during low load period. As a result the stable operation of the micro grid and EV charging with low cost is achieved in this paper. 
 

Keywords: Charging and Discharging; Convex optimization; Plug-in Electric Vehicle (PEV); Vehicle-To-Grid (V2G). 

 

Nomenclature 

K Interval set, 

RE Renewable energy sources, 

N Set of electric vehicles (EVs), 

mjb  EV charging power in interval j, 

mT  EV charging period, 

  Length of an time interval, 

oA  Real time price model intercept, 

1A  Slope of the real time price model, 

2A  Operation, Investment and Maintenance parameter of 

wind generation, 

3A  Operation, Investment and Maintenance parameter of solar 

generation, 
CHGN  Only EV charging set, 

GVN 2  Vehicle-2-grid (V2G) EV set, 

wP  Wind power generation, 

sP  Solar power generation, 

bF

lL  Forecasted base load in interval j, 

ini

mE  Initial EV battery energy, 

cap

mE  Capacity of EV battery, 

maxP  Maximum EV charging power, 

jy  EVs charging load in interval j, 

jp  Total load in interval j, 

m  Final EV energy ratio, 

b

jL  Real base load in interval j, 

jC  Each EV charging cost in interval j, 

)( j

KW  Sliding window at the staring interval j, 

)( j

KH  Ongoing set of EV at the starting interval j, 

G Charging-interval matrix, 

gsoT  Total charging cost for global optimal scheduling scheme, 

)( j

lsoT  Total charging cost for local optimal scheduling scheme, 

 ,  Model parameters for battery lifetime cost reduction. 

1. Introduction 

The conventional vehicles are creating more air pollution and 

harmful gases in metropolitan regions. Fuel-based conventional 

fuel based vehicles deliver a large amount of air pollution in each 

and every single year. For example, in the United States of   

America, approximately 28% of global warming is initiated by 

fuel-based vehicles i.e. trucks, buses and cars [1]. Not only does 

conventional fuel based internal combustion engines contribute to 
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ecological pollution but they use a huge amount of fuel for       

conventional vehicles. Electricity generation and transportation of 

conventional vehicles are considering the main contributing factor 

to air pollution and as well as global warming. The daily usages of 

fuel for conventional vehicles are nearly 430 million gallons in the 

United States of America [2]. To minimise the usage of fuel for 

conventional vehicles and air pollution then we take new         

technology in vehicles and it is electric vehicle technology. This 

technology is the essential gifted solution to challenges this issue 

(usage of fuel and air pollution). These electric vehicle resolution 

information are leads conventional vehicles manufactures to move 

and spend money in the electric vehicles production [29]. 

In the late 1800s, the marketable electric vehicle was launched in 

New York City [3]. Later, conventional fuel based vehicles are 

replacing the new automobile manufacturers have entered in the 

market for plug-in electric vehicle transport. Currently, PEV is 

reducing carbon dioxide (CO2) emission by around 25% compared 

to conventional gasoline vehicles [4].  In 2020, EV’s sales are 

growing about 60% worldwide. In the Indian scenario, the      

government should provide the initial user base and demand to 

help technologies cross the valley. The government also gives the 

importance of the electric vehicles to install EV infrastructure and 

new governments at all levels. Although some organizations in 

India are working hard to help India switch to electric            

transportation, utilizing what Tesla and other EV manufacturers 

have to offer will save a lot of time. Manufacturers are the interest 

of EV’s, Chevy Volt, Tesla, Nissan, GM, Honda, BMW Mercedes, 

etc. has held these EVs in all over the world. Plug-in Electric Ve-

hicles (PEV) is considered as a new generation of vehicles. In 

2020, approximately 50% of new electric vehicles are expected in 

the international market [6],[28]. Furthermore, various methods 

have been proposed and are implemented to guarantee optimum 

power transfer in Vehicle-2-Grid (V2G) system to increase the 

benefits of V2G [8],[20]. 

In [9], Yifeng He et al. recommend the global and local       opti-

mal scheduling problem for EVs charging and discharging as fol-

lows. 

The global scheduling optimal problem objective function is to 

optimise the total cost for all EVs charging during a day. The 

global optimal scheduling scheme is unfeasible subsequently it 

needs more information for the arrival times and upcoming base 

loads of the EV’s and charging intervals of the EV’s in the upcom-

ing time of the day. The local scheduling optimal problem the 

EV’s in the local region. The local optimal schedule model is very 

relevant for the EV’s charging and discharging and it can capably 

handle a bulky number of EV’s and dynamic of the EVs arrival. 

The local optimal schedule model is less than the global optimal 

scheduling scheme.  

Since the EV’s market growing rapidly, penetration of the EV’s 

investigation is the major challenge. The micro grid also facing an 

over loading problem at peak load conditions [21]-[27]. In both 

global and local scheduling problem the Plug-in Electric Vehicle 

charging cost is high [15]-[20]. The lifetime of the EV battery also 

decreased due to frequent charging and discharging period. To 

overcome these problems to integrate the renewable energy 

sources having more advantages[33-38].  

The proposed scheme is to integrate the plug-in electric vehicle 

(PEV) to deal with the environmental pollution and global energy 

crisis, it’s necessary to the integration of the renewable energy 

generation like solar power generation and wind power generation 

into the existing grid. Additionally, due to the increasing the fuel 

cost, driving PEV yearly saves a lot fuel cost. More number of 

EV’s were considered to be adjustable generators, so that they can 

provide energy to minimise both the emission and cost. Nowadays 

increasing the amount of electricity is produced by the help of 

renewable energy sources like wind and solar. This renewable 

energy sources electricity can be consumed by EV which is a great 

share of the total emissions.  Mainly, in Plug-in Electric Vehicles 

(PEVs) for green transportation has more     attracted the customer. 

Because of the irregular nature for renewable energy sources like 

solar and wind to face a significant integration of renewable ener-

gy sources power poses a challenge on the micro grid in both 

steady state as well as the transient state. To minimise the EVs 

charging cost integration the plug-in electric vehicle plays a key 

role in load scheduling. 

The rest of the paper is planned as follows; section II briefly pro-

vide the Parameters of solar and wind generation, section III glob-

al optimal scheduling, section IV local optimal scheduling, section 

V battery lifetime cost reduction section VI simulation results and 

section VII conclusion. 

2. Solar and Wind parameters  

A micro grid consisting of Wind Generation (WG), Photo Voltaic 

(PV) generation and load demand is considered. As the renewable 

energy act, the solar power generation and wind power generation 

essential to adopt when it is generating. After including the solar 

power generation and wind power generation cost the total charg-

ing cost will be minimised. The optimal charging is executed by 

exhausting in the Matlab program. The 24 hours real base load is 

assumed as shown in Table.1.  

Table 1: Real Baseload for 24 hours 

Hours Power (KW) Hours Power (KW) 

1 1068 13 1476 

2 1003 14 1498 

3 936 15 1504 

4 898 16 1502 

5 903 17 1500 

6 920 18 1493 

7 981 19 1458 

8 1079 20 1373 

9 1183 21 1355 

10 1261 22 1323 

11 1349 23 1230 

12 1436 24 1117 

 

The wind and solar information required for carried out the study 

of the power generated for 24 hours of a day. The cost function of 

wind and solar generation is as in (1)[16] and it considers the 

operation, investment, and maintenance cost of the energy genera-

tion. The power generation of renewable energy sources for 24 

hours during a day is shown in below Table.2. 

In the total EVs charging costs for the three methods are men-

tioned below for the micro grid are compared. The three methods 

are considered for charging the cost of EVs: 

 

1. Total EV charging cost without renewable energy cost and bat-

tery lifetime reduction cost. 

2. Total EV charging cost includes battery lifetime reduction cost 

without renewable energy cost. 

3. Total EV charging cost includes both battery lifetime reduction 

cost and renewable energy cost. 

The total renewable energy sources cost is, 

)()()( 32 SW PAPAREf                          (1) 

3. Global optimal scheduling 

In each EV arrival and departure time is assumed in global opti-

mal scheduling scheme. As per the real-time pricing model the 

global optimal scheduling for the EVs charging and discharging. 

The optimization problem provides the minimization of total 

charging cost.  
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Table 2: Wind and Solar power generation for 24 hours 

Time (Hrs.) 
Wind generation 

(kW) 

Solar generation 

(kW) 

1 1.7 0 

2 8.5 0 

3 9.27 0 

4 16.66 0 

5 7.22 0 

6 4.91 0.03 

7 14.66 6.27 

8 26.56 16.98 

9 20.88 24.05 

10 17.85 39.37 

11 12.8 7.41 

12 18.65 3.65 

13 14.35 31.94 

14 10.35 26.81 

15 8.26 10.08 

16 13.71 5.3 

17 3.44 4.2 

18 1.87 2.31 

19 0.75 0 

20 0.17 0 

21 0.15 0 

22 0.31 0 

23 1.07 0 

24 0.58 0 

 

0 1 2 3 4 5 6 7 8 9 10 ...21 22 23 24

Charging period of EV m

Departure time of EV m
Arrival time of 

EV m

Time

 Fig.1: EV charging time interval. 

Fig.1 shows the charging time interval of EV m. The EV’s battery 

are charging and discharging throughout a day, it is equally sepa-

rated in a set of intervals. The set of intervals are signified by K. 

The length of the charging interval is signified by  . To consider 

the charging power or discharging power in every interim is kept 

unaffected. The 24 hours in a day is divided in 24 intervals and 

each interval length is specified as   = 1h. 

The EVs set is execute the charging and discharging in a particular 

day is signified by N. The set of EV consists of two methods of 

operation: 1. the set of EVs charging CHGN , it contains the charg-

ing to the EVs battery only and the battery energy don’t supply to 

the grid and 2. The set EVs to V2G
GVN 2

, it contains the EVs 

achieves both battery charging and discharging into the grid. The 

total EV power in both charging and discharging 

is GVCHG NNN 2 . The EV charging power and EV discharging 

power of EV m in interim j is signified by ),( KjNmbmj  .  

The EVs arrival time is signified by arrival

mt . The plug-in time of 

EVs is coupled to the EV charging station. The EVs departure 

time is signified by departure

mt . The time of EVs are going out of EV 

charging station. The total EV charging period signified by 
mT  

this period in this charging and discharging to its EV battery. The 

connection between the charging/discharging accomplishments, 

intervals and it describe a Charging-interval ma-

trix   ||||
1,0

KN
G


 . If the charging interval of EV are within 

the region then G = 1, otherwise G = 0. The features of G is signi-

fied as, 

 






otherwise 0,

T  period charging EV within thefalls, j interval if,1
m

mj
G        (2) 

 

The EV scheduling is mainly in charging and discharging in a 

small environmental region. The real-time pricing model, the three 

assumptions are mainly sorted out in EV charging: 1. the losses 

between the two nodes are very lesser and unimportant, 2. there is 

no stoppage in the transmission line, and 3. the baseload b

jL  re-

mains constant in interval j.  

The first two assumptions are agreeing us to disregard the spa-

tial difference of electricity price model. In EV optimization is a 

based on EV charging only sequential difference but not a spatial 

difference in the price in [11]. The modelling of linear electricity 

price function in the direct load [11], it is specified as follows: 

 

tt pAApf  10)(                          (3) 

 

Where 
10 , AA are both in positive real numbers and total load 

tp  at time t and The total load contains of two quantities: 1.The 

real base load b

jL , it signifies a load of all electricity feedings in 

interim j excepting EVs charging and 2.The EV charging load , 

this signifies the EVs charging load in interim j. The EV charging 

load in interim j is specified by 



Nm

mjmjj Gby . The total 

load in interval j is given by
j

b

jj yLp  . To express the charg-

ing cost in interim j signified by
jC . The total sums of cost for 

clients compensation for charging of their EVs. As per linear pric-

ing model, the EV charging cost is specified by 

 

j

b
j

p

L

ttj dpPAAC )( 10  

  


















21
0

21
0

22

b
j

b
jjj L

A
LAp

A
pA    (4) 

 

The total EV charging cost is well-defined as the sum of the EV 

charging cost. The total amount EV charging cost is specified by 

 






Kj

jtot CC  

 


































Kj

b
j

b
jjj L

A
LAp

A
pA

21
0

21
0

22
   (5) 

 

The global optimal scheduling problem is indicated as to optimise 

the total EVs cost which implements both charging and discharg-

ing throughout the day and the total load jp in interval j and the 

EVs charging power mjb .  

Mathematically, the global optimal scheduling problem can be 

expressed as follows: 

Minimize b, p 

 
































Kj

SjWj

b

j

b

jjj PAPAL
A

LAp
A

pA )()(
22

32

21

0

21

0  

  (6) 

Subject to 

KjGbLz

Nm

mjmj

b

jj  


,    (7) 

KjNmEGbE cap

m

jQo

momo

ini

m  


,,0
)(

   (8) 

NmEGbE cap

mmmjmj

jQj

ini

m 


,;
)(

    (9) 

KjNmPb CHG

mj  ,,0 max    (10) 
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KjNmPbP GV

mj  ,, 2maxmax   (11) 

 

In the above equations, the global optimization problem (6-11), 

the main objective function of (6) is it minimises the total EVs 

cost and accomplish charging and discharging in every day. The 

constraints (7) signify the association among the total load and 

individual EV charging energy. The constraints (8), (9) are the 

instant value of EV battery energy and the final value EV battery 

energy and the constraints (10), (11) are the limitations of the 

maximum power of EV charging and EV discharging through the 

grid. 

The global optimal scheduling scheme is unrealistic owing to the 

succeeding causes. First one, all the EVs arrive in the future are 

unidentified at the existing instant. The next one, the future base 

load during the day is unidentified at the existing instant. The final 

one, if a bulky number of EVs are scheduling is the main problem 

in global scheduling. It may be overrun to neglect this problem 

scalable centralized scheduling scheme is more important. 

 

4. Local optimal scheduling 
 

The global controlling area is divided into groups (LC1, LC2… 

LCn). In area wise to control the EV vehicle is called Local Con-

troller (LC). Each group charging interval are different and these 

intervals are within arrival and departure time intervals. The local 

optimal scheduling scheme is shown in below fig.3. 
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Fig. 2:  Ongoing set of EVs by using the sliding window in time scaling of 

the local optimal scheduling scheme. 

The group set is specified as D. subsequently every local control-

ler achieves schedule individually. The local controller doesn’t 

identify the future arrival time of EVs in a group. Therefore, this 

proposed scheme is to keep informed the EVs charging power at 

the beginning of every interim with the help of a sliding window. 

To determine the ongoing of existing EV set )( j

KH  and the sliding 

window of the existing set )( j

KW . The EV m performs both charg-

ing and discharging actions throughout its charging period. From 

the establishment of interim j, it describes a charging-interval 

matrix. If the charging interval of EV are within the existing EV 

then G = 1, otherwise G = 0. The features of G is signified as, 











otherwise 0,

EV of  timecharging EV  with the

and H within falls j interval if,1 (j)

K
)( j

mlG                      (12) 

The real base loads present in sliding window )( j

KW can be pre-

dicted by using time-series methods, regression methods and simi-

lar day approach [10]. The similar-day approach [10] is assumed 

for prediction of the real base load and which is signified by
bF

lL .  

Mathematically, the local optimal problem can be conveyed as 

follows. 

Minimize b, p 

 
































)(

32

21

0

21

0 )()(
22l

k
Wl

SlWl

bF

l

b

lll PAPAL
A

LAp
A

pA

  

(13) 

Subject to 
)(

)(

)( , j

K

j
K

Hm

j

mlml

bF

ll WlGbLz  


       (14) 

)()(

)(

)( ,,0 j

K

j

K

cap

m

jQu

j

mumu

ini

m WlHmEGbE  


     (15) 

)(

)(

)( ,; j

K

cap

mmmlml

j
K

Wl

inij

m HmEGbE  


    (16) 

)(2)(max ,,0 j

K

GVl

Kml WlHmPb     (17) 

)(2)(maxmax ,, j

K

GVl

Kml WlHmPbP     (18) 

 

In the above equations, the local scheduling problem (13-18), 

in the main objective function (13) to be optimised the total EVs 

cost and it execute charging and discharging throughout the day. 

The constraint (14) signifies the relationship between the total 

load in the interval and the individual EV charging power. The 

constraints (15), (16) are the instant energy of EV battery con-

straints and final energy of EV battery constraints. The constraints 

(17), (18) are the limitations of EV charging and EV discharging 

through the grid.  

5. Battery lifetime cost reduction 

In each EV battery lifetime may be decreased due to everyday 

charging and discharging. The modeling of battery lifetime reduc-

tion cost for EV m, signified by m . The two major cost ar-

rangements are more important in EV battery lifetime reduction. 

Therefore, the amount of charging cost A

m  and the amount of 

fluctuation for charging and discharging cost component F

m  

between two sequential intervals. Basically, the EV battery cost 

component A

m  is contingent on the total sum of EVs charging 

and discharging power in every day and it is specified as, 

 






Kj

mj

A

m b2                       (19) 

 

Where 
mjb  the charging power of EV m and  is the model con-

straint. Similarly, the amount of fluctuation for charging and dis-

charging cost component F

m  in every day and it is specified as,  

 




K

j

jmmj

F

m bb

2

2

)1(                       (20) 

 

The total EVs cost of battery lifetime reduction in throughout the 

day is specified as, 

 



Nm

F

m

A

m

Nm

m   
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
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


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
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jmmj
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)1(

2       (21) 

 

The total cost of battery lifetime reduction is adding with the main 

objective function of the global optimal scheduling scheme is 

reformed by, 
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(22) 

After adding the lifetime cost of the battery the global optimal 

scheduling objective function 
gsoT  is in equation (22). Similarly, 

local optimal scheduling objective function )( j

lsoT . After adding the 

cost of total battery lifetime reduction, the main objective function 

of the local optimal scheduling scheme is reformed as  
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Here, the existing ongoing EV set )( j

KH  and the existing sliding 

window )( j

KW . The lifetime cost of EV battery plays a key role in 

global optimal and local optimal scheduling scheme. The two 

schemes are solved by using convex optimization method. By 

utilizing this convex optimization method makes to solve effi-

ciently with the interior point schemes [11]. 

6. Simulation results 

The total electric load is taken from microgrid. EV testing for 

charging and discharging is made throughout the day for 24 hours 

(from 12:00 am). Eventually, 24 interims are considered breaking 

each interim with a period of 1hr [30]. The unit measurement of 

electricity price is Rupees (₹)/Kwh. The electricity pricing model 

presented in equation (3). We assume
0A =1E-4 

₹/kWh
1A =1.2E-4 ₹/kWh/kW,

2A =0.32 ₹/kWh and
3A =0.06 

₹/kWh. The electric vehicle battery parameters are based on the 

terms of the Chrevolet Volt [29]. The capacity of electric vehicle 

battery charging is 16kWh and the range in distance up to 

64.0KMs [31]. We considering all EVs are in same specifications. 

The maximum energy at charging period reaches at slightest 90% 

of the EV battery capacity. The maximum electric vehicle      

charging power for all EVs is fixed to 
maxP = 5.0 kW. The each 

EV initial energy is equally spread between 0 and 80% of the bat-

tery capacity. The help of CVX tool box to calculate the optimiza-

tion problems (6-11) and (13-18) in convex programs. [32], [12]. 

 

 

Fig. 3: Comparison between the real and the forecasted base load. 

To compare this three optimal scheduling schemes are: 1. the 

global optimal scheduling scheme gives an optimal value of the 

global problem, 2. the local scheduling scheme gives an optimal 

value of the local problem and 3. The equal allocation scheme is 

the EV charging/discharging power in interim is allocated based 

on the succeeding norms: X) charge or discharge of EV in an in-

terim is based on the electricity price on the earlier day, and Y) the 

charging power of the EV is equal in each interval based on abso-

lute value. The total number of EV’s are 200. The total EVs are 

separated into two sub-groups and each sub-group contains 100 

EV. All EVs can execute both charging and discharging. 

 

 

A. Energy 

 

B. Charging Power. 
Fig.4: EV 65 charging power and energy in individual interim.  

 

The optimal scheduling of the EV charging power is arbitrary 

taken EV (e.g., EV 65) in Fig. 4. The charging/discharging period 

of EV 65 is from interval 15 to 24. In Fig.4. Shows the equal allo-

cation scheme discharges the battery in interval 15, then EV next 

interval onwards it’s charging in equally in each interval. Similar-

ly, the global and local optimal scheduling schemes by solve    

optimal scheduling problems (5-10) and (11-16) respectively. 

In order to the reasonable association, the total EV costs in the 

three schemes are calculated on the real base loads. The total EV 

costs of the three schemes without renewable energy sources and 

battery lifetime cost reduction is shown in below table. 
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Table .3:  EV charging cost for three schemes without renewable energy 

sources and battery lifetime cost reduction. 

S. No Schemes 
Charging cost of each scheme 

in Rupees (₹) 

1 
Global optimal scheduling 

scheme 
237.26 

2 
Local optimal scheduling 

scheme 
240.52 

3 Equal allocation scheme 261.88 

 

After including the battery lifetime cost reduction in the total 

costs for the two schemes, the charging cost of each scheme is 

shown in below table. 

Table. 4: EV charging cost for three schemes with battery lifetime cost 
reduction and without renewable energy sources. 

S. No Schemes 
Charging cost of each scheme 

in Rupees (₹) 

1 
Global optimal scheduling 
scheme 

244.57 

2 
Local optimal scheduling 

scheme 
246.24 

 

After including renewable energy sources cost in the total 

costs of the three schemes, the charging cost of each scheme is 

shown in below table. 

Table .5: EV charging cost for three schemes with both battery lifetime 
cost reduction and renewable energy sources. 

S. No Schemes 
Charging cost of each scheme 

in Rupees (₹) 

1 
Global optimal scheduling 
scheme 

165.17 

2 
Local optimal scheduling 

scheme 
166.84 

3 Equal allocation scheme 182.48 

To compare these three schemes including renewable energy 

sources and battery lifetime cost reduction is contribute decrease 

the price to the customers. The main reason is to renewable energy 

sources plays major role in EV charging cost minimization. After 

introducing renewable sources the costs in global, local and equal 

allocation scheme are nearly 30% decrease its original electric 

vehicle cost per day. It’s more benefit for EV customer as well as 

grid point of view. If any peak loading conditions renewable ener-

gy sources supply the power to grid.  

7. Conclusion 

The optimal scheduling problem for Electric Vehicle charg-

ing/discharging by deliberates the battery lifetime cost reduction 

and renewable energy sources (wind and solar). To compare this 

three modes of operation in the optimal scheduling problem, to 

optimize the total cost of the EV’s charging. The Global optimal 

scheduling scheme gives the optimal cost of EV charging com-

pared to local and equal allocation scheme. But the global optimal 

scheme has impractical, Because of all the EVs are in the same 

time of charging then its face overloading problem. To neglect this 

problem local optimal scheduling problem is more effective in this 

for overloading problem and EV arrival time also considered as 

per sliding window.  The local optimal scheduling problem also to 

optimize the total EV’s cost in the existing ongoing EV set in the 

sub-group. In a large population of EV also it is hardy to the dy-

namic EV arrivals. The simulation outcomes of EV proven that 

the overall cost of EV’s are decreased and the performance of 

local optimal scheduling cost is closest compared to the global 

optimal scheduling. 
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