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ABSTRACT: 

Due to environmental degradation and a scarcity of fossil fuels, the size of the world's renewable 

energy sector has significantly increased in recent years. When power is connected to the grid, the 

unpredictability, intermittent nature, and uncertainty have a significant negative impact on the system's 

dependability. The Vehicle-to-Grid (V2G) is being researched to reduce the volatility of large-scale 

renewable power integration. A system for energy management is modeled by placing battery super 

capacitors which also reduce the investment costs with satisfactory way of operation. The intended grid 

connected renewable energy power necessary Electric Vehicle (EV), and battery super capacitor are 

calculated. An analysis of   real world system shows that the energy management and optimization approach 

of V2G systems produces considerable performance gains over benchmark methods. 

Index Terms – Vehicle-to-Grid (V2G), electric vehicle, Battery super capacitors, Solar resource, 

Wind resource, Hybrid resource. 

I. INTRODUCTION 

Due to environmental degradation and a scarcity of carbon fuels, the size of the world's sustainable 

energy sector has grown rapidly in the last decade, particularly the wind energy sector [1]. To maintain the 

security and stability of the power system, grid-connected electricity must comply with a set of standards 

[2, 3]. Improving the rate at which wind power generation is incorporated into the electricity grid has 

become a massive issue [4]. 

Recent research has demonstrated the integrate of energy storage techniques greatly facilitates the 

integration of variable sustainable sources [5–7]. Additionally, a lot of research has been done on topics 

including the selection of energy storage equipment, the method for configuring energy storage capacity, 

and the control of energy storage equipment. So the Vehicle-to-Grid technology methods are frequently 

used for the objective grid-connected power acquisitions. In terms of energy equipment, an active battery 

Super- Capacitor (SC) and HESS [11-13] have been used to support renewable energy grid connections due 

to their complementary characteristics: a battery has a relatively high energy density but a low power 

density, whereas a Super Capacitor has a relatively high power density but a low energy density [14]. 

Electric Vehicles (EVs) are gradually being considered to replace battery cells as energy storage 

components in order to lower the investment costs of energy storage [15, 16]. And as there are more and 

more EVs on the road, its operability is improving [17–19]. When assisting in reducing the variations of 
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renewable energies, EVs' mobility and unpredictability, therefore, cause their dispatch modes and ways to 

differ significantly from the standard   battery [20, 21]. In [22], a very thorough energy storage model for 

EVs is investigated. This model is capable of calculating each EV's energy output with a great deal of 

accuracy. The charging and discharging of EVs is suggested in [23] as a unique integrated framework of 

EVs and Wind Farms to exploit the wind power penalty costs brought on by over-estimating and under-

estimating available wind power to be smoothed out. A new multi-objective dynamic economic emission 

dispatching model based on the wind integration with EV system is being created in the interim to take into 

account both emission and overall cost objectives. In the [24] presents a dispatch model that takes into 

account many competing and incompatible goals, such as offering Vehicle-to-Grid (V2G) service or 

working with wind power. A HESS model with EVs is constructed and [25] analyze its whole energy 

management strategy. The development of different EV integration techniques for renewable energy is then 

done using sophisticated smart metering and transmission technology, [26, 27]. 

Furthermore, as choosing the best Electric vehicle clusters dynamically for scheduling is a typical 

non-deterministic polynomial challenging task, the issue of how to distribute and manage the energy output 

of Electric Vehicles throughout the grid exists [28]. Additionally, there continue to be a variety of constraint 

challenges that need to be resolved right now [29–31]. Initially, due to inherent complexities, each EV's 

power storage model differs. Second, it is challenging to assess the real-time status of each EV and the 

changes that occur within Electric vehicle clusters with in grid. Third, because Electric vehicle power 

dispatch merely follows the waiting principle without assigning power according to each EV's best 

condition, EV clusters fall short of maximizing the suppression of power fluctuations. 

In order to integrate wind power, this research work suggests a cooperative optimum dispatch 

strategy for V2G systems. The best scheduling of Electric vehicle clusters is determined using a suitable 

Bidirectional converter resulting in high flexibility and efficiency in the energy exchange between EVs and 

the grid. Thus, the Power optimization and energy management of the Renewable energy resources are 

generalized by the Vehicle-to-Grid connected suggested strategy. The following is a succinct summary of 

the approaches discussed in this research work: 

1) Here, a very precise hybrid energy storage system is constructed, particularly for a single EV. 

By including the time constraints for charging and discharging as well as the parking status in the scheduling 

procedure, the EV model is made more complete. The target grid- connected power is determined, and the 

overall demand for EVs is calculated by eliminating the highest frequency layer from the decomposition 

output. 

2) Vehicle-to-Grid (V2G) technology enables Battery Super Capacitors to store renewable 

energy and securely discharge a portion of it back to the grid, ensuring grid stability and preventing 

blackouts. We determined via verification that the previously indicated approach can create wind, solar, and 

hybrid power output that is as near as possible to the intended grid-connected power. 
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II. STRUCTURAL MODEL  

In this article, HESS includes EV clusters and SC. In the event that EVs are unable to entirely squelch 

renewable source power variations, a SC is be used for replenishing. Additionally, this technique permits a 

little level of wind, solar, wind curtailment. Fig. 1 displays the HESS's general framework for integrating 

renewable source power. 

Fig. 1 Hybrid Energy Storage System Architecture 

𝑃𝑤1(t) + 𝑃𝑐𝑢𝑟1(t) = 𝑃𝑤𝑖𝑛𝑑1(𝑡)           (1) 

𝑃𝑤1(t) + 𝑃𝐻𝐸𝑆𝑆1(t) = 𝑃𝑔𝑟𝑖𝑑1(t)                     (2) 

𝑃𝐻𝐸𝑆𝑆1(t) = 𝑃𝐸𝑉1(t) + 𝑃𝑆𝐶1(t)           (3) 

 ∆𝑃(𝑡)   =𝑃𝑤𝑖𝑛𝑑1(𝑡) -𝑃𝑤𝑖𝑛𝑑2(𝑡)                (4) 

Where in 𝑃𝑤𝑖𝑛𝑑1 is the wind's initial output, 𝑃𝑤1 is its output without wind curtailment, and 𝑃𝑐𝑢𝑟1 is 

its output after wind curtailment, The hybrid energy storage system power output is 𝑃𝐻𝐸𝑆𝑆 ; 𝑃𝑔𝑟𝑖𝑑1 stands for 

the desired grid-connected power, 𝑃𝐸𝑉1 and 𝑃𝑆𝐶1 for the desired EV cluster and super capacitor output 

powers, respectively, and P for the desired smoothing power deviations. 

 The grid-connected wind power fluctuation rate standard must be met by wind power in order to 

ensure the stability of the power system [35]. The following active power fluctuation specifications are 

given for a wind farm with an installed capacity of 30–150 MW for the time scales of 1 min and 10 min: 

{
∆𝑃𝑔𝑟𝑖𝑑,1 𝑚𝑖𝑛 ≤

𝑃𝑤𝑖𝑛𝑑,𝑖𝑛𝑠  

10

∆𝑃𝑔𝑟𝑖𝑑,10 𝑚𝑖𝑛 ≤
𝑃𝑤𝑖𝑛𝑑,𝑖𝑛𝑠  

3

           (5) 

where 𝑃𝑔𝑟𝑖𝑑,1 𝑚𝑖𝑛 and 𝑃𝑔𝑟𝑖𝑑,10 𝑚𝑖𝑛 are, respectively, the disparities between the highest and minimum 

power levels in those time periods; The installed capacity of the wind form is  𝑃𝑤𝑖𝑛𝑑,𝑖𝑛𝑠 

III. Operating Mode of HESS 

EVs and SC will work together in the HESS to stabilize the variations in wind, solar, hybr id 

energy. 

The following are their models and operational mechanism: 

http://www.ijnrd.org/


  © 2021 IJNRD | Volume 6, Issue 3 March 2021 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2103009 International Journal of Novel Research and Development (www.ijnrd.org)  
 

76 
 

1. EV model 

In order to take part in power dispatch for renewable power smoothing, an EV is used as an energy 

storage component. The necessary State of Charge, which includes the requested SOC value of users, and 

charging and discharging times limitations, can be applied when EVs are connected to the grid. 

 

Fig. 2 Single Electric Vehicle energy storage model 

In Fig. 2, which illustrates the SOC fluctuations throughout the charge or discharge process, the 

working mechanism and model for an EV are presented. The SOC value of an EV is shown on the Y axis 

(S). Smin and Smax are the lowest and maximum SOC restrictions that may apply while an EV is taking part 

in power dispatch, respectively. The time it takes EVs to enter and leave the grid is measured as tarr to tdep. 

When connected onto a power source, Sarr represents the SOC's initial value. Sdep is the SOC value that 

consumers want. When an EV participates in dispatching, the maximum boundary value of the SOC is A-

B-C, indicating that the EV gets charged right away after connecting into the grid. 

The SOC checks Smax , the EV charging is complete, and the remaining SOC time is unaffected. In 

fig. 2 D-E-F, which is the minimal boundary value of the SOC, denotes an instantaneous discharge of 

the EV. When the SOC value reaches Smax , the discharge must stop. The EV may continue to be uncharged 

if it is connected to the grid for an extended period of time. When the required charging period has passed, 

the battery is recharged to meet user demand for travel. EF denotes the forced charging method in Fig. 2. 

Si(t) = Si(t − 1) + h
PEV,i(t)ηEV,i

Erated
          (6) 

PEV1,i(t) = {

Pc     PEV,i(t) > 0

0     PEV,i(t) = 0

Pd     PEV,i(t) < 0

         

 (7) 

ηEV1,i(t) = {

ηc     PEV,i(t) > 0

0     PEV,i(t) = 0

1 ηd⁄      PEV,i(t) < 0

          (8) 

If the sample time is t and the sample interval is h, then the charge-discharge model of an EV may 

be used to characterize the EV state as: 

where i is the EV number, Pc and Pd stand for the corresponding EV charging and discharging 

powers; EV stands for "Electric Vehicle", "c" and "d" stand for "electric vehicle" charging and discharging 

efficiency, respectively; The storage capacity of an EV is rated. 

The following are the restrictions on an EV's ability to participate in energy storage power dispatch: 

Smin ≤  Si(t) ≤ Smax,           (9) 
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tarr ≤  t ≤ tdep,i,                      (10) 

Si(t) + Pcηc( tdep,i − t)/Erated − Sdep,i ≥ 0,                 (11) 

∑ couc2dti
t+Tc2d
t (t) = 0                    (12) 

∑ coud2cti
t+Td2c
t (t) = 0                    (13) 

where Tc2dt and Td2ct stand for the required minimum time intervals from charging to discharging 

and from discharging to charging, respectively; couc2d and coud2c are the counts of the two types of state 

changes, i.e., from charging to discharging and from discharging to charging. Eq. (11) indicates that a 

schedulable EV is required to maintain its SOC value meeting the demand of users when it is off-grid. 

The maximum power distributing capability of EV’s I which is EV number under constraint 

circumstances may be stated by equations (9) and (11) as follows: 

Ec,i(t) = Erated (Smax,i − Si(t))  

s.t.  {
Smax,i ≤ 1                                                     

Smax,i ≤ Si(t) + Pcηc( tdep,i − t)/Erated
             (14) 

Ed,i(t)=Erated(Si(t) − Smin,i) 

s.t.  {
Smin,i = Sdep,i − Pcηc( tdep,i − tdis,max)/Erated 

Smax,i = Si(t) − Pd/ηd( tdis,max − t)/Erated 
              (15)

 where  tdis,max is the time at which an electric vehicle reaches its maximum discharge level and 

Ec and Ed, respectively, represent the maximum charging and discharging potentials. The overall number of 

EVs in a system is frequently guaranteed, but the quantity of EVs in the grid changes depending on their 

unpredictability at each time point. Assuming NEV is the number of dispatchable EVs, 𝑃𝐸𝑉 is the total EV 

cluster power, and Nf is the number of EVs that must be compelled to charge, we will have: 

𝑃𝐸𝑉1(𝑡) = ∑ 𝑃𝐸𝑉,𝑖(𝑡) 
𝑁𝐸𝑉 
𝑖=1                                  (16) 

In the event that the EVs that are dispatched are discharging, 

 

𝑃𝐸𝑉1(𝑡) = ∑ 𝑃𝐸𝑉,𝑖(𝑡) 
𝑁𝐸𝑉−𝑁𝑓 

𝑖=1
+ ∑ 𝑃𝑐,𝑖(𝑡) 

𝑁𝑓 

𝑖=1
             (17)  

2. SC Model 

The EV battery serves as the study's main energy storage mechanism. In this study, the EV cluster 

and SC are also used to smooth out variations that EVs can't completely eliminate due to their mobility and 

unpredictability. The SOC of SC may be explained using the EV model by: 

SSC(t) = SSC(t − 1) + h
PSC,c(t)ηSC,c 

ESC,rated
NSC,c − h

PSC,d(t)ηSC,d 

ESC,rated
NSC,d                (18) 

 Operating constraints of SC are presented as follows 

SSC,min ≤ SSC(t) ≤ SSC,max,                   (19) 

0 ≤ PSC,c(t) ≤ PSC,c,rated,                (20) 

PSC,c,rated ≤ −PSC,d(t) ≤ 0                (21) 

0 ≤ NSC,c(t) + NSC,d(t) ≤ 1                (22) 

where SSC stands for the SC's SOC value, ESC is the SC's rated energy storage capacity, SSC,min 
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and SSC,max,  are the SC's SOC limitations, and PSC,c and PSC,d are the SC's respective charging and 

discharging powers SC, c and SC, d are the SC charging and discharging efficiencies, respectively, NSC,c 

and NSC,d reflect the number of SCs in the charging and discharging states, respectively. PSC,c and PSC,d are 

the SC rated charging and discharging powers, respectively. 

IV. The Vehicle-to-Grid(V2G) Optimal scheduling for Renewable Power Integration 

The optimal scheduling of power system problem are considered into 3 cases: 

a) Wind Power Integration. 

b) Solar Power Integration. 

c) Hybrid Power Integration. 

a) Wind Power Integration 

The power generation from wind energy based on parameters wind speed, generator speed, pitch 

angle. Such power based on wind parameters directly connected to grid may leads to grid collapse due to 

vary in wind parameters. Sometimes we get low wind and gusts which will order to optimize this power 

fluctuations wind power integration is done with the electric vehicle (EV). So whenever there is a high or 

low supply the Electric Vehicles stores the energy in the battery super capacity and this happens with the 

help of bidirectional converters. This bidirectional converter helps to regulate the power supply with two 

switches upper switch and lower switch or buck converter or boost converter. So, when there is high power 

supply from wind, excess power supply can be stored in the battery super capacitor and sufficient amount 

of supply can send to grid. Vice versa when there is low supply, then sufficient amount of supply can get 

from the battery storage capacitor and can sent to grid. Thus, the wind power generated based on parameters 

through the permanent magnet synchronous generator (PMSG) as AC power will get rectified and get Dc 

supply which is given to load balancing storage device DC link capacitor to minimize the effect of voltage. 

This DC supply is converted into AC supply with the inverters. This AC supply contains harmonics. The 

RLC filters are used for filtering and tuning harmonics and removed unwanted oscillations, noise and 

distortions. This filtered and even AC supply is given to grid then the grid supplies to the consumers. 

b) Solar Power Integration 

The power generated from solar is based on the solar radiation, number of cells, number of series 

string, and number of parallel strings, open circuit voltage, short circuit current, maximum power point 

voltage and maximum power point current. The power supply from PV cell is integrated with the electric 

vehicle and stores the excess amount of supply or gets the power supply from battery storage capacitor 

whenever there is no sun. Thus, the integrated DC supply from PV cell is given to DC link to minimize the 

voltage effect. The DC Supply is sent to inverter so that AC supply is given. The RLC filters are used to 

filter and tune the unwanted oscillations, noise and distortion. This gives the undistorted AC supply to grid 

without any disturbances. 
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c) Hybrid Power integration 

The hybrid energy is the combination of wind and solar resulting in better power quality and 

continuity of power supply. In this hybrid power is generated from wind parameters and solar parameters. 

The huge amount of power supply which is to be integrated with the Electric Vehicles so that to avoid 

grid collapse when power is supplied directly connected to grid. So the integrated DC power supply from 

hybrid is given to load balancing storage device DC link capacitor and sent to inverters and receive AC 

power supply with harmonics. The RLC filters tunes the uneven and harmonics AC supply. This filtered 

AC power supply is given to Grid for consumption purpose. 

V. RESULTS 

The results of the optimization of Vehicle-to-Grid (V2G) System and its energy management for 

renewable power integration can be observed in three cases 

A. Wind power integration 

In the wind power integration, there are two cases one is wind power integration without EV and 

second is wind power integration with EV. Through the comparison between with and without EV 

demonstrates how the power optimization done and how feasible, desired output power is shown.  

Case 1: Fig. 3 shows the simulation block diagram of wind integrated without EV and Fig 4 Shows 

the output power analyzed at grid without EV  

 

Fig. 3 Block Diagram of wind integrated without EV to grid 

 
 

Fig. 4 Grid output power waveform without EV. 

The case 1 wind power integration without EV shows the power fluctuations which results in grid 

collapse. The power is analyzed at Grid is shown which is not a desired output power. 
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Case 2: Fig. 5 shows the simulation block diagram of wind integrated with electric vehicle to grid 

and Fig. 6 shows the output power analyzed at grid with EV. 

 

Fig. 5 Block Diagram of wind integrated electric vehicle to grid 

 

Fig. 6 Grid output power waveform with EV at wind power integration.  

In case 2 wind power integrated with Electric vehicle result waveform is shown. The analyzed 

output power at grid is desired power which can we consume for commercial and domestic purpose. 

B. Solar power integration 

In the solar power integration, Fig. 7 shows the simulation block diagram of solar integration with EV 

to grid and Fig. 8 shows the power waveform at grid  

 

Fig. 7 Block Diagram of solar integrated electric vehicle to grid 
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Fig. 8 Grid output power waveform with EV at solar power integration. 

The desired output power is shown at grid which is much better when compared to    the wind power 

integration. 

C. Hybrid power integration 

In the hybrid power integration, Fig. 9 shows the simulation block diagram of hybrid power 

integration with EV to grid and Fig. 10 shows the block power waveform at grid  

 

Fig. 9 Block Diagram of Hybrid integrated electric vehicle to grid 

 

Fig. 10 Grid output power waveform with EV at hybrid power integration. 

The results of output power at grid are more compared with solar wind. It is obtains power either 

from wind or solar or both which supply uninterrupted power as well as reliability. 
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VI. COMPARISON OF WIND, SOLAR, HYBRID OUTPUT POWER VALUES AT 

GRID. 

Thus, from the results, we discovered that the fore mentioned V2G technique can produce power 

output that is as close as feasible to the desired grid-connected power. Among all the wind, solar and hybrid 

output power, hybrid power integration has high and better power behavior and power consumption. The 

second places take by solar power integration and lastly wind power integration. The comparison table 

depicts the output power values of wind, solar and hybrid at grid. 

Fig. 11 shows the grid output power waveform with EV at wind, solar, hybrid power integration. 

Parameter Wind power integration Solar power integration Hybrid power integration 

Grid 1625W 1720W 1850W 

 

 

Fig. 11 Grid output power waveform with EV at wind, solar, hybrid power integration. 

 

VII. CONCLUSION 

The significant volatility of renewable energy will cause the grid to suffer severely if it is directly 

linked. The economic advantages will decline if this problem is only addressed by curtailing solar, wind, 

hybrid power. V2G promotes the electric vehicle benefits both environmentally and commercially. Using 

Vehicle-to-Grid (V2G) systems, a method of reducing the instability of large-scale wind generation is 

examined. Energy storage devices, like EVs, feature intelligent power consumption patterns and control the 

predictable power consumption. Power optimization is done with continuity supply and quality power. EV’s 

promotes cleaner environment with reduced carbon footprint and storing the renewable energy in the 

batteries resulted in energy management. 
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