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 This paper described simulation analysis of electric vehicle (EV) charging 

station using hybrid sources. This paper highlights electric vehicle charging 

station with photovoltaic panels, batteries, and diesel generator. This study 

employs a solar, battery, diesel generator set, and grid electric vehicle 

charging station to provide continuous charging in is landed, grid-linked, and 

Diesel generator (DG) set connected modes. By utilizing a solar and battery, 

the charging of battery in electric vehicle application is the primary objective 

If the storage battery is poor and there is no solar generation, The mode of 

charging automatically shifted to grid or diesel generator set. Furthermore, 

the charging station manages the generator voltage and frequency without 

the need of a mechanical speed governor in conjunction with the storage 

battery. The demand is nonlinear at unity power factor (UPF). For 

continuous charging, power used from the grid or the DG set and it is 

synchronized to the grid/generator voltage by the point of common coupling 

voltage. To boost charging station operating efficiency, the charging station 

also performs all power transfer from car to grid, vehicle to house, and 

vehicle to vehicle. 
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1. INTRODUCTION 

With zero tailpipe emissions, electric vehicle are the most efficient modes of transportation. Given 

the benefits of electric vehicles (EVs), there are presently 3 million vehicles on the road, with a total of 100 

million expected by 2030. However, the proposed approach needs a vast charging infrastructure as well as 

massive energy. Furthermore, using fossil fuels to create energy, on the other hand, does not reduce 

emissions; it only moves them from vehicles to power plants. As a consequence, employing nonconventional 

energy sources for electricity generation may completely eliminate emissions while simultaneously 

benefiting the environment. solar production is the most feasible option for electric vehicle charging in all 

sources because it is available practically anywhere, whether rural or urban [1]–[3]. It is open almost all year 
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on the Indian subcontinent. In contrast to solar PV arrays, wind and hydro energy are site-specific and mostly 

advantageous in coastal locations and in highland places. Author in emphasized the need of renewable energy 

for electric vehicle charging station long-term viability. The researchers [4]–[6] charged electric vehicle with 

a high-power bidirectional electric vehicle charger using solar electricity. However, the planned charger does 

not support AC charging. Author in presented a three-port converter for connecting a photovoltaic array to an 

electric vehicle charger. The intended charger, however, does not account for the charger's current distortions 

in the grid current. The researchers [7]–[9] created a PV and grid-connected electric vehicle charger. The 

charger, however, is not meant for islanded operation. As a result, it is unable to support EV charging in the 

absence of a grid. Author provided a hybrid optimization strategy for regulating battery storage with the goal 

of lowering charging station running costs while increasing solar PV array power utilization.  

Author in [10]–[12] advocated for employing on-site PV generated power in combination with the EV 

charging station for maximal solar PV array utilization with little grid affect. The PV array-powered charging 

station is also well-suited for onsite deployment in order to provide the best service at the lowest feasible cost 

while minimizing the charging grid effect [13]–[15]. Due to its availability throughout the day and night, 

wind energy-driven CS is especially helpful for Electric vehicle, and various publications in this subject are 

available [16]–[18]. 

Author created a power management approach for a grid-connected and islanded integrated 

residential PV-storage battery system with multi-mode control. We have described smart household 

operations in which electric vehicle may be used as storage to offer vehicle, home and grid operations to the 

benefit of both utilities and customers. The charging station was constructed utilizing renewable energy 

sources. Furthermore, charging station performance in real-world circumstances is rarely  

examined [19]–[21]. The previous studies [22], [23] discuss both islanded and grid-connected models. These 

two modes, however, are controlled independently, and there is no automated mode switching between them. 

As a result, in the absence of automatic mode switching capabilities, PV array power would be interrupted 

and EV charging will be intermittent. As a result, our work includes automated mode switching logic, which 

allows the controller to automatically transition between multiple working modes dependent on the power 

generation of the PV array and the charging demands of the EV [24], [25]. 

 

 

2. PROPOSED METHODOLOGY  

As shown in Figure 1, the charging station charges the EV and load powers associated to the 

charging station using a solar photovoltaic generator, a storage battery, a DG kit, and grid electricity. A step-

up converter connects the solar PV array to the voltage source converter's (VSC) DC connection, while the 

storage battery is directly connected to the DC link. The power coordinated charging (PCC) ripple filter is 

used to convert main and generator currents to sinusoidal currents by removing switching harmonics. An 

excitation capacitor is connected to the self-excited induction generator (SEIG) auxiliary winding. A small 

capacitor is also connected across the primary coil of the SEIG. To regulate the charging station's 

connection/disconnection from the DG network/set. 

 

 

 
 

Figure 1. Block diagram of electric vehicle charging by hybrid sources topology 
 

 

3. SIMULATION RESULTS AND DISCUSSION  

3.1.  Single phase multilevel inverter 

The simulation model of EV charging station using hybrid sources in Figure 2. The electrical vehicle 

charging using solar PV array in Figure 3. The grid connected EV charging in Figure 4. The diesel generator 
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set connected charging in Figure 5. Following parameters has been selected for simulation. Table 1 shows 

simulation parameters. 

The CS's uninterruptible functioning results demonstrate in Figure 5. Initially in islanded mode, PV 

array electricity provided the charge to EVs linked at PCC. The excess generation is stored in the energy 

storage due to exceed charging needs of the EVs. In 0.8 s, sun irradiation decreases from 1000 W/m2 to  

300 W/m2. So, the PV array output decreases and the storage battery begins to discharge in order to maintain 

uninterrupted charging. At 1 s, the storage battery empties as the PV array power drops to zero. The 

controller connects the CS to the grid for synchronization after the battery has been completely discharged. 

The simulation results indicate the different mode of operation. At 0.8 s phase, grid and storage battery power 

are unavailable The CS began taking electricity from the grid. The charging station automatically changes 

modes based on generation and demand is seen in Figure 5. 
 

 

 
 

Figure 2. Simulation model of EV charging station using hybrid sources 
 
 

 
 

Figure 3. EV charging by solar 
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Figure 4. EV charging by grid 

 

 

 
 

Figure 5. Diesel generator set connected charging 

 

 

Table 1. Simulation parameters  
System Specification 

Grid connected 1 Phase, 230 V, 50 Hz 

Lead-acid battery 360 Volt, 14 Ah 

PV arrey 1 Kilowatt 
EV1 AC  2.6 Kw 

EV2 DC 2.6 kw 

Load 4.6 Kw 

 

 

4. CONCLUSION 
This paper described simulation analysis of electric vehicle charging station using hybrid sources 

such as photovoltaic panels, batteries, and diesel generator and to provide continuous charging. Charging of 

the battery in charging stations by the solar panel first. If battery is discharge due to solar power absent than 

it takes automatically power from the other two sources. In comparison with all the hybrid sources, diesel 

generator with good voltage quality as compare to solar and grid in EV charging station seen in the 

simulation results. The outcome of this paper is, diesel generator set as a feasible solution in charging station 

for battery charging because it can provide continuous, efficiently and economical charging. 

 



                ISSN: 2252-8792 

Int J Appl Power Eng, Vol. 13, No. 1, March 2024: 194-200 

198 

REFERENCES 
[1] A. Tavakoli, M. Negnevitsky, D. T. Nguyen, and K. M. Muttaqi, “Energy exchange between electric vehicle load and wind 

generating utilities,” IEEE Transactions on Power Systems, vol. 31, no. 2, pp. 1248–1258, Mar. 2016, doi: 

10.1109/TPWRS.2015.2418335. 

[2] M. S. A. Chowdhury, K. A. Al Mamun, and A. M. Rahman, “Modelling and simulation of power system of battery, solar and fuel 
cell powered hybrid electric vehicle,” in 2016 3rd International Conference on Electrical Engineering and Information 

Communication Technology (ICEEICT), Sep. 2016, pp. 1–6. doi: 10.1109/CEEICT.2016.7873126. 

[3] A. J. F. Keri, A. S. Mehraban, X. Lombard, A. Eiriachy, and A. A. Edris, “Unified power flow controller (UPFC): modeling and 
analysis,” IEEE Transactions on Power Delivery, vol. 14, no. 2, pp. 648–654, Apr. 1999, doi: 10.1109/61.754113. 

[4] J. Ugirumurera and Z. J. Haas, “Optimal capacity sizing for completely green charging systems for electric vehicles,” IEEE 

Transactions on Transportation Electrification, vol. 3, no. 3, pp. 565–577, Sep. 2017, doi: 10.1109/TTE.2017.2713098. 
[5] N. K. Kandasamy, K. Kandasamy, and K. J. Tseng, “Loss‐of‐life investigation of EV batteries used as smart energy storage for 

commercial building‐based solar photovoltaic systems,” IET Electrical Systems in Transportation, vol. 7, no. 3, pp. 223–229, Sep. 

2017, doi: 10.1049/iet-est.2016.0056. 
[6] V. Monteiro, J. G. Pinto, and J. L. Afonso, “Experimental validation of a three-port integrated topology to interface electric 

vehicles and renewables with the electrical grid,” IEEE Transactions on Industrial Informatics, vol. 14, no. 6, pp. 2364–2374, 

Jun. 2018, doi: 10.1109/TII.2018.2818174. 
[7] K. Chaudhari, A. Ukil, K. N. Kumar, U. Manandhar, and S. K. Kollimalla, “Hybrid optimization for economic deployment of 

ESS in PV-integrated EV charging stations,” IEEE Transactions on Industrial Informatics, vol. 14, no. 1, pp. 106–116, Jan. 2018, 

doi: 10.1109/TII.2017.2713481. 
[8] Y. Yang, Q.-S. Jia, G. Deconinck, X. Guan, Z. Qiu, and Z. Hu, “Distributed coordination of EV charging with renewable energy 

in a microgrid of buildings,” IEEE Transactions on Smart Grid, vol. 9, no. 6, pp. 6253–6264, Nov. 2018, doi: 

10.1109/TSG.2017.2707103. 
[9] S. A. Singh, G. Carli, N. A. Azeez, and S. S. Williamson, “Modeling, design, control, and implementation of a modified Z-source 

integrated PV/Grid/EV DC charger/inverter,” IEEE Transactions on Industrial Electronics, vol. 65, no. 6, pp. 5213–5220, Jun. 

2018, doi: 10.1109/TIE.2017.2784396. 
[10] B. Singh, A. Verma, A. Chandra, and K. Al Haddad, “Implementation of solar PV- battery and diesel generator based electric 

vehicle charging station,” IEEE Transactions on Industry Applications, vol. 56, no. 4, pp. 4007–4016, 2020, doi: 

10.1109/TIA.2020.2989680. 
[11] J. Cao, C. Crozier, M. McCulloch, and Z. Fan, “Optimal design and operation of a low carbon community based multi-energy 

systems considering EV integration,” IEEE Transactions on Sustainable Energy, vol. 10, no. 3, pp. 1217–1226, Jul. 2019, doi: 

10.1109/TSTE.2018.2864123. 
[12] P. Liu, J. Yu, and E. Mohammed, “Decentralised PEV charging coordination to absorb surplus wind energy via stochastically 

staggered dual‐tariff schemes considering feeder‐level regulations,” IET Generation, Transmission & Distribution, vol. 12, no. 15, 

pp. 3655–3665, Aug. 2018, doi: 10.1049/iet-gtd.2017.0780. 
[13] G. R. C. Mouli, J. Schijffelen, M. van den Heuvel, M. Kardolus, and P. Bauer, “A 10 kW solar-powered bidirectional EV charger 

compatible with chademo and combo,” IEEE Transactions on Power Electronics, vol. 34, no. 2, pp. 1082–1098, Feb. 2019, doi: 

10.1109/TPEL.2018.2829211. 
[14] Y. Zhang, P. You, and L. Cai, “Optimal charging scheduling by pricing for EV charging station with dual charging modes,” IEEE 

Transactions on Intelligent Transportation Systems, vol. 20, no. 9, pp. 3386–3396, Sep. 2019, doi: 10.1109/TITS.2018.2876287. 

[15] X. Ji, Z. Yin, Y. Zhang, X. Zhang, H. Gao, and X. Zhang, “Comprehensive pricing scheme of the EV charging station considering 
consumer differences based on Integrated AHP/DEA methodology,” Mathematical Problems in Engineering, vol. 2020, pp. 1–11, 

Oct. 2020, doi: 10.1155/2020/8657258. 

[16] H. Razmi and H. Doagou‐Mojarrad, “Comparative assessment of two different modes multi‐objective optimal power management 
of micro‐grid: grid‐connected and stand‐alone,” IET Renewable Power Generation, vol. 13, no. 6, pp. 802–815, Apr. 2019, doi: 

10.1049/iet-rpg.2018.5407. 

[17] R. G. Shriwastava, M. P. Thakare, K. V. Bhadane, M. S. Harne, and N. B. Wagh, “Performance enhancement of DCMLI fed 
DTC-PMSM drive in electric vehicle,” Bulletin of Electrical Engineering and Informatics, vol. 11, no. 4, pp. 1867–1881, Aug. 

2022, doi: 10.11591/eei.v11i4.3714. 
[18] J. Rocabert, G. M. S. Azevedo, A. Luna, J. M. Guerrero, J. I. Candela, and P. Rodríguez, “Intelligent connection agent for three-

phase grid-connected microgrids,” IEEE Transactions on Power Electronics, vol. 26, no. 10, pp. 2993–3005, Oct. 2011, doi: 

10.1109/TPEL.2011.2116126. 
[19] R. G. Shriwastava, N. C. Ghuge, D. D. Palande, and A. Tidke, “Performance evaluation of conventional inverters driven PMSM 

drive using microcontroller,” Journal of Physics: Conference Series, vol. 2327, no. 1, p. 012001, Aug. 2022, doi: 10.1088/1742-

6596/2327/1/012001. 
[20] Z. Yao, L. Xiao, and Y. Yan, “Seamless transfer of single-phase grid-interactive inaverters between grid-connected and stand-

alone modes,” IEEE Transactions on Power Electronics, vol. 25, no. 6, pp. 1597–1603, Jun. 2010, doi: 

10.1109/TPEL.2009.2039357. 
[21] M. P. Thakre, J. A. Gangurde, R. Shriwastava, D. P. Kadam, S. S. Kadlag, and H. S. Sonawane, “Investigative uses of 

overmodulation techniques in modular multilevel cascaded converter,” Bulletin of Electrical Engineering and Informatics, vol. 

11, no. 6, pp. 3147–3156, Dec. 2022, doi: 10.11591/eei.v11i6.3958. 
[22] K. V. Bhadane, M. Thakre, R. Shriwastava, D. P. Kadam, D. V. Bhadane, and M. Harne, “Power quality improvement of wind 

energy system using energy storage model and DSTATCOM,” International Journal of Applied Power Engineering (IJAPE), vol. 

11, no. 3, pp. 209–217, Sep. 2022, doi: 10.11591/ijape.v11.i3.pp209-217. 
[23] F. Gao and M. R. Iravani, “A control strategy for a distributed generation unit in grid-connected and autonomous modes of 

operation,” IEEE Transactions on Power Delivery, vol. 23, no. 2, pp. 850–859, Apr. 2008, doi: 10.1109/TPWRD.2007.915950. 

[24] R. Shriwastava, S. Gosavi, S. S. Khule, S. Hadpe, and M. P. Thakare, “A novel PWM technique for reduced switch count 
multilevel inverter in renewable power applications,” International Journal of Applied Power Engineering (IJAPE), vol. 12, no. 1, 

pp. 1–12, Mar. 2023, doi: 10.11591/ijape.v12.i1.pp1-12. 

[25] Y. A.-R. I. Mohamed and A. A. Radwan, “Hierarchical control system for robust microgrid operation and seamless mode transfer 
in active distribution systems,” IEEE Transactions on Smart Grid, vol. 2, no. 2, pp. 352–362, Jun. 2011, doi: 

10.1109/TSG.2011.2136362. 

 



Int J Appl Power Eng ISSN: 2252-8792  

 

Simulation analysis of electric vehicle charging station using hybrid sources (Rakesh Shriwastava) 

199 

BIOGRAPHIES OF AUTHORS 

 

 

Rakesh Shriwastava     obtained Ph.D. degree in electrical engineering specializing 

in power electronics and drives from RTM Nagpur University, (India) in 2017. He occupied 

various positions to serve the engineering institutes for about 24 years. He is currently working 

as Professor in the Department of Electrical Engineering, Govindrao Wanjari College of 

Engineering and Technology, Nagpur. His research interests include the analysis and control 

of electrical drives, particularly in hybrid and electric vehicle applications. He has several 

publications in national and international journals. He attended International and National 

conferences and also worked as a jury member. He is a member of professional bodies such as 

ISTE and IAENG. He can be contacted at email: rakesh_shriwastava@rediffmail.com. 

  

 

Dr. Sunil Somnath Kadlag     did B.E. in Electrical Engineering from Dr. 

Babasaheb Ambedkar, Marathawada University, Aurangabad (Dr. B.A.M.U) in 1997 and 

M.E. in Electrical Engineering (control system) from Government College of Engineering 

Pune, Pune University, in 2005. He had done a Ph.D. in Electrical Engineering from Suresh 

Gyan Vihar University Jaipur (Rajasthan) in 2021. His research area is an electric vehicle. He 

is presently working as Associate Professor and Head, Department of Electrical Engineering, 

Amrutvahini College of Engineering, Sangamner, Savitribai Phule Pune University, Pune, and 

Maharashtra, India. He can be contacted at email: sunilkadlag5675@gmail.com. 

  

 

Dr. Ramesh Pawase     completed his Bachelor of Engineering (B.E.) in Electronics 

and Communications Engineering from Amrutvahini College of Engineering, Sangamner in 

2004 and Master of Engineering in Electronic and Telecommunication from Dr. Babasaheb 

Ambedkar Technological University, Lonere in 2008. He has completed his Ph.D. in the area 

of analog CMOS circuits for MEMS in 2019 from Savitribai Phule Pune University (SITRC 

Nashik). He has published number of papers in National and International Journal and 

Conferences. He is a member of LMISTE. He is working as Associate Professor in 

Department of Electronics and Telecommunication Engineering from 2005 in Amrutvahini 

College of Engineering, Sangamner Maharashtra, India. He can be contacted at email: 

ramesh.pawase@avcoe.org. 

  

 

Swati B. Dhikale     obtained Master degree in Electrical Engineering specializing 

in power system from SPPU, Pune, India, in 2022. She is currently working as Assistant 

Professor in arts, commerce and science college, Ozar (mig), Nashik. Her research  

interests include the power electronics drives. She can be contacted at email: 

swati.dhikale@matoshri.edu.in. 

 

  

 

Dr. Salim Chavan     received B.E. degree from Government College of 

Engineering, SGB Amravati University, Amravati, in 1990 and M.E. degree from SGB 

Amravati University, Amravati, in 2008, all in Electronics and Telecommunication 

Engineering. He has done his Ph.D. in Video Processing (ETC) from Sant Gadgebaba 

Amravati University, Amravati in 2017. He occupied various positions to serve the 

engineering institutes for about 33 years. He is currently working as Professor in the 

Department of Electronics and Telecommunication Engineering, Govindrao Wanjari College 

of Engineering and Technology, Nagpur. His research interest’s commutation system. He 

attended International and National conferences. He is a member of professional bodies ISTE. 

He can be contacted at email: salimsahil97@rediffmail.com. 

 

  

https://orcid.org/0000-0002-2810-4990
https://scholar.google.com/citations?user=IwdxcR0AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=37056681900
https://www.webofscience.com/wos/author/record/3808408
https://orcid.org/0000-0002-2780-360X
https://scholar.google.co.in/citations?user=_X8-F6wAAAAJ&hl=en
https://orcid.org/0009-0001-3987-7323
https://scholar.google.co.in/citations?user=t_BAGn0AAAAJ&hl=en
https://orcid.org/0009-0000-3916-5361
https://www.webofscience.com/wos/author/record/HWQ-4694-2023
https://orcid.org/0009-0000-3590-821X
https://scholar.google.co.in/citations?user=agJzyj8AAAAJ&hl=en


                ISSN: 2252-8792 

Int J Appl Power Eng, Vol. 13, No. 1, March 2024: 194-200 

200 

 

Dr. Hemant R. Bhagat Patil     obtained Master degree in Mechanical Engineering 

from RTMNU, Nagpur, India. He occupied various positions to serve the engineering 

institutes for about 22 years. He is currently working as Associate Professor in the Department 

of Mechanical, Govindrao Wanjari College of Engineering and Technology, Nagpur. He 

attended International and National conferences. He is a member of professional bodies such 

as ISTE. He can be contacted at email: hemant_bp@yahoo.com. 

 

  

 

Dr. Jagdish G. Chaudhari     completed his Bachelor of Electrical Engineering and 

Master of Engineering in Electrical Power System from Government College of Engineering 

in 1999 and 2002 respectively. He has completed his Ph.D. in the area of Electrical Drives and 

Control in 2019 from Rashtrasant Tukadoji Maharaj Nagpur University. He has published 60 

plus papers in National and International Journal and Conferences and granted 01 International 

and 01 National Patent. He is a member of LMISTE, MIE, QCF, and IAENG. He is working 

as Associate Professor and Head, Department of Electrical Engineering from June 2018 and 

Dean Academics from September 2022 at Nagpur Institute of Technology, Nagpur, 

Maharashtra, India. He can be contacted at email: jagdishchaudhari260878@gmail.com. 

 

  

 

Pratap Ramesh Sonawane     obtained Ph.D. degree in mechanical engineering 

from North Maharashtra University, Jalgaon, India in 2022. He occupied various positions to 

serve the engineering institutes for about 10 years. He is currently working as Assistant 

Professor in the Department of Mechanical Engineering, Matoshri College of Engineering and 

Research Center, Nashik. He has several publications in national and international journals. He 

attended International and National conferences and also worked as a reviewer. He can be 

contacted at email: pratap.sonawane4@yahoo.com. 

 

 
 

mailto:hemant_bp@yahoo.com
mailto:pratap.sonawane4@yahoo.com
https://orcid.org/0009-0009-7810-2430
https://orcid.org/0000-0003-4224-4567
https://scholar.google.com/citations?user=pbjaYWgAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=18133312600
https://orcid.org/0000-0002-6681-5208
https://www.scopus.com/authid/detail.uri?authorId=57869281300

