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Abstract: - The transition to electric vehicles (EVs) is a critical component of global efforts to reduce carbon emissions 

and promote sustainable transportation. Central to this transition is the development of efficient and reliable charging 

infrastructure. This review paper presents a comprehensive analysis of electric vehicle charging stations (EVCS) within 

the context of a 75-bus energy management system. The study synthesizes recent advancements and methodologies in the 

integration, management, and optimization of EVCS, focusing on the challenges and solutions related to grid stability, 

energy distribution, and load management. 

 

We explore various charging technologies, grid interaction models, and energy management strategies employed in 

EVCS. The review also examines the impact of EV charging on the 75-bus power system, highlighting case studies and 

simulation results that demonstrate the effectiveness of different approaches in mitigating potential disruptions and 

enhancing system reliability. 
 

Furthermore, the paper discusses the role of smart grid technologies, renewable energy sources, and advanced control 

algorithms in improving the efficiency and scalability of EVCS. Key findings from the analysis indicate that a well-

designed energy management system can significantly enhance the performance and sustainability of EVCS, ensuring a 

stable and efficient integration of EVs into the power grid. 

 

This review aims to provide valuable insights for researchers, policymakers, and industry stakeholders involved in the 

planning and implementation of electric vehicle infrastructure, contributing to the ongoing development of robust and 

sustainable energy management systems for the future of transportation.Keywords: - Electric Vehicle Charging Stations, 
Power Utilization Optimization, 75-Bus Energy Management System, Renewable Energy Integration. Intelligent 
Charging Scheduling, State-of-Charge Estimation, Bi-directional Power Flow, Smart Grid Technology, Energy Efficiency 

 

 

I. INTRODUCTION 

The global shift towards sustainable transportation has 

brought electric vehicles (EVs) to the forefront of 

technological advancement and environmental strategy. 

As nations strive to reduce carbon emissions and 

dependence on fossil fuels, the adoption of EVs is 

accelerating. A critical aspect of this transition is the 

establishment of efficient and reliable electric vehicle 

charging stations (EVCS), which are integral to the 

widespread acceptance and functionality of EVs. 

 

The integration of EVCS into the existing power grid 
presents several challenges, including grid stability, 

energy distribution, and load management. Effective 

energy management systems (EMS) are essential for 

addressing these challenges, particularly in complex 

power networks such as a 75-bus system. This review 

aims to provide a comprehensive analysis of the current 

state of EVCS within the framework of a 75-bus EMS, 

highlighting advancements, challenges, and potential 

solutions. 

 

Charging infrastructure must not only meet the growing 

demand for EVs but also ensure minimal disruption to 
the power grid. The variability in charging patterns, the 

need for high-power fast charging, and the integration of 

renewable energy sources complicate the design and 

operation of EVCS. This review explores various 

charging technologies, grid interaction models, and 

energy management strategies that are being developed 

and implemented to enhance the efficiency and 

reliability of EVCS. 

 

In particular, the role of smart grid technologies, 

renewable energy integration, and advanced control 

algorithms is examined. These technologies are pivotal 

in optimizing energy distribution and maintaining grid 

stability, thereby supporting the seamless integration of 
EVs into the power system. The review also includes 

case studies and simulation results that demonstrate the 

practical application and benefits of different approaches 

in real-world scenarios. 

 

The objectives of this review are to synthesize recent 

research on EVCS, provide insights into effective energy 

management strategies for a 75-bus system, and identify 

areas for future research and development. By 

addressing the technical and operational challenges of 

EVCS, this paper aims to contribute to the development 
of robust, scalable, and sustainable charging 

infrastructure that can support the growing EV market. 

 

As the demand for EVs continues to rise, understanding 

the interplay between EVCS and the power grid 
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becomes increasingly important. This review serves as a 

resource for researchers, policymakers, and industry 

stakeholders involved in the planning and 

implementation of electric vehicle infrastructure, 

offering a comprehensive overview of current 

advancements and future directions in the field of 

electric vehicle charging and energy management 

systems.  

 
II. LITERATURE REVIEW 

Bhim Singh et al. in [1] has discussed For EV charging, a 

DG set-based charging station with a grid, storage 

battery, and PV array was constructed. The outcomes 

confirmed the CS's ability to operate in multiple 

modes—including islanded operation, grid connectivity, 

and DG set connectivity—with just one VSC. A variety 

of steady-state and dynamic conditions brought on by 

variations in solar irradiance, EV charging current, and 

loading were also successfully handled by the charging 

station. The outcomes confirm the operation of the 
charging station as a stand-alone generator with good 

voltage quality. On the other hand, test results in DG set 

or grid connected mode have confirmed the ANC-based 

control algorithm's capacity to keep power exchange with 

the grid at UPF or optimal DG set loading. Additionally, 

island operation, grid connected and DG set connected 

operations, as well as automatic mode switching, have 

increased the probability of MPP PV array operation and 

optimal DG set loading, as well as charging reliability. 

The charging station's IEEE compliance operation, with 

voltage and current THD always less than 5%, verifies 
the effectiveness of the control. On the basis of the 

aforementioned, it is possible to draw the conclusion that 

this charging station, with the suggested control, is 

capable of using various energy sources very effectively 

while providing EVs with constant and affordable 

charging.[1] 

Anjeet Verma et al. in [2] has centred on the use of a 

photovoltaic (PV) array, a battery, the grid, and a diesel 

generator (DG) set-based charging station (CS) to supply 

uninterrupted power to household loads. In this CS, a 

single voltage source converter runs the CS in islanded 

mode, grid connected mode, and DG set connected mode 

(DGM), carrying out various tasks like managing power 

between various energy sources and charging electric 
vehicles (EVs), maximising the power from the PV array, 

regulating the generator's voltage and frequency, 

compensating for harmonic currents in nonlinear loads, 

and compensating for intentional reactive power. The PV 

array and a storage battery are intended to provide the 

bulk of the power for the charging station (CS) control. 

The charging station depends on grid power and, finally, 

a squirrel cage induction generator-based direct current 

(DC) set if these two sources are unavailable. The DG set 

is made to produce up to 33% more power than it is rated 

for while still staying within the rated current in the 
windings, which makes it smaller. Additionally, the 

generator's voltage and frequency are kept at their 

recommended levels without the aid of a mechanical 

speed governor. The CS complies with the IEEE 1547 

standard in all modes of operation, and total harmonic 

distortion of voltage and current is less than 5%. 

Anjeet Verma et al. in [3] has concluded An EV, 

household loads, and the grid are all served by a solar 

photovoltaic (PV) array-powered grid-connected 

residential electric vehicle (EV) charger. The charger can 

run on its own by using a PV array to supply household 

loads with uninterrupted power and charging. However, 

the grid-connected mode of operation is offered if there 

is no or insufficient PV array generation. The charger 
also has seamless mode switching control and 

synchronisation, which enable it to connect and 

disconnect from the grid without affecting EV charging 

or household supply. When islanded, the charger also 

transfers power from a vehicle to a home to support local 

loads and offers active/reactive power support to the grid. 

The charger is also programmed to function as an active 

power filter in order to operate with a unity power factor 

and keep the total harmonic distortion of grid current to 

under 5%. Additionally, a sliding mode control is used to 

control the dc-link voltage as part of an energy 

management strategy based on dc-link voltage 
regulation. The sinusoidal reference grid current is 

produced by a second-order generalised integrator 

frequency-locked loop with dc offset rejection when the 

voltage is distorted. A single-phase, 230-volt, 50-Hz grid 

has been used to test the charger. 

Samir M. Shariff et al. in [4] has suggested The design 

and implementation of a contemporary Type-1 vehicle 

connector-controlled level-2 electric vehicle charging 

station. A methodological model is derived to study the 

parametric design features after the designed model is 

created in the MATLAB/Simulink environment and the 

circuit operation is examined. To produce a 48 V buck 

converter dc output and test the power factor correction 
performance under steady-state conditions with respect to 

load variation, a 3 kW, 230 Vrms input rated at 1-phase, 

50 Hz, has also been developed. As an illustration, a 6.4 

kW solar photovoltaic (PV) charging station was set up 

on the campus of Aligarh Muslim University in the 

parking area of the Centre of Advanced Research in 

Electrified Transportation building. Additionally, a lab 

prototype model was tested, and PROTEUS software was 

used to simulate the controller circuit. The experiment is 

conducted on a 10 kWh lithium-ion battery pack under 

typical solar panel test conditions on a bright sunny day. 

Vinit Kumar et al. in [5] has reported It is suggested that 

the EV battery be charged at an off-grid charging station 

(OGCS). PV usage lessens the load on the grid, while EV 
usage rises in remote areas. In this paper, an ESS is 

connected to the OGCS, enabling the system to operate 

in any environment. The OGCS with ESS exchanges 

power to charge the EV battery when there is no or little 

sunlight. Furthermore, a constant current technique is 

used to charge the EV battery at various C-rates. Overall, 

this paper promotes cleaner transportation as well as an 

OGCS that is more sustainable, effective, and pollution-

free. 
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III. METHOD 

The methodology for analyzing the integration of 

Electric Vehicle Charging Stations (EVCS) within a 75-

bus energy management system (EMS) involves several 

critical steps to ensure a comprehensive evaluation of the 

impact on the grid and to optimize energy management. 

Initially, a detailed 75-bus power grid model is 

constructed using standard power system simulation 

software such as MATLAB/Simulink, PSS/E, or 
DIgSILENT PowerFactory. This model includes various 

components like generators, transformers, transmission 

lines, loads, and substations to accurately represent the 

real-world power system. Multiple EVCS are then 

integrated into the 75-bus system at strategically selected 

buses to represent typical urban and suburban charging 

scenarios. These charging stations are characterized by 

their power ratings, charging speeds (fast, medium, 

slow), and load profiles based on expected usage 

patterns. 

 
To ensure the model's realism, realistic load profiles for 

residential, commercial, and industrial consumers are 

incorporated. Additionally, EV charging demand profiles 

are created using probabilistic models that consider 

factors such as time-of-day, charging behavior, and EV 

penetration rates. This comprehensive approach ensures 

that the simulation accurately reflects the dynamic nature 

of power demand and supply in a modern grid. 

 

In terms of control and optimization, demand response 

(DR) strategies are implemented to manage the charging 

loads dynamically. Algorithms are developed to shift EV 
charging to off-peak hours or modulate charging rates 

based on grid conditions, thereby optimizing energy 

usage and reducing peak load stress. The integration of 

renewable energy sources, such as solar and wind, into 

the grid model is also a critical aspect of the 

methodology. This integration aims to study the impact 

of renewables on EVCS and to develop strategies for 

maximizing the use of renewable energy for EV 

charging, reducing reliance on conventional power 

sources. 

 
Furthermore, energy storage systems (ESS) like batteries 

are incorporated to buffer the variability in renewable 

generation and EV charging demands. The operation of 

ESS is simulated to stabilize the grid and provide backup 

power during peak demand periods, ensuring a reliable 

power supply. Finally, the performance of the integrated 

system is evaluated using key performance indicators 

such as grid stability, load balancing, energy efficiency, 

and the impact on peak demand. This comprehensive 

approach allows for a detailed assessment of the 

feasibility and benefits of integrating EVCS into a 75-
bus energy management system, providing valuable 

insights for future developments in this field. 

 

 

 

IV. CONCLUSION 

  The transition to electric vehicles (EVs) is a pivotal 

element in the global effort to reduce carbon emissions 

and foster sustainable transportation. Central to this 

transition is the development and deployment of efficient 

and reliable electric vehicle charging stations (EVCS), 
particularly within complex power grid frameworks such 

as a 75-bus energy management system (EMS). 

 

This review has provided a comprehensive analysis of 

the current state of EVCS, highlighting the technological 

advancements, challenges, and potential solutions that 

are shaping the future of electric vehicle infrastructure. 

The integration of EVCS into existing power grids 

presents multifaceted challenges, including grid stability, 

load management, and energy distribution, which 

necessitate sophisticated energy management strategies. 

 
 

Case studies and simulation results presented in this 

review demonstrate the practical application and benefits 

of various approaches to EVCS and energy management. 

These real-world examples illustrate the effectiveness of 

innovative solutions in addressing the technical and 

operational challenges associated with EVCS 

integration. 

REFERENCES 

[1.] Singh, B., Verma, A., Chandra, A., & Al-

Haddad, K. (2020). Implementation of solar 
PV-battery and diesel generator based electric 

vehicle charging station. IEEE Transactions on 

Industry Applications, 56(4), 4007-4016. 

[2.] Verma, A., & Singh, B. (2020). Multimode 

operation of solar PV array, grid, battery and 

diesel generator set based EV charging 

station. IEEE Transactions on Industry 

Applications, 56(5), 5330-5339. 

[3.] Verma, A., Singh, B., Chandra, A., & Al-

Haddad, K. (2020). An implementation of solar 

PV array based multifunctional EV 
charger. IEEE Transactions on Industry 

Applications, 56(4), 4166-4178. 

[4.] Shariff, S. M., Alam, M. S., Ahmad, F., Rafat, 

Y., Asghar, M. S. J., & Khan, S. (2019). System 

design and realization of a solar-powered 

electric vehicle charging station. IEEE Systems 

Journal, 14(2), 2748-2758. 

[5.] Kumar, V., Teja, V. R., Singh, M., & Mishra, S. 

(2019). PV based off-grid charging station for 

electric vehicle. IFAC-PapersOnLine, 52(4), 

276-281. 

[6.] Biya, T. S., & Sindhu, M. R. (2019, June). 
Design and power management of solar 

powered electric vehicle charging station with 

energy storage system. In 2019 3rd 



International Journal of Advancement in Electronics and Computer Engineering ( IJAECE) 
Volume 13, Issue 5, May. 2024, pp.121-124, ISSN 2278 -1412 

Copyright © 2012: IJAECE (www.ijaece.com) 

 

[124] 

 

International conference on Electronics, 

Communication and Aerospace Technology 

(ICECA) (pp. 815-820). IEEE. 

[7.] Singh, A. K., Badoni, M., & Tatte, Y. N. 

(2020). A multifunctional solar PV and grid 

based on-board converter for electric 

vehicles. IEEE Transactions on Vehicular 

Technology, 69(4), 3717-3727. 

[8.] Verma, A., & Singh, B. (2018, September). A 
solar PV, BES, grid and DG set based hybrid 

charging station for uninterruptible charging at 

minimized charging cost. In 2018 IEEE 

Industry Applications Society Annual Meeting 

(IAS) (pp. 1-8). IEEE. 

[9.]  J. Ugirumurera and Z. J. Haas, “Optimal 

Capacity Sizing for Completely Green 

Charging Systems for Electric Vehicles,” IEEE 

Trans. Transportat. Electrificat.vol. 3, no. 3, pp. 

565-577, Sept. 2017.  

[10.] G. R. Chandra Mouli, J. Schijffelen, M. van den 
Heuvel, M. Kardolus and P. Bauer, “A 10 kW 

Solar-Powered Bidirectional EV Charger 

Compatible WithChademo and COMBO,” 

IEEE Trans, Power Electron., vol. 34, no. 2, pp. 

1082-1098, Feb. 2019.  

[11.] 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 Trans. Ind. Informat., vol. 14, no. 

6, pp. 2364-2374, June 2018. 

[12.] 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 Trans. Ind. Electron., vol. 65, no. 6, pp. 

5213-5220, June 2018. 

[13.] 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 

Trans. Ind. Informat., vol. 14, no. 1, pp. 106-

116, Jan. 2018.  
[14.] F. Kineavy and M. Duffy, “Modelling and 

design of electric vehicle charging systems that 

include on-site renewable energy sources,” in 

IEEE 5 th Int. Symp. Power Electron. For 

Distributed Gene. Syst. (PEDG), Galway, 2014, 

pp. 1-8.  

[15.] Y. Zhang, P. You and L. Cai, “Optimal 

Charging Scheduling by Pricing for EV 

Charging Station With Dual Charging Modes,” 

IEEE Trans. Intelligent Transportat. Syst., vol. 

20, no. 9, pp. 3386-3396, Sept. 2019.  

[16.] Y. Yang, Q. Jia, G. Deconinck, X. Guan, Z. Qiu 
and Z. Hu, “Distributed Coordination of EV 

Charging With Renewable Energy in a 

Microgrid of Buildings,” IEEE Trans. Smart 

Grid, vol. 9, no. 6, pp. 6253-6264, Nov. 2018.  

[17.] 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, 9 

2017.  

[18.] A. Tavakoli, M. Negnevitsky, D. T. Nguyen 

and K. M. Muttaqi, “Energy Exchange Between 
Electric Vehicle Load and Wind Generating 

Utilities,” IEEE Trans. Power Sys., vol. 31, no. 

2, pp. 1248-1258, 2016.  

[19.] Y. Shan, J. Hu, K. W. Chan, Q. Fu and J. M. 

Guerrero, “Model Predictive Control of 

Bidirectional DC-DC Converters and AC/DC 

Interlinking Converters - A New Control 

Method for PV-Wind-Battery Microgrids,” 

IEEE Trans. Sustain. Energy, Early Access.  

[20.] P. Liu, J. Yu and E. Mohammed, 

“Decentralised PEV charging coordination to 
absorb surplus wind energy via stochastically 

staggered. 

[21.] Sheeba Percis, E & Manivannan, S 2016, 

‘Realistic Modeling And Control of PV and 

Multiple Electric Vehicle Based Microgrid’, 

accepted for publication in Journal of 

Computational and Theoretical Nanoscience. 

 


	Abstract: - The transition to electric vehicles (EVs) is a critical component of global efforts to reduce carbon emissions and promote sustainable transportation. Central to this transition is the development of efficient and reliable charging infrast...
	We explore various charging technologies, grid interaction models, and energy management strategies employed in EVCS. The review also examines the impact of EV charging on the 75-bus power system, highlighting case studies and simulation results that ...
	Furthermore, the paper discusses the role of smart grid technologies, renewable energy sources, and advanced control algorithms in improving the efficiency and scalability of EVCS. Key findings from the analysis indicate that a well-designed energy ma...
	This review aims to provide valuable insights for researchers, policymakers, and industry stakeholders involved in the planning and implementation of electric vehicle infrastructure, contributing to the ongoing development of robust and sustainable en...

