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Abstract 

Exchanging power between vehicles and other electric appliances in bidirectional flow is known as Vehicle-to-Anything 
(V2X) technology in home and industrial regions. The V2X technology involves Vehicle-to-Home (V2H), Vehicle-to-
Vehicle (V2V), and Vehicle-to-Grid (V2G) that enables the bi-directional flow of energy between Electric Vehicles (EVs) 
and homes or industrial buildings. However, there are challenges associated with V2H integration, including the 
development of standardized communication protocols, smart grid infrastructure, and ensuring cybersecurity. 
Regulatory frameworks and interconnection standards also need to be established to ensure the safe and seamless 
integration of V2H systems into existing energy networks. Conversely, excess energy from renewable sources like solar 
panels or wind turbines can be stored in the EV battery for later use or to sell back to the grid. The integration of V2H 
technology offers several advantages such as allowing for increased energy resilience, as EVs can provide backup power 
during grid outages or natural disasters. Besides, V2H systems can contribute to load balancing by supplying energy to 
homes or industrial facilities when the demand is high, thereby reducing strain on the electrical grid. This study is 
considered a reference to the researchers in the field. 
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1. Introduction

Vehicle-to-Home (V2H) integration based on home and industrial settings represents a promising approach to 
enhancing energy efficiency [1]. Besides, resilience, and sustainability by leveraging the capabilities of EV batteries for 
both transportation and stationary energy applications [2]. However, V2H integration usually refers to the ability to 
connect Electric Vehicles (EVs) to homes and industrial settings to optimize energy usage and provide various benefits 
[3]. This integration involves using EVs as energy storage devices, allowing them to store excess electricity from 
renewable sources and feed it back into the grid or use it to power homes during peak demand periods [4]. It aims to 
maximize the utilization of EV batteries for both transportation and stationary energy applications [5]. Various benefits 
can be achieved by integrating EVs with home and industrial energy systems [6]. In a V2H system, the EV battery acts 
as a decentralized energy storage device that can be used to power homes or industrial buildings during peak energy 
demand periods or in emergency situations [7]. 

The state-of-the-art is considering various studies and applications on the Vehicle-to-Home worldwide [8]–[10]. This 
can potentially lead to cost savings and improved grid stability. Additionally, V2H integration promotes the use of 
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renewable energy sources by optimizing the energy flow between EVs and buildings. It enables the storage and 
utilization of surplus renewable energy generated during off-peak periods, which would otherwise go to waste. As a 
result, it enhances the overall sustainability and efficiency of the energy system. A researcher in [11], conducted a study 
for the on-grid system using an integration system based on RESs. Similar study considering different site in order to 
reduce the cost by using PHEV [12]. The smart operation of integrating V2X technologies has been compared and 
classified as grid support services are discussed in [13].  

This article is sharing the contribution to the knowledge by proving a comprehensive review of the technology of V2H 
in home and industrial regions. The rest of the article is organized in various sections that stating with general 
introduction in Section 1. The methods and materials of V2H integration from the application, sustainable, and 
classification perspective in the home and industrial sectors are discussed in Section 2. The various topologies of V2X 
technology are listed in Section 3. Section 4 is discussing the main benefits of the utilization of V2H technology. The 
main roles of V2H technology figured out in Section 5. The discussion section of exploited technology is discussed in 
Section 6. Finally, the article is ending with a summary conclusion and a list of related references. 

2. Material and Methods 

Based on various forms of EVs as presented forms in Figure 1 (a-d) are indicates as the main structure or forms of EVs 
for the purpose of charging and discharging [14]. The aforementioned references comprehensively discussed the main 
and sub-classification of EV along with the standards. While the structure of Internal Combustion Engine Vehicle (ICEV) 
is presented in Figure 2 which the main causes of pollution that recommended to be switched into EV [15]. Moreover, 
integrating vehicles with home systems allows for smarter home automation [16]. For instance, a vehicle can 
communicate with the home through a connected platform, enabling it to automatically adjust the thermostat, turn 
on/off lights, or activate appliances based on the homeowner's preferences or the vehicle's schedule [17]. This 
integration enhances convenience and energy efficiency in managing household activities [9]. From an industrial 
perspective, vehicle-to-home integration can contribute to reducing the strain on the electric grid [18]. By utilizing idle 
EVs as temporary energy storage units, the integration can support grid stabilization during peak energy demand [13]. 
This concept is known as Vehicle-to-Grid (V2G) enables bi-directional energy flow between vehicles and the grid, 
benefiting both the grid's reliability and the EV ecosystem's sustainability [19]. 

 

Figure 1 Classification of electric vehicles [20]–[23] 
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Figure 2 Internal Combustion Engine Vehicle 

2.1. V2X topologies  

The transportation sector is one of the most important sectors that use EV to meet the consumer's need of electricity 
and exchange the power between the EV and other electric appliances [24]. The V2X (Vehicle-to-Everything) is 
representing the aforementioned operation that refers to the exchange of information between vehicles and various 
entities such as other vehicles (V2V) [2], infrastructure (V2I) [25], pedestrians (V2P) [26], and others [27]. There are 
several topologies that can be used for V2X communication as presented in Table 1. The choice of V2X topology depends 
on various factors such as the intended application, geographic location, infrastructure availability, and network 
coverage [28]. Different regions or countries may adopt different V2X topologies based on their specific requirements 
and technological capabilities [28]. 

 

Figure 3 Electric Vehicle integration forms 
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Table 1 V2X topologies [25], [29]–[33] 

Topologies  Features  

Point-to-Point 
(P2P) 

Vehicles directly communicate with each other or with specific infrastructure nodes.  

It allows for direct communication between two entities without the need for relays or 
intermediaries. 

Cellular-based This topology relies on cellular networks to enable V2X communication.  

Vehicles transmit and receive information through cellular infrastructure, similar to how 
mobile phones communicate.  

This allows for wide coverage but can be limited by network availability and bandwidth. 

Infrastructure-
based 

vehicles communicate with a central infrastructure, which acts as a relay or coordination point.  

The infrastructure then distributes the information to other vehicles or entities as needed.  

It enables efficient data sharing but relies heavily on the presence of infrastructure nodes. 

Hybrid This topology combines elements of both infrastructure-based and cellular-based 
communication.  

It leverages infrastructure nodes when available but also utilizes cellular networks for wider 
coverage.  

This allows for more flexibility and reliability in V2X communication 

2.2. Vehicle-to-Home benefits  

Vehicle-to-home (V2H) integration refers to the process of using electric vehicle (EV) batteries as a power source for 
homes [27]. Some of the benefits that homeowners can derive from V2H integration in terms of energy management 
are tabulated in Table 2. It's important to note that while V2H integration offers these benefits, its availability and 
implementation may vary depending on the specific EV models, home energy management systems [34], and local 
regulations [33]. 

Table 2 Benefits of Vehicle-to-Home 

Benefits  Features  Ref  

Backup Power 
Supply 

During power outages or emergencies, an EV battery can serve as a backup power 
supply for the home.  

Homeowners can draw power from their EV to keep essential appliances running, 
maintain heating or cooling systems, or charge communication devices.  

This can provide greater resilience and peace of mind during unforeseen events. 

[35] 

Energy Cost 
Savings 

With V2H integration, homeowners can take advantage of Time-of-Use (TOU) rates to 
save on energy costs.  

They can charge their EVs during low-demand or off-peak periods when electricity rates 
are cheaper, and then use the stored energy during peak times when rates are higher.  

This flexibility can help reduce electricity expenses. 

[36] 

Demand Response 
Participation 

V2H integration allows homeowners to participate in demand response programs. 
During periods of high demand on the grid, utility companies often request 
homeowners to curtail their electricity usage to balance the load.  

By utilizing the energy stored in their EV batteries, homeowners can contribute to grid 
stability and potentially earn incentives or credits from the utility company. 

[17] 

Renewable Energy 
Optimization 

V2H integration enables homeowners to optimize their use of renewable energy.  

They can charge their EVs when renewable sources like solar or wind power are 
plentiful, ensuring that the stored energy in their EVs comes from sustainable sources.  

This promotes the utilization of clean energy and reduces reliance on fossil fuels. 

[37] 
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Grid Support In regions with high EV adoption, V2H integration can support the overall grid 
infrastructure.  

By allowing EVs to discharge power back to the grid when needed, homeowners 
contribute to grid resiliency and balancing electricity supply and demand.  

This bi-directional flow of electricity can help integrate renewable energy sources more 
efficiently and reduce strain on the grid. 

[38] 

 

2.3. V2h role for sustainability in home and industrial sectors 

Vehicle-to-home (V2H) integration is a crucial aspect of achieving a sustainable and flexible energy grid for both homes 
and industries [39]. By enabling bidirectional energy flow between EVs and the power grid, V2H technology allows EV 
owners to utilize their vehicle batteries as portable energy storage systems. This process has several benefits as shown 
in Figure 4 along with further explanation tabulated in Table 3. 

 

Figure 4 Vehicle-to-Home roles [8], [29], [40], [41] 

V2H integration plays a key role in achieving a more sustainable and flexible energy grid by improving energy resilience, 
load balancing, grid stabilization, and the integration of renewable energy [40], [42]. It leverages the growing fleet of 
EVs as a distributed energy resource, benefiting both homes and industries in terms of energy reliability, efficiency, and 
environmental impact [43], [44]. 

Table 3 Explanation of Vehicle-to-Home roles in the home and industrial sectors 

Roles Remarks Ref 

Energy Resilience During power outages or periods of high demand, V2H integration allows EV owners to 
use their vehicle batteries to supply electricity to their homes or businesses.  

This enhances energy resilience by providing a backup power source and reducing 
reliance on centralized power infrastructure. 

[45] 

 

Load Balancing V2H integration allows for the efficient balancing of energy supply and demand.  

During peak demand periods, EV batteries can supply electricity to the grid, reducing 
stress on the power infrastructure. 

Conversely, during low-demand periods, excess renewable energy (such as solar or 
wind) can be stored in EV batteries, making better use of renewable energy resources 

[46] 

Renewable Energy 
Integration 

V2H integration accelerates the integration of renewable energy sources into the grid.  

EV batteries can store excess energy generated from renewable sources, such as solar 
panels, and release it back to the grid when renewable generation is low.  

This helps to reduce curtailment of renewable energy and promotes a cleaner energy 
mix. 

[47] 

Grid Stabilization V2H integration can help stabilize the grid by absorbing fluctuations in energy supply 
and demand.  

By utilizing EV batteries as distributed energy storage units, excess energy can be stored 
during times of surplus and supplied back to the grid when needed, reducing strain on 
the power infrastructure. 

[48] 
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3.  Discussion  

Besides the aforementioned discussion and classification of the V2H integration, the V2H concept involves EVs as a 
power source for homes and industrial applications. It enables the bi-directional flow of electricity between a vehicle's 
battery and the electrical grid, allowing the vehicle to act as a mobile energy storage unit. When it comes to home 
integration, V2H technology can offer several benefits. 

Firstly, it provides a backup power supply during emergencies or power outages. In such situations, an EV's battery can 
be used to power essential appliances or even an entire home for a limited period of time. This can improve resilience 
and energy security. Moreover, V2H integration promotes increased usage of renewable energy sources. Homeowners 
can charge their EVs during off-peak hours when renewable energy generation is high, and then use the stored energy 
during peak hours when demand is typically higher. This helps balance the grid and reduces stress on power generation 
infrastructure. 

In an industrial setting, V2H integration can be even more impactful. Electric fleets used for delivery services or 
company transportation can not only transport goods or people but also function as a decentralized energy storage 
system. This can optimize energy usage within industrial complexes, reduce peak demand, and provide additional 
revenue streams through energy trading or grid stabilization services. However, the widespread adoption of V2H 
integration faces several challenges. One major obstacle is the development of appropriate charging infrastructure and 
protocols to enable efficient power flow between vehicles and buildings. Additionally, battery degradation and warranty 
concerns should be addressed to ensure the longevity and reliability of both EVs and home appliances. Despite these 
challenges, V2H integration holds great potential for a more sustainable and resilient energy system. As technologies 
advance, and the adoption of EVs and renewable energy sources increases, we can expect to see further development 
and deployment of vehicle-to-home integration solutions. 

4. Conclusion 

To conclude that the V2H technology from both home and industrial perspectives offers numerous benefits. It allows 
for efficient energy management, increased convenience, and environmental sustainability. From a home perspective, 
integrating vehicles with the home energy system enables optimized energy usage. This integration enables the vehicle 
to serve as a mobile energy storage unit, capable of charging during off-peak hours when electricity rates are lower, and 
then supplying power back to the home during peak demand periods. This not only reduces energy costs but also helps 
to stabilize the grid by balancing energy supply and demand. Furthermore, industries can utilize vehicle-to-home 
integration to foster renewable energy adoption. Excess renewable energy generated during low-demand periods can 
be stored in connected electric vehicles, increasing the overall utilization of renewable sources. This integration 
promotes a greener energy mix by reducing reliance on conventional power sources, resulting in reduced carbon 
emissions. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References  

[1] Vadi, Bayindir, Colak, and Hossain, A Review on Communication Standards and Charging Topologies of V2G and 
V2H Operation Strategies, Energies (Basel), vol. 12, no. 19, p. 3748, Sep. 2019, doi: 10.3390/en12193748. 

[2] A.-M. Koufakis, E. S. Rigas, N. Bassiliades, and S. D. Ramchurn, Towards an optimal EV charging scheduling scheme 
with V2G and V2V energy transfer, in 2016 IEEE International Conference on Smart Grid Communications 
(SmartGridComm), IEEE, Nov. 2016, pp. 302–307. doi: 10.1109/SmartGridComm.2016.7778778. 

[3] O. Ellabban, H. Abu-Rub, and F. Blaabjerg, Renewable energy resources: Current status, future prospects and their 
enabling technology, Renewable and Sustainable Energy Reviews, vol. 39, pp. 748–764, 2014, doi: 
10.1016/j.rser.2014.07.113. 



International Journal of Frontiers in Engineering and Technology Research, 2023, 05(01), 080–088 

86 

[4] S. Aghajan-Eshkevari, S. Azad, M. Nazari-Heris, M. T. Ameli, and S. Asadi, Charging and Discharging of Electric 
Vehicles in Power Systems: An Updated and Detailed Review of Methods, Control Structures, Objectives, and 
Optimization Methodologies, Sustainability, vol. 14, no. 4, p. 2137, Feb. 2022, doi: 10.3390/su14042137. 

[5] M. A. Hossain, H. R. Pota, M. J. Hossain, and F. Blaabjerg, Evolution of microgrids with converter-interfaced 
generations: Challenges and opportunities, International Journal of Electrical Power & Energy Systems, vol. 109, 
no. December 2018, pp. 160–186, Jul. 2019, doi: 10.1016/j.ijepes.2019.01.038. 

[6] Y. F. Nassar et al., Renewable and Sustainable Energy Reviews A Review of Hybrid Renewable Energy Systems : 
A New Design for Sustainability. 

[7] A. Alsharif et al., Impact of Electric Vehicle on Residential Power Distribution Considering Energy Management 
Strategy and Stochastic Monte Carlo Algorithm, Energies (Basel), vol. 16, no. 3, p. 1358, Jan. 2023, doi: 
10.3390/en16031358. 

[8] U. Datta, N. Saiprasad, A. Kalam, J. Shi, and A. Zayegh, A price-regulated electric vehicle charge-discharge strategy 
for G2V, V2H, and V2G, Int J Energy Res, vol. 43, no. 2, pp. 1032–1042, Feb. 2019, doi: 10.1002/er.4330. 

[9] B. Naghibi, M. A. S. Masoum, and S. Deilami, Effects of V2H Integration on Optimal Sizing of Renewable Resources 
in Smart Home Based on Monte Carlo Simulations, IEEE Power and Energy Technology Systems Journal, vol. 5, 
no. 3, pp. 73–84, Sep. 2018, doi: 10.1109/JPETS.2018.2854709. 

[10] R. Kataoka, A. Shichi, H. Yamada, Y. Iwafune, and K. Ogimoto, Comparison of the Economic and Environmental 
Performance of V2H and Residential Stationary Battery: Development of a Multi-Objective Optimization Method 
for Homes of EV Owners, World Electric Vehicle Journal, vol. 10, no. 4, p. 78, Nov. 2019, doi: 
10.3390/wevj10040078. 

[11] A. Alsharif, Tan Chee Wei, Tan Chee Wei, and Razman Ayop, Ant Lion Optimization of On-Grid Supported by 
PV/Wind Considering Libyan Energy, Science Proceedings Series, vol. 3, no. 1, pp. 9–15, Jun. 2021, doi: 
10.31580/sps.v3i1.1886. 

[12] H. Turker and S. Bacha, Optimal Minimization of Plug-In Electric Vehicle Charging Cost With Vehicle-to-Home 
and Vehicle-to-Grid Concepts, IEEE Trans Veh Technol, vol. 67, no. 11, pp. 10281–10292, Nov. 2018, doi: 
10.1109/TVT.2018.2867428. 

[13] B. Mukherjee, G. Kariniotakis, F. Sossan, S. Charging, B. Mukherjee, and G. Kariniotakis, Smart Charging, Vehicle-
to-Grid, and Reactive Power Support from Electric Vehicles in Distribution Grids: A Performance Comparison, 
2021. 

[14] A. Alsharif, C. W. Tan, R. Ayop, A. Dobi, and K. Y. Lau, A comprehensive review of energy management strategy in 
Vehicle-to-Grid technology integrated with renewable energy sources, Sustainable Energy Technologies and 
Assessments, vol. 47, no. xxxx, p. 101439, Oct. 2021, doi: 10.1016/j.seta.2021.101439. 

[15] A. Alsharif, C. W. Tan, R. Ayop, M. N. Hussin, and A. L. Bukar, Sizing Optimization Algorithm for Vehicle-to-Grid 
System Considering Cost and Reliability Based on Rule-Based Scheme, ELEKTRIKA- Journal of Electrical 
Engineering, vol. 21, no. 3, pp. 6–12, Dec. 2022, doi: 10.11113/elektrika.v21n3.353. 

[16] S. A. Mansouri, A. Ahmarinejad, E. Nematbakhsh, M. S. Javadi, A. R. Jordehi, and J. P. S. Catalão, Energy management 
in microgrids including smart homes: A multi-objective approach, Sustain Cities Soc, vol. 69, p. 102852, Jun. 2021, 
doi: 10.1016/j.scs.2021.102852. 

[17] H. Kim, H. Choi, H. Kang, J. An, S. Yeom, and T. Hong, A systematic review of the smart energy conservation system: 
From smart homes to sustainable smart cities, Renewable and Sustainable Energy Reviews, vol. 140, p. 110755, 
Apr. 2021, doi: 10.1016/j.rser.2021.110755. 

[18] S. Iqbal et al., Aggregation of EVs for Primary Frequency Control of an Industrial Microgrid by Implementing Grid 
Regulation &amp; Charger Controller, IEEE Access, vol. 8, pp. 141977–141989, 2020, doi: 
10.1109/ACCESS.2020.3013762. 

[19] A. Alsharif, A. A. Ahmed, M. M. Khaleel, A. S. Daw Alarga, Omer. S. M. Jomah, and I. Imbayah, Comprehensive State-
of-the-Art of Vehicle-To-Grid Technology, in 2023 IEEE 3rd International Maghreb Meeting of the Conference on 
Sciences and Techniques of Automatic Control and Computer Engineering (MI-STA), IEEE, May 2023, pp. 530–
534. doi: 10.1109/MI-STA57575.2023.10169116. 

[20] Q.-S. Jia and T. Long, A Review on Charging Behavior of Electric Vehicles: Data, Model, and Control, IFAC-
PapersOnLine, vol. 53, no. 5, pp. 598–601, 2020, doi: 10.1016/j.ifacol.2021.04.149. 



International Journal of Frontiers in Engineering and Technology Research, 2023, 05(01), 080–088 

87 

[21] F. Zhang, L. Wang, S. Coskun, H. Pang, Y. Cui, and J. Xi, Energy Management Strategies for Hybrid Electric Vehicles: 
Review, Classification, Comparison, and Outlook, Energies (Basel), vol. 13, no. 13, p. 3352, Jun. 2020, doi: 
10.3390/en13133352. 

[22] I. Alvarez-Meaza, E. Zarrabeitia-Bilbao, R. M. Rio-Belver, and G. Garechana-Anacabe, Fuel-Cell Electric Vehicles: 
Plotting a Scientific and Technological Knowledge Map, Sustainability, vol. 12, no. 6, p. 2334, Mar. 2020, doi: 
10.3390/su12062334. 

[23] M. İnci, M. M. Savrun, and Ö. Çelik, Integrating electric vehicles as virtual power plants: A comprehensive review 
on vehicle-to-grid (V2G) concepts, interface topologies, marketing and future prospects, J Energy Storage, vol. 55, 
no. March, p. 105579, Nov. 2022, doi: 10.1016/j.est.2022.105579. 

[24] A. Alsharif, C. W. Tan, R. Ayop, K. Y. Lau, and A. M. Dobi, A rule-based power management strategy for Vehicle-to-
Grid system using antlion sizing optimization, J Energy Storage, vol. 41, p. 102913, Sep. 2021, doi: 
10.1016/j.est.2021.102913. 

[25] MD. S. Adnan Khan, K. M. Kadir, K. S. Mahmood, M. I. Ibne Alam, A. Kamal, and M. M. Al Bashir, Technical 
investigation on V2G, S2V, and V2I for next generation smart city planning, Journal of Electronic Science and 
Technology, vol. 17, no. 4, p. 100010, Dec. 2019, doi: 10.1016/j.jnlest.2020.100010. 

[26] A. Hussein, F. Garcia, J. M. Armingol, and C. Olaverri-Monreal, P2V and V2P communication for Pedestrian 
warning on the basis of Autonomous Vehicles, in 2016 IEEE 19th International Conference on Intelligent 
Transportation Systems (ITSC), IEEE, Nov. 2016, pp. 2034–2039. doi: 10.1109/ITSC.2016.7795885. 

[27] N. S. Pearre and H. Ribberink, Review of research on V2X technologies, strategies, and operations, Renewable and 
Sustainable Energy Reviews, vol. 105, no. January, pp. 61–70, May 2019, doi: 10.1016/j.rser.2019.01.047. 

[28] J. Liu, Z. Wang, and L. Zhang, Integrated Vehicle-Following Control for Four-Wheel-Independent-Drive Electric 
Vehicles Against Non-Ideal V2X Communication, IEEE Trans Veh Technol, vol. 71, no. 4, pp. 3648–3659, Apr. 
2022, doi: 10.1109/TVT.2022.3141732. 

[29] X. Hao, Y. Chen, H. Wang, H. Wang, Y. Meng, and Q. Gu, A V2G-oriented reinforcement learning framework and 
empirical study for heterogeneous electric vehicle charging management, Sustain Cities Soc, vol. 89, no. August 
2022, p. 104345, 2023, doi: 10.1016/j.scs.2022.104345. 

[30] C. Zhou, Y. Xiang, Y. Huang, X. Wei, Y. Liu, and J. Liu, Economic analysis of auxiliary service by V2G: City comparison 
cases, Energy Reports, vol. 6, pp. 509–514, 2020, doi: 10.1016/j.egyr.2020.11.205. 

[31] G. Salvatti, E. Carati, R. Cardoso, J. da Costa, and C. Stein, Electric Vehicles Energy Management with V2G/G2V 
Multifactor Optimization of Smart Grids, Energies (Basel), vol. 13, no. 5, p. 1191, Mar. 2020, doi: 
10.3390/en13051191. 

[32] Dr. G. Sree lakshmi, G. Divya, and G. Sravani, V2G Transfer of Energy to Various Applications, E3S Web of 
Conferences, vol. 87, no. 201 9, p. 01019, Feb. 2019, doi: 10.1051/e3sconf/20198701019. 

[33] X. Wang, Y. Nie, and K. E. Cheng, Distribution System Planning Considering Stochastic EV Penetration and V2G 
Behavior, IEEE Transactions on Intelligent Transportation Systems, vol. 21, no. 1, pp. 149–158, Jan. 2020, doi: 
10.1109/TITS.2018.2889885. 

[34] S. Coetzee, T. Mouton, and M. J. Booysen, Home energy management systems: A qualitative analysis and overview, 
in 2017 IEEE AFRICON, IEEE, Sep. 2017, pp. 1260–1265. doi: 10.1109/AFRCON.2017.8095663. 

[35] S. Rehman, Hybrid power systems – Sizes, efficiencies, and economics, Energy Exploration & Exploitation, vol. 39, 
no. 1, pp. 3–43, Jan. 2021, doi: 10.1177/0144598720965022. 

[36] M. İnci, M. M. Savrun, and Ö. Çelik, Integrating electric vehicles as virtual power plants: A comprehensive review 
on vehicle-to-grid (V2G) concepts, interface topologies, marketing and future prospects, J Energy Storage, vol. 55, 
no. March, p. 105579, Nov. 2022, doi: 10.1016/j.est.2022.105579. 

[37] E. I. Come Zebra, H. J. van der Windt, G. Nhumaio, and A. P. C. Faaij, A review of hybrid renewable energy systems 
in mini-grids for off-grid electrification in developing countries, Renewable and Sustainable Energy Reviews, vol. 
144, no. April, p. 111036, Jul. 2021, doi: 10.1016/j.rser.2021.111036. 

[38] M. A. Altayib. Alsharif, Abdulgader, Abdussalam Ali Ahmed, Mohamed Mohamed Khaleel, Ancillary services and 
energy management for electric Vehicle: Mini-review, North African Journal of Scientific Publishing (NAJSP), pp. 
9–12, Apr. 2023. 



International Journal of Frontiers in Engineering and Technology Research, 2023, 05(01), 080–088 

88 

[39] Md. R. H. Mojumder, F. Ahmed Antara, Md. Hasanuzzaman, B. Alamri, and M. Alsharef, Electric Vehicle-to-Grid 
(V2G) Technologies: Impact on the Power Grid and Battery, Sustainability, vol. 14, no. 21, p. 13856, Oct. 2022, 
doi: 10.3390/su142113856. 

[40] A. O. M. Maka and J. M. Alabid, Solar energy technology and its roles in sustainable development, Clean Energy, 
vol. 6, no. 3, pp. 476–483, Jun. 2022, doi: 10.1093/ce/zkac023. 

[41] J. Svarc, Bidirectional chargers explained - V2G vs V2H vs V2L, Clean Energy Reviews, p. 1, 2021, [Online]. 
Available: https://www.cleanenergyreviews.info/blog/bidirectional-ev-charging-v2g-v2h-v2l 

[42] G. S. Thirunavukkarasu, M. Seyedmahmoudian, E. Jamei, B. Horan, S. Mekhilef, and A. Stojcevski, Role of 
optimization techniques in microgrid energy management systems—A review, Energy Strategy Reviews, vol. 43, 
p. 100899, Sep. 2022, doi: 10.1016/j.esr.2022.100899. 

[43] A. Q. Al-Shetwi, Sustainable development of renewable energy integrated power sector: Trends, environmental 
impacts, and recent challenges, Science of The Total Environment, vol. 822, p. 153645, May 2022, doi: 
10.1016/j.scitotenv.2022.153645. 

[44] M. Gomah, A. A. Ahmed, “Stochastic Method for Electric Vehicle Integration Considering Renewability 
Maximization and Reliability Minimization,” African Journal of Advanced Pure and Applied Sciences (AJAPAS), 
vol. 2, no. 1, pp. 225–232, January-March 2023 

[45] M. M. Kamal, A. Mohammad, I. Ashraf, and E. Fernandez, Rural electrification using renewable energy resources 
and its environmental impact assessment, Environmental Science and Pollution Research, 2022, doi: 
10.1007/s11356-022-22001-3. 

[46] Y. Lin and Z. Bie, Study on the Resilience of the Integrated Energy System, Energy Procedia, vol. 103, no. April, pp. 
171–176, 2016, doi: 10.1016/j.egypro.2016.11.268. 

[47] F. K. Handhal and A. T. Rashid, Load balancing in distribution system using heuristic search algorithm, in 2018 
International Conference on Advance of Sustainable Engineering and its Application (ICASEA), IEEE, Mar. 2018, 
pp. 48–53. doi: 10.1109/ICASEA.2018.8370954. 

[48] T. Ahmad and D. Zhang, Renewable energy integration/techno-economic feasibility analysis, cost/benefit impact 
on islanded and grid-connected operations: A case study, Renew Energy, vol. 180, no. August, pp. 83–108, Dec. 
2021, doi: 10.1016/j.renene.2021.08.041. 

[49] A. Latif, S. M. S. Hussain, D. C. Das, and T. S. Ustun, Double stage controller optimization for load frequency 
stabilization in hybrid wind-ocean wave energy based maritime microgrid system, Appl Energy, vol. 282, p. 
116171, 2021, doi: https://doi.org/10.1016/j.apenergy.2020.116171. 

[50] A. A. Ahmed, M. Gomah, “Electric Vehicle Impact on the Sustainable Development Goals Considering Renewable 
Energy Sources Integration,” African Journal of Advanced Pure and Applied Sciences (AJAPAS), vol. 2, no. 2, pp. 
227–234, April-June 2023. 

[51] A. R. H. Mohamed, “Energy Sustainability Considering Stand-Alone Hybrid Systems for Remote Areas with the 
Present of Electric Vehicles,” The North African Journal of Scientific Publishing (NAJSP), vol. 1, no. 3, pp. 94–102, 
July-September 2023. 

[52] M. Belrzaeg, A. A. Ahmed, “The Adoption of Renewable Energy Technologies, Benefits, and Challenges: Mini-
Review,” Libyan Journal of Contemporary Academic Studies, vol. 1, no. 1, pp. 20–23, July-September 2023 

https://doi.org/10.1016/j.apenergy.2020.116171

