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ABSTRACT 
The transformation of traditional power grids into Smart Grids represents a pivotal advancement in the 
global pursuit of efficient, reliable, and sustainable energy systems. This paper examines the technological 
foundations, benefits, and challenges of Smart Grid implementation, emphasizing key components such as 
Advanced Metering Infrastructure (AMI), distributed generation, real-time data analytics, and 
cybersecurity. It examines global trends, policy developments, and case studies that highlight Smart 
Grids' potential to reduce energy losses, enhance grid responsiveness, and empower consumers through 
dynamic pricing and demand-side management. Despite substantial technical and infrastructural 
challenges, the integration of Information and Communication Technologies (ICT) and smart automation 
offers a clear pathway to resilient energy infrastructures. The study also emphasizes the critical roles of 
regulatory frameworks, public acceptance, and cross-sector collaboration in achieving a successful smart 
grid transition. The findings suggest that with strategic investment and inclusive policy design, Smart 
Grids can significantly optimize energy consumption, facilitate renewable energy integration, and deliver 
long-term socioeconomic and environmental benefits. 
Keywords: Smart Grids, Energy Efficiency, Grid Reliability, Advanced Metering Infrastructure, 

Renewable Integration, Cybersecurity, Demand-Side Management. 

INTRODUCTION 
New technologies and information systems are improving energy efficiency and reliability in the energy 
supply. However, the power grid has largely remained unchanged for 60 years, necessitating updates to 
distribution and generation. The Smart Grid will be implemented through numerous projects over five to 
seven years, providing ongoing operations and process improvements. This paper examines the current 
state of Smart Grid investment globally and in the U.S., highlighting initiatives like advanced metering 
infrastructure, real-time pricing, and rewards systems. Key benefits of a Smart Grid include better 
communications, data visibility, compliance with regulations, and enhanced distribution quality while 
reducing costs. Initial cost savings and reliability will primarily benefit distribution automation systems. 
Moreover, integrating renewable generation and optimizing nuclear and biomass resources promises 
further reductions. These projects may require standards but could yield substantial benefits, exceeding 
$450 billion in the long term. Smart Grids focus on enhancing energy efficiency by targeting energy loss 
at customer-side transformers, benefiting both utilities and customers. Advanced meters paired with 
scalable projects allow for quick wins, while conservation voltage programs help lower energy bills and 
improve generation-demand matching [1, 2]. 

Key Components of Smart Grids 

The provision of electricity involves a complex supply chain, limiting proactive customer participation in 
energy markets. Households and businesses connect to a utility-managed distribution grid that sets 
pricing. This grid links to various transmission grids overseen by independent operators. Base load 
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generators produce electricity, minimizing costs, while additional sources like diesel and natural gas fill 
demand gaps. Transmission operators send hourly forecasts that aggregate into a comprehensive grid 
forecast, combined with scheduled generator outputs and bidder offers. Utilities deploy and bid loads 
using a bulk timing generator, which typically takes an hour to create an electricity supply plan sent to 
each transmission grid operator's AGC. Active participants report their market representation every 30 
seconds, with this data processed into dispatch set points that result in control actions through 
adjustments to RBIS supply technology. Suppliers are informed about their power provision specifics 
through the entire wire complexity chain. Coordination of supply scheduling and event detection focuses 
on speculative behavior. Detection relies on historical logs and informs sovereign operator outputs. A 
centralized, price-dependent production decision model emerges from a systematic multi-version 
approach, incorporating historical line flow controls. While price manipulations are highlighted, 
additional exploration of policies affecting contraction is needed, as proving manipulation is challenging. 
Previous studies on bid manipulation in auctions contrast with events like smoothing. Simulation results 
in the Upper Northern State pseudospectral market illustrate how simple baseline manipulations can 
affect future prices, enhancing monitoring efficiencies significantly before quickly dissipating [3, 4]. 

Benefits of Smart Grids 
The Smart Grid system delivers numerous benefits for consumers and utility providers through demand-
side management (DSM). It helps address widespread issues related to electrical energy consumption. 
Electric utilities need to gather, analyze, and manage electricity distribution data with high time 
resolution. For consumers, the Smart Grid interface encourages participation in DSM, enabling energy 
and cost savings by optimizing electricity consumption. Smart Meters greatly enhance access to real-time 
appliance consumption data and enable immediate actions against excessive usage, thus improving DSM 
availability and cost-effectiveness. The adoption of Smart Metering is crucial for advancing the Smart 
Grid, facilitating time-of-use pricing that allows consumers to lower bills by shifting appliance use to off-
peak hours. Additionally, Smart Meters offer features like detailed consumption displays, energy theft 
prevention, personalized feedback, and improved billing. Utilities face challenges in deciding when and 
how to implement Smart Metering, as it requires significant investment and careful consideration of 
potential benefits and drawbacks [5, 6]. 

Challenges in Implementing Smart Grids 
Progress in the Smart Grids sector is gradual as investors and policymakers navigate its challenges and 
implications, seeking reliable transition paths from current systems to a smarter future. Initiatives must 
be scrutinized before wider adoption, emphasizing the need for appropriate policy options and regulatory 
frameworks for Smart Grids. Currently, there are few structured and accepted estimates that profile the 
status and future of Smart Grid architectures. To assess advances in technologies and services, a 
thorough, structured methodology based on multiple observatories is essential. There is demand for 
consolidated and consistent information, yet terminology in the field remains inconsistent, hindering 
detailed analysis of Smart Grid innovations. Standardized terminology is crucial for providing analysts 
with a cohesive ontology. Smart Grids enable dynamic supply and demand balancing, energy 
management, and pricing strategies. Dynamic pricing and smart meters can enhance power delivery 
efficiency and empower consumers to manage electricity demand. Access to advanced grid technologies 
can modernize electricity infrastructures and tackle rising energy and environmental issues. Digital 
communications can improve payment efficiency and reduce non-technical losses in many developing 
nations. Innovations in on-site generation, electric storage, and energy-efficient devices rely heavily on 
smart grid development. Significant investments in technologies like distributed solar photovoltaics, 
electric vehicles, and large renewable energy stations necessitate the advancement of Smart Grids. 
Additionally, enhancing climate responsibility demands greater use of variable renewable energy sources, 
which Smart Grid technologies can help balance to ensure reliability in the power supply [7, 8]. 

Smart Grid Technologies 
In a Smart Grid (SG), electricity is efficiently transferred from generation to consumers using advanced 
technologies designed to enhance power grid efficiency and reliability. Power generation encompasses 
various energy sources, including thermal, hydro, and wind. Technologies here involve decentralized 
information services for dispatch centers, intelligent ICT devices for field equipment, and automated 
algorithms minimizing human intervention in security analyses. Transmission refers to the conveyance of 
electricity from large power plants to distribution companies. Technologies for smart transmission 
feature high-DC voltage transmission, innovative fiber optic measuring instruments for precise voltage 
and current monitoring, and systems for early fault identification and line supervision. On the distribution 
side, technologies comprise Automated Metering Infrastructure (AMI), real-time monitoring equipment 
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for electrical quantities, and intelligent devices for automatic disturbance isolation. In an SG, active 
components include bulk users, households, renewable energy generators, and power-consuming devices, 
contributing to Distributed Generation (DG). Previously, managing numerous uncontrolled small units 
posed a scientific challenge. However, with current ICT technologies, decentralized control of solar 
panels, windmills, and electric vehicles is now more sustainable and economically viable. Information and 
Communication Technologies (ICT) are indispensable in an SG. Capable thermal power plants are 
essential, as inhibiting their functions can control smart generation. These plants can optimize the 
operation of multiple turbines across extensive areas. The integration of ICT allows for sophisticated 
theories, like active disturbance rejection control, to be implemented [9, 10]. 

Cybersecurity in Smart Grids 

The increasing participation of both production and consumption in power systems will demand that the 
information be exchanged most effectively. The need for using Information Technology (IT) solutions in 
the electricity sector has evolved gradually, and Smart Grids (SGs) have emerged from this ever-growing 
need and demand for advanced power systems. However, this deployment of IT raises many concerns, 
such as security, and approaches have been developed to deal with this need. Social, economic, and 
political concerns are noteworthy issues, whilst before those concerns, priority should be given to a secure 
SG. The smart grid (SG) is a cyber-physical system that requires both power and information services. 
SGs integrate large-scale and complex infrastructures, hardware and software components, and a 
plethora of sensing and control technologies. The broader adaptation of the smart grid involves a lot of 
concerns, foremost of which is cybersecurity and any adverse impacts on the critical infrastructures, as a 
domino effect. Smart Grid providers are adopting security standards and protocols to lessen the potential 
damage caused by cyberattacks. The Framework, frameworks developed by various organizations, such as 
the ones, and security standards are better when the providers implement. Compared to Information 
Technology (IT) networks, there are some special challenges for SG providers, such as less mature 
security standards and technologies, legacy systems and foreign implementation, complexity and large-
scale systems, and the hard winter be tackled. Another area for needed work is determining the impact of 
alternative buffer sizes on operation or gauging detection system performance in the real-world network 
before and after attacks [11, 12]. 

Case Studies of Smart Grid Implementation 
Smart grids are advanced power system networks designed to enhance modern energy systems. They 
comprise an Internet-based control system with flexible AC or DC grids, where each equipment piece acts 
as a smart agent node, forming a data network primarily and a power routing network secondarily. 
Central to smart grids are smart meters. These grids allow consumer-side generation facilities to sell 
electricity to peers or energy producers like grid companies. Experts believe smart grids are vital for a 
secure energy future. Three implementations are examined: The Puducherry Smart Grid Pilot Project in 
India demonstrates state-managed investment benefits without international collaboration. The second 
case study is a Microgrid installation with street lamps and Electric Vehicle Charging Stations, 
identifying economic and social advantages on campus. The final proposal discusses Smart Home 
technologies, providing a quantified savings analysis to justify initial implementation costs [13, 14]. 

Future Trends in Smart Grids 

The signature of the transition toward an intelligent electric energy infrastructure is formed of voluntary 
actions leading to the optimization of electric energy usage of an individual and the community alike, of 
its vendors, distribution utilities, and grid operators. Innovative concepts such as the Introduction of 
smart meters and interfaces, Decentralized control and optimization with system agents, Protection of 
data integrity and privacy, Introduction of electric vehicles, Assessment of users’ and vendors’ ethics and 
responsibility, and Outcome-based tariff schema. A brief, comprehensive overview is given of the logical 
steps leading to feasible realization of the above ideas, constraints thereof, and essential technologies. The 
highest risk lies in the ethics-related governance. There is a wide range of applications, tools, and trends 
for digitizing energy systems. Some applications can potentially contribute to more sustainable energy 
systems, while other tools help manage the complexity of the digital transformation process. Techno-
economic assessments of tools with several scorecard options show how important the development of 
social tools is for addressing energy data participation and responsibility play for the success of energy 
systems evolution. Some future work has been outlined, like establishing the collaboration between 
researchers and system developers, and politicians to ensure factual data, content, or messages incoming 
from such decentralized, trustworthy sources. Moreover, it is also warranted to include as many different 
actors as possible in AI bias learning and mitigation processes to co-create trustworthy energy systems 
that people are comfortable with [15, 16]. 
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Policy And Regulation for Smart Grids 
In the past two years, ten countries/regions, Australia, Canada, the EU, India, Japan, South Korea, Spain, 
the UK, and the USA, have developed smart grid institutional arrangements, regulations, policies, plans, 
and measures. They have focused on policy coherence, strategies for smart grid deployment, economic 
mechanisms for financing, and measures to enhance stakeholder engagement and collaboration. 
Recommendations for smart grid policies include establishing a competitive electricity market that allows 
for variable business models, which can improve system flexibility and renewable energy integration. 
Reforming rate design mechanisms to encourage utilities’ investment and ensuring cost-benefit sharing 
among stakeholders are critical. Regulatory changes to foster a competitive energy market can optimize 
operations, increasing net social benefits from smart grids. As smart grid deployment advances, demand 
response and distributed generation (DG) may effectively manage peak demand, potentially rendering 
some generation facilities unnecessary, necessitating early-stage resource planning and cost-benefit 
analysis. Smart grid customer policies like dynamic pricing require insights into consumer behavior; thus, 
new policies should evolve from social science studies on feedback regarding smart-grid technologies. 
Collaboration on standards and sharing experiences from demonstration projects can minimize 
redundancy in deployment efforts, with disseminating best practices particularly advantageous for rapidly 
expanding electricity infrastructures in developing countries [17, 18]. 

Public Perception and Acceptance 

Public awareness is critical in transitioning towards smart grid structures. Smart Grid’s current image 
could relate to many aspects of the technology, including High-tech Power Plants, Power Trading, Smart 
Meters, etc. However, not all of these could contribute to the same level of social good after immediate 
consumer acceptance. Since a wider range of smart grid technologies must be implemented for efficiency 
and utilities policy, understanding broad facts about public perception of Smart Grids, their segments, and 
improvement strategies is paramount. Roughly 240 references were collected to analyse a sub-area of 
Smart Grids, deeper Consumer Perception, Acceptance, and Expectations. Although the data pool is 
pretty large, it focuses mainly on the earlier-mentioned aspects only, which is true in most of the Smart 
Grid literature. The consumer side aspects are recognised to be an important area of research for the 
coming years, alongside technology and economics, as consumer acceptance is a prerequisite to the large-
scale deployment of smart grid technologies. As an illustration of the industry-technology divide, while 
there are hundreds of publications focusing on electric vehicles (EVs) technology, economy, or policy, 
only a fraction focus on EV consumer aspects [19, 20]. 

Environmental Impacts of Smart Grids 

Smart grids are enhanced electrical grid systems equipped with advanced communication and automatic 
adjustment devices. This paper discusses the urgency of developing a quick, precise, and controllable 
electric power grid. The grid comprises energy producers, distributors, and consumers, typically 
functioning with one-way communication, benefiting power companies while leaving consumers with 
issues of accuracy, control, and flexibility. Addressing the unavailability, non-measurability, and passivity 
of grid elements requires new methods, materials, components, systems, and algorithms to transform 
conventional grids into smart ones. These advanced measurement and control devices should leverage 
new IT technologies, including telecommunication innovations and scalable algorithms. The traditional 
grid is ineffective for monitoring active power usage due to its passive one-way communication, forcing 
consumers to pay for untracked consumption. To maintain equilibrium, the generation and consumption 
of electricity must match, preventing frequency irregularities linked to load changes, which can cause 
inefficiencies and excess heat in generators. The smart grid (SG) network integrates new technologies to 
meet emerging challenges, deploying new devices alongside the existing system to perform various 
functions. Careful consideration is essential to balance flexibility and congestion management, ensuring 
that the introduction of these functions does not lead to conflicts [21, 22]. 

Economic Impacts of Smart Grids 
Smart Grids solve many problems but also create new ones, producing both winners and losers. While 
they collectively benefit people or nations, negative ramifications may be felt individually. There's 
consensus that Smart Grids will offer significant benefits, despite uncertainties around timing and 
implementation. They promise cost savings through deferred investments and efficiency improvements, 
provided implementation and maintenance costs are manageable. Literature suggests that near-term 
investments will be favorable, pending well-coordinated stakeholder efforts for asset aggregation. 
Anticipated benefits include enhanced Renewable Generation facilitation, better network balancing, and 
Reduced Emissions, which are priorities in UK and international energy policies. However, participants 
acknowledged the need for more clarity on how these benefits will be realized, making it difficult to 
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quantify and attribute potential gains. Consumer Engagement, Community Involvement, and Demand 
Management were highlighted as both benefits and challenges [23, 24]. 

Smart Grid and Electric Vehicles 

Electric vehicles (EVs) can absorb energy from smart charging stations and send it back to external loads, 
leading to two categories: unidirectional and bidirectional vehicles. Unidirectional vehicles, representing 
common EVs, receive energy from stations and direct it to household loads. In contrast, bidirectional 
vehicles can return energy to charging stations, serving as energy sources for loads, often linked to 
vehicle-to-building (V2B) and vehicle-to-grid (V2G) applications. They facilitate energy transfers 
between power stations and loads, functioning within a microgrid and mimicking numerous on-board 
battery electric vehicles. During V2B and V2G operations, energy can be sent back to the grid when 
charging, influenced by a random model. The grid acts as both a sink and a source of energy, especially 
when integrated with renewable sources such as solar and wind. This involvement of EVs strengthens 
decentralized grids' resilience by balancing supply and demand. EV batteries also mitigate rail energy 
consumption and enhance local generation. However, the interplay between local generation and grid 
consumption can lead to stress on the power balance. Achieving stability in a local grid with fluctuating 
consumption is crucial, necessitating a comprehensive dataset to address supply-demand tensions 
effectively. Integrating EVs allows for better energy management alongside local solar panels, enabling 
them to absorb and redistribute solar power. A thorough potential analysis is performed before EV 
mobility, considering various timeframes and random parameters to maximize solar energy utilization 
[25, 26]. 

Smart Grid Research and Development 
Today's power grids are inadequate for the increased size and complexity of the electric power system, 
facing major control and economic optimization challenges due to diverse power suppliers and consumers. 
The development of smart grids is crucial, merging energy delivery with digital networks and creating 
intelligent monitoring systems for two-way trading. Smart meters play a central role, enabling precise 
measurement and real-time tracking of energy supply and consumption. A wireless network transmits 
electricity demand information from these meters, allowing for hourly cost updates. This data empowers 
grids to compute optimal energy delivery strategies, enhancing economic efficiency. As power demand 
grows with population and technology advances, coupled with dwindling fossil fuel resources, there's an 
urgent need to rethink energy generation and distribution. Smart grids aim to improve energy efficiency, 
security, reliability, and sustainability by integrating communication technologies into power 
infrastructure. They include automated sensing, monitoring, and decision-making capabilities, along with 
enhanced interconnectivity. This allows for the utilization of distributed renewable energy sources and 
improved transmission through new technologies, enhancing communication and service. Smart grids 
also facilitate power transfer between regions, improving grid reliability and taking advantage of lower 
generation costs elsewhere [27, 28]. 

CONCLUSION 

The evolution of traditional power systems into Smart Grids is not merely a technological upgrade but a 
strategic transformation that addresses pressing global energy challenges. Smart Grids enhance 
operational efficiency, reliability, and sustainability by integrating real-time data analytics, advanced 
metering, decentralized generation, and intelligent control systems. Their implementation supports 
renewable energy integration, reduces transmission losses, and enables dynamic interaction between 
utilities and consumers. However, the full potential of Smart Grids can only be realized through robust 
regulatory support, standardized technologies, sustained investment, and increased public engagement. 
Moreover, cybersecurity and consumer privacy must remain top priorities to foster trust and resilience. 
As demonstrated through various global case studies, Smart Grids can reshape the energy landscape 
when accompanied by informed policy frameworks and collaborative efforts across sectors. Moving 
forward, a multi-disciplinary approach that aligns technological innovation with social, economic, and 
environmental goals will be essential for the successful deployment and adoption of Smart Grids 
worldwide. 

REFERENCES 

1. Giaconi G, Gunduz D, Poor HV. Privacy-aware smart metering: Progress and challenges. IEEE 
Signal Processing Magazine. 2018 Nov 15;35(6):59-78. 

2. Strasser T, Andrén F, Kathan J, Cecati C, Buccella C, Siano P, Leitao P, Zhabelova G, Vyatkin V, 

Vrba P, Mařík V. A review of architectures and concepts for intelligence in future electric energy 
systems. IEEE Transactions on Industrial Electronics. 2014 Oct 3;62(4):2424-38. 

http://www.idosr.org/


 
 
www.idosr.org                                                                                                                                Ugwu et al 

50 
 

3. Kintner-Meyer MC, Sridhar S, Holland C, Singhal A, Wolf KE, Larimer CJ, McGrath CR, 
Bleeker AA, Murali RE. Electric vehicles at scale-phase ii-distribution systems analysis. Pacific 
Northwest National Lab.(PNNL), Richland, WA (United States); 2022 Mar 1. 

4. Peters J. Are Electricity Customers Ready for a Renewables-Based Grid?. InWomen in 
Renewable Energy 2023 Jun 16 (pp. 29-45). Cham: Springer International Publishing. 

5. Dewangan F, Abdelaziz AY, Biswal M. Load forecasting models in smart grid using smart meter 
information: a review. Energies. 2023 Jan 31;16(3):1404. 

6. Chakraborty S, Das S, Sidhu T, Siva AK. Smart meters for enhancing protection and monitoring 
functions in emerging distribution systems. International Journal of Electrical Power & Energy 
Systems. 2021 May 1;127:106626. [HTML] 

7. Albogamy FR, Ashfaq Y, Hafeez G, Murawwat S, Khan S, Ali F, Aslam Khan F, Rehman K. 
Optimal demand-side management using flat pricing scheme in smart grid. Processes. 2022 Jun 
17;10(6):1214. mdpi.com 

8. Meliani M, Barkany AE, Abbassi IE, Darcherif AM, Mahmoudi M. Energy management in the 
smart grid: State-of-the-art and future trends. International Journal of Engineering Business 
Management. 2021 Jul 15;13:18479790211032920. sagepub.com 

9. Sedhom BE, El-Saadawi MM, El Moursi MS, Hassan MA, Eladl AA. IoT-based optimal demand 
side management and control scheme for smart microgrid. International Journal of Electrical 
Power & Energy Systems. 2021 May 1;127:106674. [HTML] 

10. Ghiasi M, Wang Z, Mehrandezh M, Jalilian S, Ghadimi N. Evolution of smart grids towards the 
Internet of energy: Concept and essential components for deep decarbonisation. IET Smart Grid. 
2023 Feb;6(1):86-102. wiley.com 

11. Tchao ET, Quansah DA, Klogo GS, Boafo-Effah F, Kotei S, Nartey C, Ofosu WK. On cloud-
based systems and distributed platforms for smart grid integration: Challenges and prospects for 
Ghana's Grid Network. Scientific African. 2021 Jul 1;12:e00796. sciencedirect.com 

12. Hasan MK, Habib AA, Shukur Z, Ibrahim F, Islam S, Razzaque MA. Review on cyber-physical 
and cyber-security system in smart grid: Standards, protocols, constraints, and 
recommendations. Journal of network and computer applications. 2023 Jan 1;209:103540. 
[HTML] 

13. Al-Shetwi AQ, Hannan MA, Al-Masri HM, Sujod MZ. Latest advancements in smart grid 
technologies and their transformative role in shaping the power systems of tomorrow: An 
overview. Progress in Energy. 2024 Dec 19. 

14. Butt OM, Zulqarnain M, Butt TM. Recent advancement in smart grid technology: Future 
prospects in the electrical power network. Ain Shams Engineering Journal. 2021 Mar 
1;12(1):687-95. 

15. Ahmad T, Madonski R, Zhang D, Huang C, Mujeeb A. Data-driven probabilistic machine 
learning in sustainable smart energy/smart energy systems: Key developments, challenges, and 
future research opportunities in the context of smart grid paradigm. Renewable and Sustainable 
Energy Reviews. 2022 May 1;160:112128. google.com 

16. Liu Z, Sun Y, Xing C, Liu J, He Y, Zhou Y, Zhang G. Artificial intelligence powered large-scale 
renewable integrations in multi-energy systems for carbon neutrality transition: Challenges and 
future perspectives. Energy and AI. 2022 Nov 1;10:100195. 

17. Ketu S, Mishra PK. A contemporary survey on IoT based smart cities: architecture, applications, 
and open issues. Wireless Personal Communications. 2022 Aug;125(3):2319-67. 

18. Ketu S, Mishra PK. A contemporary survey on IoT based smart cities: architecture, applications, 
and open issues. Wireless Personal Communications. 2022 Aug;125(3):2319-67. 

19. Senyapar HN, Bayindir R. The research agenda on smart grids: Foresights for social acceptance. 
Energies. 2023 Sep 6;16(18):6439. 

20. Fotis G, Dikeakos C, Zafeiropoulos E, Pappas S, Vita V. Scalability and replicability for smart 
grid innovation projects and the improvement of renewable energy sources exploitation: The 
FLEXITRANSTORE case. Energies. 2022 Jun 21;15(13):4519. 

21. Abrahamsen FE, Ai Y, Cheffena M. Communication technologies for smart grid: A 
comprehensive survey. Sensors. 2021 Dec 3;21(23):8087. 

22. Moreno Escobar JJ, Morales Matamoros O, Tejeida Padilla R, Lina Reyes I, Quintana Espinosa 
H. A comprehensive review on smart grids: Challenges and opportunities. Sensors. 2021 Oct 
21;21(21):6978. mdpi.com 

23. Pongrašić M, Tomšić Ž. Cost-benefit analysis of smart grids projects implementation. Journal of 
Energy: Energija. 2017 Dec 15;66(1-4):0-. 

http://www.idosr.org/
https://www.sciencedirect.com/science/article/pii/S0142061520341715
https://www.mdpi.com/2227-9717/10/6/1214
https://journals.sagepub.com/doi/pdf/10.1177/18479790211032920
https://www.sciencedirect.com/science/article/pii/S0142061520342198
https://ietresearch.onlinelibrary.wiley.com/doi/pdf/10.1049/stg2.12095
https://www.sciencedirect.com/science/article/pii/S2468227621001009
https://www.sciencedirect.com/science/article/pii/S1084804522001813
https://drive.google.com/file/d/1vnyVlWJtac5pij73JJGTEx_MNfAuWcBK/view
https://www.mdpi.com/1424-8220/21/21/6978


 
 
www.idosr.org                                                                                                                                Ugwu et al 

51 
 

24. Refaat SS, Ellabban O, Bayhan S, Abu-Rub H, Blaabjerg F, Begovic MM. Smart Grid and 
Enabling Technologies. John Wiley & Sons; 2021 Aug 16. 

25. Maldonato F, Hadachi I. Reinforcement Learning control strategies for Electric Vehicles and 
Renewable energy sources Virtual Power Plants. arXiv preprint arXiv:2405.01889. 2024 May 3. 

26. Ntombela M, Musasa K, Moloi K. Integration of Electric Vehicles and Renewable Energy 
Distributed Generators into the Smart Grid using Optimization Method. In2024 IEEE PES/IAS 
PowerAfrica 2024 Oct 7 (pp. 01-05). IEEE. 

27. Arenas-Martínez M, Herrero-Lopez S, Sanchez A, Williams JR, Roth P, Hofmann P, Zeier A. A 
comparative study of data storage and processing architectures for the smart grid. In2010 first 
IEEE international conference on smart grid communications 2010 Oct 4 (pp. 285-290). IEEE. 

28. Reza MM, Hyder T, Rahman MM, Shahriar A. An Overview of Smart Grid Technology with its 
Present Situation and Anticipation in the Asian Region. Eng. Int. 2014;2:79-86. 

 
CITE AS: Ugwu Chinyere Nneoma, Ogenyi Fabian, Val Hyginus Udoka Eze and Ugwu 
Okechukwu Paul-Chima (2025). Smart Grids: Enhancing Energy Efficiency and Reliability. 
IDOSR JOURNAL OF COMPUTER AND APPLIED SCIENCES 10(2):45-51. 
https://doi.org/10.59298/JCAS/2025/1024551 

 
 
 

 

http://www.idosr.org/
https://doi.org/10.59298/JCAS/2025/1024551

