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Smart grid (SG), an evolving concept in the modern power infrastructure, enables the two-way flow of electricity and data
between the peers within the electricity system networks (ESN) and its clusters. The self-healing capabilities of SG allow
the peers to become active partakers in ESN. In general, the SG is intended to replace the fossil fuel-rich conventional
grid with the distributed energy resources (DER) and pools numerous existing and emerging know-hows like information
and digital communications technologies together to manage countless operations.
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| 1. Overview of a Smart Grid

Today, there is no generally acceptable SG definition. Its description and definition are not unique. It is still evolving,
developing, and the concept is becoming more and more mature with time. The SG combines DER-based micro, mini,
and nano-grids and supply systems control with a fine branch [&l. SG incorporates technology, structures, and protocols to
make the ESN more intelligent and efficient. It is merely a radical modification of the existing ESN. In general, the SG is
intended to substitute the fossil fuel-rich CEG with the DER and pools numerous existing and emerging know-hows like
information and digital communications technologies together to manage countless operations [&. The SG features such
as computational ability, controllability, self-diagnosis, and healing pave the way for broader incorporation of RER, more
active consumer and prosumer participation, the implementation of energy efficiency initiatives, and the consequent
possible reduction of greenhouse gas (GHG) emissions. The SG enables the two-way flow of electricity and data between
the ESN peers and its clusters. SG's self-healing capabilities allow the peers to become active partakers in ESN Bl With
this, the SG will be able to “detect, react, and pro-act” to disparities in usage and manifold issues and enhances the
reliability, availability, resilience, stability, security, and, at the same time, ensures grid operations sustainably and
affordably 3],

2. Role of Smart Grid in the Existing Power System and Its Implementation
Barriers

As mentioned earlier in Section 1.1, SG is an intelligent digital electric grid with a pool of technologies and services.
Depending upon the load type served and ESN type (e.g., residential, commercial, and industrial), the technologies and
services used in SG vary, and they are clearly shown in Figure 1.
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Figure 1. Smart grid services conceptual representation highlights renewable energy resources, energy storage systems,
power electronics, information and communication technologies, energy management platforms, and cyber technologies.



From Figure 1, it can be understood that SG facilitates the consumers and prosumers to have increased choices in terms
of controlling their electricity use and production. The SG also helps prosumers respond to electricity prices based on the
changes in consumption and generation patterns. Not only the residential, commercial, and industrial loads, SG also
facilitates connection and integrated operation with electric vehicle (EV) charging systems. In brief, “SG brings all
elements of the electricity system production, delivery, and consumption closer together to improve overall system
operation for the benefit of consumers and the environment.” Overall, the SG enhances ESN operation and control in the
three significant domains (generation, transmission, and distributions) (€.

The existing SG framework is combined with multiple design scenarios and varies based on the operational area or the
deployed application. Few of those operations and applications include energy-dependent operations in smart cities,
energy-related home operations computerization, and energy conservation schemes by considering metering and tracking
processes 1. SG technologies and concepts will significantly reduce RER barriers and allow power grids to support a
more significant percentage of variable and intermittent supplies from RER [&l. SG is crucial for the efficient use of DER
and provides management of demand and supply of electricity from RE technologies and ESS by both users and
suppliers of electricity.

One of SG's crucial aims is to encourage peer’s active participation with automated transactions &, For building an
automated distributed energy distribution network, data and data-driven decisions are needed. SG provides such data-
driven decisions as they provide a two-way flow of electricity and the associated data. The SG’s smartness will allow for
the time-shifting of electricity demand as influenced by RE’s intermittent nature and incorporation of ESS L9111,

Overall, using SG, the CEG services will be replaced with high-level automation services, control techniques, sensors,
computer servers for energy transaction record-keeping, power asset management platform, and many other new and
emerging technologies, and all these are expected to operate collectively, thereby enhancing the power grid operations <.
SG’s components will respond intelligently and digitally on time to the grid conditions based on energy demand, supply,
and fault occurrences on the system working hand-in-hand to produce, deliver, and utilize energy most efficiently and
reliably. With this, SG can automatically locate the fault, isolate it, and even restore services once the fault is cleared and
record its activities on the grid performance data. This helps the grid reduce the number, impact, and duration of outages
and interruptions 12,

Overall, the SG offers many benefits to the CEG. Here, the benefits associated with the renewable-based SG are
summarized as follows.

e It enables a broader range of RER, DER, and ESS technologies that allow higher RE deployment with cost-
effectiveness while increasing reliability and quality of power.

« Rapid response to ESS, such as flywheels, can address intermittency problems, enhancing the grid’s overall reliability
and power.

« Exchanges of real-time information make for a more flexible grid, achieving almost complete forecasting.
o Greater visibility enhances strategies for the price of forecasting.

« Assimilating clients into the power network as active players; energy savings made by reducing the peak demands and
increasing energy quality and lowered GHG emissions.

« Regulation of voltage and subsequent load allows operating costs to be minimized based on the marginal output cost.

Even though SG offers many benefits, its implementation is also a challenging one. The challenges mainly lie with
technology use. In addition to the technology, for the successful implementation of SG, each country needs to develop
and articulate its SG vision, strategies, and means of achieving it. This helps to motivate fervor and resources (both
technical and capital) toward modernizing the existing electric grid infrastructure.

Digital energy vision and its full understanding are fundamental for a smooth transition from conventional to SG systems
and deploying existing and emerging technologies. Change to SG can be gradual and piecemeal until its full
implementation is realized. It can start from the existing grid by introducing each of the SG technologies one at a time. It
can also begin with a small pilot project as a nano grid, mini-grid, or microgrid in a remote geographical location and
gradually be improved and extended. There are already numbers of such SG pilot projects worldwide in the USA, South
Korea, Austria, and Canada. Furthermore, most countries in the advanced world are already gradually upgrading their
existing grid to SG.



The obstacle to implementing SG reflects the preposition of interest by the provider and the consumer, accompanied by
regulatory restrictions and technical norms obstructing SG solutions 3l On the other side, issues associated with
information flow, communication between the peers, and ESN resources management must be addressed. The question
is, who will be managing these, the human workforce, or the digitalization? What would be an efficient way?

Furthermore, the questions related to ensuring reliability, resilience, and security should be considered while designing
SG. Additionally, ensuring the computational and energy efficiency of the SG operations as it undergoes digitalization
becomes critical. For handling such digital operations, computational tools are suggested. Possibly, fast computing
methodologies have become one of the most vital tools in determining an SG service’s success in the market. There exist
numerous computational and digital tools, which include artificial intelligence (Al) 2413 |nternet-of-Things (loT) ZEIL7II18]
Big Data analytics 222921 machine learning (2223 deep learning [24125128] cloud computing (27281291 and Blockchain
(BC) BUELIE2 These technologies have been intelligently applied with various applications in networking, manufacturing,
building management, transportation, and shipping to construct energy-efficient and sustainable systems. We believe
such technologies can be leveraged in the energy sector, especially in the SG operations.

In the literature, few studies were carried out by the researchers, and they showed the roles of these technologies in ESN
operations [L4I15I16[17|[18][19][20](21][22]23][24][25][26][27][28][29][301[31][32] Oy the other side, these promising technologies have
gone through fast technological evolution in the past decade, and their applications have increased rapidly in ESN.
Furthermore, new technologies are emerging, which enable data-driven decisions. Hence, this study discusses the SG
and applications of Al, the 10T, and BC.

| 2. Distributed Energy Resources in Smart Grids

The DER-based power system is a small to medium-scale decentralized power generation system that uses RER, and
mostly these DER are located close to the load centers. DER provides an alternative or enhancement to the conventional
power grid and can feed entire distribution systems [231(34],

DER-based onsite power generation is a less expensive option and a quick process, especially with the PV, wind turbine
(WT), fuel cells, etc. Whereas the central power generating systems are relatively more extensive in installed peak
capacities, their erection time is also relatively high compared to onsite DER-based power plants. The high-voltage
transmission lines erection also takes more time 32!, DER reduces the load on electrical transmission lines. Besides, the
DER-based ESN would offer energy to consumers at a lesser price.

At the same time, the DER-based ESN provides higher service reliability, improved power quality, and ensures
consumer’s energy independence. When DER uses any renewable technology, it has an excellent contribution to the
power generation mix and is a part of the green solution for a sustainable environment. Government, policymakers, and
power engineers worldwide are encouraging the incorporation of DER, primarily RER-based MG and SG, into power
distribution systems. In recent years, nano-grids and mini-grids have also become quite popular in the ESN.

References

1. Dafalla, Y.; Liu, B.; Hahn, D.A.; Wu, H.; Ahmadi, R.; Bardas, A.G. Prosumer Nanogrids: A Cybersecurity Assessment.
IEEE Access 2020, 8, 131150-131164.

2. Atalay, M.; Angin, P. A Digital Twins Approach to Smart Grid Security Testing and Standardization. In Proceedings of the
2020 IEEE International Workshop on Metrology for Industry 4.0 & I0T (Metrolnd4.0&I0T), Roma, Italy, 3-5 June 2020.

3. Ferdous, S.M.; Shafiullah, G.M.; Shahnia, F.; Elavarasan, R.M.; Subramaniam, U. Dynamic Frequency and Overload
Management in Autonomous Coupled Microgrids for Self-Healing and Resiliency Improvement. IEEE Access 2020, 8,
116796-116811.

4. Kumar, N.M.; Ghosh, A.; Chopra, S.S. Power Resilience Enhancement of a Residential Electricity User Using
Photovoltaics and a Battery Energy Storage System Under Uncertainty Conditions. Energies 2020, 13, 4193.

5. Kumar, S.A.; Subathra, M.S.P.; Kumar, N.M.; Malvoni, M.; Sairamya, N.J.; George, S.T.; Suviseshamuthu, E.S.;
Chopra, S.S. A Novel Islanding Detection Technique for a Resilient Photovoltaic-Based Distributed Power Generation
System Using a Tunable-Q Wavelet Transform and an Artificial Neural Network. Energies 2020, 13, 4238.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

. Reddy, M.Y.; GM, S.R.; Madhusudhan, E.; Al Muhteb, S. Securing smart grid technology. In 2012 International

Conference on Graphic and Image Processing; International Society for Optics and Photonics: Bellingham, WA, USA,
2013; Volume 8768, p. 87684E.

. Calvillo, C.F.; Sdnchez-Miralles, A.; Villar, J. Energy management and planning in smart cities. Renew. Sustain. Energy

Rev. 2016, 55, 273-287.

. Phuangpornpitak, N.; Tia, S. Opportunities and Challenges of Integrating Renewable Energy in Smart Grid System.

Energy Procedia 2013, 34, 282-290.

. Clastres, C. Smart grids: Another step towards competition, energy security and climate change objectives. Energy

Policy 2011, 39, 5399-5408.

Ontario Smart Grid Progress Assessment: A Vignette, Ontario Smart Grid Forum. September 2013. Available online:
(accessed on 21 March 2020).

Zahedi, A. A review of drivers, benefits, and challenges in integrating renewable energy sources into electricity grid.
Renew. Sustain. Energy Rev. 2011, 15, 4775-4779.

Markovska, N.; Duic, N.; Mathiesen, B.V.; Guzovi¢, Z.; Piacentino, A.; Schlér, H.; Lund, H. Addressing the main
challenges of energy security in the twenty-first century—Contributions of the conferences on Sustainable
Development of Energy, Water and Environment Systems. Energy 2016, 115, 1504-1512.

Cuadra, L.; Del Pino, M.; Borge, J.C.N.; Salcedo-Sanz, S. Optimizing the Structure of Distribution Smart Grids with
Renewable Generation against Abnormal Conditions: A Complex Networks Approach with Evolutionary Algorithms.
Energies 2017, 10, 1097.

Kaloudi, N.; Li, J. The Al-Based Cyber Threat Landscape. ACM Comput. Surv. 2020, 53, 1-34.

Ahmad, |.; Kazmi, J.H.; Shahzad, M.; Palensky, P.; Gawlik, W. Co-simulation framework based on power system, Al
and communication tools for evaluating smart grid applications. In Proceedings of the 2015 IEEE Innovative Smart Grid
Technologies—Asia (ISGT ASIA), Bangkok, Thailand, 3—6 November 2015.

Abdul-Qawy, A.S.; Pramod, P.J.; Magesh, E.; Srinivasulu, T. The Internet of Things (IoT): An Overview. Int. J. Eng. Res.
Appl. 2015, 1, 71-82.

Chen, X.; Liu, J.; Li, X.; Sun, L.; Zhen, Y. Integration of IOT with smart grid. In Proceedings of the IET International
Conference on Communication Technology and Application (ICCTA 2011), Beijing, China, 14—-16 October 2011.

Digiteum Team. The Role of 0T in Smart Grid Technology. In Digiteum. 10 September 2019. Available online:
(accessed on 21 March 2020).

Shyam, R.; Ganesh, H.B.; Kumar, S.S.; Poornachandran, P.; Soman, K.P. Apache Spark a Big Data Analytics Platform
for Smart Grid. Procedia Technol. 2015, 21, 171-178.

Munshi, A.A.; Mohamed, Y.A.-R.l. Big data framework for analytics in smart grids. Electr. Power Syst. Res. 2017, 151,
369-380.

Bhattarai, B.P.; Paudyal, S.; Luo, Y.; Mohanpurkar, M.; Cheung, K.W.; Tonkoski, R.; Hovsapian, R.; Myers, K.S.; Zhang,
R.; Zhao, P,; et al. Big data analytics in smart grids: State-of-the-art, challenges, opportunities, and future directions.
IET Smart Grid 2019, 2, 141-154.

Pisica, I.; Eremia, M. Making smart grids smarter by using machine learning. In Proceedings of the 2011 46th
International Universities Power Engineering Conference (UPEC), Soest, Germany, 5-8 September 2011.

Finn, D.P.; De Rosa, M.; Milano, F.; Finn, D.P. Demand response algorithms for smart-grid ready residential buildings
using machine learning models. Appl. Energy 2019, 239, 1265-1282.

Xia, Z. An Overview of Deep Learning. In Deep Learning in Object Detection and Recognition; Springer: Singapore,
2019; pp. 1-18.

Anthony, L.F.W.; Kanding, B.; Selvan, R. Carbontracker: Tracking and predicting the carbon footprint of training deep
learning models. arXiv 2020, arXiv:2007.03051.

Sengupta, S.; Basak, S.; Saikia, P.; Paul, S.; Tsalavoutis, V.; Atiah, F.; Ravi, V.; Peters, A. A review of deep learning with
special emphasis on architectures, applications and recent trends. Knowl. Based Syst. 2020, 194, 105596.

Yigit, M.; Gungor, V.C.; Baktir, S. Cloud Computing for Smart Grid applications. Comput. Netw. 2014, 70, 312-329.

Okay, F.Y.; Ozdemir, S. A fog computing based smart grid model. In Proceedings of the 2016 International Symposium
on Networks, Computers and Communications (ISNCC), Yasmine Hammamet, Tunisia, 11-13 May 2016; Available
online: (accessed on 30 September 2020).



29.

30.

31.

32.

33.

34.

35.

Sami, |.; Ali, S.M.; Nazir, S.; Khan, I.; Asghar, R.; Abid, M.A.; Ullah, Z.; Khan, B.; Mehmood, C.A. Cloud Computing
(CC) Centers-A Fast Processing Engine in Smart Grid. In Proceedings of the 2019 International Conference on
Electrical, Communication, and Computer Engineering (ICECCE), Swat, Pakistan, 24-25 July 2019.

Hassan, N.U.; Yuen, C.; Niyato, D. Blockchain Technologies for Smart Energy Systems: Fundamentals, Challenges,
and Solutions. IEEE Ind. Electron. Mag. 2019, 13, 106-118.

Kim, S.-K.; Huh, J.-H. A Study on the Improvement of Smart Grid Security Performance and Blockchain Smart Grid
Perspective. Energies 2018, 11, 1973.

Cherian, J.R. An Overview of BlockChain Technology and its Applications in the Society. CYBERNOMICS 2020, 2, 29—
31.

Worighi, 1.; Maach, A.; Hafid, A.; Hegazy, O.; Van Mierlo, J. Integrating renewable energy in smart grid system:
Architecture, virtualization and analysis. Sustain. Energy Grids Netw. 2019, 18, 100226.

Islam, F.R.; Mamun, K.A. Possibilities and Challenges of Implementing Renewable Energy in the Light of PESTLE &
SWOT Analyses for Island Countries. In Smart Energy Grid Design for Island Countries: Challenges and Opportunities;
Springer International Publishing: Cham, Switzerland, 2017; pp. 1-19.

Notton, G.; Nivet, M.-L.; Voyant, C.; Paoli, C.; Darras, C.; Motte, F.; Fouilloy, A. Intermittent and stochastic character of
renewable energy sources: Consequences, cost of intermittence and benefit of forecasting. Renew. Sustain. Energy
Rev. 2018, 87, 96-105.

Retrieved from https://encyclopedia.pub/entry/history/show/27202



