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ABSTRACT: 

This paper briefly discusses need and gradual evolution of Smart Grid and its development. Smart Grid is important 
as it leads us to energy independence and of course a sustainable economic growth. Growth of Smart Power Grid in 
India will slowly but surely take us towards fulfilling the dreams of former President Dr. A.P.J. Abdul Kalam, 
“Energy for all and Energy forever”. According to its outlook, the smart grid is an upgrade of the common existing 
electricity grids that operate mostly to provide one-way power from several major power plants to a huge number of 
consumers but being friendly to both the utility as well as the consumers. This upgrade is expressed in the ability to 
operate in conditions of uncertainty in order to route the power supply in an optimal way that responds to a wide 
variety of situations, to encourage users in off-peak hours and charge premium rates from consumers who use energy 
during peak hours. The key to this capability is quick, accurate and two-way transmission of information between all 
parts of the grid. Situations that require fast response can occur at all parts of the grid – at the chain of production, 
transmission and consumption. 
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I. INTRODUCTION 

A smart grid (SG), also called smart electrical/power grid, intelligent grid, intelligrid, future grid 
intergrid, or intragrid, is an advancement of the 20th century power grid. In India bulky electrical power 
distribution system is used which is complex and growing rapidly at an alarming rate. Rate of GDP would 
lead the rise in demand by 3 times in next decade and 66% of which would be on-grid only [1]. By 2032, 
the expected demand of the Power would be 900GW [2], and this demand would be met significantly by 
renewable sources besides the conventional resources. The expected potential of renewable energy would 
be 183GW by the same time [4]. Along with the availability of power, the reliability and efficiency also 
become prime concerns for the Indian power systems. The increase in demand would not only consists of 
conventional domestic and industrial type loads, but also few new unique loads like electric vehicle and 
power electronics loads which would contribute to a major part in demand growth. The source of the event 
could be in the environment (sudden cloudiness that decreases solar power, or a very hot day that increases 
the demand for air conditioning), in parts of the grid itself (sudden failures, the need for proactive 
maintenance) or in the demand (work hours compared to hours of rest). 

Power generation and distribution the real-time information on costs, demands and supply of power will 
provide control at every level of the system. Consumers will both receive and contribute power to the smart 
grid from ultimately anywhere in the world. Large appropriations are being spent around the world to 
advance smart grid. In the U.S., bills have The smart grid will add monitoring, analysis, control and 
communication capabilities been passed nationally and at the state level to mandate renewable energy 
standards, funded by both government and industry .In The need for cross-industry research is immense. 
Smart grid queries of IEEE data resources have increased. Collaborations have begun between experts in 
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diverse fields—electric analysis systems engineers with software developers, communications firm sand 
the computer systems experts—to develop technologies for new applications in distribution, 
communication, analysis and control. Millions of new products and devices 
will be required. 

 

2. LITERATURE SURVEY 

What is smart grid? The initial concept of SG started with the idea of advanced metering infrastructure 
(AMI) with the aim of improving demand-side management and energy efficiency, and constructing self- 
healing reliable grid protection against malicious sabotage and natural disasters [13]. However, new 
requirement sand demands drove the electricity industries, research organizations, and governments to 
rethink and expand the initially perceived scope of SG. The U.S. Energy Independence and Security Act of 
2007 directed the National Institute of Standards and Technology (NIST) to coordinate the research and 
development of a framework to achieve interoperability of SG systems and devices. 

 
1) MOTIVATION TO BUILD FUTURE SMART GRIDS 

 
We are facing energy deficiency in some countries which not only impacts economics, society and 

development of the country, but also results in the global warming The drivers for change are both external 
to the network, like preparing for a low-carbon future by reducing greenhouse gas, as well as internal, like 
the need for replacement of an ageing infrastructure. Recently, energy saving and energy security have 
become major issues. One of the main external drivers is the European Union (EU) Energy and Climate 
Package, which has set out ambitions targets for year 2020 and beyond as [7]: - 20% reduction of 
greenhouse gas emissions (compared to 1990 levels) - 20% of RES in the EU 27 energy mix (today 6.5%) 
- 20% reduction in the primary energy used (saving 13% compared to 2006 levels). The EU's triple 
commitment to reduce CO2 emissions by 20%, sourcing 20% of its total energy (transport, heating, lighting 
and electricity) from renewable sources and improving energy efficiency by 20%, all by year 2020; 
represent a considerable challenge for today´s energy sector. A set of recent developments are about to 
change this picture and put the electricity networks under pressure to change. For the electricity grid, the 
triple commitment is even more challenging as it means that approximately 35% of all electricity will be 
generated from renewable sources. In addition, more electricity applications will appear in the future, such 
as the electrical vehicles and heat pumps coming into use today. This will have a considerable impact on 
the electricity grid. Generation of electrical energy, however, is currently the largest single source of carbon 
dioxide emissions, making a significant contribution to climate change. 

 
2) Power quality analysis of smart grid pilot 

According to report from the International Energy Agency (IEA) on Transmission and Distribution 
(T&D) losses in different countries during year 2010-11, the T&D losses in India are 23.65% against 9.8% 
average throughout the world [10].India would be having six million electric vehicles on road by 2020 in 
[6] [7]. Further, in current scenario, distribution system in India is facing high Aggregate Technical and 
Commercial (AT&C) losses [2]. To evaluate the real benefits and to identify suitable technologies/models 
of the smart grid, Ministry of Power, Govt. of India proposed 14 pilot projects across the country with 
different functionalities of smart grid. At present all these pilot projects are under initial stage of 
implementation. Paducherry smart grid project [3] is one of the proposed pilots which are being developed 
jointly by Power Grid Corporation of India Limited (POWERGRID) along with open collaborators and 
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Pondicherry Electricity Department (PED).The introduction of more power electronic devices gives 
increase in harmonic distortion [4]. Further the PV integration into the network influences both the voltage 
and network losses positively [5][6].Power Quality (PQ) disturbances include those from short to long 
duration variations, harmonics, flickers, increased downtime, etc. and poor power quality would result in 
incurring high operation expenditure (Opex)cost. By monitoring and analyzing power quality, the cause of 
power system disturbance can be identified and improved before they cause interruptions. Various standards 
like IEEE-1547, IEEE-519, IEEE- 1159 etc. are laid down to monitor and control the quality of power 
supply. The indexes to monitor power quality are frequency variations, voltage variations, harmonics, 
flicker, power factor, etc. [7] 

 
3. WORLD WIDE SCENARIO CURRENT STATE 

We will now discuss the current state of various advanced components, as well as the core technologies 
upon which they depend. We must keep in mind, however, that while all of these technologies and 
components are needed for a modern grid, the timetable of expected availability varies as Power Electronics 
in Transmission and Distribution Systems. 

 

 
 
 

Fig. 1 Power Electronics in Transmission & Distribution System 

 
Flexible alternating current transmission system devices (FACTS devices include UPFC, DVAR, SVC, 
etc.) are good examples of advanced components that are based on power electronic technologies. FACTS 
have already demonstrated their worth in a number of transmission and distribution (T&D) applications, 
including the following Voltage control at various load conditions 
a) Power quality enhancement 
b) Reactive power balance 
c) Stability problems with energy transfer over long distances 



 

                               International Journal of Advanced Electrical Technology and Research Vol. (3), Issue (1), 2021  

 

d) High voltage direct current (HVDC), a mature technology, also relies on power electronics to resolve 
many issues involving the power grid, such as these: 

e) Coupling of asynchronous systems 
f) Stability problems with energy transfer over long distances 
g) Increase of short-circuit currents in meshed systems 

 
1) IN JAPAN 

Japan is investing to renew the energy architecture, smart meters and smart grid Japan’s work in 
the energy field is based on a unique combination of a solid scientific base combined with deep experience 
in Japan’s energy business sector. Japan’s electricity has undergone major overhaul, including the 
dissolution of vertically-integrated utilities, the creation of a nationwide grid operator, and incentives for 
distributed generation and demand response. Sustained reforms will drive the pace and scope of new 
opportunities for U.S. suppliers. Japan already has a highly reliable grid compared with the US, which needs 
more reliable and distributed networks across the nation to develop its smart grid system. Japan is 
developing its smart grid at a steady pace and has already been investing in grid projects for almost 20 
years; over this period, there have been many developments. With proper security controls, smart grids can 
prevent or minimize the negative impact of attacks by hackers and thus increase the reliability of the grid, 
thereby gaining the trust and meeting the satisfaction of users [10]. 
a) Participation of various players such as system operators, retails, consumers, resource aggregators 
b) Realization of secure, safe, and comfortable Smart Society by realizing the Smart Grid through the 

digital integration 
c) Whole optimization and high value-added creation 
d) High reliable inter-convertibility of systems and Standardization of data structure 
e) Utilizing Big Data 
f) Cyber security 
g) Cooperation and optimization with centralized power plants, distributed power plants, and electricity 

apparatus of customers 
 
 

 

 

Fig. 2 Smart grid in Japan Fig. 3 Smart grid shutter stock 
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2) IN USA 
 

The U.S. Department of Energy (DOE) is charged under the Energy Independence and Security 
Act of 2007 (EISA 2007) with modernizing the nation’s electricity grid to improve its reliability and 
efficiency. As part of this effort, DOE is also responsible for increasing awareness of our nation’s Smart 
Grid. Building upon The Smart Grid: An Introduction, a DOE-sponsored publication released in 2008 and 
available online at www.smartgrid.gov, this publication is one in a series of books designed to better 
acquaint discrete stakeholder groups with the promise and possibilities of the Smart Grid. Stakeholder 
groups include Utilities, Regulators, Policymakers, Technology Providers, Consumer Advocates and 
Environmental Groups. 

Support for the smart grid in the United States became federal policy with passage of the Energy 
Independence and Security Act of 2007[11]. The law set out $100 million in funding per fiscal year from 
2008–2012, established a matching program to states, utilities and consumers to build smart grid 
capabilities, and created a Grid Modernization Commission to assess the benefits of demand response and 
to recommend needed protocol standards. The law also directed the National Institute of Standards and 
Technology to develop smart grid standards, which the Federal Energy Regulatory Commission (FERC) 
would then promulgate through official database. 

The Department of Energy (DOE) issued a Notice of Intent and a draft Funding Opportunity 
Announcement (FOA) that will lay the groundwork for providing nearly $4 billion in American 
Reinvestment and Recovery Act funds to support smart grid projects. The Notice of Intent was issued for 
DOE's Smart Grid Investment Grant Program, which will provide grants of $500,000 to $20 million for 
smart grid technology deployments and grants of $100,000 to $5 million for the deployment of grid 
monitoring devices. The program will provide matching grants of up to 50% of the project cost, and the 
total funding for the program is $3.375 billion. In addition, the draft FOA paves the way toward an offer of 
$615 million to support demonstrations of regional smart grids, utility-scale energy storage systems, and 
grid monitoring devices. 

 
3) IN INDIA 

 
The present power grid using the technology of 1970, but are connected to increase with the 

progress in different concept of power generation, problems with the power outages and theft, and also due 
to the demand, we need a modernized grid to fit the needs of the customers even in the to take the situation 
in claim hype, what can be called "Smart Grid". The Smart Grid performs various functions, so that it 
increases network stability, reliability, efficiency and ultimately reduces the processing power conduction 
losses. The Smart Grids are the two-way of the consumers who may have distributed generation. Various 
technologies such as sensors and measurement, use of advanced components are used for the successful 
functioning of the network. Confronted in this paper, Smart Grid, its features, technologies in smart grid 
used, implementation and challenges of Smart Grid in India are discussed. 

A "smart grid" is a concept for transforming a power grid, with the modern communication, automated 
checks and other forms of information technology. It integrates new, innovative tools and technologies of 
generation, transmission and distribution to home appliances and equipment. The urgency for Smart Grids 
in India arises from the challenges that the industry is currently in front. India operates the third largest 
transmission and distribution network in the world, still faces a number of challenges, such as: inadequate 
access to electricity supply shortages (peak and energy) 
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4. WORLD WIDE SCENARIO FUTURE STATE 

The mix of generation will include large central power plants having a range of characteristics (e.g., 
heat rates, emissions, inertia, ramp rates, etc), in addition to distributed energy resources (many of the green 
variety) having a different set of performance characteristics. The combination of generation types will 
operate in a coordinated manner so as to optimize cost, efficiency and reliability and minimize 
environmental impact. Transmission capacity and reliability will be enhanced through the application and 
retrofitting of a variety of advanced components, many based on advanced power electronics and new types 
of conductors. Distribution systems will incorporate many new storage devices and sources and will employ 
new topologies, including micro grids. 

 
TABLE I A BRIEF COMPARISON BETWEEN THE EXISTING GRID AND THE SMART GRID 

[15] 
 

Existing Grid Smart Grid 
Electromechanical Digital 

One-way communication Two-way communication 

Centralized generation Distributed generation 

Few sensors Sensors throughout 
Manual monitoring Self-monitoring 
Manual restoration Self-healing 

Failures and blackouts Adaptive and islanding 

Limited control Pervasive control 
Few customer choices Many customer choices 

 

The modern grid will employ a range of advanced components that will greatly enhance the performance 
of transmission and distribution systems. 

Power quality will be improved through new technology and by seeking an optimal balance between grid 
and load characteristics Economical FACTS devices will make use of new low-cost power semiconductors 
having far greater energy-handling capacity than today’s semiconductors. Distributed generation will be 
widely deployed and multiple units will be linked by communications to create dispatch able virtual 
machines. Superconductivity will be applied to fault current limiters, storage, low loss rotating machines, 
and lossless cables. Advanced metering and communications will enable a suite of demand response (DR) 
applications, including the integration of GFAs and plug-in hybrid electric vehicles (PHEVs). New energy 
storage technologies will be deployed as DER and as large central 

 
5. CONCLUSION 

It is obvious that with this revolution within the advanced infrastructure framework of SG, new 
management services and applications would emerge and eventually ease consumers’ daily lives. For the 
smart management system, most of the existing works aim to improve energy efficiency, demand profile, 
utility, cost, and emission, based on the smart infrastructure by using optimization, machine learning, and 
game theory. The smart protection system involves the work related to system reliability, failure protection 
mechanism, security and privacy in SG. 
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Due to the potential importance of SG, this survey comprehensively explores the technologies used 
in SG. The surveys reveal the major SG projects/programs/trials and three major technical systems in SG: 
the smart infrastructure system, the smart management system, and the smart protection system. The paper 
outlined challenges and future research directions worth exploring for each of these three systems. It also 
divided the smart infrastructure into three subsystems: the smart energy subsystem, the smart information 
subsystem, and the smart communication subsystem. For the smart energy subsystem, we have reviewed 
the work on power generation, transmission, and distribution. The paper has also described two important 
new grid paradigms: micro grid and G2V/V2G. For the smart information subsystem, and reviewed the 
work on information metering, measurement, and management. For the smart communication subsystem, 
the wireless and wired communication technologies, and the end-to-end communication management has 
also been considered. In brief, in the transition from the conventional power grid to the SG, thus will replace 
a physical infrastructure with a digital one. The needs and changes present the power industry with one of 
the biggest challenges it has ever faced [14]. Hence it leads to successful comparison and one can find all 
the technical specifications in one paper. The paper may appear quite simple but it requires tough survey of 
various papers and technical articles. This paper also allows the reader to understand the hidden potential 
of all the energy sources and allows a wide future scope about what all can be done. So one needs to primarily 
focus upon the new developing trends in this field and help the government to complete its proposed 
projects. 
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