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Abstract 
India has its inherent strengths in many activities or products which can result in many distribution areas becoming “Smart”. 
India has educated and skilled or semi-skilled manpower which, if provided with the required training, can be useful for 
management, operation and maintenance of smart distribution grids. There are many large Public Sector / Private 
organization with sound financial base; if these can be persuaded to take up distribution business, then many cities can have 
smart grids. All the products required for smart grids (smart meters, fast-acting sensors, wind-electric systems etc) are being 
supplied in India by many manufacturers. A few GWh-scale lithium-ion manufacturing units are shortly expected to start 
production of battery banks for electric vehicles, energy storage and telecom towers. Therefore, with all its strengths, and 
supports and initiatives by Government, it can be expected that many distribution areas in near future would become 
“Smart”.  
Keywords: smart distribution grid; strengths in India; young manpower; public and private sector organizations; 
renewable energy; battery energy storage systems. 

1. Introduction 

Vision on “Smart Grids” by Government of India (GoI) is to “Transform the Indian power sector into a secure, adaptive, 
sustainable and digitally enabled ecosystem that provides reliable and quality energy for all with active participation of 
stakeholders”[1].  

 To attain these goals, GoI has established National Smart Grid Mission (NGM) in Jan 2016 (under The Ministry of 
Power) to accelerate the deployment of Smart Grids in India [2]. NSGM has its own resources, authority, 
functional & financial autonomy to plan and monitor implementation of the policies and programs related to Smart 
Grids in the country.   

 The Smart Grid Knowledge Centre (SGKC) has been set up by Power Grid Corporation of India to act as a 
“Resource Centre” for providing technical support to NSGM in all technical matters, including development of 
technical manpower, capacity building, outreach, etc [3].  

 Under NSGM, first 9 pilot projects were sanctioned in Phase-I and then 9 projects under Phase-II. Central 
Government had provided initial funding and the remaining are to be provided by the State Governments. 
However, because of poor financial health of the State Governments and the distribution companies (DISCOMs), 
most of these 14 projects have met with little success. 

    
But, India has inherent strengths. Because of which, if GoI can make large financially-strong public sector or private 
organizations to take up the development of smart distribution grids and provide the required support to them, then grids in 
many large / metro cities can be made “Smart”. GoI is already concentrating on and achieving very good results in the 
following activities which support smart distribution grids.  

 Distributed Generation: Already large capacity solar parks, wind parks, rooftop solar units (in residences and 
offices / institutions) have been established and many GW level systems are under commissioning or in tendering 
stage. Many organizations are coming forward to set up MW scale waste-to-energy systems, which can provide 
round-the-clock power and support to grid, apart from keeping the environment clean. 

 Electric Vehicle (EV): GoI has come out with many schemes to promote manufacture and purchase of EVs. A 
number of manufacturers and other organizations are supporting the government and the situation is encouraging. 
Already there are hundreds of e-buses, e-cars, e-cabs, e-scooters and e-rickshaws on roads; and next few years will 
sea healthy growths in all categories of EVs. The battery banks of many e-cars when connected to grid will be of a 
great help in peak power shaving during day time. 
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 Smart Meters: There are many manufacturers now in India supplying many thousands of smart meters and pre-
paid smart meters at competitive prices. 

 Battery Banks: Both for EV market and for stationary energy storage applications, lithium-ion battery banks are 
being produced in India (with cells imported from china or other countries). With ambitious plans of GoI, GWh-
scale lithium-ion factories are expected to come up very shortly in India.   

 Fast-Acting Sensors: A smart grid requires many sensors (for voltage / current / temperature) to get “Live” 
information at the control centre about the status of all the components in the grid. These are being produced in 
India by many reputed manufacturers. 

 
Some of these and other Indian strengths are discussed below. 
 

2. Many Excellent Institutions of Higher Learning 
 
Smart distribution grids require specialized knowledge in different disciplines:  

 Smart meters and fast-computation and communication technologies: These demand people with clear 
understanding of electrical engineering, computation science and electronics and communication engineering.  

 Distribution system based on overhead distribution lines and underground cables: These demand planning 
engineers with specialization in power system engineering and high voltage engineering.  

 Distributed generation (Category-A) including solar photovoltaic (PV) power from rooftop and ground-based 
plants: PV technology requires knowledge of physics and micro-electronics. Solar PV system requires electrical 
engineers (for system design and operation), power electronics engineers for converter operation and mechanical 
engineers for tracker systems.  

 Distributed generation (Category-B) including solar thermal generation and wind-electric system: Solar thermal 
demands knowledge of thermal engineering. Wind-electric systems require joint efforts of electrical engineers and 
mechanical engineers. 

 Stationary battery energy storage system: This subject demands chemical engineers or chemistry postgraduates.   
 
As of April 2019, India has 23 “Indian Institute of Technology”, 31 “National Institute of Technology” and 23 “Indian 
Institute of Information Technology”, spread over many States. Thousands of graduates, postgraduates and doctorates are 
coming out every year from these institutions in areas relevant to smart distribution grid; which are electrical engineering, 
power systems engineering, high voltage engineering, control systems engineering, electronics and communication 
engineering, computer science, information technology, mechanical engineering, chemical engineering etc. If candidates 
with proper aptitudes and zeal to learn can be selected and trained by DISCOMs in the specific areas of their operations, 
then these young candidates can be of great help in development of smart distribution grids in India. Therefore, DISCOMs 
must have a strong “Recruitment Team” and “Training and Development Centre” {called these days as “Human Resource 
Development” (HRD) centre}. As all the technologies (particularly, digital electronics, communications, power electronics, 
battery technologies etc) are changing very fast, the DISCOMs must have regular in-house training programs to update the 
knowledge of engineers and managers.  
 
2.1 Availability of Large Semi-Skilled Manpower 
    
Apart from the engineers and managers, smart distribution grids would need many semi-skilled persons (young people with 
Diploma qualification or Industrial Training). There are thousands of “Diploma Colleges” and “Industrial Training 
Institutes” in India, bringing out tens of thousands of trained semi-skilled students. Again with proper recruitment and in-
house training by DISCOMs, these young people will also be of help in activities related to maintenance of distribution 
lines, consumers’ distribution transformers, substation equipment and the other miscellaneous activities.   
 
 
 
2.2 Collaboration of DISCOMs with Educational Institutions can be of Great Help 
 
During operation of smart distribution grids, if there are some aspects which require detailed study or analysis, then it 
would be good if DISCOMs take the consultancy from IITs / NITs / IIITs or give them as projects. The projects can be in 
the nature of: (1) reduction of costs, (2) decrease in power losses, (3) increase in efficiency, or (4) energy audit of system. 
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3. Large Public Sector and Private Organizations with Sound Financial Health 

    
Immediately after independence, India had established a number of public sector organizations, which have built modern 
India, which we see today.  
 
Public Sector undertaking NTPC Ltd (formerly National Thermal Power Corporation Ltd) has been responsible for setting 
up most of the large coal-based thermal power plants up to 800 MW generator capacities. In financial year 2018-19, its 
income was Rs.975 billion with a profit of Rs.126 billion [4].   
 
Another Public Sector company, Power Grid Corporation of India Ltd (PGCIL) has established millions of circuit km of 
EHV AC, HV AC, HVDC transmission systems and substations of millions of kVA. In financial year, its income was 
Rs.356 billion with a profit of Rs.100 billion [5]. 
 
In June 2019, NTPC Ltd and PGCIL have signed an MoU to form a “Joint Venture”  company (on a 50 : 50 equity 
partnership basis), named “National Electricity Distribution Company”, to enter into the consumer electricity supply 
business (as distribution operator) [6].     
 
A private company, Tata Power, has set up many thermal power plants and has been operating a few distribution areas. In 
financial year 2018-19, its revenue was Rs.295 billion with a profit of Rs.2.4 billion [7]. There are other large private 
companies, such as, Reliance Power, Adani Power etc. 
 
If any of the above companies or other large organizations with strong financial base can take up the development of smart 
distribution grids with the necessary supports from Central and State Governments, then many cities can have smart grids 
and consumers can expect 24 x 7 quality power supplies in those cities. There would also be reduction in distribution power 
losses and reduced AT&C losses. 
 

4. Renewable Energy 
 
GoI has plans to commission 175 GW of renewable energy power (excluding large hydro power) by 2022, including 100 
GW of solar photovoltaic (PV) power (containing 40 GW of rooftop units and the rest ground-mounted systems.), 60 GW 
of wind-electric system, and 15 GW of other forms of renewable energy sources (RES), such as biomass, waste-to-energy, 
small hydro etc [8]. There is very good possibility to achieve the above target. As of July 30, 2019, a total of 81 GW of 
renewable energy capacity (accounting for 22 per cent of the total installed capacity of 360 GW in India) has been installed 
in the country. This includes 30 GW from solar and 38 GW from wind power. Another 50 GW of solar PV and wind-
electric projects are at different stages of bidding and installations. 
 
Keeping in view the commitment as per Paris Agreement on climate change, the plan of GoI is to have 40 per cent of 
installed power capacity in India from clean sources by 2030. This would consist of 300 GW of solar power, 140 GW from 
wind-electric units, 64 GW from large hydro plants, 5 GW from small hydro and 30 GW from stationary battery energy 
storage installations.  
 
Although presently, there is no off-shore wind farm in India, GoI has identified off-shore wind sites at a few km from the 
sea shore in Gujarat and Tamil Nadu States. To the above target of 175 GW RES, GoI has planned off-shore wind capacity 
additions of 5 GW by 2022 and 30 GW by 2030. 
 
From April 2019, large hydro power has also been classified under “Renewable”. If the large hydro power installed 
capacity of 45 GW is added to the above 81 GW, then the total present RES installed capacity becomes 126 GW.  
However, the growth of hydro power has been very slow during the last few years (mainly related to land acquisition 
problems, difficulty in getting environmental clearances and opposition by NGOs). Only 145 MW hydro plants could be 
commissioned during 2018-19 and no project during April to August 2019. GoI plan envisages hydro power installed 
capacity to become 51 GW by 2021-22; this added to 175 GW of RES (without hydro) would make the total 226 GW RES 
(with hydro) by 2021-22. 
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Thus, India even presently has enough RE capacity and would also have adequate clean power sources as distributed 
generation in the coming years to support smart distribution grids in all States, wherever needed. 
 
4.1 Rooftop Solar PV Installation 
    
Rooftop solar PV power deserves a separate discussion because it is the fastest growing RES in India [9]. The total installed 
capacity of rooftop solar PV by Dec 2018 was 3.9 GW, which is well below the target to achieve 40 GW by 2022. But on 
positive side, from a historically low base, rooftop solar has been the fastest growing sub-sector in RES, with a “Compound 
Annual Growth Rate” (CAGR) of 116 per cent between 2012 and 2018. About 70 per cent of growth has been driven by 
commercial and industrial consumers, because their energy tariff is high and they can reduce their monthly energy bill by 
generating energy from solar PV systems. For these consumers, the payback period for solar PV installation comes to 3-4 
years and is likely to further reduce with fall in price of PV modules. These consumers can also avail of 40 per cent 
depreciation of asset in the first year of installation. The balance 30 per cent solar PV power growth is due to systems 
installed on Government complexes and residential buildings. It is estimated that for the next three years, rooftop solar PV 
will grow at a CAGR of 50 per cent. Recently, GoI has provided 30 per cent subsidy for residential consumers. The solar 
PV unit at residential consumer also has battery bank in parallel with solar panels to provide power to consumer to meet 
some minimum loads in the house (LED bulbs and fans) in case of interruption of grid supply in nights. It may be 
mentioned here that telecommunication system operators have been informed that they must meet their full power 
requirement of towers by installation of solar PV only along with the towers. 
 
To achieve the target of GoI, assistance of World Bank has been taken of US$625 million in financial support for grid-
connected rooftop solar PV projects [9]. The scheme supports the installation of at least 400 MW of grid-connected rooftop 
solar PV units across India. Up to Dec 2018, more than 235 MW units have been installed with financial support of about 
US$123 million. Additional international financial assistance with concessional loans of about US$750 million has been 
provided by Asian Development Bank (ADB) and New Development Bank (NDB) for rooftop solar PV projects. The 
German state development bank KfW is also extending €200 million in financial support for rural solar PV deployment and 
is considering a US$1 billion loan support program for rooftop solar PV in India.  
 
Additionally, to achieve the cumulative capacity of 40 GW from rooftop solar PV projects by 2022, GoI is 
providing financial assistance of Rs.118 billion. Under this scheme, GoI will provide financial support of 40 per 
cent for 3 kW and 20 per cent for capacity beyond 3 kW up to 10 kW for residential sector. The program also 
earmarks Rs.49 billion as incentive to DISCOMs for installing additional grid-connected rooftop solar PV capacity 
up to the first additional 18 GW. 
 
As mentioned above, rooftop solar PV systems will provide substantial support to DISCOMs in reducing the power 
flow on distribution lines, thus reducing the power losses in the lines and distribution transformers. 
 
As a support to grid, Indian Railways (IR) has committed to develop 5 GW of solar PV power by 2025. The installations of 
solar PV systems are planned on IR’s own land along electrified railway tracks and on rooftops of railway stations [10].  
About 1 GW of solar PV and 200 MW of wind energy systems would be installed in 2019-20, which would meet 10 per 
cent of its energy demand from RES. IR has already installed 88 MW of solar PV and 103 MW of wind facilities this year. 
(Although not related to smart grids, in a unique approach, IR is also installing solar PV panels on the rooftop of a coach to 
supply power to that coach. IR has already provided solar PV panels on 59 coaches and 50 cabins of guards in goods 
trains.) 
 
 
 
 
4.2 Waste-to-Energy Plant 
     
Environmental concern rather than energy must be the aim of waste-to-energy plants; because otherwise the municipal solid 
wastes dumped in landfills serves as a breeding ground for disease vectors and contributes to global climate change through 
methane generation. Landfills emit by-products which, if left untreated, can leak into the soil resulting in contamination of 
water sources, plants and food. The potential for energy generation from waste in India is 5,600 MW. The Ministry of New 
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and Renewable Energy (MNRE) GoI is promoting all the technology options available for setting up projects for recovery 
of energy from municipal solid wastes. MNRE offers financial incentives by way of interest subsidy in order to reduce the 
rate of interest on loans. In addition, financial incentive is provided to urban local bodies for supplying the garbage free-of-
cost at the project site and providing land on a long-term lease of 30 years and above at a nominal rent. There are incentives 
for preparing the techno-economic feasibility reports and for promotion, coordination and monitoring of projects. There is 
also concessional custom duty on imported parts. All put together, these subsidies or incentives take care of about 40 per 
cent of the project cost.  
 
India presently has waste-to-energy installed capacity of about 140 MW for grid-connected plants and about 189 MW for 
off-grid systems. Many organizations have come forward to establish waste-to-energy plants with modern technologies 
around large / metro cities. As these plants work round-the-clock, these grid connected systems can be of great help in 
smart distribution grids to compensate for variability of solar PV or wind power.  
 
4.3 Many Large Equipment Manufacturers of Solar PV Systems  
    
Presently, India has many national and international equipment manufacturers for solar PV installations. There are also 
many organizations to take up turn-key jobs for large capacity solar parks. For solar PV units, most of the suppliers are 
importing PV modules and assembling in India to make the panels. 
 
4.4 Wind-Electric Systems 
    
India has wind parks of hundreds of MW in many States. But, as each of these parks will be connected to grid only through 
extra-high voltage (EHV) transmission systems, these wind park may not be of much help for smart distribution grids in 
cities; and hence, not being discussed.  
  

5. Electric Vehicles 
 
5.1 FAME India Scheme of Government of India 
    
FAME India {Faster Adoption and Manufacture of (Hybrid and) Electric Vehicles} Scheme, launched in 2015 by the 
Ministry of Heavy Industries and Public Enterprises, is an incentive scheme for the promotion of electric and hybrid 
vehicles in the country. Ultimate objective of the scheme is to promote electric mobility and the scheme gives financial 
incentives for enhancing electric vehicle production and creation of electric transportation infrastructure [11]. 
 
The Scheme is in two phases. Phase I was started on April 01, 2015 and completed on March 31, 2019. Phase II was started 
from April 01, 2019 and will be completed by March 31, 2022; it has an outlay of Rs.100 billion for 3 years; Rs.15 billion 
during 2019-20; Rs.50 billion during 2020-21; and Rs.35 billion during 2021-22. FAME II will cover buses (using EV 
technology), electric and hybrid four wheelers, three-wheeler including e-rickshaws and electric two-wheelers. Under the 
scheme, apart from the subsidies to general public for four / three / two wheeler EVs, government departments will be 
supplied e-cars as replacement of petrol / diesel cars; and State governments will be supplied e-buses at reduced rates for 
their transport undertakings. Already hundreds of e-cars and e-buses have been procured, given to the many department / 
undertakings, and running on the roads.  
 
The scheme also proposes for establishing infrastructure and for this about 2700 charging stations will be established in 
metros and other cities with a population of million plus, smart cities and cities of Hilly States (Himachal Pradesh, 
Uttarakhand, etc) across the country. Objective is to create at least one charging station in cities in a grid of 3 km x 3 km. 
Similarly, establishment of charging stations are proposed on major highways on both sides of the roads at an interval of 
about 25 km each. 
 
5.2 EVs to be 30 per cent by 2030 
    
GoI has also announced ambitious plans for electric vehicle (EV) sector. (a) There must be 30 per cent of EVs by 2030 in 
the total fleet of vehicles; (for e-cabs and e-two-wheelers the percentages and the year are different). (b) Only electric 
vehicles will be registered after 2030 [12, 13]. 
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One point requires clarification regarding item (b) above. The internal combustion engine (ICE) vehicles will continue to be 
produced and get registered up to March 2030. But, the auto manufacturers must gradually start reducing the production of 
ICE vehicles now onward and stop production much before 2030, so that all the ICE vehicles get sold out up to March 
2030. They must gradually start increasing the manufacture of EVs, so that they produce only EVs after April 2030. Similar 
discussion holds for cabs. To support the plan of GoI, many auto manufacturers have starting producing EVs. “Mahindra 
and Mahindra” and “Tata Motors” have been producing EVs for quite some time. But now, other auto manufacturers 
(“Bajaj”, “Olectra-BYD”, “Goldstone”, “Ashok Leyland”, “KIA” etc) have started manufacturing e-buses, e-cars and e-
scooters; many of these products are gradually being seen on the roads. It may be mentioned that electric three-wheelers (e-
rickshaws) are being produced for many years; and presently with 350 thousand e-rickshaws in March 2018, the figure is 
expected to grow to one million units by March 2025. 
 
If e-mobility has to succeed, GoI must persuade large petroleum organizations in India (such as, Hindustan Petroleum 
Corporation Ltd, Bharat Petroleum Ltd, Indian Oil Corporation Ltd, Oil India Ltd etc) to set up EV charging stations on 
roads in large cities and also on highways. Even large Public Sector power sector companies (NTPC Ltd, Power Grid 
Corporation of India Ltd, etc) and private power companies (Tata Power etc) must be asked to install EV charging station in 
cities and help the plan of e-mobility of GoI. Already Tata Power has come forward to set up EV charging stations all over 
India; they have already installed more than 85 EV charging stations in 15 cities and plan to reach 500 systems by March 
2020 [14]. 
 
The fast-growing cab provider (OLA) has launched EV facilities in Nagpur city (Maharashtra State), including electric 
three-wheelers, e-cabs and charging stations [15]. Similarly, a new cab operator (BLU-Smart) has launched e-cab services 
in Delhi [16]. Delhi Metro Rail Corporation and many other public / private sector organizations have come forward to 
install EV charging stations. Therefore, it can be expected that, by the time large fleet of EVs come on Indian roads, there 
would be many charging stations to support the e-mobility. 
 
5.3 Vehicle-to-Grid Connection 
    
In smart distribution grids, electric vehicle battery bank connected to grid (V2G) can provide valuable support to DISCOM 
in peak-power shaving during day time. EVs on roads are buses, cars, cabs, two-wheelers and three-wheelers. Electric 
trucks (lorries) may not be successful because: (a) they travel at a stretch for hundreds of km; and (b) they pick-up goods 
and deliver those at far-off and small places, where EV charging stations may not be there. With battery bank of low 
capacity, electric two-wheelers and three-wheelers will not be of much help to DISCOMs. Electric buses and e-cabs will be 
travelling on roads with passengers throughout the day and may not be able to contribute power when required by grid 
during day time.  
 
In bus category, only possibility is the use of school buses for V2G. All reputed private schools have their own buses to 
pick-up the students and staff before the school timing and drop them after the classes are over. If the school timing is from 
09.00 hrs to 15.00 hrs, then the buses would pick-up the students and staff from 07.00 hrs to 08.45 hrs and drop them back 
from 15.15 hrs to 17.00 hrs. Thus, these school buses are idle from 09.00 hrs to 15.00 hrs and can be used for V2G. 
Depending upon the bus capacity, the lithium-ion battery bank may be of 150 to 300 kWh, and can be of a great help to 
DISCOMs during day time, apart from revenue generation for schools by selling power to grid.  
 
Personnel e-cars are the strongest candidate for V2G.  In 2016, there were a total of about 10 million registered cars (mostly 
petrol / diesel-driven) in India [17]. Assuming a linear growth of 10 per cent per year, the total number of cars in 2030 
would be about 37 million. With plan of GoI for 30 per cent fleet to be electric by 2030, the number of e-cars can be 
expected to be about 11.1 million. By 2030, all the e-cars would be having lithium-ion battery bank. Taking an average of 
50 kWh battery bank in the e-car, these e-cars can provide quite substantial support to DISCOM, when required.  
 
For example, the city of Delhi National Capital Region (NCR, having some parts of neighboring States of Uttar Pradesh 
and Haryana along with Delhi city) had about 3.2 million cars in 2017. (It is worth pointing out here that the number of 
personnel cars in Delhi NCR is about 30 per cent of total cars in all cities in India, clearly bringing out the reason why 
Delhi NCR is one of the most polluted cities in the world and why there are traffic congestions on road during peak traffic 
periods in the morning and evening.) Assuming a linear growth of 10 per cent per year for the coming years, the total 
number of cars in Delhi NCR would be about 11 million by 2030. With e-cars of 30 per cent, the number in Delhi NCR is 
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expected to be 3.3 million. Even if 20 per cent of these e-cars are available simultaneously for V2G, the energy available to 
DISCOM is about:  
= (0.2 x 3,300,000) x (50 kWh)  
= 33,000,000 kWh = 33,000 MWh = 33 GWh. 
 
Thus in future, when there would be many thousand e-cars in all large / metro cities, these e-cars can be employed by 
DISCOMs for connections to grids, when required, through battery management system, smart meters and fast-digital 
communication systems to meet the peak power demand during day time. 
 

6. Smart Meters 
    
GoI has plans to install smart meters for all consumers in near future. Towards that goal, GoI has planned to acquire 300 
million smart meters over the next three years [18]. Subsidy would be provided so that the cost per meter is Rs.2000 (about 
US$ 29). During 2016-2020, the overall market for electricity meters is expected to grow at a CAGR of 11.5 per cent; with 
a CAGR of 15.1 per cent for pre-paid meters, and 5.3 per cent for smart meters [19]. So far only 0.5 million smart meters 
have been installed; but now for the past few months, 0.1 million units are being installed every month. GoI has already 
placed orders for 10 million smart meters along with system integrators, and has floated another tender for 5 million units.   
 
However, the market for meters would have explosive growth after 2022, when the proposed works for smart cities and 
smart grids will near completion, paving way for a robust demand for smart meters. Particularly, smart meters are expected 
to see a double digit growth once bottlenecks surrounding the smart grid projects are cleared. Demand for electronic meters 
dominates the market and will continue due to replacement market for electro-mechanical and old meters and orders from 
power utilities. Due to the increased activities, many smart meter manufacturers have come up in India. It is worth 
mentioning here that the installation of millions of smart meters in consumer premises all over India will give employment 
to thousands of semi-skilled workers. 
 

7. Energy-Efficient Devices and Equipment 
    
“Unnat Jyoti by Affordable LEDs for All” (UJALA) scheme was launched by GoI in 2015 [20], in which millions of LED 
bulbs and a few hundred thousand of LED tube lights and energy efficient fans have been distributed to people during the 
last four years at very low prices through public sector undertakings, post offices and other government organizations. This 
has been lauded as the world’s largest domestic lighting program, which has saved billions of kWh for the consumers, 
reduced the corresponding power losses in lines and transformers and also avoided the peak power demand of about 10,000 
MW for the nation.  
 
Also, all the manufacturers of power-consuming domestic appliances (air-conditioners, refrigerators etc) are now labeling 
these with three to five stars; with “Five Stars” showing highest efficiency (with more energy saving), and efficiency 
becoming lower with lesser number of stars. Most of these manufacturers are now producing appliances of only with five 
and four stars. Through subsidies from government, these high efficiency appliances are also being sold at reduced rates; 
and show-rooms are offering “Exchange Scheme” with discount for purchasing five or four star appliance after returning 
the old unit. With this scheme, the consumer is having energy saving; but with reduced power flow on distribution lines, the 
power losses also get reduced in lines, consumers’ distribution transformers and substation transformers for DISCOM. 
 

8. Battery Banks 
    
With ambitious plans of GoI related to EVs deployment on Indian roads, manufacturers are coming forward to produce 
lithium-ion battery banks in India. Most of these suppliers are importing the lithium-ion cells and assembling battery units 
in India. But now, GoI has made plans to support setting up of a few large-scale, export-competitive integrated batteries and 
cell-manufacturing giga-plants in India and to localize production across the entire EV value chain. The government is in 
the process of opening tenders to set up a 50 GWh battery manufacturing base with investment of around US$50 billion. To 
support this, the government is offering financial incentives in the form of subsidies and duty cuts, which could include a 
reduction in minimum alternate tax to half and import and export duty waivers or cuts for eight years. The successful bidder 
companies must set up production facilities by 2022 and can apply incentives until 2030. The State Governments (where 
the plant will be set up) must facilitate land acquisition, single-window clearance and environmental clearance. The above 
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government’s initiative is intended to improve value adding and capacity building to allow India to be self-reliant in 
achieving its target of 30 per cent of its road vehicles being electric by 2030 [21]. 
 
Over a dozen companies ranging from national and international auto component manufacturers to power and energy 
solutions providers have rolled out their plans to make lithium-ion batteries locally to cash in on the wave for green 
vehicles in the country. The list includes Exide, Exicom, Amaron, Greenfuel Energy Solutions, Trontek, Coslight India, 
Napino Auto & Electronics, Amara Raja Batteries, Trinity Energy Systems, Versatile Auto Components, etc. 
 
GoI has planned to provide electric supply to all villages, including the areas located far away from the existing 
transmission and distribution systems. As construction of high voltage transmission lines and substations would be a costly 
proposition for the small power demand expected at these areas, these areas must have power supply through micro grids 
only (autonomous distribution system without connection to grid). These areas will have RES power along with stationary 
battery energy storage units. For example, the Indian Union Territory of Andaman and Nicobar islands is more than 1,000 
km through sea from the nearest land in India. Its power demand is presently met by 40 MW of diesel-generator sets and 17 
MW of RE generations. Installation or tendering is in process by many Indian power companies for installation of MW 
scale lithium-ion stationary battery energy storage systems (BESS) in these islands. For example, L&T is executing a 
project for 10 MW grid-connected PV solar units along with 8 MW BESS; tender has been issued in April 2019 by 
Rajasthan Electronics and Instrumentation Ltd for 1.7 MW solar PV project along with BESS; and NTPC Ltd has issued 
tenders for 25 MW solar PV projects along with BESS.  Similar would be the approach for small hamlets in India far away 
from the existing transmission systems [22].  
 
Thus, the demand would increase in future for lithium-ion battery storage units of large capacities. The potential for battery 
energy storage is about 15 to 20 GW by 2020, mostly for applications to renewable energy integration, grid ancillary 
services and telecom towers. The rapid advancement in battery technologies and the scale being provided by growing 
Indian market would help in bringing down the cost.  
 

9. Fast-Acting Sensors 
    
Each component in smart distribution grid is provided with fast-acting sensors for transmitting signals to the control centre 
through fast communication system. For example, each distribution line is provided with current and voltage sensors; each 
circuit breaker has voltage and current sensors; and each customer’s distribution transformer has voltage, current and 
temperature sensors. The components in the main distribution substation have many protection circuits. In India, there are 
many manufacturers of good quality fast-acting sensors at competitive rates. 
 

10. Amorphous Core Transformers 
    
The power losses in Indian distribution systems in general are very high as compared to those in the other countries and 
also in some of the better managed distribution area in India. Therefore, to reduce the power losses, some of the DISCOMs 
are using amorphous core transformers (also called as “Metglass” transformers) in consumers’ premises (as these are in 
large number). These transformers are available up to rating of 1,000 kVA and have very low no-load power losses, 
resulting in high all-day efficiency [23]. All transformers supplying power to residential and commercial consumers in a 
smart distribution grid must be of amorphous core type, which are available in India from many suppliers. 

11. Discussion 
    
With optimistic approach, the paper has tried to discuss the strengths of India which will be able to give success when 
development of smart distribution grids is taken up by large organizations.  
 
India has the advantage of availability of qualified young people. If right students can be selected and trained by DISCOMs 
as per their operational requirements, then the management / operation of smart distribution grid would be possible. Of 
course, to recruit and retain the talented people, pay package is important apart from the working conditions. Today, Public 
Sector organizations are able to get talented staff because of their pay packages; and therefore, DISCOMs have to offer 
salaries close to those in Public Sectors for getting the best people. With modern technologies, all operations are automatic 
from control room and very small number of people can manage the distribution system; therefore, a few engineers and 
managers with decent salaries would not be a problem. Further, with high voltage underground cables and pre-paid meters, 
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the power pilferage would be prevented, T&D losses and AT&C losses would be reduced; hence, returns on investments 
would be good. 
 
There are many large financially-sound Public / Private sector organizations who have demonstrated their capabilities for 
many decades in their respective areas of operations. However now, if GoI can provide the required support to these 
organizations to develop smart distribution grids with investments in large / metro cities, then there can be many success 
stories in coming years. Tata Power Delhi Distribution Ltd (TPDDL) has already demonstrated successful development of 
smart distribution grid and also installed 10 MW of BESS (which happens to be the largest project in South Asia) in 510 sq 
km of North and North-West Delhi, with 2 million consumers; and is supporting the consumers in setting up rooftop solar 
PV systems (along with battery back-up) [24]. Recently, NTPC Ltd and PGCIL have made a “Joint Venture” company, 
named “National Electricity Distribution Company”, to enter into distribution business; if they can take up a few large cities 
for making those cities’ distribution “Smart”, they would be successful. 
 
One important trend in Indian power system has been steady increase in renewable energy capacity addition and gradual 
decrease in thermal power addition (as per India’s commitment in Paris Agreement). For example during 2018-19, of the 
total power capacity addition in India, about 70 per cent share was from RES and only about 30 per cent from thermal 
power. As mentioned in Section 4.1, the rooftop solar PV is showing excellent growth and is expected to continue the same 
trend. This along with use of energy-efficient devices / equipment / process in premises can reduce the power consumption 
of consumer; resulting in great reduction in power losses in lines and transformers.  
 
As explained briefly in different sections above, support activities and services are already available in India. There are 
many suppliers for solar PV units, smart meters, electric vehicles, fast-acting sensors, amorphous core transformers etc. In a 
few years, large-scale production of lithium-ion batteries would also be there in India by many manufacturers. Hence, when 
an Indian organization takes up any large city for development of smart distribution grid, the required equipment / devices 
will be available.  
 
The main requirement for success of mart distribution grid is the investment required to meet the costs involved. These 
costs are for: (a) project design and feasibility studies for smart distribution grid in the identified area; (b) improving the 
distribution system by changing over to underground cables and indoor SF6 gas-insulated-substations (GIS); (c) hardware 
and software for fast-computing and communication systems; (d) smart pre-paid meters; (e) fast-acting sensors; (f) 
amorphous core transformers; (g) stationary battery energy storage installations; (h) training and development of 
manpower, etc. Therefore, any organization making feasibility studies for smart grid in a city must make the financial 
analysis at the beginning itself to succeed in their efforts. 
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