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EXECUTIVE SUMMARY 
 

The Government of India set an ambitious target of 500 GW of non-fossil fuel-based 

installations by 2030. India has seen tremendous adoption of solar and other renewable 

energy technology in the last decade. The country has installed about 54 GW of solar 

installation by March, 2022. With the enabling policies, and attractive technological and 

economic benefits, the country has seen tremendous growth in solar rooftop PV installations. 

The rooftop installations surpassed 6.6 GW installation capacity by March 2022. 

The solar rooftop PV system (RTPV) assists distribution companies to reduce investment in 

the expansion of distribution infrastructure requirements, reduces transmission & 

distribution losses, and provides energy at cheaper rates. For the achievement of the solar 

rooftop target, the central Government and the State Governments started to implement 

promotional policies with financial assistance. Hence, RTPV consumers get an attractive 

payback against their investments. With the continuation of promotional policies for RTPV, 

its adoption and installations are very likely in the recent future (by 2030). However, the mass-

scale adoption of RTPV increases the challenge of matching the demand & supply 

requirements, maintaining deviation settlement for DisCom, and maintaining power quality 

within allowable limits. Many countries like the USA, many European countries, Australia, etc. 

have seen the requirement of energy storage integrated with RTPV to mitigate the challenges 

posed by the mass-scale RTPV installations.  

This report shows the battery storage system integrated with solar rooftop PV (BSS-RTPV) 

adoption in various countries, i.e., how its need was recognised, what actions were taken by 

the Government, distribution companies (DisComs), and customers. This report also 

highlights what were their driving factors for BSS-RTPV adoption.  

The adoption possibilities of BSS-RTPV for India are also discussed in this report, considering 

various statistics, policies, driving factors, and future needs. This section of the report shows 

how BSS-RTPV will make an impact in the present scenario, and how it will assist DisComs, 

consumers, and the Government (in line with government targets). This report also shows the 

various possibilities of the BSS-RTPV operations and discusses some key terminologies.  

Apart from this, in order to validate the conceptual feasibility of BSS-RTPV in the Indian 

scenario, we (GERMI) collaborated with the GPRD Cell, and UGVCL team (DisCom), to 

demonstrate this system to five residential consumers in Gandhinagar, Gujarat. In this pilot 

study, five consumers with existing RTPV systems were considered, and hybrid inverters 

(based on system capacity) and lithium-ion batteries (2.6 kW/5.2 kWh) were installed in each 

system. Moreover, this report discusses the techno-economic feasibility of BSS-RTPV.  

Lastly, this report shows the possible roadmap for BSS-RTPV integration in India. This section 

shows the various targets and obligations required by the Government of India, to promote 

the adoption of renewable energy technologies in India. The role of solar energy for state-

specific energy consumption, and individual states’ solar power adoption is also discussed. 

The report shows the possible battery storage requirement by 2030 with possible demand 

aggregation, influential factors, and use cases for BSS-RTPV adoption in India.  
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INTRODUCTION 

 

Renewable energy projects, mainly solar PV, have been adopted drastically over the past 

decade in India. Solar PV helps to cater the local demand by serving the distributed energy 

needs. Solar energy reduces the demand of electricity from polluting fossil fuel-based thermal 

power plants. The country has installed 54 GW of solar installations [1] cumulatively by the 

end of March 2022. The electricity demand in India is likely to increase around 6% Y-o-Y (year 

on year) [2]. With this increase in the power demand across the country, and the shifting from 

fossil fuel-based generation to renewable power targets by the Government, solar energy will 

play an important role in the Indian power sector.  

Power generation from solar energy can be predicted more accurately compared to wind 

energy. This can help the distribution and generating companies to plan electricity generation 

and distribution more efficiently. However, the disadvantage of solar power is that it is 

available in the daytime, and for the rest of the hours, it is necessary to rely on other power- 

generating options.  

The energy storage technologies help to mitigate the cons of solar power generation and 

allow the use of solar power in the non-sunshine hours. Currently, at the power distribution 

level, one of the most suitable options for energy storage is the battery storage system. 

Solar rooftop systems help distribution companies to reduce distribution infrastructure 

upgrades by deferring capacity augmentations, reduce T&D losses, and provide cheaper 

power compared to other power-generating options. These rooftop solar systems also benefit 

customers to reduce their electricity bills (by reducing the import of the costlier electricity 

generated from various other sources). The customers can sell their surplus power to the 

distribution companies (DisComs). The rate of power sale is different as per their respective 

state solar policies.  

The integration of the battery storage with the rooftop solar will help to consume solar power 

locally as well as, it can help to maintain the grid within specified limits. This report informs 

about the various development of battery storage systems with rooftop solar PV (BSS-RTPV) 

and the study of the pilot demonstration of the systems. 
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BSS-RTPV IN VARIOUS COUNTRIES 
 

For the reason of reducing greenhouse gas (GHG) emissions, reducing peak electricity 

demand, grid infrastructure deferral, and improving grid reliability, California state (USA) 

mandated energy storage procurement targets for utilities (DisComs) in 2010. Considering 

the directives, the California Public Utilities Commission ruled that the utilities should secure 

1,325 megawatts (MW) of energy storage systems by 2020 and that systems funded through 

California’s Self-Generation Incentive Program (SGIP) would count toward this goal [3].  

Behind the drive for storage adoption, increasing solar adoption in the state was the major 

concern for the utilities. This was found in an interesting study made by California 

Independent System Operator (CAISO) in 2012, which is popularly known for the “duck curve” 

[4]. The “duck curve” (Fig. 1) presented the impact of solar generation, and the increased 

need for steep ramping to meet the load demand. The effort was to reduce the belly growth 

due to the adoption of more solar energy, which results in more generation in the daytime 

and increased ramp rates in evening hours. The rising belly also makes the risk of 

oversupplying electricity more than the requirements. It was envisaged by the state, that the 

storage technology will help to reduce belly growth, by balancing it with demand and supply.  

 

Fig. 1: California “duck curve” [4] 

The California state directive for storage was a sparking point for the rise of battery storage 

in residential systems, which ignited similar directives in other states of the USA. As a result, 

149.4 MWh installation of residential battery storage has been adopted in California, followed 

by 55.3 MWh in Puerto Rico and 24.8 MWh in Texas [5].  

In 2015 the residential battery storage integrated rooftop solar became reality, when 

manufacturers like Tesla and Sonnenbatterie came up with wall-mounted storage batteries 
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[6]. This battery storage adoption was driven by saving energy for later use (to reduce peak 

demand charges), and trade energy in wholesale markets. At the end, mass adoption resulted 

in ‘virtual power plants (VPP)’, which can manage the functionality of generation (power 

plant), and managing grid (demand-supply, and power quality), energy trading (buy-sell).  

Mass-scale adoption of residential battery storage with solar rooftop PV (BSS-RTPV), resulted 

in an impact on overall grid management. This BSS-RTPV adoption was driven by the joint 

engagement of (i) residential community, and (ii) DisCom.  

(i) Community Driven Adoption 

The lucrative adoption of solar rooftops due to financial assistance by the Government 

(subsidy, tax benefits), clean and green sources of energy, cheaper cost of electricity, rebate 

in energy bills (with schemes like net metering billing) by DisComs, etc. However, with the 

increased adoption of solar energy, the issues of grid flexibility, demand-supply mismatch, 

evening ramping requirements, power quality, and grid management issues started to 

emerge. For countries, solar rooftop adoption is necessary for countries’ clean commitments 

and energy self-reliance. However, it started to impact the operations of DisCom.  

To support the quality operations for grid management, Governments started actions like, 

reducing net metering benefits, applying peak demand charges, introducing time of use 

charges, grid support incentives (during peak demand) etc. Similar actions resulted in battery 

adoption by customers with solar rooftops. In 2015, a series of tariffs were introduced by the 

Hawaii (USA) Government to replace the ‘net metering’ scheme, and encourage solar rooftop 

consumers to store energy on-site. Under such revisions, the ‘net metering’ benefit 

compensated for exporting energy from 4 p.m. to 9 a.m., while giving no credits to customers 

for exporting energy during day time [7].  

Apart from this, the widespread Sonnen community is also driven by individual consumers.  

The community adopted BSS-RTPV with Sonnen Batteries and reached the installation of 

more than 90,000 battery storage systems [8]. This community has 30,000 systems with a 

cumulative storage capacity of 300 MWh in Europe [9]. The CEO of Sonnen, Christoph 

Ostermann quoted that [9],  

“Letting homes storage participate in grid stabilisation has a high economic value because it 

allows the integration of more renewable energy and less new construction of transmission 

lines which is good for the overall economy.  

Also, it’s the people themselves who invest in home storage because they want to make self-

consumption. Using their storage for a second purpose like grid stabilization makes 

economically a lot of sense because you don’t need additional investments in large scale 

storage for grid stabilisation. We’re using assets that are already there.” 

This massive adoption of 300 MWh storage with investment from individual customers, 

reflects the need for such a solution, which can prevent their peak time tariff, reduce 

dependency on a grid using self-consumption with storage, and get an incentive to support 

the grid during need.  
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(ii) DisCom Driven Adoption 

DisCom plays an important role to implement the clean energy implementation drive in the 

country.  Their main business is to cater the demand of the consumers while maintaining grid 

quality and security. The cheapest source of power purchase, lower distribution losses, and 

advanced grid infrastructure shall assist to increase the viability of their business operations. 

With the integration of more renewable energy into the distribution grid, increases the 

complexity of their day-to-day operations in line with the national grid (dispatch centre). 

Similar to the case of CAISO (Fig. 1), the surplus generation of solar can create a challenge for 

grid management (utilisation, transport, power quality, etc.). If they can’t able to utilise the 

surplus generation, they have to curtail the solar (or renewable) generation. However, 

curtailing solar (renewable) power is a loss for the consumer and DisCom (as it is the cheapest 

energy source). Apart from this, most of the country is opting for solar (or renewable) energy 

resources, to make the nation a cleaner, greener, and self-reliant energy producer. The option 

of battery storage provides the necessary flexibility to their day-to-day operations, i.e. 

utilisation of existing grid infrastructure, better demand-supply management, reducing peak 

and valley in the grid, maintaining power quality, and selling energy to the wholesale market 

to get extra perks.  

There are a couple of DisComs across the world, which have started welcoming battery 

storage with their consumers. In the USA, Green Mountain Power company (GMP) (located 

in Vermont) started a unique battery program in their operations. This program allows 

customers to either buy or lease the battery for ten years. Under this program, customers can 

get a battery with two options, by (i) paying 55 USD per month to lease two Tesla power wall 

batteries, or by (ii) by getting a subsidy of up to 10,500 USD direct support from GMP (based 

on reserve capacity allowed). The program received the joining of more than 2,567 utility-

controlled batteries, with a cumulative capacity of more than 13 MW. The program aims to 

reduce the peak demand charges to both customers and utility, and participation in the 

energy market and self-consumption [10].  

Another example of storage in the Netherlands is popularly known as the ‘CrowdNett 

program’. Under this program, Eneco (Rotterdam-based energy company) established virtual 

power plants by collaborating with solar rooftop customers. Eneco made an agreement with 

the solar inverter and the battery supplier for this program to be promoted on a mass scale. 

Similar to the GMP program, Eneco utilises a smart system that can utilise the reserve power 

of the battery for demand and supply management, reducing peak demand and balancing 

frequency at peak demand slots by encouraging the self-consumption of battery and solar 

rooftop customers [11].    

The third example of the DisCom driven battery storage with solar rooftops is to avoid the 

building of new gas-based thermal power plants. This was Southern California Edison (SCE) 

company, which decided to go for 100 MW/ 400 MWh battery storage instead of a 262 MW 

gas power plant [12]. In 2021, SCE installed 8,000 behind-the-meter battery storage with solar 

rooftops [13]. Similar other programs are also driven by SCE to reduce the dependency on 

peaker power plants using battery storage with solar rooftop integration.  
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Government actions for enabling battery storage with solar: 

Almost all nations have adopted solar energy as one of their key energy resources for their 

nation’s energy independence. The supporting policies, incentive programs, tax benefits, 

people's awareness, and ease of technology integration drove the massive adoption of solar 

rooftop PV in countries. India is having 6,645 MW of solar rooftop PV (RTPV) installation by 

March 2022 [14]. This drive in India is the result of capital subsidy given by the Ministry of 

New and Renewable Energy (MNRE) along with state subsidy, and tax benefits. Similar tax 

incentives and/or financial assistance were provided in other countries like Germany, USA, 

Japan, Australia, Sweden and many more. They show very rapid growth of renewable energy 

adoption (along with solar rooftops) in their countries. However, seeing the challenges to 

maintain the grid as a similar case seen earlier (Fig. 1), they started Government driven policy 

actions to curb the rising challenges driven by solar rooftop PV and introduced battery storage 

integration in the mainstream grid. 

Germany lapsed the fixed feed-in tariff order for solar PV owners in 2021, which was entitled 

benefits for 20 years to owners. Germany has seen a growth of renewable energy share of 

35% in 2018 from 3.5% in 1990. They allowed EMI options for customers to install battery 

storage systems with solar rooftop PV (BSS-RTPV). They allowed retrofitting of existing solar 

rooftop PV systems to integrate battery storage, as the PV system has many more years of 

life expectancy than the battery to recover the investment. As a result, the retrofitting market 

of solar PV with the battery storage market grew. By 2017, approximately 40% of small-scale 

solar PV systems in Germany have been installed with battery storage in a few years. Similar 

to Germany, around 21,000 small-scale battery storage is installed in Australia by 2017 [15]. 

To increase renewable energy adoption and maintain grid stability (to respond to changes in 

energy demand and supply), the Australian Government started a capital subsidy program 

which allows borrowing up to 15,000 AUD (Australian Dollar) with 10 years to repay with zero 

interest and zero upfront cost (or fee) [16]. There is also another scheme by the Australian 

Government which allows the rebate of 50% of battery price for households and 33% for 

businesses [17].  

Similar to this, the Japanese Government also started an upfront subsidy program to support 

the installation of lithium-ion battery storage systems for individuals and businesses. This was 

realised by the Japanese Government post-2011 earthquake, tsunami, and Fukushima nuclear 

accident. The battery storage program can make customer energy independent and can help 

to solve acute energy problems. Likewise, the USA Government and various states of the USA 

also introduced various schemes to integrate battery storage systems (with solar rooftop PV) 

into the grid. Additionally, they also allowed the consumers to participate in the demand 

response, wholesale electricity, and ancillary service markets.  

To summarize this, many countries started to adopt battery storage systems integrated with 

solar rooftop systems. A similar, strategy can be explored for India for promoting battery 

storage integration with solar rooftop PV to make the grid more flexible, meet demand-supply 

requirements, reduce ramp rates of energy generation requirements, and reduce the 

dependency on peaker power plants (based on fossil fuel sources such as Gas, Oil).  
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Major approaches for BSS-RTPV integration and adoption can be summarized as follows: 

1. Mass scale adoption targets (demand aggregation) to reduce dependency on peaker 

power plants (or fossil fuel power plants)  

2. DisCom and/or Consumer (Community) driven programs 

3. Incentive schemes (grant/subsidy/loan for capital investment by consumers, financial 

incentive for participating in ancillary & wholesale electricity market, managing peak 

demand charges, reduced upfront capital financial support etc.) 

4. Policy changes (net billing, time of use, peak demand charges etc.) 

 

The adoption factors for the BSS-RTPV for the Government, DisCom and consumers are 

summarized in Table 1.  

Table 1: Summary of adoption factors for BSS-RTPV 

Government DisCom / Utilities Consumer / Prosumer 

 Clean energy 
commitments 

 Energy independence 

 Power quality 
management (demand, 
supply, voltage, frequency, 
etc.) 

 Maximizing the adoption 
of distributed renewable 
energy sources 

 Transmission 
infrastructure deferrals  

 Cheaper power purchase 
choices (reduction in T&D 
losses) 

 Cost-effectiveness of the 
purchased power 

 Self-consumption / power 
quality 

 Better financial gain for 
supporting grid 
functionalities 

 Better hold for changing 
future policy changes 
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DRIVING FACTORS FOR ADOPTION OF BSS-RTPV IN INDIA 
 

India is the third largest energy consumer in the world and third in renewable energy country 

attractive index [18]. Since the past one decade, the India has become the destination for 

renewable energy investment. In the last five years, solar installation increased more than 

eleven times [19]. The cumulative solar installation in India was 35 MW in 2010, which 

amplified to 54,000 MW by March 2022 [1] [20].  

There are many factors behind the massive adoption of solar energy in India. The cheapest 

energy price & incentives, on-site generation, competitive bidding and pricing, lower 

transmission & distribution loss, lesser operation & maintenance requirements, clean energy 

resources and the Government’s aggressive policy measures are one of the major adoption 

factors for solar in India.  

On the other side of the benefits, there are challenges imposed by solar installations mainly 

for grid balancing. Until the recent past few years, the challenges were limited because of the 

limited solar installation.  With the increase of solar adoption, the grid operators started 

facing the issues of overvoltage during daytime and under voltage during night time, a high 

percentage of reactive power import during solar hours, surplus power (then demand, i.e. 

reverse power flow), harmonics, and requirement of infrastructure upgrades.  

The ground-mount solar installations are having better engineering design, maintenance, 

controlled (or forecasted) power generation, and separate feeder or transformers. This limits 

the challenges of solar for the DisCom or grid operators. However, on the other side, the solar 

rooftop with multiple injection points in the single distribution line, with multiple consumer 

usage patterns, creates a challenge to DisCom/grid operators for the balanced power system. 

The rising adoption of solar rooftop PV (RTPV) will be bound to create more challenges for 

DisCom. Solar rooftop adoption shall be enormous in the near future, which will be driven by 

the Government’s target for the 500 GW of non-fossil fuel-based energy installation by 2030 

and net zero carbon emission by 2070 [21] [22]. Earlier, the target of 175 GW of renewable 

energy by 2022, out of 100 GW of solar energy, 40% of the solar energy target was from the 

solar rooftop PV [23]. Still, there is no detailed official break-up of the 500 GW non-fossil fuel 

based installation target, it might be in line with the earlier target set by the Government. 

Apart from this, the usage patterns of consumers have largely changed nowadays, and the 

power system will witness more swing. With the supporting policies and financial assistance 

from the state and central Government, solar rooftop adoption has increased in recent times. 

The paradigm shift from conventional IC engines to EV’s and the increase in cooling load will 

be the key driving factors for the adoption of solar RTPV.  

Hence, in the purview of better grid management, and individual benefits, it will be 

interesting to study what impact will be made by batteries along with rooftop solar in India. 

How it shall influence the market in the changing policy landscape for net metering to net 

billing and gross metering.  
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Solar Rooftop & Power Quality (Harmonics, Frequency, Voltage, Power Factor):  
 

Along with the earlier target of the Indian Government for the 40,000 MW solar rooftop 

installation by end of 2022, solar rooftop installation was 6,645 MW by the end of March 2022 

(which is around 17% of the target) [24] [14]. Some states like Gujarat, Maharashtra and 

Rajasthan aggressively installed solar rooftop, and represented more than 50% of all India 

solar rooftop installations by March 2022. A total of 1,800 MW solar RTPV was installed in 

Gujarat by March 2022. With the advancement of central Government and state Government 

support and increased awareness, in the upcoming time, the installation in other states will 

tend to increase similarly. The solar rooftop installations in different states are shown in Fig. 

2.  

 

Fig. 2: Solar rooftop PV installation in India by March 2022 [14] 

The grid-tied solar inverter with only active power supply, creates a challenge for grid 

operations (as during the solar hours high amount of reactive power been drawn by the 

consumers). Despite the regulation of grid connectivity for voltage variations (± 5%), 

frequency band of 49.90 Hz to 50.05 Hz, the power quality is beyond allowable limits for a 

considerable time [25].  Considering harmonics, active power supply and other parameters, 

rooftop solar can create a power quality issue in the grid, with the possible cases.  

Case 1: Distribution Network (harmonics, power quality): 

According to a study conducted by the GPRD cell [26], the residents depend on solar power 

supplied by the inverter (which delivers active power requirement), and they (residents) 

depend on the grid for the reactive power requirements. This imposes challenges to the grid 

stability. Apart from this, the conversion of the DC waveform to match with grid AC waveform, 

the non-linearity of the inverter causes the injection of harmonics in the grid.  
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Under low solar radiation conditions, RTPV inverters can inject a high percentage of 

harmonics, as the base amperes reduce the harmonic content which tends to increase in 

percentage.  

The harmonics in the grid will cause a significant rise in the load losses of the transformer, 

deteriorate the true power factor due to the impact of distortion power factor, causes a rise 

in the temperature, and hence early failure of the transformer.  This effect causes de-rating 

of the electrical equipment like a transformer, motor etc., and causes an adverse impact on 

the overall power factor.   

Case 2: Distribution Network (voltage variations): 

The solar rooftop reduces the daytime energy requirement for the consumer, however, 

during the rest of the period depending on the grid power. Hence, the grid infrastructure (or 

distribution infrastructure) will be based on maximum energy demand. The energy demand 

from the grid for the consumer is not uniform and can create a challenge for DisCom to 

manage the uncertainties. One of the major issues observed by DisCom due to solar rooftops 

is the increase of voltages in the distribution grid (or lines). This creates an impact on the 

distribution equipment. Sometimes the voltage increase can cross the allowable voltage 

limits. 

 

Fig. 3: Voltage fluctuations in Grid-connected with solar prosumers 

The voltage variations are particularly more prominent in the areas which are at the far end 

from the feeders (Fig. 3).  Due to reverse power flow during peak sun hours, the original 

feeder set voltage profile approaches towards reducing trend, as the consumer location move 

far from the feeder start point. The larger adoption of solar rooftop increases the contribution 
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to the reverse power flow. The far-end consumers; due to reverse power flow; experience 

high voltages than the consumers who are nearby the substation end. This is more prominent 

in urban feeders, where more numbers of RTPV are connected in the same feeder. Due to 

high voltages, the equipment's useful life reduces, and this also affects its efficiency adversely.  

For example, Gujarat state DisCom is facing issues of a rise in grid voltage fluctuations [27]. 

As most of the transformers installed were with the fixed tapping, and sub-transmission 

voltage fixed by the transmission company. For utility, it is quite difficult to manage the 

voltage level of solar RTPV enriched transformer (due to wide variation in voltage level during 

day time and night time). The hike in voltage level beyond allowable grid limits (and as per 

inverter specifications), can cause the trip (or clip) of the solar inverter. Such clipping losses 

can result in loss of solar power to the resident (who might not be aware of such happenings).  

Case 3: Transmission Network (frequency fluctuations): 

According to a study carried out by the CERC expert panel [28] that, interconnecting regional 

grids reduced frequency fluctuations with large inertia in the system in India. With the 

increase in solar adoption, the percentage of generation having rotating mass will be reduced 

due to less availability of conventional machines. With the target set by the Government of 

500 GW of non-fossil fuel installation by 2030; and even more, being carbon neutral by 2070, 

the problem of inertia of the grid can be an alarming problem to resolve. The government is 

planning to phase out the fossil fuels-based plants gradually to achieve the aggressive target 

set by the Government to achieve net-zero emissions. The impact can be a frequency fall 

immediately following a large contingency (inertial response), where a primary response is to 

be activated for frequency control measures. Following Table 2 shows the percentage of the 

time, all India grid frequency in respective bands [29]. This shows that in the year 2021-22, all 

India frequency was out of the allowable frequency band (49.90 Hz to 50.05 Hz) around 25% 

of the time.  

Table 2: Frequency profile of all India grid (FY 2021-22) 

Frequency Band % of time Annual Frequency band (April 2021 to March 2022) 

Less than 49.90 Hz 7.52% 

49.90 Hz to 50.05 Hz 75.08% 

Above 50.05 Hz 17.41% 
 

Case 4: Weather Impact (power supply variations): 

Solar rooftop performance depends on the factors like weather parameters, season, time, 

sun position etc. Any variance of the dependent parameter will affect the power output from 

the solar rooftop system. The cumulative change in solar rooftop output in the local 

distribution network may create a challenge for local DisCom to maintain power quality and 

quantity. For the deficit of energy quantity, DisCom may have to rely on conventional or other 

power generators. Additionally, during the low demand for energy, DisCom has to buy solar 

rooftop power as it comes under the “must-run” power plant. If DisCom curtail the power 

due to technical constraints, they are liable to pay appropriate compensation to the generator 

(in this case solar rooftop owner having energy scheduling with state load & dispatch center ) 
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under certain provisions [30]. Hence, dealing with a surplus or deficit of cumulative solar 

rooftop power may create a challenge to DisCom in maintaining a healthy power supply.  

Driving Factors for BSS-RTPV: 

Putting it all together, ambitious renewable targets (including solar rooftop) by the 

Government, the flexibility of the grid will reduce. The solar rooftop power supply & its quality 

proposes a challenge to the existing grid stability. Introduction of hybrid inverters (with 

reactive power control features) and a battery storage system, the solar rooftop system will 

reduce the peak & valleys created due to parameters like weather, and user consumption 

patterns. The hybrid system (solar rooftop system with battery storage) shall supply the 

power; when there is an over drawl on the distribution transformer center. And the hybrid 

system will store the power during an under drawl on the distribution transformer event. This 

will strike the balance of demand-supply management from the consumption point. Hence, 

instead of the challenging proposition of solar rooftop to DisCom (must-run power plant), the 

hybrid system can work as an asset to DisCom to distribute power as and when required.   

 

Electricity (Rights of Consumers) Rule (with Amendments): 
 

Electricity (Rights of Consumer) rule & its amendments by the Indian Government [31] [32] 

[33], mandated DisComs to supply 24/7 power supply to consumers for cities having a 

population more than 1,00,000. It provides the right to set-up solar rooftop to the consumers. 

The type of metering shall be as per the respective guidelines from the state electricity 

regulatory commission. Moreover, this rule also mandates the consumers to avoid diesel 

generators as an essential power backup system. Instead of a diesel generator, it encourages 

customers to use cleaner energy storage technology (such as battery storage) along with 

renewable energy.  

This rule mandates DisCom to connect the solar rooftop system to connect with the grid after 

necessary checks. Under this rule, DisCom is liable for the compensation to consumers for the 

number of power supply interruptions (limits set by commission), resolving complaints to 

voltage related complaints and other service-related parameters.  

Driving Factors for BSS-RTPV: 

Considering all deliverables for DisCom and maintaining power quality & supply, the solar 

rooftop with battery storage will help to remove polluting backup technology (like diesel 

generators) from the country. Additionally, the reserve power of the battery storage can 

assist DisCom to supply round-the-clock power supply and maintain voltage within allowed 

limits. Moreover, BSS-RTPV will prevent the loss of solar power during power outages. The 

BSS-RTPV shall reduce the compensation liability of DisCom to consumers.  

 

Shifting Policy Landscape: 
 

“Net metering” scheme was one of the major driving factors for solar rooftop adoption in 

India. Since the effort of streamlining the power supply and distribution effort from the 
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central Government [31], there have been several policy amendments or new policies 

declared by various states for solar energy.  

Considering the financially stressed DisComs (majority driven by respective state 

Governments) in India, many DisComs appealed to SERC (state electricity regulatory 

commission) for solar tariff revisions or reductions, considering gross metering or net billing 

for the solar rooftop integration with the grid. In recent times, several states revised their 

solar (or energy) policy with the consideration of previous solar adoption rates in the state, 

DisCom issues, and other stakeholders for promoting solar (considering revised renewable 

targets by the central Government). Apart from this, the implementation of Time of Day (ToD) 

or Time of Use (ToU) is also being explored by some states. Recently, two separate studies 

were conducted for Gujarat Urja Vikas Nigam Limited (GUVNL) for ToD and ToU 

implementation in Gujarat [34] [35].  

For instance, Gujarat state introduced a “net billing” mechanism for captive consumption, 

third-party sale with banking charges on solar energy consumption [36]. Maharashtra and 

Karnataka states highlighted the importance of energy storage integration with the grid for 

benefit of peak demand reduction, curtailment management, managing variations, and 

meeting increasing power demand in the state [37] [38]. Another example of changing 

landscape is West Bengal state, where “gross metering” is mandated by the state Government 

for solar rooftop systems above 5 kWp [39]. Haryana and Maharashtra states restricted “net 

metering” for open-access consumers. Uttar Pradesh restricts “net metering” for C&I 

consumers, whereas Tamil Nadu restricts HT consumers [40]. Based on the metering scheme, 

the beneficiary, interconnection points, and settlements will vary. This is shown in Table 3 

with the case of Gujarat Solar Power Policy 2021.  

Table 3: Different Metering Features of Gujarat Solar Power Policy 2021 [36] 

Parameters Net Metering Gross Metering Net Billing 

Main Features The electricity 

generated by the 

Solar PV plant will be 

consumed by the user 

and surplus will be 

exported in the grid. 

The electricity 

generated by the 

solar PV plant will be 

directly feed in the 

Grid. 

The electricity 

generated by the 

Solar PV plant will be 

consumed by the user 

and surplus will be 

exported in the grid. 

The utilisation of 

surplus solar energy 

shall be liable for 

banking charges. 

Settlement The net energy 

generated by the 

solar PV will be set-off 

from the net 

At the end of the 

settlement period, 

total energy feed will 

The net energy 

generated by the 

solar PV will be set-off 

from the net 
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Parameters Net Metering Gross Metering Net Billing 

electricity 

consumption at the 

end of each 

settlement (or billing) 

period between 7:00 

Hrs to 18:00 Hrs.  

 

No banking charges 

applicable for the 

residential 

consumers. 

be compensated as 

per the agreed tariff.  

 

For installation below 

4 MW, pre-levelized 

tariff shall be fixed at 

the time of signing 

PPA with DisCom. The 

rate shall be the 

average last six 

month tariff of solar 

projects outside solar 

parks plus 0.2 

Rs./kWh. 

electricity 

consumption 

between 7:00 Hrs to 

18:00 Hrs daily (for 

HT/EHV consumers).  

Banking Charges for 

solar energy 

consumed is 1.5 

Rs./kWh for demand 

based consumers, 

and 1.1 Rs./kWh for 

MSMEs. 

Projects under REC & 

RPO are exempted 

from banking charges 

but the energy 

settlement period is 

on 15- minute time 

block.  

Surplus injection 

Rates 

2.25 Rs./kWh for first 

5 years after 

commissioning and 

75% of simple 

average tariff 

discovered after 

competitive bidding 

by GUVNL for non-

park based solar 

projects 

For third party sell, 

75% of simple 

average tariff 

discovered after 

competitive bidding 

by GUVNL for non-

park based solar 

projects 

  

For MSMEs: 

2.25 Rs. /kWh for first 

5 years after 

commissioning and 

75% of simple 

average tariff 

discovered after 

competitive bidding 

by GUVNL for non-

park based solar 

projects 

Other than MSMEs: 

75% of simple 

average tariff 

discovered after 

competitive bidding 

by GUVNL for non-
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Parameters Net Metering Gross Metering Net Billing 

park based solar 

projects 

For Projects under 

REC, & RPO, 65% & 

75% respectively the 

simple average of 

tariff discovered by 

GUVNL. 

Beneficial to whom Mainly Consumer 

(Savings) + DisCom 

(lower distribution 

losses & cheaper 

power purchase) 

DisCom (Cheaper 

power purchase) 

DisCom (Cheaper 

power purchase) + 

Consumer (Savings 

better than Gross 

Metering) 

 

On a landmark order from the Ministry of Power recently (July 2022), stated obligation for 

energy storage with respect to total energy consumption (kWh). As per the order, Energy 

Storage Obligation (ESO) shall be treated as fulfilled only when at least 85% of the total energy 

stored in the Energy Storage System (ESS), on an annual basis, is procured from renewable 

energy sources. The energy storage obligation target is shown in Table 4. This order is in line 

with the Government commitment to 500 GW of non-fossil fuel-based energy by 2030 and 

net zero carbon emission by 2070 [21] [22].  

Table 4: ESO percentage of total energy consumed from solar/wind 

Financial Year Storage (on Energy basis) 

2023-24 1.0% 

2024-25 1.5% 

2025-26 2.0% 

2026-27 2.5% 

2027-28 3.0% 

2028-29 3.5% 

2029-30 4.0% 
 

Driving Factors for BSS-RTPV: 

As seen in Table 3, under the gross metering scheme, the customer is compensated with the 

fixed feed-in-tariff for the total unit feed by the solar system into the grid. The rates of the 

feed-in tariff are usually much lower than the retail tariff. Hence, it will be beneficial for the 

DISCOMs (by purchasing solar power at a very low cost) and loss for the customer (by 

purchasing high tariffed retail power and selling power at very lower rates). This scenario 
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might lead to increased self-consumption of solar energy, instead of selling to DISCOMs. This 

is where battery energy storage integrated with solar rooftop shall play a vital role.  

Apart from this, energy storage will assist to increase the renewable energy integration in the 

existing infrastructure. The battery storage system with solar rooftop will assist DisCom with 

peak demand management, reduce curtailments, reduce network congestion, and manage 

RPO targets.  

 

Infrastructure Upgrade Deferral: 
 

The solar rooftop output depends on the factors like weather conditions, solar radiation 

conditions, time of the day, and season. The typical solar rooftop energy injection for a 3.2 

kWp system at Ahmedabad can be seen in Fig. 4. For the considered case, the distribution 

infrastructure should be capable of catering to the maximum demand or maximum supply of 

the solar rooftop consumer (i.e. maximum load catering capabilities). It can be inferred from 

Fig. 4, that around 30%-40% of energy generation will utilise grid infrastructure at optimal 

capacity, and for the rest of the time, it will be under-utilized.  

 

Fig. 4: Histogram of 3.2 kWp Solar rooftop output at Ahmedabad, Gujarat using PVSyst, ver. 6.88  [41] 

Considering the aggressive adoption of solar rooftop and its integration with the grid will 

require a capable infrastructure to transmit the energy. As this infrastructure will be based 

on the future demand requirements and maximum solar power output. As per the estimation 

in a study in 2015, the approximate cost of building a 1 MW transmission network is INR 12 

million [42].  
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Driving Factors for BSS-RTPV: 

In essence, the integration of battery storage with solar rooftop shall assist the grid operator 

to balance the energy interactions. This will reduce the infrastructure network upgrades, and 

will reduce the peak demand needs. The integration will also help DisCom to manage the 

network congestion, and round–the-clock electricity to customers can be maintained. The 

combined solar rooftop with battery storage will also enable to achieve the goal of the “One 

Sun One World One Grid” agreed by the global leaders during the COP 26 meeting at Glasgow 

in November 2021. The objective of this goal was to increase the adoption of renewable 

energy, and its energy trading across the boundaries [43].  

 

Power Market and Flexibility Requirements: 
 

Increased adoption of renewable energy across the country, the daily electricity demand is 

becoming more variable for the thermal power stations during the day, noon, and evening 

hours. Additionally, competing with cheaper sources of energy (i.e. renewable), the power 

purchase demand from the thermal power station also reduced in India [44]. The plant load 

factor (PLF) of the thermal power plants reduced from 77.5% to 58.87% during 2009 to 2021 

[45]. Apart from this, the daily flexibility of the Indian power system is increasing at the rate 

of 5-7 GW per annum. The average daily thermal generation is varying in the range of 15-17 

GW as reported by POSOCO [46].  

Moreover, with the implementation of renewable energy, demand flexibility, deviation 

settlement mechanism, open access projects, captive energy supply and demand boosted the 

short-term electricity transactions from 81.56 BU to 146.01 BUs (Billion Units) during 2010 to 

2020 [47] [48]. The volume of short-term electricity transactions in the last decade is shown 

in Fig. 5. The short-term power market in India increased 27.9% in 2021-22, having total 

volume of short-term transactions reaching 186.75 BUs (Billion Units).  
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Fig. 5: Short-term electricity volume transactions in India 

For the short-term energy transactions in India, there are three platforms namely, (i) Indian 

Energy Exchange Limited (IEX), and (ii) Power Exchange India Limited (PXIL), and (iii) 

Hindustan Power Exchange Limited (HPX). The price per unit of electricity varies based on 

demand and supply conditions. The weighted average price of the energy transactions at IEX 

with volume for March 2022 is shown in Table 5.  

 
Table 5: Short Term Electricity Transactions on IEX in March, 2022 [49] 

Transaction Type March Month Volume 

(MU) 

Weighted Average 

Price (₹/kWh) 

Day Ahead Market  5858.39 7.95 

Green Day Ahead Market 204.82 6.96 

Real Time Market 2020.86 8.34 

 

Driving Factors for BSS-RTPV: 

The renewable energy market in India has created a visible impact on the thermal power 

plants. The addition of renewable generation installation reduced the power demand from 

the thermal power plant. This resulted in lower PLF of thermal power plants, which increased 

the variable cost of power from thermal power plants. In addition to this, the rising cost of 

petroleum fuel sources for thermal power plants, mismatch of demand-supply of fuel sources, 

and geo-political influence on the thermal power plant, contributes to the increased power 

cost. The addition of renewable sources is definitely a cheaper option for electricity. However, 

with the sudden drop/increase in renewable power generation impacted by weather or 

climatic condition, the electricity demand relies on the (mainly) thermal and other power 

plants. The continuous upgrading supply and reducing supply (based on renewable energy 

generation impact), burdens the thermal power plant operations. Currently, demand-supply 

management is achieved with thermal power plants but in the longer run (considering limited 

thermal plant set-up permissions in the last decade, and decommissioning of older plants), 

there should be an alternate option, which can assist in the demand-supply management. 

Here, battery storage with a solar rooftop shall have the potential to create a new avenue for 

managing the demand and supply of energy.  

Besides reducing ramp rates (or rather balancing) for grid demand and supply, the battery 

storage with solar rooftop may assist for short term electricity transactions. The aggregated 

energy reserve capacity from the battery storage can be utilised for local or across-the-border 

energy interactions. Considering the weighted average cost of the short-term market (shown 

in Table 5), if the levelized cost of the BSS-RTPV comes below the short-term market, there 

can be huge market-driven demand for the BSS-RTPV. 
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DisCom Perspectives: 
 

DisCom plays a vital role in connecting individual households or buildings to the power system 

network. DisComs are responsible for distributing and supplying power to urban or rural 

consumers in the states. In India, the majority of DisCom(s) are majorly owned by the state 

Governments. There are few private DisComs such as Torrent Power, Tata Power, BSES 

Rajdhani, Reliance Energy etc. operating in India.  

Many Indian DisComs are facing challenges of financial deficit due to higher average technical 

and commercial losses (AT&C), payment collection recovery, and controlled tariff hikes from 

SERCs. Apart from this, the adoption of renewable technology by commercial and industrial 

consumers, the revenue of the DisCom reduced (due to reduced cross-subsidy-surcharge 

benefits). Along with this, they are also liable to provide quality power to the consumers and 

maintain healthy grid operations. Additionally, mandatory rules to purchase renewable 

power (“must-run” power plant for schedule-based renewable power plant), and renewable 

purchase obligations (RPO) make DisCom in bewildered condition.  

Solar rooftop metering scheme like “net metering” reduces their profit margins. With the 

recent Consumer Rules [31], DisCom(s) are liable to provide compensation for the curtailment 

of renewable energy to users.  Solar rooftop integration reduced the distribution losses for 

the DisComs, but at the same time, some DisComs are facing power quality issues due to the 

high volume of solar rooftop installations.  

Driving Factors for BSS-RTPV: 

Despite the fact of DisCom is bounded by various laws of Government, the BSS-RTPV can assist 

DisCom to comply with regulations as shown in following Table 6.  

Table 6: How BSS-RTPV can help DisCom to comply with regulation challenges 

Regulation Challenges faced by DisCom How can BSS-RTPV help 

DisComs? 

Solar & Wind - must-run 

power plants 

 

Indian Energy Grid Code, 

2010, Amendment (2016) 

Due to must-run conditions, 

DisCom cannot curtail the 

solar & wind power 

generation, unless there is 

any danger to grid safety. 

This causes the problem to 

manage the uncertainty 

involved in these sources and 

their dependency on weather 

parameters. 

The increase in adoption of 

solar in the urban distribution 

network, creates a challenge 

to manage the grid. The major 

causing factors are managing 

grid demand and supply, and 

weather dependencies. 

The integration of rooftop PV 

with BSS can manage the 

demand and supply locally. 

Hence, deviations can be 

avoided.  
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Regulation Challenges faced by DisCom How can BSS-RTPV help 

DisComs? 

Technical Standards for 

Connectivity to Grid, CERC, 

(2019) 

 

 

The DisComs and SLDCs 

should maintain the 

frequency between 49.90 Hz 

to 50.05 Hz, and voltage 

variation not beyond ± 5%.  

The average frequencies are 

measured in the 15 minutes 

time blocks.  

Along with solar rooftops, 

maintaining power quality 

(voltage, harmonics, 

frequency etc.) within the 

specified limits is challenging 

for DisCom. Although, with 

hybrid inverter (with reactive 

power support) and battery 

storage, the DisCom can 

improve the power quality 

comparatively.  

Deviation Settlement 

Mechanism, CERC (2022) 

The DisCom needs to plan 

better demand and supply 

requirements and should be 

reflected to SLDC for better 

grid management.  

As with higher adoption of 

solar rooftop in residential, 

and with net metering 

schemes, the net 

export/import from the grid 

depends on surplus/deficit 

energy from solar power. 

Hence, the DisCom facing 

issues for the forecasting of 

demand and its schedule. 

The BSS-RTPV system can help 

to manage the demand-

supply gap, and hence the 

deviation settlement 

mechanism can be reduced or 

avoided. 

State-wise Renewable 

Purchase Obligation Targets 

(MNRE), SERCs 

Integration of renewable in 

the present infrastructure is 

limited due to technical and 

transmission capacity 

limitations. Higher RE 

integration in the distribution 

network imposes the issues of 

demand-supply management, 

reverse power flow (low 

demand and surplus solar 

The BSS-RTPV shall enable 

DisCom to allow maximum 

solar rooftop integration with 

grid, with better load supply 

management, preventing 

reverse power flow from 

transformer, and maintaining 

power quality. Higher 

adoption of rooftop solar will 

assist to achieve RPO targets. 
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Regulation Challenges faced by DisCom How can BSS-RTPV help 

DisComs? 

generation), voltage 

fluctuations, and other power 

quality maintenance.  

Earlier the nation’s renewable 

energy target was 175 GW by 

2022, which is increased to 

500 GW of non-fossil capacity 

by 2030.  

The earlier 175 GW target was 

comparatively less 

challenging than 500 GW 

(considering the flexibility 

available with installed grid). 

To fulfil the 500 GW target, 

will required supporting 

technologies like BSS-RTPV for 

achievement of RPOs.  

Ancillary Services, CERC, 

2015, 2022 

This regulation is aimed to 

restore grid frequency within 

allowable limits, and relieve 

congestion in the network to 

ensure smooth operation of 

the power system with Grid 

safety and security.  

DisCom relies heavily on the 

peaker plants, and thermal 

and hydro plants for grid 

frequency maintenance. 

Considering the “no new coal” 

approach, the regulatory 

commission needs to come up 

with the promotional policy 

for ancillary support with 

battery storage to support the 

DISCOMs to cater the power 

with quality and maintain grid 

within limits. 

Currently, the minimum size 

for eligibility in Secondary 

Reserve Ancillary Service 

(SRAS) is 1 MW. 

The availability of such 

suitable site with solar 

rooftop capacity with battery 

storage is limited. However, 

upon the maturing the 

market, this is the area, where 

DisCom can plan in their 

activities for adoption of 

ancillary services with BSS-

RTPV using demand 

aggregation and its 

management. 

Consumer Rights Act, Ministry 

of Power, 2020 

This law requires operational 

efficiencies of the DisComs for 

service to their consumers. 

The law ensures 

compensation from DisCom 

to consumer in case of failing 

to supply, uninterrupted 

power supply and maintain 

Since publication of this law, 

SERCs are working on the 

finalizing the compensation 

towards the losses due to 

DisComs to their consumers. 

The battery storage with solar 

rooftop may help the DisCom 
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Regulation Challenges faced by DisCom How can BSS-RTPV help 

DisComs? 

power quality, and other 

services. 

Currently, DisComs are doing 

efforts for reducing 

distribution losses and 

increase the financial 

revenues. Additional, 

compensation to the 

consumer, can increase the 

financial burden on DisCom. 

to manage the power quality 

and uninterrupted power 

supply to the consumer. It will 

reduce the DisCom’s 

compensation liability to 

consumers, as well as it can 

reduce the distribution losses.  

 

Customer Perspectives: 
 

In the previous decade, solar rooftop adoption rocketed from a few installations to city-level 

installations. Supporting policy norms, financial aid from the Government, clean & cheaper 

energy source, lower energy bills, and longer service life were some few driving factors. The 

satellite image of solar rooftop installations in Gandhinagar is shown in Fig. 6.  

 

Fig. 6: Solar rooftop on residential societies at Gandhinagar, Gujarat 

Driving Factors for BSS-RTPV: 

Meanwhile, with the policy talks at various levels for the integration of Time of Day (ToD), 

Time of Use (ToU), net metering PPA, or gross metering PPA, the solar rooftop power owners 

can make sustainable partnership with DisCom to make a win-win proposition for both.  
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DisCom can explore the aggregated solar rooftop with battery storage technology, can 

participate in short-term energy transactions, demand-supply management, manage 

deviation settlement mechanism, reduce the reverse power flow from the distribution 

network, and manage the network congestion and peak demands. The customer can get extra 

incentive to support DisCom, whereas DisCom can get rewards for maintaining the grid within 

specified limits and reducing losses & penalties.  

 

Summary of Driving Factors for BSS-RTPV: 
 

BSS-RTPV Benefits:  

 Government DisCom/ Utilities Consumer/ Prosumer 

Clean Energy Commitments Power Quality Management Increased Self Consumption 

Energy Independence Transmission Infra. Deferral Energy Reliability 

 

Possible Attractive Factors for BSS-RTPV adoption: 

DisCom/ Utilities Consumer/ Prosumer 

Gain DSM Benefits Incentives from Government (and/or 
DisCom) 

Peak Demand Power Purchase at 
Discovered Cost (lower than short-term 
market & long term agreements) 

PPP Mode for Grid Support OR 
Self-Consumption to use own solar power 
generated 
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BATTERY STORAGE POSSIBILITIES WITH SOLAR ROOFTOP PV 
 

There are five major components for the BSS-RTPV system as shown in Table 7.  

Table 7: Major components of BSS-RTPV System 

System Components Power (Flow) 

Solar Rooftop PV Generation (Supply) 

Battery Storage System Store & Discharge (Demand & Supply) 

Critical Load Consumption (Demand) 

Grid Surplus Power Evacuation & Supply (Both Demand and Supply) 

Hybrid Inverter Power Conversion 

 

When battery storage is installed with the hybrid inverter, there are mainly three possibilities 

that can be explored based on the requirement. In above Table 7, the systems where both 

demand & supply are possible, the current will flow in two directions. For other devices, it will 

be single direction flow. 

Self - Use: 

Under this mode, the critical load (customer home load) will act as the priority. If the critical 

load is higher than the solar and/or battery, the remaining is power supplied from the Grid. If 

the critical load is less than solar, the solar power can be used for charging the battery (if 

discharged) or feeding it to the Grid. 

Peak Grid Support: 

Under this mode, the Grid will act as the priority. As we have seen in the above table, there 

are two direction power flow possibilities in the Grid.  

(i) When sufficient unutilized power is available in the Grid (or lesser demand on the 

distribution transformer OR surplus power), the surplus power shall be used for the battery 

charging and the critical load (after deducting solar power). That means, under this mode, the 

battery will be in charging mode.  

(ii) When there is a power deficit in the Grid (or higher demand on the distribution 

transformer), the supporting power shall be supplied by the battery to the Grid and/or the 

critical load. That means, under this mode, the battery will be in the discharging mode. 

Battery Priority: 

Under this mode, the battery will act as the priority. This battery is having two direction power 

flow possibilities. The major objective under this mode is to keep the battery at its peak 

charge condition (either from Grid or from solar). Under the Grid unavailability event, battery 

discharging shall be used for the critical load requirement.  
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Various Operating Possibilities for BSS-RTPV System: 
 

For the above major three operational modes of BSS-RTPV, there are some combination possibilities as given in Table 8.  

Table 8: Operating possibilities for BSS-RTPV System 

Time Solar 
Generation 

Battery 
SOC 

Mode: 
Charging / 

Discharging 

Load 
in kw 

Grid 
Status 

Grid Action 
(import / 
export) 

Grid 
Demand 

Type of 
Support / 
Benefits 

Status 

Daytime ON <30% Charging ON ON Grid 
import 

Low-
Medium 

- 100% solar for battery charging and load, 
deficit load power grid import 

Daytime ON <30% Charging ON OFF Off-grid - Customer 
Support 

100% priority to critical load application, 
surplus power to battery 

Daytime ON <30% Charging OFF ON No Grid 
import / 
export 

- - Priority for Battery charging, when battery SOC 
become >96%, than grid feeding should start 

Daytime ON <30% Charging OFF OFF Off-grid - - Priority for Battery charging, when battery SOC 
become >96%, than cut-off charging mode 

Mid-night OFF <30% Charging ON ON Grid 
import 

Low Demand 
Management 

Charging to battery during low power demand 
(for injecting power in the morning peak 
demand), grid import for load & battery 

Mid-night / 
Anytime off-
grid 
application 

OFF >20% Discharging ON OFF Off-grid - Customer 
Support 

100% priority to critical load application 

Mid-night OFF <30% Charging OFF ON Grid 
import 

Low Demand 
Management 

Charging to battery during low power demand 
(for injecting power in the morning peak 
demand), grid import for load & battery 

Peak-hours ON >20% Discharging ON ON Grid export High DisCom 
support 

Case 1: if load< solar power kW , then 100% 
solar power feed, battery discharging at max. 
possible power kW 
Case 2: if load > solar power kW , then 100% 
solar power to load, battery discharging at max. 
possible power kW for load & grid feed 
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Time Solar 
Generation 

Battery 
SOC 

Mode: 
Charging / 

Discharging 

Load 
in kw 

Grid 
Status 

Grid Action 
(import / 
export) 

Grid 
Demand 

Type of 
Support / 
Benefits 

Status 

Peak-hours ON >20% Discharging OFF ON Grid export High DisCom 
support 

100% solar power plus battery energy should 
be feeded to grid 
(Possible case in the maximum radiation 
condition, that inverter receives rated solar 
power, then surplus power can be used for 
battery charging using charge controller, 
possibility of occurrence might be minimum to 
none. - can be discussed jointly) 

Peak-hours OFF >20% Discharging ON ON Grid export High Customer + 
DisCom 
support 

100 % priority to load, surplus to Grid support 

Peak-hours OFF >20% Discharging OFF ON Grid export High DisCom 
support 

Discharge at max. possible power kW to Grid 
support 

 

Note: The maximum and minimum State of Charge (SoC) of a battery can be changed based on the battery technology, requirements, cycle life 

and manufacturer’s recommendation. In the above table, minimum reserve capacity (SOC) of battery is considered as 30%. 
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KEY TERMINOLOGIES FOR BATTERY STORAGE 
 

 

C - Rating: 

C rating is an inverse measure of the rate of time over which a battery storage system can 

provide its maximum rated power (kW). 

 

Rating Interpretation 

2C Can supply all its stored energy in ½ hours 

C/2 Can supply all its stored energy in 2 hours 

 

Systems with higher C-rate have a higher power (kW) to energy (kWh) ratio.  

 

High power applications typically require systems with a high C rate and a short discharge 

duration.  Higher power capacity requires lesser time for the battery to charge or discharge 

(i.e. both are inversely proportional). 

 

Rated Capacity (kW & kWh): 

It is the capacity of the battery determined under specified conditions and declared by the 

manufacturer or test report. 

 

Round Trip Efficiency (%): 

It is the ratio of energy discharged in the Grid to the energy received for the charging. This 

includes the losses occur in the hybrid inverter, battery energy loss, cable losses and all other 

relevant losses. It is one of the key indicators to measure the efficacy of a battery storage 

system. 

 

Cycle Life: 

The one cycle of the battery is complete charging and discharging. The cycles are tested under 

standard testing laboratories at specified operating conditions. The cycle life depends on the 

operating temperature and depth of discharge. The cycle life represents the number of cycles 

before the battery fails to meet the performance specifications. 

 

Calendar Life: 

It is the minimum calendar year life at which the battery can perform satisfactorily. This is 

tested under standard testing laboratories at specified operating conditions. The cycle life 

depends on the operating temperature and depth of discharge. 

 

Battery Management System (BMS): 

The battery management system is an electronic control system that manages the efficient 

charging-discharging of battery, monitors the battery health, internal temperatures, various 
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cell level parameters, number of cycles performed etc. It prevents the battery from non-safe 

operations and reports the present condition of the battery. 

 

Self - Discharge (%): 

The charge of the battery reduces over a period of time due to internal resistance, and 

ambient weather conditions. The reduced charge capacity is compared as a percentage of the 

last charged value, and this is known as self-discharge. The self - discharge can be expressed 

per month or per year. 

 

Annual Degradation: 

It shows the degraded battery capacity after one year of operation. It is shown as a 

percentage difference compared to the original battery specification. 

 

Power Rating (kW):  

It is the maximum rating of the active power output or input at the battery interconnection 

point. 

 

Energy Rating (kWh): 

It is the maximum rating of the active energy output or input at the battery interconnection 

point. 

 

Depth of Discharge (DoD): 

It is the percentage of maximum battery capacity (kWh) that has been utilised (or 

discharged).  

 

Open Circuit Battery Voltage: 

It is the voltage measured at battery system terminals when there are no connections to the 

battery system (or no current flowing to or from the battery). 

 

Reserve Capacity (kWh):  

Minimum amount of energy required in the battery by the project owner with the 

consideration of battery power autonomy or reserve required to maintain safer operational 

limits (DoD limits).  

 

State of Charge (SoC) %: 

It is the percentage of maximum battery capacity (kWh) that remained unutilised.  
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BSS- RTPV: PILOT DEMONSTRATION 
 

Since the grid-connected battery storage system (BSS) integration with solar rooftop PV 

(RTPV) is not permitted in the present policy, GERMI, GPRD cell and UGVCL demonstrated 

pilot installations to experience the system feasibility, challenges, and outcomes of the 

implementation.  

GERMI team in collaboration with GPRD Cell (of GUVNL) and UGVCL (state DisCom) identified 

the residential society in Gandhinagar for the pilot demonstration of BSS-RTPV. To study the 

overall impact of the battery storage system on the distribution system, it is essential to install 

the individual system connected to the single distribution transformer. This shall enable the 

study of peak demand, preventing the reverse power flow and managing the solar power 

locally. Five residential consumers with existing solar rooftop PV were identified for the pilot 

demonstrations. The satellite image of the pilot demonstration society and houses are shown 

in Fig. 7. 

 

Fig. 7:  Satellite image of BSS-RTPV pilot demonstration residential site at Gandhinagar, Gujarat, India 

The selected residential consumers had already installed solar rooftop PV system, and on 

average the systems were commissioned 3.5 years before. The cumulative installation of solar 

rooftop PV is 21.84 kWp, which is summarised in Table 9. 
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Table 9: Solar rooftop PV installed capacity at selected residents for pilot demonstration 

Solar Rooftop PV installation in Houses Capacity (kWp) 

House 1 3.96 

House 2 3.96 

House 3 4.95 

House 4 4.95 

House 5 4.02 

 

 
Fig. 8: Previous installation of Grid-tied inverter with ACDB & DCDB 

 
Fig. 9: DisCom meters at 

consumer home 

  

 
Fig. 10: Hybrid Inverter with Li-ion Battery and IoT Panel 

 
Fig. 11: IoT Panel for Monitoring and Control with DC 

and AC meters 
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Fig. 12: IoT control panel with monitoring for Net Meter, and Load Meter of House 

 

The original grid tied inverter was replaced with the hybrid inverter. For each house 5.2 kWh 

battery storage system was installed. For the remote monitoring and control of the hybrid 

inverter set-up with solar rooftop PV and the lithium-ion battery, IoT (Internet of Things) 

systems were installed. The BSS-RTPV system components are shown in Fig. 13 (except RTPV 

system).  
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Fig. 13: Pilot BSS-RTPV System Components (RTPV not shown) 

 

For the metering of the energy interactions, necessary energy meters were installed as per 

the system integration diagram shown in Fig. 14. The power monitoring and control diagram 

is shown in Fig. 15. IoT units were installed to capture the data of string wise DC meter energy 

meter, DC bi-directional meter to measure the energy exchanges in battery, AC 1-Ph DLMS 

meter to measure the usage of critical power supplied to a house (during grid unavailability), 

AC 3-Ph bi-directional DLMS grid meter, AC 3-Ph Uni-directional load meter, Hybrid inverter 

BMS data communication and remote configuration cable. 

As seen from the graph, during the solar time (with penetration of the rooftop installations, 

the power flow on the transformer becomes negative (Fig. 16). This not only creates various 

issues related to the power quality (harmonics, overvoltage, reactive power management, 

etc.), but also derate the transformer (reduce the actual loading capacity of the transformer), 

and reduce the effective life of the transformer (Fig. 17, Fig. 18). Hypothetically considered, if 

all the RTPV installations are converted into the BSS-RTPV, then the system can provide 

balanced load curve with a significant reduction in kVA capacity of the transformer. Thereby 

relevant distribution and transmission infrastructure upgradation requirements will reduce. 

This can maintain grid security with enhanced power quality.   
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Fig. 14: BSS-RTPV pilot integration single line diagram 
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Fig. 15: Battery Storage System (BSS) – Rooftop PV (RTPV) System 
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Fig. 16: Yearly average transformer profile 

 

 

Fig. 17: Yearly average Voltage THD (transformer) 

 

Fig. 18: Yearly average Current THD (transformer) 
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TECHNO - ECONOMIC FEASIBILITY FOR BSS-RTPV 
 

The techno-economic feasibility of the BSS-RTPV is essential considering the consumer, 

DisCom, and Government perspectives. As there are many parameters that define the 

financial feasibility of the BSS-RTPV deployment.  

The rooftop solar PV (RTPV) market has grown well in the last decade in India (mostly all 

states), the BSS-RTPV feasibility will be more inclined with the revenue from the system and 

the deployment cost of the battery storage and hybrid inverters.  

The following parameters will enhance (or impact) the viability of the BSS-RTPV deployment. 

Subsidy (or Financial Assistance) from the Government: 

The financial assistance for the solar rooftop deployment reduced the payback period for 

beneficiaries and created a vital role for the solar RTPV deployment. For the BSS-RTPV 

deployment, Government can assist financially with the usable battery capacity deployment, 

or incentives for the grid peak demand support, or reducing the deviation settlement targets 

of the DisComs. This can be summarized that, what kW & kWh battery rating consumer (or 

aggregator) is deploying, and at what percentage of overall battery capacity the consumer (or 

aggregator) is willing to share for grid support.  

The DisComs or bulk aggregators or consumers can take part in the short-term energy 

exchange. As seen in Table 5, the average short-term electricity cost is around 7 to 8 INR/kWh. 

Recently, CERC capped the maximum bidding price for the power market (including short-

term power exchange) to 12 INR/kWh [50]. For increasing the market of the BSS-RTPV 

deployment, the Government or policymakers can consider the incentive to BSS-RTPV owners 

up to 12 INR/kWh or some capital financial assistance for the battery deployment such as 

Green Mountain Power (GMP) (discussed in Section: BSS-RTPV in various Countries).  

Battery Technology: 

This is the crucial factor and heart of the techno-economic analysis for the BSS-RTPV, as its 

functioning will be based on the available capacity of the battery to support any feature of 

grid support such as (i) peak demand reduction, (ii) self-use, (iii) demand-supply management, 

(iv) ancillary services, (v) reduction of reverse power flow, (vi) deviation settlement 

management, etc.  

The battery cost depends on the raw material availability, import duties, geo-political 

relations between the nations, safety tests, reliability, battery management system, battery 

life cycles, power and energy capacity, degradations, etc.  

Considering the battery market, a few technologies have already been successfully adopted 

for the BSS-RTPV, which are (i) lithium-ion battery, (ii) advanced lead acid battery, and (iii) 

lead-acid battery. The cost of lead-acid and advanced lead acid battery reduced at a greater 

pace. On the other hand, the lithium-ion battery reduced greatly but the pandemic and global 

supply-chain disruption impacted its prices recently. Still, with recent costs, lithium-ion has a 
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competitive Levelized Cost of Energy (LCOE) comparatively with advanced lead-acid and lead-

acid battery-based BSS-RTPV. The selection of the battery technology depends on the space 

availability with the beneficiary, power requirements, temperature impact, no of hours of 

storage requirement, operation and maintenance convenience, depth of discharge, 

autonomy, battery degradation, round trip efficiencies, and useful energy (and power) 

available for grid support. Few other battery storage technologies are in their final stage of 

development and commercial viability and can be explored for the suitability of BSS-RTPV 

adoption.  

Investment & Tax Benefits: 

The investment can be from the (customer, bulk aggregator, DisCom or Government or any 

independent investor agency). The capital investment along with the financial assistance from 

the financial institutes will define the yearly cash flows. The soft loan for BSS-RTPV can 

increase its viability.  

The accelerated depreciation with reduced Government taxes shall reduce the payback 

period, and make system investment attractive.  

The technological advancement of battery technologies and the hybrid inverter may reduce 

the system cost or increase the system life with better technical efficiencies. This will impact 

the future investment or replacements of the BSS-RTPV system. 

Solar Policies, Energy Settlement, PPA, Energy Rates: 

For the successful deployment of the BSS-RTPV, it is essential for the Government (both 

central and state), to define the state policies harmonious to the BSS-RTPV system. The solar 

energy settlement varies from state to state, and its energy settlement.  

The inflation of energy prices, supporting energy settlement (separate monitoring of the peak 

grid support, and surplus solar generation fed to the grid), and long-term power purchase 

agreement (PPA) will ensure the success of the BSS-RTPV deployment. 

Techno-Economic Analysis for BSS-RTPV: 

The techno-economic viability of the BSS-RTPV system depends on the few parameters 

defined above in this section. In reality, the payback period, IRR, and other derivatives of 

techno-economic analysis depend on the actual cost of purchase, energy settlement, viability 

gap funding or subsidy, or incentive for supporting grid functioning etc. parameters.  

Here, one techno-economic analysis of BSS-RTPV is discussed.  

Some Assumptions: 

1. Solar RTPV Capacity: 5 kWp 

2. Solar RTPV Cost (with Hybrid Inverter): 64,000 INR/kWp 

3. Solar Capacity Utilization Factor (CUF): 19% 

4. Solar Degradation: 1% degradation per year 

5. Solar O&M Rates: 1% of Capex 
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6. Solar O&M Inflation: 5% per year 

7. Useful plant life: 25 years 

8. Battery Rated Capacity: 2.6 kW/5.2 kWh 

9. Lithium-ion battery DoD: 80% 

10. Lithium-ion battery cycles at DoD:  4,000 cycles 

11. Lithium-ion battery cost: 28,000 INR/kWh 

12. Debt: 70% 

13. Loan Rate: 10% per year 

14. Loan Tenure: 10 years 

15. Electricity cost escalation: 4% per year 

16. Battery Charging: 100% Solar Energy 

17. Cycles: 1 Cycle/Day 

18. Grid Support Incentive: 12 INR/kWh fed from battery reserve (based on year with 

degraded capacity, and annual cost escalation 4% per year) 

 

Above assumptions, give the following financial outcomes given in Table 10: 

Table 10: Techno-economic analysis of BSS-RTPV 

Parameters  RTPV + Li-ion battery 

Project IRR % 12.9% 

Discounted Project Payback Period Years  7 Yrs. & 6 Months   

 

The above results, shows that the project’s discounted payback period comes around 7.5 

years with the project IRR around 13%. Again, these outcomes vary based on the assumptions, 

actual purchase cost, settlement mechanisms, and incentives, and should not be treated as a 

benchmark for its adoption. In addition to this, the bulk purchase of the battery storage 

system may bring down the cost around 20% to 35%, which shall increase the viability further. 

 



Battery Storage Systems (BSS) - Rooftop PV (RTPV) Roadmap for India Page 48 

 

ROADMAP FOR BSS-RTPV INTEGRATION IN INDIA 
 

The ambitious targets of the Government of India, with supporting and target-based policies, 

and development of the RE sector (and its supply chain) led to a remarkable adoption of 

renewable energy in India within the last decade. The Ministry of Power, Ministry of New and 

Renewable Energy, CEA, CERC, POSOCO, NLDC, SLDC, financial institutes, generating 

companies, transmission & distribution companies, state nodal agencies, state electricity 

regulatory commission and other concerned departments, have taken appropriate policy 

measures to achieve the earlier target of 175 GW of renewable energy by 2022. This target 

has been revised to 500 GW of non-fossil fuel-based capacity by 2030 by the Government of 

India. The initiative will help India for energy security and promote clean energy sources.  

In order to achieve the solar (and renewable energy) installation targets, the Government of 

India notified the Renewable Energy Purchase Obligations (RPO) with long-term growth (for 

solar and non-solar), uniformly for all states and UTs. Initially, it was for three years from 

2016-17 to 2018-19, which was extended till 2021-22. Recently, the Ministry of Power 

published further energy purchase obligations till 2029-30. The combined energy purchase 

obligations from 2019-20 to 2029-30 are shown in Table 11. It can be seen from Table 11, that 

till 2021-22, the targets were classified as solar and non-solar renewable purchase 

obligations, while from 2022-23 to 2029-30, the energy purchase obligations were classified 

into four categories, which are (i) Hydropower Purchase Obligation (HPO), (ii) Solar RPO, (iii) 

Wind RPO, and (iv) Other RPO.  As renewable energy (mainly solar and wind) generation is 

dependent on climatic (or weather) conditions, time of the day, and season of the year. In 

order to balance the demand-supply match, peak power supply requirements, and to reduce 

the impact of variable output, the Government of India also notified the ‘Energy Storage 

Obligation’ (ESO) as shown in Table 11. The ESO will be considered only when at least 85% of 

the total energy stored in the energy storage system (ESS), on an annual basis is procured 

from renewable energy sources. The energy stored from RE sources (for ESO) shall be 

considered as part of the fulfilment of respective RPO target.   

Table 11: Combined Energy Purchase Obligations (Notified by Government of India) 

Year HPO 
Solar 
RPO 

Other 
RPO 

Wind 
RPO 

Total 
RPO 

ESO 

2019-20 - 7.25% 10.25% 17.50% - 

2020-21 - 8.75% 10.25% 19.00% - 

2021-22 0.18% 10.50% 10.50% 21.18% - 

2022-23 0.35% 23.44% 0.81% 24.61% - 

2023-24 0.66% 24.81% 1.60% 27.08% 1.00% 

2024-25 1.08% 26.37% 2.46% 29.91% 1.50% 

2025-26 1.48% 28.17% 3.36% 33.01% 2.00% 

2026-27 1.80% 29.86% 4.29% 35.95% 2.50% 

2027-28 2.15% 31.43% 5.23% 38.81% 3.00% 

2028-29 2.51% 32.69% 6.16% 41.36% 3.50% 

2029-30 2.82% 33.57% 6.94% 43.33% 4.00% 
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Considering the focus of this report, the role of solar energy (including rooftop solar PV), and 

its contribution to total energy requirement for the nation, the region-wise adoption and 

state-wise progress review shall assist to frame the roadmap for battery storage integrated 

with the rooftop solar PV.  

Region-wise energy contribution from solar to annual energy requirements: 

There is one national grid, which is combined & synchronised with all five regional grids in 

2013. The five regions of the AC power grid are, (i) Western Region, (ii) Southern Region, (iii) 

Northern Region, (iv) North-Eastern Region, and (v) Eastern Region. The annual solar energy 

generation and annual region-wise energy requirement met for the year 2021-22 are shown 

in Fig. 19. The highest contribution of solar generation is in the Southern Region grid (10% of 

annual energy requirement met), followed by the Northern Region (5.5% of annual energy 

requirement met). The overall annual solar energy generation contributed about 5.4% of the 

nation’s annual energy requirement fulfilled for the year 2021-22.  

 

Fig. 19: Region-wise Energy Requirement Met and Solar Energy Generation (2021-22) 

State-wise energy contribution from solar to state - annual energy requirements: 

To align with the Government of India's target for solar adoption, various state and union 

territories Governments implemented various policy initiatives and support mechanisms for 

the solar technology installation. The solar installation can be ground mount installation, 

rooftop installation, or off-grid installation. The Rajasthan state is contributing the highest 

solar energy generation for the state - annual energy requirement met for the year 2021-22 

(which is about 19% of the annual energy requirement met), followed by Karnataka (about 

18% of the state - annual requirement met). Solar energy generation contribution with 

respect to the state - annual energy requirement met is shown in Fig. 20, in ascending order 

(first 22 states) for the year 2021-22.  
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Fig. 20: State-wise Energy Requirement Met and Solar Energy Generation (2021-22) 

Rajasthan, Karnataka, and Gujarat states represent more than 50% of the solar power 

installation (MW capacity) in India by March 2022, as shown in Fig. 21. Gujarat having the 

third largest solar power installed capacity (Fig. 21), its solar energy contribution in total state 

energy annual requirement met is around 5% only (Fig. 20). The major attribute for creating 

such scenario for Gujarat is the state’s annual energy requirement met for 2021-22 (which 

was second largest annual energy requirement met across the country) [51].  

 
Fig. 21: Solar power installed capacity in MW for states/UTs in India by March 2022 

Further classifying the solar installation category, the percentage distribution with respect to 

state (or UT)’s overall solar installed capacity, can be seen in Fig. 22. Union Territories like 

Delhi, Chandigarh, and Goa (not shown in Fig. 22) have major installations of rooftop solar PV 

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

%
 S

o
la

r 
En

e
rg

y 
G

e
n

e
ra

ti
o

n

State / UT

% Solar Energy Generation of Total State Energy 
Requirement Met (2021-22)

0

2000

4000

6000

8000

10000

12000

14000

In
st

al
le

d
 C

ap
ac

it
y 

(M
W

)

State / UT

Solar Power Installed Capacity (MW)

Ground Mounted Roof Top Off-grid/ Distributed



Battery Storage Systems (BSS) - Rooftop PV (RTPV) Roadmap for India Page 51 

 

contribution (about 90% and above) in overall solar power installed capacity. In some states 

with limited grid infrastructure or other power constraints, off-grid solar installations have 

been adopted. Gujarat (27%), Maharashtra (14%) and Rajasthan (11%) states represent more 

than 50% of the solar RTPV installation in India. Gujarat has the highest installed capacity of 

solar rooftop PV (1.8 GW) followed by Maharashtra (0.9 GW) by March 2022 [14].   

 
Fig. 22: State(or UT) wise solar power installed capacity (MW) percentage distribution (by March, 2022) 

India has committed to increasing the share from non-fossil fuel sources to 40% by 2030, as 

a part of intended nationally determined contributions [52]. The target of 500 GW non-fossil 

fuel capacity by the Government of India, shall enable the possibility of the solar installation 

of 270 GW (based on the previous target scenario) by 2030. As this capacity will be cumulative 

of the ground mount, RTPV and off-grid installations, the installation of RTPV shall be around 

90 to 100 GW at a very highly favourable and enabling policy environment. The possibilities 

of solar RTPV installation (GW) by 2030 are shown in Table 12, with the corresponding 

cumulative solar installation (GW) by 2030.  

Table 12: Estimation of RTPV installation (GW) in India by 2030 

Solar 
Installation 

Capacity (GW) 

Lowest RTPV 
(GW) 

Conservative 
RTPV (GW) 

Optimistic 
RTPV (GW) 

Highly 
Optimistic 
RTPV (GW) 

By 2030 
12% 20% 30% 40% 

Scenario – 1 Scenario – 2 Scenario – 3 Scenario – 4 

135 15 27 42 54 

180 21 36 54 72 

225 27 45 69 90 

270 33 54 81 108 
 

As per the conservative estimations, the RTPV installations in India will be around 45 GW to 

54 GW by 2030. The 20th electric power survey of India (by CEA) also estimates around 50 GW 
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RTPV by 2031-32 [52]. The self-consumption from solar RTPV installed by 2029-30 will be 

around 34765 MU (Million Units) [52].  

Considering the cumulative annual growth of 18% for solar installation, average CUF of 17%, 

and considering the lowest RTPV adoption factors, the BSS-RTPV installation can cross 4,500 

MWh of storage by 2030. Under the optimistic condition for rooftop solar and according to 

ESO targets, the BSS-RTPV installation can cross 7,000 MWh by 2030. The highly favourable 

use cases and highly optimistic stationary battery storage adoption, can reach more than 

11,000 MWh BSS-RTPV adoption by 2030. The BSS-RTPV installation estimation in line with 

the ESO target is shown in Table 13. 

Table 13: Estimation of Battery Storage (MWh) with RTPV installation in India by the 2030 

Year 

Cumulat-
ive Solar 
Capacity 
(GW) at 

18% 
Annual 
Growth  

Lowest 
RTPV 

(GW) @ 
12% 

Conser-
vative 
RTPV 

(GW) @ 
20% 

Optimi-
stic RTPV 
(GW) @ 

30% 

Estimated Battery Storage (MWh) 
with RTPV  

(in line with ESO target) 

Lowest 
Conser-
vative 

Optimistic 

2023-24 85 10 17 26 408 694 1,061 

2024-25 100 12 20 30 734 1,224 1,836 

2025-26 120 14 24 36 1,142 1,958 2,938 

2026-27 140 17 28 42 1,734 2,856 4,284 

2027-28 165 20 33 50 2,448 4,039 6,120 

2028-29 195 23 39 59 3,284 5,569 8,425 

2029-30 230 28 46 69 4,570 7,507 11,261 

 

In case of attractive use-cases for the BSS-RTPV adoption benefits, the estimation of Table 13 

can be surpassed. The above capacity shall be referred to as the capacity for energy exchange 

and not for reserved capacity by the user for using storage as a backup in power failure from 

Grid. The battery storage discharge time capacity may range from 2 hr to 4 hr, based on the 

techno-economic viability, availability of the technology, O&M, and service support etc. 

factors.  

Enabling of BSS-RTPV shall contribute benefits as follows: 

 

 Its adoption in urban areas, shall reduce the reverse power flow, network congestion, 

power quality management, demand-supply fulfilment, grid infrastructure 

upgradation deferral, and reducing peak demand. 

 Its adoption in rural (and semi-urban) areas shall increase the power availability, 

promoting adoption of more solar RTPV in remote locations, reduced clipping losses, 

and promoting self-use of energy generated. 

 Apart from this BSS-RTPV shall help DisCom to manage demand-supply, power quality, 

and related concerns. This will reduce the ramp-up and down requirements of the 

thermal power stations (or other generating stations). 



Battery Storage Systems (BSS) - Rooftop PV (RTPV) Roadmap for India Page 53 

 

Demand Aggregation of Battery Storage with Solar RTPV (BSS-RTPV) 
 

The impact of demand aggregation has played a very important role in the solar rooftop PV 

upscaling in India. For the battery storage with solar rooftop PV, the demand aggregation shall 

help in combining renewable energy procurement for multiple users (or DisCom) under a 

single bidding process. This will harness the economy of scale, reduce the cost of 

procurement, reduce operation & maintenance, and reduce the project lead time. The bulk 

of energy volume shall enable DisCom to participate in the short-term power exchange 

market in India.   

As per CERC [53] , the “short-term transactions of electricity” refers to the contract of less 

than one year for the trades which are, (i) Bilateral transactions by inter-state traders, (ii) 

Trading by DisComs, (iii) trading through power exchanges, and (iv) transaction through 

Deviation Settlement Mechanism.  

As per the study by Central Electrical Authority (CEA) on the optimal generation mix for 2029-

30, India’s installed renewable energy capacity will include 27 GW/108 GWh (4 hr storage) of 

grid-scale battery energy storage system by 2030 [54]. This will be in addition to 10.15 GW of 

the pumped hydro storage system as a part of the installed capacity in 2029-30 [55].  

In 2022, the Ministry of Power issued guidelines for the procurement and utilisation of battery 

energy storage systems as a part of a generation, transmission, and distribution assets, along 

with ancillary services [55]. The following business cases have been identified for the 

utilization of battery storage systems (with RTPV) as shown below.  

 RE supply with BESS (as a part of RE, meet peak power and dispatch requirements) 

 BESS with transmission infrastructure (maximize the use of transmission network and 

reducing the network congestion) 

 Ancillary services / flexible operations (frequency control and balancing services) 

 Distribution (Manage peak load, grid resilience, portfolio management, and flexible 

operations) 

 Standalone BESS for arbitrage operations 

 Any other business cases as found suitable by procurers / intermediately procurers/ 

beneficiaries/ Generators 

For the eligibility to participate in the above scheme, the minimum capacity required for 

project bid size and bid capacity requirements for intra-state projects has been fixed at 1 MW. 

This can be explored with bulk aggregators. The consumer (having more than 100 kW 

connected load or sanctioned load) can opt for ‘Green Energy Open Access’ to purchase RE 

power with storage (if storage uses renewable energy) [56]. As the BSS-RTPV market is new 

for India at present, there is a need for guidelines, demand aggregation, and necessary policy 

support to participate in similar grid-supporting operations.  

DisCom or bulk demand aggregator shall participate in the short-term trading of electricity as 

per the respective CERC rules and other grid codes, with a large volume of BSS-RTPV capacity. 

The possible activities required for the demand aggregation are shown in Fig. 23.  
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Fig. 23: Demand aggregation activities for BSS-RTPV 

 

As per the communications with storage battery suppliers, the bulk purchase of the battery 

storage system in the single contract (>200 kWh), can reduce cost ranging from 20% to 35%. 

In addition to this, the increase in the bulk purchase capacity, and economy of scale with help 

to reduce the cost of manpower management, supply, operation & maintenance, and data 

monitoring & controls can be controlled at optimum cost.  

 

Supportive factors for upscaling BSS-RTPV in India 
 

 Creation of supporting policy mechanisms for customers, DisComs, bulk suppliers 

 Technical integration of BSS-RTPV in the Grid Operations 

 Enabling DisCom for participating in Short Term Energy Trading 

 Allowing DisCom to store and use battery storage for deviation settlement mechanism 

schedule 

 Enabling environment for RPO, REC, and PAT targets 

 Creating capacity building to prepare various skilled experts for large-scale 

deployment of BSS-RTPV 

 Reduction of RTPV clipping losses, improvement in power quality, reduction in reverse 

power flow, reactive power support, reduction in network congestion, deferral of 

network upgradation, demand-supply management, reduction in thermal power plant 

ramp rates, etc. 

 Increased RE (mainly Rooftop PV) capacity in the urban (or rural) network (which shall 

enable to achieve the 500 GW non-fossil goal of the Government of India) 

 Better Financial investment with risk dilution in BSS-RTPV with multiple consumers as 

an investor, and using point of consumption (preventing energy distribution losses, 

wheeling charges etc.) 

 Increasing energy security for the nation 

 Reducing financial risk by creating peaker power plants (high investment, fixed costs, 

fuel supply challenges) 
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Challenges & Influential Factors for upscaling BSS-RTPV in India 
 

 DisComs/Government’s financial stress 

 Global volatility on storage price & storage material resource availability 

 Changes for the existing rooftop consumers PPA, who want to adopt BSS-RTPV 

 Captive generation threat to DisCom (reduced power purchase dependency of 

customer to DisCom) 

 Safety Factors and Concerns for BSS-RTPV integration 

 Financial assistance by the Government 

 Quality products and quality assurance (standards, testing, certification, durability, 

performance etc.) 

 Tax and import duties  

 Monitoring and control by the DisCom or bulk operator for the capacity, prediction of 

requirements, controls, and command for efficient and smooth operations.  

 

Government’s Role for Enabling BSS-RTPV Transition in India: 
 

The Government of India is interested in the long-term renewable adoption and achieving 

net-zero emission commitments. This goal is backed by various initiatives of Government 

departments, supporting policy framework, emerging new market opportunities and 

economic activities, and enthusiastic public participation. Such factors made the phenomenal 

growth of renewable energy in the last decade in India. Apart from this, the Government will 

be interested in self-reliance for energy security, fuel resources, robust grid infrastructure and 

energy business in India.  

Additionally, to drive the non-fossil growth to 500 GW by 2030, the Government of India, and 

various state governments are providing financial assistance for the installation of the solar 

rooftop PV (RTPV) system. Considering RTPV, there are mainly two challenges for the 

Government, (i) to drive RTPV growth, and (ii) to maintain DisComs financially fit. Hence, 

when the Government focus on the empowering BSS-RTPV transition for India, consideration 

of these two factors is essential.  

Firstly, to drive the adoption of RTPV, the Government can estimate the additional financial 

assistance for the BSS-RTPV for the aggregated battery storage capacity (having a battery 

support capacity of more than 200 kWh). To ensure desired utilisation of the funding, financial 

assistance (or incentive) should be not only given for the installed battery capacity but for the 

productive (& quality) use of battery-based operations with the grid. The beneficiary can be 

impacted by load shedding or in curtailments or weekly off schedules. The implementing 

agency can be any consumer, DisCom, bulk aggregator etc. Such support shall enable self-

starting initiatives of BSS-RTPV adoption, and economics of scale will introduce more techno-

economic viability. 

Secondly, when the RTPV penetration increases in the distribution network, the DisComs are 

facing issues of power quality, reverse power flow, mismatch of demand & supply etc. 
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Additionally, the DisComs are required to maintain deviation settlements, power quality, 

maintain ‘must-run’ RTPV power plants, and follow demand supply management. During peak 

hours, the DisComs are reliable in the short-term energy market or the peaker power plants 

or other power stations to ramp-up the generation. The cost of power purchase in these 

cases, is usually higher than the long-term power purchase agreements. Moreover, current 

net-metering policy does not encourage RTPV consumers to spend a single penny on the 

battery storage, since the consumer uses the ‘grid’ as a perpetual battery for their energy 

needs (store surplus or consume whenever required). Using the BSS-RTPV system at a large 

scale will support operations of the ‘grid – the perpetual battery’. Government can also look 

for reinvestment in the BSS-RTPV infrastructure against the new peaker power plants (same 

as the Southern California Edison case discussed in this report, to avoid investment in 262 

MW gas power plant).  

Thirdly, the Government can create an eco-system which can foster the BSS-RTPV adoption. 

The necessary policy implementation can promote a large-scale tender for BSS-RTPV. With 

the transparent bidding process, and competitive reverse bidding can bring optimum tariff 

discovery. Large-scale operations of BSS-RTPV will assist to frame the power purchase 

agreements and to identify average pooled power purchase cost from bulk aggregators (or 

distribution licensees or consumers). Additionally, strong policy and regulation can bring 

investment from banks, non-banking financial companies, and similar financial institutes.   

Apart from these factors, the other area of interest for the Government can be the ‘safety & 

standardization’ of the battery storage system. These frameworks shall assist the reliable 

battery market in India, which can give consistent desired output for its lifetime with safety 

(and without fire or electrical hazards). The Government can also focus on investing in new 

battery storage chemistries whose raw materials are abundant in India. This will reduce the 

dependency on other countries, price volatilities, and international geo-political challenges. 

Moreover, the safe use and proper recycling mechanism will enable the efficient and 

environmentally conscious use of resources.  Additionally, creating economic of scale market 

for battery storage and hybrid inverters will reduce the BSS-RTPV system cost drastically. 

Considering all the above points, the holistic approach to promoting BSS-RTPV in India can 

enable the energy transition in India. These approach points are summarised in Fig. 24. 

 

 
 

Fig. 24: Government’s actions for enabling BSS-RTPV transition 
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Potential Use Cases for BSS-RTPV adoption in India: 
 

The attractive use cases shall enable the self-starting adoption of BSS-RTPV in India. The 

possible use cases may encourage the prosumer (or consumer), energy trader (or bulk 

aggregators), and distribution licensee (or DisComs) to install the BSS-RTPV for the various 

end use of stored energy as shown in Fig. 25. The attractiveness for these end users is 

summarised in this section. The multi-party investment will share the financial risk (or 

benefits) mutually, and shared benefits shall enable the energy contracts for long-term 

success.  

 

 
Fig. 25: End use of BSS-RTPV energy for various users 

 

(i) Bulk Aggregators: 

 

The bulk demand aggregators can either invest on their own or in partnership with 

customers (or with DisComs) for the battery storage capacity (more than 150 kWh) 

integrated with RTPV. The aggregator can enjoy the benefits of the ‘virtual power 

plant’, and sell energy for multi-purpose (short or long-term) contracts (or trades). The 

customers can be associated with “bring your device” (with shared revenue sharing). 

DisCom’s participation will “bring credibility” to the process. 

 

The aggregators can sell energy to DisCom during peak hours (to offset their purchase 

from high-cost energy purchases). The DisCom shall find their interest if their cost of 

energy purchase from the BSS-RTPV aggregator is less than the cost of energy 
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procured from the market or contracts. Additionally, when DisCom purchases energy 

from the bulk aggregators, they will not have any major financial investment risk, and 

also find a cost-effective supply of energy at the point of consumption (because of 

lesser energy losses). They can also assist DisCom in managing (i) Demand Supply 

Management, and (ii) Deviation Settlement Mechanism, by charging their bulk 

batteries during ‘energy surplus’ and discharging during ‘energy deficit’. They can 

share mutual benefits for reducing distribution network upgrades (as electricity 

demand is continuously increasing).  

 

Likewise, the aggregators may find interest to sell (and consume) energy to RTPV 

consumers having ‘net-billing’ or ‘gross-metering’ state policies. They can assist 

consumers to off-set higher energy purchase costs from DisCom, reduce MD 

(Maximum Demand in a billing cycle), supply energy during load shedding (to maintain 

productive or economic activities of consumers). Moreover, aggregators can 

participate (after fulfilling the necessary criteria) for energy trade (or supply) for green 

energy open access, and long-term or short-term energy contracts. 

 

(ii) DisComs/ Utilities: 

 

Indian utilities (and respective state departments) are mandated by various 

obligations (like RPO, ESO etc.) to increase the adoption of renewable energy 

technologies (with respect to state targets) and energy storage obligations to fulfil the 

500 GW of non-fossil capacity by 2030.  

 

Mostly the DisComs in India, are driven by the respective state Governments. 

Considering the financial stressful conditions of many DisComs, the additional 

investment in the BSS-RTPV infrastructure may seem unviable at a first angle. 

However, considering a retrospective look from other points, it may open financial 

revenues and increase the performance of DisComs. In order to reduce the upfront 

financial investment, DisCom may partner with the bulk aggregators and/or with 

consumers for the deployment of BSS-RTPV in a shared-revenue mechanism. This will 

reduce the financial risk to DisCom and can bring a win-win for all stakeholders.  

 

The larger holding energy reserves (or capacity kWh) will enable DisCom to manage 

energy surplus and deficit locally, with minimum distribution losses. These reserves 

shall enable DisCom to participate in short-term energy trading (buy, sell), and also 

assist them in maintaining demand and supply management. Additionally, with better 

utilisation, DisCom can alleviate the negative impact of the Deviation Settlement 

Mechanism (DSM) and can gain revenues by managing the schedule under DSM.  

  

In order to achieve the renewable expansion goals of the Government and increase 

energy demand from consumers, the need for network upgrades is becoming 

challenging for DisComs. If network upgradation is not carried out in due time, it shall 
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create a challenge for DisComs to maintain various obligations to the Government. 

Additionally, high penetration of RTPV in the distribution network shall create a 

problem of ‘reverse power flow’, and disturbing power quality. The BSS-RTPV system 

will create a ‘virtual power plant’ for DisCom, and can able to manage the load locally. 

This shall prevent network upgrades, and will delight customers by giving reliable 

power with better power quality.  

 

DisComs can also prevent weather impacts on power system management. With the 

BSS-RTPV, the DisComs will be in a better position to manage the ‘must-run’ power 

plants, and prevent payable compensations resulting from the curtailment. 

Additionally, the Government along with DisComs can reduce the dependency on the 

costlier peaker plants (based on fossil fuel) by diversifying their investment in BSS-

RTPV. These peaker plants required a large amount of upfront capital investment, high 

fixed costs, high dependency on fuel supply, and long-term energy contracts. They can 

reduce the financial risk by creating BSS-RTPV assets with the public, private 

partnership model with shared revenues.  

 

(iii) Customers / Prosumers:  

 

The investment in the BSS-RTPV by the customers can be in order to increase the 

energy availability, reliability, better power quality, and should make financial sense. 

The shifting of state solar policies, banking charges, gross metering and net billing shall 

enable customers to increase the self-consumption of solar energy. Currently, Time of 

Day (ToD) or Time of Use (ToU) rates are not predominantly applicable in Indian states. 

When DisComs will adopt such practices, the adoption of BSS-RTPV by customers may 

be further attractive.  

 

The BSS-RTPV shall enable to run their productive or economic activities during the 

power curtailment (with critical power support from the hybrid inverters), and can 

also prevent the loss of solar RTPV generation (during the curtailment or load shedding 

schedule).  Customers can reduce the maximum billing demand with the help of better 

demand-supply management. Additionally, after fulfilling the required criteria 

customers can also participate in green energy open access, or short-term energy 

trading. Commercial and Industrial consumers shall also gain tax depreciation 

benefits.  Additionally, customers can reduce their dependency on diesel-based 

generators having a higher cost of energy generation.  

 

 

 

 

***** 
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