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EXECUTIVE SUMMARY

The rooftop solar PV segment is one of the fastest-growing sectors across the 
world. It has the ability to provide reliable power for both rural and urban 
consumers, scale up investments through multiple investors, empower 

energy end-users and enhance their energy security issues while helping utilities 
address critical transmission and distribution losses.  

The contribution of the residential sector to rooftop solar photovoltaic (RTS PV) is 
very low as compared to ground-mounted solar photovoltaic (PV) due to various 
complexities surrounding the sector. Challenges of rooftop rights, financial credit 
worthiness of rooftop owners and small size of the RTS PV system that make 
it unattractive for third-party investors or renewable energy service companies 
(RESCOs) are some of the reasons for not considering the residential sector 
suitable for RESCO-based RTS PV. Based on the enormous potential presented 
by residential RTS PV in India, however, and progressive developments in the 
segment, it becomes imperative to increase the penetration of rooftop solar PV in 
the residential segment to improve the share of generation of clean energy feeding 
into the grid and to mitigate climate change risks due to emissions from fossil-
fuel-based generation of electricity.

The Ministry of New and Renewable Energy (MNRE) had set aside a target of 100 
GW of solar energy by 2022. The 100 GW was subdivided into 60 GW of utility-
scale solar and 40 GW of rooftop solar. The ministry extended the deadline for 
Phase-II of the Rooftop Solar Programme from the original deadline of December 
2022 to 2026, without any financial implication, i.e. within the originally approved 
total outlay of Rs 118.14 billion for both components of the programme, incentives 
to distribution companies and Central financial assistance to the residential sector.

Though India has made  significant progress in installation of ground-mounted 
solar—and more than 55 GW has been installed against the target of 60 GW—the 
progress for solar rooftop projects is only 10.9 GW (as of July 2023) against the 
target of 40 GW. In order to address the situation, public–private partnership (PPP) 
projects could be arranged in which the developers would make the investment. 
The investment would be recovered by the sale of power to the consumers in the 
next 25 years.

The Government of India sanctioned on August 20, 2019, Phase II of the Grid-
Connected Rooftop and Small Solar Power Plants Programme1 in order to achieve 
a cumulative capacity of 40 GW of rooftop solar plants by 2022. To implement 
this, in the second phase of the programme, DISCOMs and their local offices were 
made nodal points. 
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An important objectives of the second phase of the government programme was 
to generate a supplementary rooftop solar capacity of 38 GW by December 31, 
2022 in the country. This was to be achieved by incentivizing DISCOMs—4 GW 
for residential areas would be done through Central Financial Assistance (CFA) 
and 34 GW for other sectors such as government, Public Sector Undertakings 
(PSUs), social, private, commercial, industrial and autonomous. To implement the 
second phase of the solar energy programme, DISCOMs have the option of taking 
aid from State Nodal Agencies (SNAs) involved in the advancement of renewable 
energy in their respective zones or areas.

In such a scenario, sourcing power from renewables becomes inevitable. This is 
also in sync with India’s long-term goals. According to the updated Nationally 
Determined Contributions (NDCs) submitted to the United Nations Framework 
Convention on Climate Change (UNFCCC) in August 2022, India set ambitious 
targets to reduce the emissions Intensity of its GDP by 45 per cent by 2030 from 
the 2005 level and produce 50 per cent cumulative electric power installed capacity 
from energy resources based on non-fossil fuels by 2030.2 Though India missed 
its target of 175 GW of renewable energy target by 2022, it continues to expand 
its renewable energy capacity. A target capacity of 500 GW by 2030 through non-
fossil fuels was announced at CoP 26 by the Prime Minister of India. The National 
Electricity Plan 2023 emphasizes significant solar and wind capacity addition—
of about 365 GW and 122 GW respectively—which India is planning to add by 
2031–32. 

DISCOMs can play a pivotal role in turning the rooftop sector. However, due to 
limited resources and capacities, the sector is yet to witness a proactive role of 
DISCOMs as enabler, facilitator and offtaker of solar power from RTS PV. As 
pointed out earlier, residential RTS PV has been the laggard amongst the defined 
RTS PV segments. While the RTS PV sector itself has achieved about 27 per cent 
of the envisaged target of 40 GW, the residential sector has contributed only 20 
per cent to the overall 27 per cent target achieved despite offering a huge estimated 
potential. 

Against a backdrop of several policies to promote RTS PV both at the Central and 
state levels, along with multiple schemes and incentives, the progress so far in the 
sector does not manifest such a supportive environment. It implies a disconnect 
between the policies and implementation—with various components—and 
stakeholders are not finding level playing fields to work in tandem. 
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This report attempts to underline various challenges and issues around RTS PV, 
with special focus on maximizing the residential rooftop space driven by DISCOMs. 
It also tries to understand the business case for DISCOMs to pursue RTS PV 
among urban and rural residential households. It is structured with the objective 
of providing readers all the important elements required for deployment of the 
rooftop solar PV programme for residential end-users. The report addresses the 
concerns of all the important stakeholders, including policymakers and regulators, 
distribution companies, state nodal agencies and bankers. Correspondingly, 
it addresses key topics encompassing the various business models, policies and 
regulations, technological standards, and financing.

EXECUTIVE SUMMARY

Rooftop Solar PV in India report.indd   14Rooftop Solar PV in India report.indd   14 06/02/24   10:34 AM06/02/24   10:34 AM



ROOFTOP SOLAR PV IN INDIA

15

1ROOFTOP 
SOLAR PV
 DESPITE MISSING THE 2022 TARGET, THE CENTRAL 

GOVERNMENT IS WORKING TOWARDS INCREASING 
ITS RENEWABLE ENERGY CAPACITY.

  STATES HAVE TAKEN NUMEROUS MEASURES TO 
INCREASE THE SHARE OF ROOFTOP SOLAR PV 
THROUGH VARIOUS POLICIES AND REGULATIONS.

  TO SUPPORT RTS PV BUSINESS MODELS, EACH 
STATE HAS ANNOUNCED REGULATION FOR RTS PV 
IN INDIA. 

 THESE REGULATIONS INCLUDE GUIDELINES FOR 
DEVELOPERS FOR INSTALLATION OF RTS PV 
SYSTEMS AND RESTRICTIONS ON THE MAXIMUM 
SIZE AND INSTALLED CAPACITY OF ROOFTOP PV 
SYSTEM IN ASSOCIATION WITH DISTRIBUTION 
TRANSFORMER CAPACITY.
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ROOFTOP SOLAR PV

India had an ambitious target of achieving 175 GW of renewable energy 
generation by 2022. This included 100 GW of generation from solar 
photovoltaic (PV), with 40 GW of the contribution from rooftop solar PV 

(RTS) projects. 

The developments to achieve the target have been slow despite an engaging policy and 
economics surrounding it. Despite missing the 2022 target, the Indian government 
is working towards increasing its renewable energy capacity. The Government of 
India has decided to invite renewable energy bids of 50 GW capacity for the next 
five years, i.e. from FY 2023–24 to FY 2027–28.3 Since the  commissioning time of 
renewable energy projects is around 18–24 months, the bid plan will add 250 GW of 
renewable energy to assure achievement of 500 GW by 2030. 

India’s aggregate rooftop solar PV capacity by July 31, 2023 was 10.9 GW. The 
current total renewable energy capacity of India (as on July 31, 2023) stands at 
130.9 GW, which includes 71.1 GW of solar power, 43.9 GW of wind power, 4.9 
GW of small hydropower, and 10.8 GW of bio-power.4 Determining business 
verticals and developing newer and more effective strategies to drive rooftop solar 
PV adoption nationwide is crucial.

The Forum of Regulators,5 in their report, stressed the importance of the necessity 
to encourage and implement new models and strategies for installing rooftop solar 
PV systems and the role of utilities in their uptake. The utilities can help in the 
uptake of rooftop solar PV and provide support to aggregate the demand through 
the perspective of a developer or a financer. 

The demand aggregation approach can be divided into the following three 
categories:
1. Collection or aggregation of the interest from the end-users;
2. Viability/suitability analysis; and
3. Implementation of the rooftop solar PV programme.

For a utility to take on the role of developer or financer, it should first recognize 
the need for demand aggregation. As a developer, the utility would find out the 
requirements of end-users and aggregate their demands thereon. It would take 
requisite action by involving suitable dealers to deploy rooftop solar PV systems 
on the rooftops of designated end-users. As a financer, the utility would fund, own 
and work on rooftop solar PV programmes by subletting the rooftops of end-users 
based on workability rights.
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Among the advantages of the demand aggregation programme, it can lower 
operation cost and end-user investment cost, which rose during the COVID-19 due 
to the curtailment of movement and restrictions on operating hours. Phase II of 
the grid-connected rooftop solar PV discusses the role of utilities in implementing 
the rooftop solar programmes and the outlay of the Central Financial Assistance 
scheme to residential users based on the specifications laid out by the government. 
About 3 per cent6 of the allocated fund for CFA has been assigned towards service 
charges of the programme (see Figure 1: Service charges programme for the rooftop 
solar PV programme). This covers the following:
1. Demand aggregation activities; 
2. Creation of a working rooftop solar cell in DISCOMs; 
3. Management of the bid process; 
4. Implementation; 
5. Availability and streamlining the process of net metering/billing; 
6. Inspection, monitoring and development of online portal; 
7. Training of DISCOM officials; 
8. Awareness programmes for proliferation of rooftop solar PV projects; and
9. Creating and operating the project management cell in MNRE.*

SCALING UP SOLAR PV MODULES 

The Union Cabinet approved the Production-Linked Incentive (PLI) scheme for the National 
Programme on High Efficiency Solar PV modules for achieving manufacturing capacity of gigawatt 
(GW) scale in high-efficiency solar PV modules on April 7, 2021. The outlay for this scheme was 
initially Rs 4,500 crore (Tranche I), and the Ministry issued the guidelines for the PLI scheme on 
the National Programme on High Efficiency Solar PV Modules on April 28, 2021.

Under this tranche, the Indian Renewable Energy Development Agency Limited (IREDA), the 
implementing agency on behalf of MNRE for the PLI scheme (Tranche I), issued the bid documents 
for the selection of manufacturers for setting up manufacturing capacities for high-efficiency solar 
PV modules. In response, 18 bids corresponding to a solar PV manufacturing capacity of 54,809 
MW were received and Letters of Award were issued by IREDA to three successful bidders for 
setting up 8,737 MW capacity of fully integrated solar PV module manufacturing units within the 
PLI scheme outlay of Rs 4,500 crore.

To establish a larger manufacturing base for solar PV modules, an additional allocation of Rs 
19,500 crore (Tranche II) for PLI for the manufacture of high-efficiency modules with priority to 
fully integrated manufacturing units from polysilicon to solar PV modules was announced in the 
Budget 2022–23 on February 1, 2022. 

The budget allocated for the solar power sector in 2023–24 is Rs 7,327 crore, which includes grid, 
off-grid and PM-KUSUM projects. This is a rise of 48 per cent from the allocation of the previous 
year (2022–23) of Rs 4,979 crore.  

* This topic has been covered in detail in Section 3 of the report.
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Rooftop solar (RTS) PV systems
Grid-connected non-conventional energy generation has evolved significantly 
over the past few years, with emphasis now on clean, green and sustainable energy 
generation. The Electricity Act 2003, with its provisions for renewable energy, has 
encouraged market competition through the adoption of non-conventional energy 
resources in India (see Graph 1: YoY target for rooftop solar PV installation).

The Government of India has suggested specific state-wise goals based on their 
available solar resources, energy demand and the subsequent solar energy 
requirement to achieve the equivalent Renewable Purchase Obligation (RPO) (see 
Graph 2: State-wise rooftop solar PV goals (in MW). 

Gujarat tops from the Indian states, with the highest installed capacity of 2,842 
MW, followed by Maharashtra with 1,667 MW, Karnataka with 1,562 MW, 
Rajasthan with 997 MW, and Haryana with 471 MW, thus comprising more than 
half of the total rooftop solar PV installations in the country (as on July 31, 2023).

Figure 1: Service charges programme for the rooftop solar PV programme

Service charges programme  
for rooftop solar PV 

Demand aggregation activities

Creation of a working rooftop solar cell in DISCOM 

Implementation

Availability and streamlining the process of net metering/billing 

Bid process management 

Inspection, monitoring and development of online portal

Training of DISCOM officials

Awareness programmes for the proliferation of rooftop solar PV projects

Creating and operating project management cell in MNRE 

ROOFTOP SOLAR PV
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Graph 1: YoY target for installation of rooftop solar PV (in MW)
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Graph 2: State-wise rooftop solar PV goals (in MW)
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The states have taken numerous measures to increase the share of rooftop solar 
PV through policies and regulations comprising the respective state government’ 
allocations of subsidies and net metering initiatives across various end-user groups. 
The measures would help increase the uptake of grid-connected rooftop solar PV 
nationwide. The maximum uptake has been among commercial and industrial (C&I) 
end-users. This can be attributed to low costs of installations leading to low solar costs. 

Developments in achieving the rooftop solar PV goals have been fairly slow despite 
a favourable policy and an engaging financial market. The total installed capacity 
of rooftop solar PV as of July 31, 2023 is 10.9 GW.9 The tardy pace of growth can 
be due to various reasons, including: 
• Financial inaccessibility, 
• Lack of interest by utilities, and 
• Inaccessibility to suitable project developers, to name a few.

The majority of states are struggling to achieve the envisaged targets as about 24 
states out of 35 with RTS targets have been able to add only one-fifth of the targeted 
capacity. These states need to learn from the top achievers such as Gujarat, which, 
on another extreme, has been able to mobilize the sector to singly contribute 26 
per cent of total RTS installed capacity in the country with about 90 per cent of 
target realization with its dynamic and supportive policies. Chandigarh, Kerala, 
Karnataka and Uttarakhand have demonstrated a proactive approach which has 
resulted in the form of a modest outcome, with an achievement rate as low as 57 
per cent and as high as 75 per cent accounting for nearly one-fourth of the total 
RTS capacity addition. It is also worth acknowledging the efforts of states such 
as Haryana, Maharashtra, Puducherry and Rajasthan, which have collectively 
contributed about 30 per cent to the total national RTS capacity so far with an 
average target achievement rate of 38 per cent. Overall national achievement rate 
versus allocated target is, however, not highly encouraging (see Map 1: Percentage 
of RTS PV capacity target achieved). 

Rooftop solar PV policy of states
Various state governments have undertaken initiatives for the deployment of rooftop 
solar PV such as additional subsidies and demand aggregation for the installation 
of rooftop solar PV on a large scale (see Table 1: Roles and responsibilities of the 
stakeholders under Phase II guidelines and Table 2: State-wise rooftop solar PV 
regulations). Some of them have been elaborated state-wise in the following:

ROOFTOP SOLAR PV
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Map 1: Percentage of RTS PV capacity target achieved
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Table 1: Roles and responsibilities of stakeholders under Phase II guidelines
S. no. Ministry of New and Renewable 

Energy
Utility Empanelled vendors

1. Allocate capacity for the ensuing 
year to different DISCOMs on 
the basis of demand, capacity 
required for fulfilment of solar 
RPO

Create a rooftop solar cell at 
each division level headed by 
the Executive Engineer and the 
respective Sub-Divisional Officer 
acting as nodal officer for 
implementation of RTS projects

Install RTS plant within the 
timeframe decided by the 
utilities

2. Release funds to the utilities 
for disbursement of CFA to the 
vendors installing RTS plant in 
the residential sector.

Develop dedicated online portal 
for grid connected RTS projects. 
This portal shall be integrated 
with MNRE’s Solar Photovoltaic 
Installation (SPIN) portal 

Use of only indigenously 
manufactured solar PV panels 
(both cells and modules) for 
projects covered under CFA

3. CFA would be reimbursed for 
the capacity installed from time 
to time without any need to 
wait for the entire sanctioned 
capacity. Funds may be released 
on receipt of Project Installation 
Reports in prescribed formats on 
SPIN portal.

Empanelment of agencies for 
design, supply, installation, 
testing and commissioning 
of RTS system in residential 
premises 

Establishment of vendors for 
supply and installation of the 
RTS in each district. 

4. Release eligible incentive to 
the utilities based on their 
performance in the last financial 
year

Notify time-bound procedure 
for implementation of the 
programme

Service centres to provide 
services to the RTS PV owners 
within the timelines decided by 
the utilities, free of cost for first 
five years (warranty period) of 
commissioning of the RTS. 

5. Physical sample inspection of 
the installed RTS PV plants for 
which CFA or incentive has been 
claimed by the utilities.

Notify cost of metering 
arrangements, related 
connectivity components and 
other charges and ensure 
availability of appropriate 
meters

 

6 To provide necessary assistance 
to utilities pertaining to portal 
development and its integration 
with SPIN portal, capacity 
building, updation of billing 
software.

Undertake capacity building 
programmes 

 

7 Undertake capacity building and 
public awareness campaigns 
through print and electronic 
media

Submit the cumulative capacity 
of grid-connected RTS plants 
(in MWp) installed in their 
distribution area on March 
31, 2019 for calculating the 
applicable incentive.
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Table 2: State-wise rooftop solar PV regulations
S. no. State Fixed installed 

capacity of RTS PV 
Fixed installed capacity 
of RTS PV for net 
metering

Maximum installed 
capacity of the 
system (as a  per 
cent of sanctioned 
load)

Maximum 
installed 
capacity of 
system (as a  
per cent of 
DT capacity)

1. Delhi >1 kWp, 
5 kWp–5 MWp—
for group and 
virtual 
net metering 

>1kWp, 
5 kWp–5 MWp - for 
group and virtual net 
metering  

100 per cent Not less than 
20 per cent

2. Haryana >1 kWp 1 kWp–500 kWp 100 per cent 50 per cent

3. Punjab 1 kWp–1 MWp 1 kWp–500 kWp 70 per cent 30 per cent

4. Chhattisgarh From 1 kWp up to 
permissible limit 
according to the 
system

1 kWp–500 kWp 100 per cent 100 per cent

5. Madhya 
Pradesh

1 kWp–1 MWp 1 kWp–500 kWp 100 per cent 30 per cent

6. Gujarat 1 kWp–1 MWp 1 kWp–1 MWp 100 per cent 50 per cent

7. Rajasthan 1 kWp–1 MWp 1 kWp–500 kWp 80 per cent 100 per cent

8. Himachal 
Pradesh

1 kWp–1 MWp 1 kWp–1 MWp 80 per cent 30 per cent

9. Uttar Pradesh 1 kWp–2 MWp 1 kWp–2 MWp 100 per cent 100 per cent

10. Maharashtra 1 kWp–1 MWp 1 kWp–1 MWp 100 per cent 70 per cent

11. Telangana 1 kWp–1 MWp 1 kWp–1 MWp 80 per cent 50 per cent

12. Tamil Nadu > 1 kW > 1 kW 100 per cent 90 per cent

13. Karnataka 1 kWp–1 MWp 1 kWp–500 kWp 100 per cent 80 per cent

14. Andhra 
Pradesh

1 kWp–1 MWp 1 kWp–1 MWp 100 per cent 80 per cent 
for LT

15. Odisha 1 kW–1 MWp 1 kWp–500 kWp—group 
net metering 
5 kWp–500 kWp—
virtual net metering 

100 per cent 75 per cent

16. West Bengal > 1kWp 1 kWp–5 kWp 100 per cent  

17. Bihar 1 kWp – 1 MWp 1 kWp–1 MWp 80 per cent 80 per cent

18. Andaman 
and Nicobar 
islands (UT)

1 kWp–500 kWp 5 kWp–500 kWp—
group and virtual net 
metering 

100 per cent 75 per cent

19. Jharkhand 1 kWp–2 MWp 1 kWp–2 MWp 100 per cent 100 per cent

20. Kerala 1 kWp–1 MWp 1 kWp–100 kWp   75 per cent

21. Jammu and 
Kashmir

1 kWp–1 MWp 1 kWp–1 MWp 50 per cent 20 per cent

22. Sikkim 1 kWp–1 MWp 1 kWp–1 MWp 80 per cent  
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1. Delhi Solar Policy
A generation-based incentive (GBI) of Rs 2 per unit on solar energy generated 
between FY 2017 and FY 2019 was provided by the Delhi government according 
to Delhi Solar Policy 2016 vide no. 205 dated September 28, 2015. The GBI has 
been extended for five years from FY 2020. The demand aggregation was done by 
Indraprastha Power Generation Company Limited (IPGCL) for Energy Efficiency 
and Renewable Energy Management Centre which is the state nodal agency 
for Delhi in 2018 and 2019 from government buildings, residential owners and 
housing societies. The eligibility criteria was 1,100 kilowatt-hour (kWh) solar 
energy units generated per annum per kilowatt-peak (kWp) for GBI, with the upper 
limit of 1,500 kWh per annum per kWp. Expressions of Interest (EoI) were invited 
from the residential owners and housing societies by the Indraprastha Power 
Generation Co. Ltd (IPGCL) for the installation of rooftop solar PV. A feasibility 
analysis of the rooftop was undertaken and subsequently a tender was issued for 
aggregated power of 40 MW for residential owners and housing societies of which 
35 MW was for pre-identified buildings and 5 MW was for the open category in 
which the selected project developer was authorized for identification of the site 
and installation of the rooftop solar PV at a price identified through the bidding 
process. The installation and commissioning of the rooftop solar PV was done by 
IPGCL (see Table 3: Tenders issued by IPGCL for various categories of users).

A Draft Solar Policy 2022 was circulated for comments on January 4, 2023 with 
a vision to establish Delhi as a leading state in solar adoption and reduce its 
reliance on conventional fossil-fuel energy. The Delhi Solar Policy 2022 envisages 
achieving the following targets by 2025–26:10

The Draft Solar Policy specified:
a.  A total of 6,000 MW of installed solar capacity, which shall include 750 MW of 

rooftop solar within the state and 5,250 MW of utility scale solar from outside 
the state.

Table 3: Tenders issued by IPGCL for various categories of users
Scheme Capacity and date of publication User category Installed capacity

MNRE Phase I 21.5 MW (June 13, 2019) Government 16.5 MW

MNRE Phase I 35 MW tendered category, 5 MW open category 
(December 10, 2018)

Residential 15.5 MW

MNRE Phase II 24 MW tendered category, 6 MW open category 
(February 28, 2020)

Residential 2.119 MW

Source: Data analysed and collected from IPGCL
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b.  A total of 25 per cent of Delhi’s annual electricity demand shall be met through 
solar energy. 

The Draft Solar Policy includes the following models for end-users with rooftop 
constraints:
a. Group Net Metering (GNM): For consumers with multiple buildings  

and service connections, constrained roof space in one property or  
electricity service connection can benefit from any excess solar energy 
generated on any other property (one or more), provided these connections 
are in the same DISCOM territory. DISCOMs shall facilitate this via Group 
Net Metering (GNM). 

b. Community Solar: Under Community Solar, consumers who do not have 
a suitable roof for installing a solar system (e.g. residential consumers who 
live in apartments, consumers with small or shaded rooftops) will be able to 
benefit from solar energy through the facility of Community Solar. Individual 
consumers can be owners, with benefit, of a larger solar system. 

c. Peer to Peer: Under Peer to Peer (P2P), energy-trading consumers who are 
planning to or have already adopted solar will have the opportunity to sell their 
excess electricity generation from their rooftops in real time via a P2P energy 
trading platform.

Customers who do not have sufficient capital to invest in a rooftop solar system 
can avail of innovative schemes under the Renewable Energy Service Company 
(RESCO) model. Apart from net metering benefits, MNRE capital subsidy for 
group housing societies/residential consumers and Delhi’s GBI will be available 
for all eligible consumers who adopt RESCO model. Under the hybrid RESCO 
model, the net-metering agreement between the consumer and DISCOM, with a 
PPA agreement between a RESCO developer and the DISCOM, is combined. The 
model has significant benefits for consumers as they can adopt RTS without any 
upfront cost, receive net-metering benefits under one bill from the DISCOM and 
also slide to a lower tariff slab. This model is also beneficial for developers as they 
sign a PPA with the DISCOM with assured offtake and payment security. 

Additional benefits for group housing societies/residential consumers 

The following are additional benefits for group housing societies/residential 
consumers:
a. Capital subsidy by MNRE of 40 per cent for residential systems up to 3 kW 
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and 20 per cent for residential systems above 3 kW and up to 10kW until 
December 31, 2022 or as extended/amended by MNRE from time to time. 

b. Capital subsidy by MNRE of 20 per cent for group housing societies and 
residential welfare associations with systems up to 500 kW (at 10 kW per 
house) until December 31, 2022 or as extended/amended by MNRE from time 
to time. 

c. Reduced upfront cost of mounting structures for RTS for residential consumers 
via capital subsidy.

GBI payments will be valid for five years from the date of commissioning of the 
system, provided the system is commissioned within the operative period of the 
Policy (see Table 4: GBI applicable under draft solar policy).

2. Goa Solar Policy
The government of Goa published an amendment to the Goa State Solar Policy 2017 
on February 7, 2019,11 with the Goa Energy Development Agency (GEDA) being 
designated as the State Nodal Agency. The government of Goa will offer a combined 
subsidy by the Centre and state of 50 per cent, which includes a Central share of 
40 per cent and state share of 10 per cent for 1–3 kWp of the capital cost of the 
rooftop solar PV system, or the benchmark cost provided by the MNRE or the cost 
derived through tendering process by GEDA, whichever is lowest. The residential 
owners and the residential welfare association can only avail of the benefits of CFA 
for the installation of the rooftop solar PV. The state subsidy will be released upon 
the completion of six months of solar energy being injected into the grid.

3. Puducherry Solar Policy
The Puducherry solar policy was launched in 2015 to make solar energy a 
mainstream energy source by the year 2025 in the union territory. The Government 
of Puducherry rolled out a notice for the installation of rooftop solar PV plants on 
September 16, 2022.12 The Electricity Department Puducherry is the implementing 

ROOFTOP SOLAR PV

Table 4: GBI applicable under Draft Solar Policy 2022
Type of consumer Monthly GBI (Rs per kWh)

Residential: Maximum up to 3kW 3

Residential: Above 3 kW, and up to10kW 2

Group housing societies/Residential Welfare Associations: Up to 500 kW (at 10 
kW per house)

2

Commercial and industrial (for the first 200 MW deployed) 1

Source: Draft Solar Policy 2022
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agency under the phase II guidelines of MNRE. A Central Financial Assistance/
subsidy of up to 40 per cent for rooftop solar systems up to 3 kWp can be availed 
for residential buildings and for incremental capacity above 3 kWp the CFA would 
be limited to 20 per cent on the rates arrived through competitive bidding or 
MNRE benchmark cost, whichever is lower. Under Phase-II of the Grid Connected 
Solar Programme by the Ministry of New and Renewable Energy (MNRE), the 
Electricity Department selected five vendors for installation of additional rooftop 
solar power plants of 5 MW in 2021–22 in the residential sector in the UT (see 
Table 5: Subsidy applicable under MNRE Phase II guidelines).

4. Dadra and Nagar Haveli Renewable Energy Policy
The Renewable Energy Policy 201813 was launched with an aim to supply 24x7 
uninterrupted power supply to all the category of users in the territory. The Dadra 
Nagar Haveli Power Distribution Corporation Limited (DNHPDCL) has been 
appointed as the State Nodal Agency. An addition of 45 MW of target rooftop 
capacity was allocated for 2021–22. A subsidy of 30 per cent on the cost of the 
solar system can be availed of from the Ministry of New and Renewable Energy 
(MNRE) through the State Nodal Agency for domestic end-users.

5. Daman and Diu Renewable Energy Policy
Under the Renewable Energy Policy 2018,14 the Electricity Department of Daman 
and Diu has been appointed as the State Nodal Agency and is responsible for the 
installation and monitoring of the rooftop solar PV plant (see Table 6: Subsidy to 
domestic end-users).

Table 6: Subsidy to domestic end-users
Plant capacity Applicable subsidy (in Rs)

1 kWp 10,000

2 kWp 20,000

3 kWp 30,000

4 kWp 40,000

5 kWp 50,000

Note: The subsidy will be offered when the plant is located at the point of consumption. No incentive will be provided to the plant with 
capacity more than 5 kW at a single location.

Source: Official Gazette, Daman and Diu

Table 5: Subsidy applicable under MNRE Phase II guidelines
Plant capacity Applicable subsidy

Up to 3 kW Rs 14,588 per kW

Above 3 kW and up to 10 kW Rs 14,588 per kW for the first 3 KWp and thereafter Rs 7,294 per KWp

Above 10 kW Rs 94,822 fixed

Source: Electricity Department, Government of Puducherry
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6. Andaman and Nicobar Islands
The Electricity Department is responsible for the generation in the islands. An 
MoU has been signed with Solar Energy Corporation of India (SECI) for the 
development of 1 MWp of rooftop solar plant on government buildings in Port 
Blair. The Joint Electricity Regulatory Commission (JERC) had notified solar 
net metering regulations, i.e. Solar Tariff and Net metering Regulation 2015 on 
May 8, 2015 to accelerate the deployment of rooftop solar PV in the UT. The 
owners of residential buildings/community, institutional and non-commercial 
establishments, who are users of Electricity Department and are interested in the 
installation of rooftop solar plant, shall be provided subsidy of 70 per cent on the 
benchmark price fixed by MNRE. The remaining 30 per cent of the benchmark 
price and the actual project cost has to be borne by the user. A 4 MW of target 
rooftop solar PV capacity addition had been allocated for the year 2021–22.

7. Chandigarh Solar Policy
The Joint Electricity Regulatory Commission for the State of Goa and Union 
Territories (JERC) had notified the Solar Tariff and Net Metering Regulation 2015 
on May 8, 2015 based on which any resident can install and sell solar power @ Rs 
8.51 per unit (kW hr) from a solar plant without subsidy and @Rs 6.14 per unit 
with a capital subsidy of 30 per cent. The Chandigarh Renewable Energy Science 
and Technology (CREST) is the implementing agency for MNRE schemes and 
renewable energy projects in Chandigarh. CREST has empanelled 27 solar plant 
installers/aggregators along with rates from whom any resident can install a solar 
PV plant and can avail a subsidy of 30 per cent.

8. Lakshadweep Solar Policy
MNRE has fixed a target to achieve 10 MW of rooftop solar PV by 2022. LEDA 
(Lakshadweep Energy Development Agency) had made an initial assessment that 
the Roof area is sufficient to install 1 MW roof top solar PV plant15 in the island 
capital. The possibility to get a third party installing the plant and the department 
having a Power Purchase agreement (PPA) with them at the tariff rate fixed by 
JERC is being explored with the help of the Solar Energy Corporation of India 
(SECI).

9. Jharkhand Solar Policy
The state government notified the Jharkhand Solar Policy 202216 on July 5, 2022 
for promotion of the rooftop solar programme, with a cumulative target of 250 
MW till 2027. A subsidy of 60 per cent (up to 3 kW for annual income less than Rs 
3 lakh) and 80 per cent (3–10 kW for annual income less than Rs 3 lakh) has been 
offered by the state government. The Jharkhand Renewable Energy Development 

ROOFTOP SOLAR PV
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Agency (JREDA) is the implementing agency for the rooftop solar PV projects and 
may develop innovative mechanisms for the deployment of the projects.

Under the Anchored Procurement Model, the implementing agency acts as an 
aggregator and collects interests from consumers for procurement of solar energy 
through rooftop solar. The implementing agency then bids out the aggregated 
capacity to discover the lowest rate. The PPA is signed between the developers 
and interested consumers. Under the Community Solar models for low-paying 
consumers the developer will install systems under CAPEX and OPEX modes. 
DISCOM would facilitate the metering and billing for such installations as per 
the regulatory provisions by Jharkhand State Electricity Regulatory Commission 
(JSERC). The Solar Policy allows residential consumers to subscribe to solar power 
at a predetermined tariff. The roof owner gets a rent for utilization of their rooftop.

10. Jammu and Kashmir Solar Policy
The Grid Interactive Rooftop Solar Photo Voltaic Power Plants based on Net 
Metering 2016 was notified on February 21, 2017. The Jammu and Kashmir 
Energy Development Agency (JAKEDA) has been designated as the nodal agency 
to undertake the solar rooftop programme in the state for the domestic, social, 
government, institutional, and industrial and commercial sectors through grid 
interconnectivity and sale of power to the State Utility (DISCOM) on the basis 
of net metering. The electricity generated from small power plants for self-
consumption, sale to third party or sale to licensees shall be liable to pay 4 paisa17 
per unit under Jammu and Kashmir Electricity Duty Act 1963.

11. Meghalaya Solar Policy
The Rooftop Solar Grid Interactive Systems based on Net Metering Regulations, 
201518 was published on February 25, 2015. A maximum cumulative capacity of 1 
MW shall be allowed to eligible end-users under net metering, on a yearly basis, 
in the area of supply of the distribution licensee. The distribution licensee shall 
provide a net metering arrangement as long as the total capacity (in MW) does not 
exceed the target capacity determined.

12. Kerala Solar Policy
The Soura Solar Subsidy Scheme 2022 was launched by the Kerala State Electricity 
Board for providing subsidy for installing Solar Panels on Rooftops. Under Model 1 
(Kerala Model) the end-user pays only a part of the total implementation cost of the 
solar panel while the other part is borne by the Kerala State Electricity Board Limited 
(KSEBL). This model is eligible for a solar PV capacity of 2 kWp or 3 kWp and the 
following three options can be availed based on the monthly energy consumption 
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(see Table 7: Return based on monthly energy consumption for Model 1 and 
Table 8: Subsidy based on plant capacity for Model 2).

Under Model 2 (normal subsidy model) if an end user wishes to install the plant 
investing the whole amount with low subsidy, they can choose this option. The end 
user will be eligible to consume the entire energy generated from the solar plant 
and can claim up to 40 per cent of the plant cost as subsidy based on the solar 
PV plant capacity. The minimum plant required is 2 kWp for this model and the 
following subsidies can be availed based on the plant capacity.

13. Odisha Solar Policy
The Odisha Renewable Energy Policy, 2016 sets a target of 2,200 MW of additional 
solar generation by 2022. The Odisha Renewable Energy Development Agency 
(OREDA) is the state nodal agency responsible for the installation of rooftop solar 
PV. Under the Odisha Renewable Energy Policy 2022 published on November 
30, 2022, solar parks with a minimum capacity of 25 MW have been promoted. 
OREDA will aggregate the demand from various government departments and 
conduct bids to facilitate the deployment of rooftop solar PV on government 
buildings. All the state DISCOMs would procure the power at the tariff determined 
by the Odisha Electricity Regulatory Commission (OERC). The subsidies will be 
provided to rooftop consumers according to the guidelines of the central or state 
government. The policy would promote the solarization of existing irrigation 
pumps under the Pradhan Mantri Kisan Urja Suraksha evam Utthaan Mahabhiyan 
(PM-KUSUM) programme. The government plans to deploy technologically 

ROOFTOP SOLAR PV

Table 7: Return based on monthly energy consumption for Model 1
Average monthly consumption 
(units)

End-user contribution ( per cent of cost) Return ( per cent of plant 
generation)

Up to 120 12 per cent (max. Rs 6,200 per kWp) 25 per cent

Up to 150 20 per cent (max. Rs 11,000 per kWp) 40 per cent

Up to 200 25 per cent (max. Rs 14,000 per kWp) 50 per cent

Source: Kerala State Electricity Board

Table 8: Subsidy based on plant capacity for Model 2
Plant capacity (kWp) Subsidy ( per cent of cost*)

Up to 3 kWp 40 per cent

4–10 kWp 40 per cent for first 3 kWp, 20 per cent for each additional kWp

Above 10 kWp 26 per cent for 10 kWp and nil for rest

Note: * Maximum cost of plant as per notification of MNRE is Rs 54,000 per kWp

Source: Kerala State Electricity Board
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advanced solutions like agri-PV to allow maximum land utilization by combining 
agricultural production with energy generation on the same land.

14. West Bengal Solar Policy
There are currently two types of subsidies available to existing end-users based on 
the following categories:

a. Government subsidy scheme for domestic consumers: Group housing societies 
(GHS)/residential welfare associations (RWA) and individual residents under 
the domestic category within the West Bengal State Electricity Distribution 
Company Limited (WBSEDCL) jurisdiction area.

b. Net metering of the Agriculture Consumers under KUSUM-C Subsidy 
Scheme: This scheme is applicable for existing agriculture consumers under 
five divisions, i.e. Arambagh, Kalna, Memari, Burdwan North and Burdwan 
South (see  Table 9: Central Financial Assistance to residential sector and 
Table 10: Cost of installation of solar PV system).

In case the existing consumer is not eligible for any of the aforesaid subsidy schemes 
or does not want to avail any subsidy, they can apply for a solar PV connection 
under the non-subsidy category; provided contractual load of their connection is 
1 KW or above. Consumers will have to install a solar PV system at their own 
cost and will also have to bear all required charges, i.e. application fee, cost of 

Table 9: Central Financial Assistance to residential sector
S. 
no.

Capacity of GRTSPV 
plan

L1 price in Wp 
(watt peak) 

including GST 
including cost of 
net meter in Rs

MNRE 
benchmark 
cost in Rs/

Wp

**Subsidy

1 1 kWp 51.19 51.1 @ 40 per cent of MNRE benchmark cost

2 >1 kWp to 2 kWp 47.06 46.98 @ 40 per cent of MNRE benchmark cost

3 >2 kWp to 3 kWp 45.84 45.76 @ 40 per cent of MNRE benchmark cost

4 >3 kWp to 5 kWp 44.72 44.64 @ 40  per cent of first 3 kW and 20 per 
cent of rest capacity

5 >5 kWp to 6 kWp 44.72 44.64 @ 40  per cent of first 3 kW and 20 per 
cent of rest capacity

6 >6 kWp to 10 kWp 44.72 44.64 @ 40  per cent of first 3 kW and 20 per 
cent of rest capacity

7 >10 kWp to 100 kWp 41.71 41.64 20 per cent of MNRE benchmark cost *

8 >100 kWp to 500 kWp 39.15 39.08 20 per cent of MNRE benchmark cost *

*CFA @ 20 per cent for GHS/RWA capacity up to 500 kWp (limited to 10 kWp per house and total up to 500 kWp) 

Source: West Bengal State Electricity Distribution Company Limited
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alteration of service (if required), cost of consumption meter, generation meter 
and modem.19 The net-billing or net-metering facility can be availed of by such 
consumers depending upon the tariff category of the consumer and contractual 
load of their connection as per the guidelines of the said procedure.

15. Uttar Pradesh Solar Policy
The Uttar Pradesh Solar Energy Policy 2022 aims to implement 22 GW of solar 
power projects up to 2026–27 (see Table 11: Solar power projects up to 2026–27).

UPNEDA is the nodal agency for implementation of this policy. To promote 
installation of grid-connected rooftop systems under the net metering arrangement 
in private residential sector, a Saurya Uttar Pradesh Yojna20 is proposed to be 
implemented during the policy period. Under this, the state government will 
provide a subsidy of Rs 15,000/kW to a maximum limit of subsidy Rs 30,000 per 
consumer. The subsidy will be provided in addition to central financial assistance 
available from the Government of India.

Under PM KUSUM C-1, solarization of installed on-grid pumps will be carried 
out under MNRE PM KUSUM Yojna component (C-1) in the state. The state 

ROOFTOP SOLAR PV

Table 10: Cost of installation of solar PV system
S. no. Division name Rate (in Rs)

1 Arambagh 3,89,775.53

2 Kalna 4,00,432.50

3 Memari 3,68,454.38

4 Burdwan North 3,89,855.25

5 Burdwan South 4,00,432.50

Consumer contribution: 40 per cent of above cost will be collected from the consumer through “quotation” 
according to the location of their service connection.

Subsidy: 30 per cent will be provided by the state government and 30 per cent will be provided by the Central 
government. 

Source: West Bengal State Electricity Distribution Company Limited

Table 11: Solar power projects up to 2026–27
Particulars Capacity

Utility scale solar projects/parks 14,000 megawatt

Solar rooftop (residential) 4,500 megawatt

Solar rooftop (non-residential institutions) 1,500 megawatt

Distributed solar generation (PM KUSUM component C1 and C2) 2,000 megawatt

Employment generation/skill development 30,000 (number)

Source: Uttar Pradesh New and Renewable Energy Development Agency (UPNEDA)
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Government will give a 70 per cent subsidy to Scheduled Tribe, Vantangia and 
Musahar caste farmers. This subsidy will be in addition to subsidy available from 
the Central government. The state government will give an additional 60 per 
cent subsidy to other farmers. Under PM KUSUM C-2 the state government will 
provide a maximum Viability Gap Funding (VGF) of Rs 50 lakh per megawatt in 
addition to subsidy being provided by Central government. Project allocation will 
be through competitive bidding (VGF/tariff based) according to the guidelines of 
MNRE/state government. 

16.  Andhra Pradesh Solar Policy
In 2019, Andhra Pradesh issued new solar policy with a target of a minimum 
addition of total solar power capacity of 5,000 MW in the next five years. The 
Eastern Power Distribution Company of Andhra Pradesh Limited (APEPDL) had 
proposed a DISCOM-driven solar rooftop programme, approved by the Andhra 
Pradesh state government and comprising two models. Model 1 is to be a customer-
owned solar rooftop PV programme with net metering. The equated monthly 
instalment (EMI) will be partly shared by the DISCOM on a net present value 
(NPV) basis. The model will be for consumers with monthly consumption of 140–
200 units. Rooftop solar PV systems will be of capacity 1–1.5 kW. The DISCOM will 
be the facilitator who aggregates consumer demand by taking signed consent from 
the consumers. Model 2 is to be for a grid-connected rooftop solar PV programme 
on developer mode under gross metering. Under this model, a developer will be 
selected through competitive bidding for the supply of power to APEPDCL for 25 
years. The developer will utilize the rooftop spaces of interested consumers.

17. Telangana Solar Policy
Telangana’s solar policy came into effect on June 1, 2016. Some of the policy 
measures undertaken by the state to promote rooftop solar PV are: About 40 per 
cent subsidy is given for 3 kWp capacity and 20 per cent for 3–10 kWp capacity 
of the plant. End-users need to spend Rs 52,000 for 1 kWp plant that includes Rs 
37,330 for the solar plant, and Rs 2,950 for net metering charges with Rs 18,800 
being the subsidy provided. Developers give a warranty of four years on rooftop 
solar PV panels. Tariff applicable for units generated under Gross Metering at 11 
kV and below would be the average cost of service of the DISCOM as determined by 
Telangana State Electricity Regulatory Commission (TSERC). Subsidy applicable 
is according to the SECI guidelines.

18. Gujarat Solar Policy
According to Gujarat Electricity Regulatory Commission (GERC) (Net Metering 
Rooftop Solar PV Grid Interactive Systems) (Third Amendment) Regulations, 
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2022, net metering will be allowed for rooftop solar PV systems with a capacity 
of 1 kW–1 MW. Gross metering for rooftop solar PV systems will be permitted for 
10 kW–1 MW capacity. Rooftop solar PV projects for residential end-users will be 
allowed irrespective of the sanctioned load. Solar projects can also be set up by a 
developer on the rooftop of a residential owner for generation and sale of power to 
another end-user on the same premises under third-party sale. The developer and 
end-user must enter a lease or power-sale agreement in such cases. In the case of 
self-owned and SURYA Gujarat project end-users, DISCOMs must purchase the 
power at Rs 2.25/kWh for the first five years from the date of commissioning of the 
project. After that, they should purchase it at 75 per cent of the simple average of the 
tariff discovered and contracted under the competitive bidding process conducted 
by Gujarat Urja Vikas Nigam Limited (GUVNL) for non-park-based solar projects 
in the preceding six months from the project’s commercial operation.

19. Maharashtra Solar Policy
According to the Rooftop Solar Programme Phase II scheme, grid-tied solar 
installations for residential use can receive a fixed amount of Central Financial 
Assistance (CFA) for each kW of system size. Only residential consumers and 
housing societies are eligible to avail of the solar plant subsidy under this scheme 
(see Table 12: Applicable subsidy based on the system size).

20. Tamil Nadu Solar Policy
The Tamil Nadu Solar Energy Policy 2019 set a solar energy target of 9,000 MW by 
2020, of which 40 per cent, i.e. 3,600 MW is allocated to the end-user category. In 
March 2019, the Tamil Nadu Electricity Regulatory Commission (TNERC) Order 
on Rooftop Solar Generation established a formula to determine net feed-in tariff 
for accounting solar power. Based on that formula the net feed-in tariff value is Rs 
2.28 per kWh for solar PV systems commissioned during FY 2019–20. This tariff 

ROOFTOP SOLAR PV

Table 12: Applicable subsidy based on the system size
Rooftop solar system capacity Applicable subsidy (₹)

Up to 3 kW 14,588/kW

Above 3 kW and up to 10 kW 7,294/kW*

Above 10 kW 94,822**

Resident welfare associations 
(RWA)/ group housing 
societies (GHS)

Rs 7,294 per kW

For common facilities up to 500 kWp @ 10 kWp per house, with the upper 
limit being inclusive of individual rooftop plants already installed by individual 
residents in that GHS/RWA at the time of installation of RTS for common 
activity.

Note: * Rs 14,588/kW for the first 3 kW and Rs 7,294/kW for the rest of the capacity up to 10 kW.
**The subsidy amount is fixed for rooftop solar systems above 10 kW capacity. 

Source: Maharashtra State Electricity Distribution Company Limited (MSEDCL)
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is extremely low and represents about 50 per cent of the actual cost of small-scale 
solar PV energy generation.

For the solarization of government buildings, the Tamil Nadu Energy Development 
Agency (TEDA) has entered into an agreement with Energy Efficiency Services 
Limited (EESL) in September 201921 for developing at least 50 MW of rooftop solar 
PV under the Renewable Energy Service Company (RESCO) model. TEDA will be 
the nodal agency for the programme, and EESL will make the entire investment 
for the development of the projects. EESL will carry out tendering to select a third 
party for installation and commissioning. The government departments who are 
the rooftop owners will make fixed monthly or quarterly payments through TEDA 
to EESL. As part of the Phase II guidelines of MNRE on rooftop solar, the Tamil 
Nadu Generation and Distribution Corporation Limited (TANGEDCO) plans to 
add 5 MW of rooftop solar PV capacity for domestic end users (i.e. utility-driven 
rooftop solar PV). For the implementation of KUSUM–C scheme in Tamil Nadu, 
TEDA has been designated as the nodal agency. As part of the scheme, 20,000 
pumps with 7.5 HP capacity each will be solarized with an 11 kW grid-connected 
solar PV system each (Energy Department 2020b). KUSUM–C scheme in Tamil 
Nadu is expected to add a total distributed solar energy capacity of 220 MW. The 
solar PV plants will be set up under the RESCO mode. A capital subsidy of 30 per 
cent will be provided by the Central and the state government. The utility will pay 
RESCO a fixed tariff for the gross solar energy generated.

21. Haryana Solar Policy
The Rooftop Solar Grid Interactive Systems Based on Net Metering/Gross 
Metering, Regulations, 2021 was published on July 19, 2021. For the rooftop solar 
PV, a subsidy of 30 per cent of the benchmark cost has been provided and for 
farmers on water-pumping systems 90 per cent subsidy is available (see Table 13: 
Benchmark cost of grid-connected solar PV).

22. Madhya Pradesh Solar Policy
The MP government solar PV subsidy is available under the Rooftop Solar 
Programme Phase II guidelines introduced by MNRE for residential property 
owners, institutions and social sectors. With a target to achieve 4 GW of residential 
solar installation by 2024, the Government of India has been offering solar panel 
subsidies in MP. The recently announced subsidy under the national simplified 
subsidy scheme offer a fixed amount for each kW of solar system (see Table 14: 
Subsidy for solar PV).
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Table 13: Benchmark cost of grid-connected solar PV

System Government subsidy Customer price (in Rs)

Up to 3 kW 40 per cent  

Above 3 kW to up to 10 kW  20 per cent

Above 10 kW 0 per cent

Cost of 3 kW solar system Without subsidy 1,80,000

Customer payable amount With subsidy (–Rs 72,000) 1,08,000

Cost of 5 kW solar system  Without subsidy 3,00,000

3 kW 40 per cent subsidy (3*24,000) –72,000

2 kW 20 per cent subsidy (2*12,000) -24,000

Customer payable amount With subsidy (–96,000) 2,04,000

5 kW generation Benefits Rs 7.5/Unit

Daily generation 25 units 187

Monthly generation 625 units 4687

Yearly generation 7,500 units 56, 250

Lifetime generation 1,87,500 units 14,06,250

Return on investment 3.6 years

Income 6.89X

  Installation area

1 Mono Perc 500 sq. ft

2 Shark 440 W – 540 W 300 sq. ft

Source: Haryana Renewable Energy Development Agency (HAREDA)

Table 14: Subsidy for solar PV
Rooftop solar system capacity  Percentage based on 

system capacity
Amount (in Rs)

1–3 kW 40 per cent 14,588 per kW

3–10 kW 20 per cent 14,588 per kW for the first 3kW

7,294 per kW thereafter for the rest

Above 10 kW – 94,822 fixed

Group housing societies/residential welfare 
associations (GHS/RWA)

20 per cent for up to 
500 kW capacity

–

Source: Ministry of New and Renewable Energy
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23. Rajasthan Solar Policy
The Rajasthan Solar Policy 2019 aims to achieve 1,000 MW of rooftop solar PV 
projects by 2024–25.22 CFA of up to 40  per cent will be given for rooftop solar 
PV systems up to 3 kW capacity. For rooftop solar PV systems of capacity above 3 
kW and up to 10 kW, the CFA of 40 per cent would be applicable only for the first 
3 kW capacity and for capacity above 3 kW the CFA would be limited to 20 per 
cent. Residential users may install a rooftop solar PV plant of even higher capacity 
according to their requirement and the respective State Electricity Regulatory 
Commission (SERC) regulation; however, the CFA would be limited for the first 
10 kWp capacity rooftop solar PV plant. Rajasthan Renewable Energy Corporation 
(RREC) has been designated as the nodal agency for the implementation of rooftop 
solar PV. The state government will facilitate installation of rooftop PV solar power 
systems in the state and endeavour to develop 33 district headquarters as Green 
Energy Cities in the next five years by installing 300 MW of solar rooftop PV systems.

24. Chhattisgarh Solar Policy
The Chhattisgarh Solar Policy 2017–27 was issued by the state government under 
the National Solar Mission in 2017. Plants with capacity of 10 kW and above 
will be provided grid connection and the Chhattisgarh State Renewable Energy 
Development Agency (CREDA) will act as the nodal agency and a single window 
clearance agency for solar power projects.

25. Himachal Pradesh Solar Policy
The revised Solar Power Policy with amendments was notified on January 24, 
2016. Electricity consumers of Himachal Pradesh State Electricity Board Limited 
(HPSEBL)23 shall be eligible to install a minimum of 1 kW to a maximum of 5 
MW capacity solar PV plants on their building rooftop, which will be connected 
to grid with bidirectional meters. The consumer will use solar generation for their 
consumption, and only the drawl from grid to meet the deficit will be billed and 
surplus generation will be injected in the grid, and the end-user will be paid for 
this quantum by HPSEBL. Himachal Pradesh Electricity Regulatory Commission 
(HPERC) has already framed regulations and a fixed tariff of Rs 5 per unit for 
surplus energy, which is one of the highest tariff in the region, in order to encourage 
investment. To benefit from the Government of India scheme of equity contribution 
of Rs 50 lakh per MW, the state encourages farmers and unemployed youth to set 
up projects in a distributed and dispersed manner from 500 KW to 5 MW, with 
priority to smaller capacities. This will create capacity of 84 MW, according to 
Government of India allocations. 
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26. Uttarakhand Solar Policy
The Uttarakhand government has released a draft solar policy that targets 2,000 
MW of installed solar capacity and envisages improving the solar power allocation 
in utility energy purchases to 18 per cent by 2028. According to the policy, the total 
solar target to be achieved is 2,000 MW. This includes utility scale of 600 MW, 
distributed scale of 1,400 MW, residential of 250 MW, commercial and industrial 
of 750 MW, institutional of 350 MW and agriculture of 50 MW, and the regulations 
also includes virtual net metering and group net metering. All residential consumers 
with load of more than 5 kW are mandated to install a rooftop solar on their 
premises to meet a minimum of 30 per cent of their annual electricity consumption. 
The subsidy24 earmarked according to the policy is as follows—for rooftop PV Rs 
23,000/kW up to 1 kW and Rs 17,000/kW up to 3 kW, for community solar Rs 
8,000/kW for 5–500 kW and for solar villages Rs 15,000/kWh for 50–200 kW.

Factors discouraging offtake of RTS PV
In spite of several dedicated policies for scaling up rooftop in India, including 
Central- and state-level policies, the sector has not seen the expected growth in 
terms of capacity addition. The target for ground-mounted solar capacity has 
been nearly achieved, with 55 GW against the target of 60 GW, while RTS PV has 
been a laggard with a mere 27 per cent realization of targeted potential. These 
two targets share the same timeline, which obviously raises fundamental question 
as to what is wrong. What did the policies miss in understanding the sector? Can 
it be argued that the policies were not aligned with the implementation goals? 
Or does the market not see merit and potential in rooftop solar PV? Are certain 
technical and technological challenges causing the sector to hold back? Is finance 
a challenge? Are market elements responsible? Is there a disconnect and/or 
indifference somewhere the along the value chain? And last but not the least, is the 
grid infrastructure a bottleneck? These questions require in-depth deliberation 
among stakeholders.
 
One of the most common factors that has been encountered is lack of transparency 
and awareness among the consumers regarding the transfer of benefits accrued 
from rooftop solar in terms of monetary savings or overall energy savings. 

Such systems have been seen to be of limited utility and use, especially in rural 
areas where power outages are very frequent. Due to islanding requirements, 
rooftop systems generate minimum power or no power at all, depending on the 
active load during the grid outage. Consumers, either commercial or industrial, 
depend on DG sets for power backup. They end up running DG sets throughout 
outage hours as the active load varies within a wide range and solar power kicks 

ROOFTOP SOLAR PV
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in only when the active load is higher than the minimum load criteria for the DG 
set in sync (for the differential load only). Eventually, consumers in rural areas 
end up consuming more diesel, which offsets the benefits of the RTS PV. As it 
happens, a negative perception gets generated around such systems, discouraging 
other consumers from considering adopting RTS PV. 

Another major issue that has been identified and is related to the designing of the 
RTS PV is that developers and promoters often follow the practice of designing the 
RTS PV based on three criteria, i.e. availability of suitable space, sanctioned load 
and associated capping imposed by the policy (of the state). However, the projects 
that are designed based on these criteria face certain performance issues. RTS PV 
needs to be designed on the basis of the electrical load distribution throughout the 
daytime as it varies to a significant extent, especially in commercial premises. This 
way, the RTS PV capacity can be optimized to meet an average hourly demand, 
thereby optimizing the size of the DG sets required for syncing to meet islanding 
requirement. Thus, the minimum load criteria for DG set gets optimized and 
lets generation of more solar power as compared to the system designed on the 
basis of peak load or sanctioned load. This is also another discouraging factor for 
the consumers which developers need to take into account while designing such 
projects whether as CAPEX or through the RESCO model.

Another discouraging reason for the consumers is the net-metering system itself. 
Net metering facilitates adjustment of units between import and export of power 
from and to the grid on a monthly basis. But according to the policy, the adjustment 
has to be net positive for import from the grid which works well for the benefit of 
both, i.e. the DISCOM and the consumer as the consumer has to pay for the net 
units consumed after adjustment. However, it so happens that in certain months 
or over some of the billing cycles, because of reduction in activities or some other 
reason, export to the grid is more than the import from the grid, which eventually 
reflects as net negative units with respect to the import of power from the grid. In 
such cases, it is seen that the consumer ends up feeding surplus power to the grid 
without any benefit as it is neither carried forward to the next billing cycle nor is 
the equivalent amount adjusted against other charges from the utility such as fixed 
charges etc. The issue can be resolved with the provision of carrying forward the 
net negative import balance to the next billing cycle or can be adjusted against 
other charges in the same bill. Also, the mechanism of net billing can be effective 
in addressing this problem.

It is well known fact that the businesses want to stick to a good paying consumer. 
Most of the C&I customers are premium consumers for DISCOMs also. Moreover, 
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•  Longer scrutiny time 
and conflict resolution

•  Absence of standards 
and performance 
metrics

•  Small programme size
•  Lending limitations by 

banks
•  Limited technical 

capacity within FIs 
required for decision 
making 

•  Surplus PPAs signed 
for conventional 
sources of energy

•  Indifference in  RPO 
compliance mandate

•  Non-availability of 
training for utilities 
personnel

•  Information 
awareness not 
available to consumers

•  Ambivalent policy for 
rooftop solar PV

•  Longer waiting 
durations for allocation 
of grants

•  Limited consumer 
access to information 
on subsidies or 
schemes

•  Difficult to select 
reliable project 
developers

•  Lack of performance 
standards

•  Uncertainity on 
installation quality due 
to price competition

•  Impediments in 
the signing of PPA 
contracts

•  Lack  of transparent 
O&M mandate 

Table 15: Problems faced by end-users in uptake of rooftop solar PV

Funding Utilities Ministry Developers

Source: CSE analysis

DISCOMS are supposed to provide seamless access and connectivity to RTS PV to 
their distribution system in order for the grid to carry more green and clean power. 
It sometimes is in direct conflict with business interests of DISCOMs and hence 
challenges regarding interconnection with the distribution network, availability 
and access to such systems becomes a problem both for the consumers as well as 
the developers. 

Long-term PPAs have two sides, i.e. they are market enablers but prone to 
disputes ending up in legal battles. While the long-term PPAs ensure project 
sustainability and availability of power at a reasonable pre-agreed price that is 
not at all dynamically linked with market, consumers do not wish to be bound by 
such long-terms commitments as several factors may come into play over such 
a long period. After a point, consumers too start feeling that the developer has 
already recovered its investment with a reasonable return, so why continue the 
PPA. Instead of agreeing to exit and parting ways amicably, parties land up in 
courts for dispute resolution, which is both costly and time-consuming (see Table 
15: Problems faced by end-users in uptake of rooftop solar PV).

The low offtake of rooftop solar PV projects makes recognizing advanced 
working market models necessary to accelerate the uptake. Utility-based demand 
aggregation is one of the models in which the utility combines the rooftop interests 
in its area of work and decides on the project developer for the installation of the 
rooftop solar PV in the aggregated terrace space of the designated end-users.

ROOFTOP SOLAR PV

Rooftop Solar PV in India report.indd   40Rooftop Solar PV in India report.indd   40 06/02/24   10:34 AM06/02/24   10:34 AM



ROOFTOP SOLAR PV IN INDIA

41

Every state in India has come up with its net metering policy in accordance with 
the Electricity Act 2003, which provides the procedure for the installation of the 
rooftop solar PV in the given state.

According to the new amendments by the government, net metering would be 
allowed for end-users up to 500 kW25 load or the sanctioned load, whichever 
is lower. For sanctioned loads, most of the states limit their capacity to 100 per 
cent of the sanctioned load while some restrict it to less than 100 per cent. For 
integrating the generated solar PV energy into the grid, most of the states allow 
connections up to 50 per cent of the transformer capacity.
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2RESCO MODEL 
FOR RTS PV
  SOLAR-BASED GENERATION IS PLAYING A 

PREDOMINANT ROLE IN ACHIEVING RPO TARGETS. 

 ONE OF THE CHALLENGING FEATURES IN THE 
RESCO MODEL IS THE TRANSITION OF THE ROLE OF 
A DISCOM TO AN ACTIVE RTS PV DEVELOPER AND 
PRODUCER.

 SINCE THE ROOFTOP SOLAR PV SECTOR IS SMALL 
AND MORE DISTRIBUTED THAN LARGE-SCALE 
SOLAR PV, IT REQUIRES ZEAL AND DEDICATION 
FROM THE UTILITIES TO EVINCE THE INTEREST OF 
END-USERS IN THE TECHNOLOGY.

 CREATING APPROPRIATE CONSUMER AWARENESS 
PROGRAMMES BY UTILITIES CAN ACCELERATE 
ROOFTOP SOLAR PV ADOPTION ACROSS END-USER 
CATEGORIES.
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Business case for DISCOMs
Rooftop solar PV uptake in India can largely be attributed to commercial and 
industrial (C&I) segment supported by specific policies of the respective states 
as well as Central government. However, low offtake of rooftop solar PV against 
the envisaged target of 40 GW indicates that the policies have not been entirely 
aligned with the interest of multiple stakeholders, resulting in only 10.8 GW of 
capacity addition, merely 27 per cent achievement of the target. The factors have 
been discussed in detail in the following chapters.

The residential sector seems neither to be contributing to the RTS PV sector 
nor was it anticipated to contribute due to various complexities and hurdles. 
Several analyses suggest significant potential residential sector offers in terms 
of rooftop space availability, which is not expected to be a challenge to achieve 
the government’s target of 40 GW. Some of the reasons for not considering the 
residential sector suitable for RESCO-based RTS PV are related to the challenges 
around rooftop rights, financial credit worthiness of the rooftop owner, and the 
size of the system which are relatively very small thereby making it unattractive 
for third-party investors/RESCOs. Also, residential RTS PV projects through own 
investment/CAPEX models are continuously being deployed, but not in significant 
numbers. Most of the systems are standalone systems offsetting the grid power 
demand of the household and sometimes feeding into the grid. 

However, looking at the potential of the residential RTS PV and the developments 
in the C&I segment in rooftop it becomes important to consider scaling of rooftop 
solar PV in the residential segment to increase the share of generation of clean 
power feeding into the grid. This requires experimenting with various models, 
involving multiple stakeholders. Most importantly, distribution companies that 
have access to every grid-connected household/consumers in their respective 
jurisdiction of power supply can play the leading role in terms of mobilizing 
consumers, thereby aggregating potential and demand of rooftop solar PV which 
would also augment their reliance upon non-conventional sources of energy in 
terms of procurement and supply, especially in rural areas. DISCOMs can partner 
with multiple stakeholders such as developers, consumers and financiers to carry 
out feasibility analyses of such projects followed by project development through 
appropriate models such as CAPEX, OPEX (RESCO) and DISCOM-facilitated 
community projects. However, this should make a business case for DISCOM to 
see the light of the day. 
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Implementing the RESCO model
There are well-proven models to implement rooftop solar PV such as RESCO, 
CAPEX and DISCOM-facilitated models. One of the challenging features in the 
RESCO model is the transition of the role of the DISCOM to an active RTS PV 
developer and producer. DISCOMs in states such as Gujarat, with strong financial 
status, should work as producers, developers and financiers. The consumer 
database of the utilities are equipped with knowledge of T&D losses and rooftop 
availability. They are up to date about end-user behaviours and they also manage 
grid interconnections, metering, inspections, billing cycles, and Engineering 
Procurement Construction (EPC) services.

The solar PV production cost continues to fall, which means that the solar  
PV market and end-users will find a way to keep RTS PV moving forward  
regardless of the role played by the utilities. Many of the C&I consumers have 
installed their own RTS PV, and the utilities are already reeling under the loss 
of their revenue. The State Electricity Regulatory Commissions and the state 
governments will not be able to shield the utilities for longer by lowering the 
installation capacity and the supply of surplus generation to the grid. Market 
economics will dominate and the earlier the utilities realize this scenario, the more 
will be their chance at continuity.
 
a) Identifying the locality
The RESCO model can be deployed across the utilities, but it is preferable to 
conduct field analysis in some locations or implement in stages as and when 
field results come. Based on our analysis, the model is not financially suitable in 
places where the T&D losses are low. Rebate for RTS PV for low-paying end-users, 
however, results in financial profits in all the areas. 

The place for installation should be identified based on the following principles: 
i) Availability of rooftop space; 
ii) T&D losses; and 
iii) Reliability of the power supply in the area 

The substations having greater T&D losses should be selected first as they would 
provide bigger financial profits. Solar PV generation would be pointless if the 
generated power is not injected to the grid. A cost-effective technological solution 
needs to be developed to address the challenges in the supply chain. 
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b) Bidding criteria
The role played by public bidding is mainly necessary for: 
i)  Eliciting a good feedback from the market; 
ii)  Selection of the best RESCO; and 
iii)  Achievement of quality and safety in the RTS PV installations. 

If the tender consists of all the information necessary for the submission of a 
competitive bid, the market feedback is quite strong, with competitive prices. 
Thus a pre-bid meeting is required along with a site visit. The tender must include 
standards and safety guidelines for the RESCO to follow during installation. 

Apart from the usual details mentioned in the tender document, it should have: 
i)  Power purchase agreement (PPA) to be signed between the end-user, the 

RESCO, and the utility; 
ii)  Rooftop space agreement to be signed by between the financier, the RESCO, 

the end-user, and the utility; and 
iii) Evaluation criteria developed based on the low tariff and technical specifications. 

The PPA should mention the mechanism of interconnection, installation capacity 
parameters, metering, billing cycle, payment mode, and compensation for failure 
of payment, among others. The rooftop agreement should mention responsibility 
for each of the party during the programme period. 

It may be preferable and favourable for all concerned stakeholders to have a short- 
to medium-term commitment in the form of validity of the PPA in order for the 
projects to run smoothly as the projects with longer tenure are more likely to meet 
disputes of various sorts amongst parties, most likely financial issues. 

Also, DISCOMs may choose to enter into a general contract with RESCOs through 
the single bidding process for the entire jurisdiction in the form of a “rate contract” 
wherein the selected RESCOs can develop RTS projects anywhere within the 
jurisdiction of DISCOMs with pre-agreed and uniform pricing. Essentially, a rate 
contracting arrangement will save the parties from the hassles of several bidding 
process which otherwise would be followed for every such project, thereby reducing 
project execution time.
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c) Role of the end-users
One of the methods to implementing the RESCO model is through the involvement 
of the end-user. The role of the end-users are dependent on: 
i)  Lowering of the electricity bill, and 
ii)  Compensation for the rooftop space. 

Lowering of the electricity bill is based on the sharing of financial gains by the 
utilities. There many ways to achieve this. For example, 
i)  A certain proportion of the energy generated is free of cost for the rooftop 

space owner,
ii)  Multiple tariffs can be set for energy utilized from RTS PV and the grid, and 
iii) A predetermined tariff can be set for the surplus energy supplied to the grid 

after the rooftop space owner’s own consumption. 

For compensation of rooftop spaces, it can be included as rebate in the electricity 
bill or it can be paid separately on a monthly basis by the RESCO to the rooftop 
owner. Efforts should be made to involve the end-user from the very beginning. 
They can be invited to the substation or local office of the utility through any mode 
of advertisement, and all the details of the RTS PV such as the exemptions in the 
electricity bill and the type of compensation for rooftop space adopted should be 
explained through example and with calculations. The level of penetration of the 
RTS PV in a locality directly depends on the end-user involvement in the project.

d) Capacity building of the utility officials
The utility field officials are the focal point of contact for end-users and for 
RESCOs post signing the agreement. It is thus imperative to explain to utility field 
officials the processes involved during the award of RTS PV, installation of RTS 
PV, responsibilities of utilities, RESCOs, end-users, interconnection methodology 
and the arrangements of PPAs and rooftop space agreements. Workshops should 
be conducted for capacity building of field officials. 

e) Supervision of the project
The project should be observed based on the following points: 
i)  Per kW energy generation of the total installed capacity of the  RTS PV; 
ii) Energy generation as a percentage of the total residential consumption; 
iii) Lowering of the electricity bill of the end-user; 
iv) Lowering of the T&D losses; 
v) Financial benefits to the utility; 
vi) Reliability and quality of the power supply in terms of System Average 

RESCO MODEL FOR RTS PV
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Interruption Duration Index (SAIDI) and System Average Interruption 
Frequency Index (SAIFI); 

vii) Reactive power, harmonics and power factors; and 
viii) Accidental or safety events. 

Each utility has its own guidelines for procurement. If generation tariff is 
considered as the only criteria, unrealistic bids may be submitted and the contract 
may even be awarded, but the project fails to take off. 

DISCOM-driven RESCO models for end-users
Stakeholder consultations were held in Delhi and based on market analysis to 
understand why the existing rooftop solar PV models have not been very successful 
for low-paying end-users, the following conclusions were derived:

Low-paying end-users have limited capability to invest in upfront costs in rooftop 
solar PV. Therefore, gross-metering and net-metering schemes are not being 
availed of by them.

Considering the security of long-term contract, RESCOs have ranked the low- 
paying end-users as “low”. The tariffs of rooftop solar PV power are relatively high 
as compared to the subsidized power that the low-paying end-users receive. Both 
these scenarios make the RESCO model unappealing for such end-users.

The eventual alternative is the DISCOM-based model, but DISCOMs do not want 
to inherently fund in the system. They are debt ridden, with a weak financial 
position. One of the challenges faced by the Indian power sector is the compelling 
issue of Aggregate Technical and Commercial Losses (AT&C), which is lowered by 
RTS PV as generation and consumption are co-located. Places where AT&C losses 
are high can deploy RTS PV.

In the third party or the RESCO model, the renewable energy service company 
invests its funds in solar PV projects and sells power to the owner/end-user at a 
price that is lower than the grid charges with a profit margin. This model is also 
called OPEX as the owner/end-user pays for the operation cost of the system over 
several years. The third party refers to the relationship of the RESCO with the 
owner and the utility as the third party. The key benefit of this model is that the 
RESCO bears the technical risk and the end-user does not have to make capital 
investment in the project.
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Financing options in a RESCO model 
Financing options in a RESCO model include:

a. Power purchase agreement (PPA)
Under this model, a power purchase agreement is signed between the owner of 
the rooftop and the owner of the system/RESCO, based on the arrangement of 
the connection. The system design needs to consider the C&I consumer as their 
load varies during the day. Assessment of the operational load should be included 
as part of the PPA. The project lenders or the financial institutions need to take 
into consideration factors before financing any project which includes a well-
drafted PPA taking into account the analysis of the project, and the installation 
and commercial terms. The rate contracting, benchmark IRR, capital cost and the 
various cost components need to be fixed based on the system design in the PPA so 
that the tariff models remains same for a particular system capacity.

b. Gross metering
Under this model, a portion of the earnings that is accrued through the 
export of energy from the system to the grid is split with the owner of the 
rooftop for leasing the rooftop space with the project owner. The project 
developer would generate earnings through the export of solar power 
from the RTS PV to the DISCOM at a price determined by the regulatory 
commission of the state (see Figure 2: Gross metering).

Figure 2: Gross metering
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c. Leasing model
This model is in its initial stage in India and is less common among the developers 
and the end-users mainly due to issues such as reneging on payments, less tax 
benefits, low equity returns and ownership problems. Under this model, the 
consumer leases the RTS PV system from the developer and provides its payment 
over a period of time. The lease can be for either financial or operational purposes. 
On completion of the lease timeframe, the resource is transferred to the end-user 
(see Figure 3: Lease model).

d. Net metering
Under this model the electricity produced by the RTS PV installed at the end-
user’s rooftop is used to meet their energy demands. The developer is encouraged 
by the income from the rooftop owner according to the agreement. By avoiding the 
purchase of power from the utility, savings are accrued. The sale of excess power 
produced within the settlement time is a source of income for the system developer.

The state of Tamil Nadu has included network charges for the prosumers, which 
means for the per unit of electricity generated by solar in addition to the existing 
billing mechanism, prosumers have to pay a specific charge which is as high as 
Rs 1.48 for C&I consumers. This is a big challenge as the prosumers have to pay 
additional charges.

• Pay for solar PV system
• Owns, operates and 

maintains solar PV

• Provides rooftop for solar PV
• Buys solar energy generated 

over contract duration
• Buys additional electricity 

needed from the grid

• Continues to provide 
electricity from grid

• May purchase excess solar 
generated from developer

ELECTRICITY RETAILERCUSTOMER

Signs PPA 
contract

SOLAR DEVELOPER

Figure 3: Lease model
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The processing time and approval stages in certain states is quite lengthy and a 
time-consuming process which further deters end-users from installing RTS PV           
on their rooftops (see Figure 4: Net metering).

e. Group net metering
In this model excess energy  generated through RTS PV is exported to the grid 
through a net meter and the exported  energy is adjusted in more than one 
electricity connection of the same end-user located within the same distribution 
licensee’s area of supply. It is usually not practised as it is available to the end-user 
with many connections.

f. Zero export model
In many parts of India, net metering is not provided to all the consumers. In such 
a scenario, the end-user may prefer to opt for the zero-export model. This type of 
grid-type model includes supplementary current transformers (CTs) to monitor 
the consumption of the end-users. The solar power generated is made equivalent 
to the consumption requirement through suitable adjustment of Maximum Power 
Point Tracking (MPPT) to minimize the export of solar power to the grid. It is 
necessary to lower the export to the grid as the normal energy meter would read 
the solar power exported as consumption. Consumers with energy requirements 
that are more than the net metering capacity as specified by the state regulations 
could avail benefit through this model. The consumers have the option of importing 
energy from the grid if required, but it is not allowed to export energy to the grid. As 
it indicates, the model is self-defeating with regard to achieving the objective of 
maximizing generation of cleaner power. In a recent and welcome development 

Figure 4: Net metering
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dated August 30, 2023, the Rajasthan Electricity Regulatory Commission (RERC) 
announced a regulation to facilitate the transfer of benefits of exporting excess/
surplus solar power through adjustments of credits over the next billing cycles, 
which otherwise would lapse under the current regulation as the surplus power 
cannot be carried forward to subsequent billing cycles.

g. Net billing
Under this model, energy is exported to the grid at a lower rate than the net-
billing system. For example, if the government charges Rs 8 per unit for energy 
imported from the utility grid, the consumer will be paid Rs 3 per unit for the 
energy exported to the grid. The savings accrued are lower than in net metering 
but higher than in gross metering (see Figure 5: Net billing).

An important parameter affecting the cost of power supply is T&D losses. The 
higher the T&D losses, the higher will be the cost of power supplied to end-users. 
For solar rooftop PV, the generation and consumption points are co-located, so 
there are no T&D losses. This acts as an added advantage when compared with 
energy based on fossil fuels for supplying power to end-users (see Table 16: RTS 
PV projects in various stages of implementation based on RESCO model).

Figure 5: Net billing
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Table 16: RTS PV projects in various stages of implementation based on RESCO 
model

State Implementing 
agency

Description of project

Rajasthan Jaipur Vidyut 
Vitran Nigam 
Limited

A tender has been issued for installation and commissioning of 347 
MW of solar projects under component C of the PM KUSUM (Pradhan 
Mantri Kisan Urja Suraksha evam Utthaan Mahabhiyan) Programme.

 Rajasthan Jodhpur Vidyut 
Vitran Nigam

The Jodhpur Vidyut Vitran Nigam (JVVNL) has called for bids to 
develop 31.02 MW grid-connected solar projects under ‘Component C’ 
of the PM-KUSUM meant for the solarization of power grids.

Rajasthan  Rajasthan 
Electronics and 
Instruments 
Limited

Rajasthan Electronics and Instruments Limited has issued a tender 
for 50 MWp grid-connected rooftop and small ground-mounted solar 
power plants for government buildings in different states/Union 
Territories of India under the Renewable Energy Service Company 
(RESCO) model.

Delhi Municipal 
Corporation of Delhi

The Municipal Corporation of Delhi (MCD) has inked a Memorandum 
of Understanding (MoU) with the Solar Energy Corporation of India 
(SECI) and NTPC (National Thermal Power Corporation to set up 
10–15 MW rooftop solar PV on all buildings of MCD.

Odisha Odisha Renewable 
Energy 
Development 
Agency

Seven medical colleges and 32 district headquarters hospitals (DHHs) 
across the state of Odisha will get rooftop solar PV installations. Under 
the renewable energy service company (RESCO) programme of the 
Odisha Renewable Energy Development Agency (OREDA), healthcare 
facilities and hospitals will be mounted with rooftop solar PV systems.

Gujarat Surat Municipal 
Corporation

Surat Municipal Corporation has floated two grid-connected solar 
tenders. Both tenders have a capacity of 2 MW. One is for a solar plant 
to be installed on the BRTS route to Narmad University, and the other 
one will be in the Central Mall in Surat through the RESCO model.

Maharashtra Maharashtra 
Energy 
Development 
Agency

Maharashtra Energy Development Agency (MEDA) has invited 
expressions of interest (EoI) for discovering the tariff for the 10 MW 
Grid-Connected Rooftop Solar PV Systems under the RESCO model.

Delhi  Indraprastha 
Power Generation 
Co Ltd

Delhi government-owned utility firm Indraprastha Power Generation 
Co Ltd (IPGCL) has notified the selection of L1 bidders for the grid-
interactive rooftop solar PV power plant under RESCO-A, RESCO-B 
and RESCO-C for 35 MW of rooftop solar PV projects in the state of 
Delhi.

Madhya Pradesh Madhya Pradesh 
Urja Vikas Nigam 
Ltd

Madhya Pradesh, via the RESCO model, is implementing 26 MW of 
multiple rooftop solar programmes in the state.

Source: CSE analysis from various sources

Utility-led rooftop solar PV models
It is necessary to promote new and innovative business models for facilitating 
the uptake of rooftop solar PV on a large scale for suitable end-users, especially 
in urban areas with low rooftop space or accessibility issues for rooftops (see 
Table 17: Utility-led Demand Aggregation Programme approaches and Table 
18: Stakeholder advantage in utility-led demand aggregation). The Forum of 
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Table 17: Utility-led Demand Aggregation Programme approaches
  Facilitation approach Investment approach

Role of utility Procurement
•  Aggregates roofs from consumers and conducts 

initial site surveys 
•  Structures projects 
•  Carries out bidding for aggregated capacity 
•  Develops bidding documents and contracts 
• Invites bids 
•  Assesses and selects the bidder from the received 

bids 
•  Facilitates signing of standardized contracts

Execution
•  Supervises progress 
•  Carries out regular quality checks

Operation
•  Supervises operations and maintenance (O&M) on 

behalf of consumers

Procurement
• Aggregates roofs from consumers and carries out 

the initial site survey

Execution
•  Builds plants through contracted 

engineering, procurement and 
construction (EPC) company 

Operations
•  Carries out O&M (back-to-back O&M contracts can 

be arranged)

Source: National Portal for Rooftop Solar

Table 18: Stakeholder advantage in utility-led demand aggregation
  Facilitation approach Investment approach

Consumers •  Reduction in cost of system/services due to economies of scale due 
to aggregation 

•  Better performance due to DISCOM-led supervision at the 
commissioning stage 

•  Reduced risks of default on services from developer/RESCO 
•  Standardized contract facilitated and vetted by utility protects 

consumer interest.

•  Reduction in cost of system/
services due to economies of 
scale due to aggregation 

•  Ensured availability of O&M 
services by utility throughout 
the project life

EPC 
organization/
RESCO

•  Attractive project sizing 
• Consumer acquisition cost is greatly lowered
•  Lower cost of procurement 
•  Recurring revenue through utility reduces collection costs and risks
•  Opportunity for developing more projects in various clusters 

through single rate contract for a bundled capacity. It will help 
avoid entering into multiple contracts/agreements/PPAs

•  Reduced consumer acquisition 
cost 

•  Lower cost of procurement/
sale 

•  More payment security

DISCOM •  Earns facilitation fee 
•  May achieve benefit by development of rooftop clusters in 

congested areas in a planned manner 
•  Indirectly helps in postponing the network augmentation for 

increased load due to localized generation and consumption from 
rooftop projects

•  Project returns 
•  Higher control on the assets 
•  All benefits as in case of 

facilitation will also be 
available

Funding 
agencies

•  Low rates of transaction 
•  Low risks due to technology 
•          Reduced risk on investment due to DISCOM being the offtaker

• Low rates of transaction 
•  Low risks due to technology 
•  Guaranteed project take off 

Source: National Portal for Solar Rooftop
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Regulators 2019 report Metering Regulation and Accounting Framework for Grid 
Connected Rooftop Solar PV in India have identified the following models:
1. Consumer-owned (the utility-only aggregates)
2. Consumer-owned (utility aggregates and acts as an engineering, procurement 

and construction (EPC) company
3. Third-party owned (the utility aggregates and acts as a trader between the 

RESCO and the consumer)
4. Utility-owned (utility aggregates and acts as RESCO)

1. Consumer-owned (utility-only aggregates)
In the model, the utility aggregates by identifying the demand for rooftop solar 
PV in its distribution area. The end-users who are interested in the installation of 
rooftop solar PV contact the utility. Once the demand aggregation has been done, 
the utility starts the reverse bidding process to provide the EPC services to the 
demand aggregated. The EPC service providers who were selected sign contracts 
with the interested end-users. The utility charges a facilitation fee from the selected 
bidder for demand aggregation. The utility signs a project management service 
agreement with the end-users for monitoring the system till it is interconnected 
with the grid. It is the responsibility of the end-user to bear the complete capital 
expenditure (see Figure 6: Consumer-owned (utility-only aggregates).

RESCO MODEL FOR RTS PV

Source: National Portal for Rooftop Solar

Figure 6: Consumer-owned (utility-only aggregates)
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2. Consumer-owned (utility aggregates and acts as an EPC)
In the model, the EPC contract is signed between the utility and the end-user for 
installing the rooftop solar PV. The utility then signs an additional agreement with 
the selected EPC player selected through the process of reverse bidding. The utility 
is paid the EPC services fee by the end-user. It then transfers the fees to the EPC 
firm at a margin. The utility is paid a one-time facilitation fee and earns a margin 
on the back to back EPC agreements (see Figure 7: Consumer-owned [utility 
aggregates and acts as an EPC]).

3. Third-party owned (utility aggregates and acts as a trader 
between the RESCO and the consumer)
In this model, the utility aggregates the demand in the distribution area while 
another RESCO identified invests, based on the reverse bidding process, in the 
project. The payment is routed through the utility. The utility signs Power Purchase 
Agreements (PPAs) with the end user and the RESCO. The RESCO and the utility 
sign a PPA in which the utility will purchase the power generated by the rooftop 
solar PV. The consumer and the utility sign a PPA for the energy produced by 
the RESCO. The utility charges a trading margin as fees for facilitating trading 
operations (see Figure 8:  Third-party owned (utility aggregates and acts as 
a trader between the RESCO and the consumer). 

Figure 7: Consumer-owned (utility aggregates and acts as an EPC)
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4. Utility-owned (utility aggregates and acts as RESCO)
In the model, the utility aggregates the demand and acts as a RESCO for the 
demand aggregated by installing the rooftop solar PV on the end-user’s premises. 
The utility installs, owns and operates the rooftop solar PV. The utility and the 
end-user sign a PPA. An agreement is signed between the EPC firm and the utility 
(see Figure 9: Utility-owned (utility aggregates and acts as RESCO) and Figure 
10: Examples of utility-led rooftop solar PV models).

1. Anchored procurement
Residential and institutional end-users show more interest in securing rooftop 
solar PV services through DISCOMs as they have an established relationship with 
them. This model is suitable for end-users who want to develop rooftop solar PV 
projects through the CAPEX mode. 

Anchored procurement can be divided into the following approaches:

a. Facilitated procurement
Under this model, the utility acts as a single point for the end-users to procure 
the services from a third party assessed by the utility. The utility registers the end-

RESCO MODEL FOR RTS PV

Figure 8:  Third-party owned (utility aggregates and acts as a trader between 
the RESCO and the consumer)

Source: National Portal for Rooftop Solar
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users who wish to set up rooftop solar PV (aggregation of the end-users) and signs 
a Project Management Service Agreement (projects the services to be offered to 
the end-users by the utility and through the utility by the developer). On finalizing 
the bidder, the end-users sign an agreement with the selected developer. The utility 
gathers a facilitation fee from the project developer. The utility working for the 
end-user allows the facilitation and the implementation of the rooftop solar PV. 
Some of the benefits of the model are economies of scale, better quality of systems 
due to utility defined standards and better O&M services, faster installations and 
reduced transaction costs as well as lower payment risks to the developer.

Figure 9:  Utility-owned (utility aggregates and acts as RESCO)

Source: National Portal for Rooftop Solar
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b. EPC contractor
Under this model, the utility signs an engineering, procurement and construction 
(EPC) agreement with the end-user for the engineering, installation and 
commissioning of the rooftop solar PV projects. The utility can if required sign a 
back-to-back agreement with the developer. The developers are identified through 
a competitive bidding process to develop the aggregated capacity. This model 
allows better enforcement of contract, quality control and timely installations.

2. On-bill financing
Under this model, the utility acts as the intermediary between the end-user and 
the financial institutions with the cost of financing lower due to preferential rates 
available to the end-user, reduced risks and reduced transaction costs. This model 
includes three stakeholders, i.e. the utility, the financer/lender and the end-user. 
The DISCOMs aid the end-users by promoting access to finance. The utility collects 
the EMIs usually through the electricity bills on the loans that have been taken up 
by the end-users for the rooftop solar PV plants. The EMIs are transferred to the 
financial institutions for a small service charge by the DISCOMs.

This model can be combined with the anchor procurement model allowing end-
users ease of finance, selection of developers through the bidding process, and 
ensuring system quality through timely implementation.

3. Improved RESCO
Under this model the DISCOM owns and funds rooftop solar PV from developers 
and provides power to the end-users. The end-users do not own the plant but take 
up long-term PPA to procure the power from the DISCOM at a pre-determined 
tariff. Such a RESCO model based on the utility provides increased security of the 
contract, helps in aggregation and provides economies of scale. This model can be 
divided into:

a. Utility-based rooftop solar PV
The utility under this model invests in capital cost to install rooftop solar PV on 
the end-user’s building. The end-users buy the energy generated and lease their 
rooftop space to the DISCOM for the project lifetime. As the DISCOMs aggregate 
and purchase large capacity upfront, the costs are lowered on account of economies 
of scale. The DISCOM aggregates the demand of the end-users and provides end-
users with an arrangement at a reduced tariff rates than the market.

b. RESCO-owned rooftop solar PV
Under this model, the DISCOM determines the end-users and aggregates the 

RESCO MODEL FOR RTS PV
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demand while providing them power procured through preferred RESCO. The 
DISCOMs sign a PPA with the RESCO and an agreement between the end-users 
for the sale of the power. The end-users lease their rooftop to the DISCOM, who 
sub-leases it to the RESCO. The energy generated is sold to the DISCOM by the 
RESCO which is then sold to the end-user by the DISCOM. The DISCOM enacts 
the role of the power trader and facilitator. Power is purchased from the RESCO 
at a predetermined tariff (through bidding process) and is sold to the end-user 
inclusive of the transaction costs.

4. Payment assurance 
Under this model, the DISCOMs neither fund nor own the plant. They act as a 
facilitating agency between the end-users and the rest of the stakeholders, i.e. the 
financer and the RESCO. The DISCOMs collects the electricity generation charges 
from its consumers and then pay the rooftop solar PV developer a token. The risk 
of payment for developer is lowered in this model while reducing the financing 
cost as well.

Measures to accelerate deployment of rooftop solar PV
Rooftop solar PV has been predominantly installed in the country under the end-
user-based Capital Expenditure (CAPEX) model or the developer-based Operational 
Expenditure (OPEX). The CAPEX model involves installation of the complete solar 
PV by suitable engineering, procurement and construction (EPC) organization, and 
on the complete execution of the project it is handed over to the end-user. In this 
model, the investment cost is derived from the end-user consuming the energy and 
the Central and state government through subsidies wherever relevant. The operation 
and maintenance of the solar PV project are taken care of by the EPC organization 
based on the terms and conditions agreed upon in the annual maintenance contract 
(see Figure 11: Risks of OPEX and CAPEX models).

The OPEX model is managed by the developer in the form of a Renewable Energy 
Service Company (RESCO) that owns and invests in the solar PV project while the 
end-user pays for the energy generated. The end-user and the developer are bound 

Apprehension among end-users and 
banks in investing in projects

Lack of knowledge by end-users

Funding options are limited

State government constraints on the 
RESCO model

Large rooftop areas favoured by 
project developers

Funding options are limited

Figure 11: Risks of OPEX and CAPEX models

CAPEX OPEX
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by a Power Purchase Agreement (PPA), usually for a long-term period of 25 years 
and includes the cost of generation from the solar PV plant. 

The utilities have been quite concerned about the loss on the returns from the 
Commercial and Industrial (C&I) group and thus are unwilling to support rooftop 
solar PV. Creating appropriate consumer awareness programmes by utilities can 
accelerate rooftop solar PV adoption across the end-user categories. In turn, they 
can capitalize on the chance to stabilize the losses incurred owing to subsidies. 
This measure would ensure the lowering of the transmission and distribution 
losses and the tariff rates to the end-user post subsidies.

Since the rooftop solar PV sector is small and more distributed than large-scale 
solar PV, it requires zeal and dedication from the utilities to evince the interest 
of the end-users in the technology. A dedicated role of utilities and programmes 
such as Demand Aggregation can improve the market dynamics and help alleviate 
various challenges that project developers face (see Figure 12: Advantages of the 
Demand Aggregation Programme).*

• Lowering of subsidies to residential, agribusiness, and below-poverty-line end-users
• Low dependence on conventional sources of energy

• Low transaction prices
• Adherence to strict deadlines
• Suitable arrangement in the contract allowing appropriate operation and 

maintenance

• Low transmission and distribution loss
• Low tariffs of power purchase
• Retaining end-user 
• Reduction in T&D losses

• Reduction in costs on demand aggregated
• Easy process of authorization of regulations
• Convenient funding

• Reduction of cost in electricity bill
• Minimum upfront cost and low costs of operation
• Confirming to standard system practices

Figure 12:  Advantages of the Demand Aggregation Programme

State  
government  

bodies

Banks/funding 
agencies

Utilities

Developers

End-users

* This topic has been covered in detail in Section 3 of the report.
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3DEMAND 
AGGREGATION
 UTILITIES ARE AUTHORIZED TO IDENTIFY THE 

INTERESTS OF END-USERS, DECIDE THE BUSINESS 
MODEL AND DEVELOP FINANCIAL DEALS. 

  THE  FIRST ROOFTOP SOLAR PV DEMAND 
AGGREGATION WAS ESTABLISHED BY THE 
GUJARAT GOVERNMENT IN GANDHINAGAR BY THE 
INTERNATIONAL FINANCE CORPORATION (IFC) IN 
PUBLIC–PRIVATE PARTNERSHIP (PPP) MODE IN 
2010.

 THIS  BUILD-OWN-OPERATE MODEL WAS USED FOR 
INSTALLATION OF ROOFTOP SOLAR PV PROJECTS, 
AND THE POWER GENERATED FROM THE PROJECTS 
WAS SOLD TO THE UTILITY.

 THE  PILOT PROJECT OF GANDHINAGAR WAS 
RECREATED IN OTHER CITIES OF GUJARAT, WITH A 
TOTAL AGGREGATED DEMAND OF 25 MW.

  UNDER PHASE III OF THE OFF-GRID AND 
DECENTRALIZED SOLAR PV APPLICATIONS 
PROGRAMME, A TARGET OF 118 MW HAS BEEN 
FIXED, EXCLUDING SOLAR PUMPS, WHICH ARE TO 
BE INSTALLED UNDER THE PM KUSUM SCHEME, 
AND SOLAR HOME LIGHTS, WHICH ARE BEING 
IMPLEMENTED UNDER THE SAUBHAGYA SCHEME 
OF THE MINISTRY OF POWER.
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Mechanism of demand aggregation 
The process of demand aggregation of rooftop solar PV involves inviting interest 
from the end-users, site assessment of rooftop of end-users, installation of the 
rooftop solar PV, and operation and maintenance of the plant (see Figure 13: 
Mechanism of demand aggregation). 

Procedures in rooftop solar PV demand aggregation
Rooftop solar PV demand aggregation includes planning activities such as 
technical analysis, economic evaluation and monitoring of the project (see Figure 
14: Demand aggregation activities)

A. Pre-programme planning
The utility is an important stakeholder providing support in the installation of 
rooftop solar PV. Knowledge and understanding of rooftop solar PV is a necessity 
for higher managerial officials as well as for field technicians. Skill training for 
field officials in various aspects of rooftop solar PV is required as they are the 
responsible individuals for the site assessment, installation and inspection and 
operation and maintenance of the project. The training for the skill development 
should be customized based on the requisite of the utility and the target official 
(see Table 19: Utility training programmes for skill development).

Figure 13: Mechanism of demand aggregation

• Encouraging end-user participation in the adoption of RTS through various marketing 
activities.

• Inviting the end-users through web portal and other means for the Expression of 
Interest (EoI) of RTS system

• Checking the requests received from the end-users for RTS system
• Analysis of the rooftop of end-users for suitability of installations

• Arrangement of buyers through various negotiations
• Development of Request for Proposal (RfP) and sharing it with prospective bidders
• Evaluation of the proposals and award of contract to the selected bidder
• Installation of the RTS PV plant

Aggregating demand 
from end-users

Suitability analysis

Installation of 
rooftop solar 

PVplants
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Figure 14: Demand aggregation activities

Pre-programme 
planning

Collection 
of end-user 
statistics

Selection of 
end-user and 

business vertical

Bidding and 
selection 
of project 

developer/EPC

Initiating the 
project 

Regulations

Registration 
procedure for 

end-user

Signing of 
agreements

EoI from end-
users

Installation of 
rooftop solar PV 

plants

Site suitability 
analysis

Monitoring of 
the plant

Table 19: Utility training programmes for skill development
Technical modules Financial and regulatory modules

System components Ministry of New and Renewable Energy guidelines, Bureau of 
Indian Standards

Balance of system State-wise policy and regulations on rooftop solar PV

Net and gross metered system Grid connectivity standards

Calculations of energy Energy accounting and settlement for metering

Safety and protection systems Levelized cost of energy (LCOE) for rooftop solar PV

Inspection of the components  

Tests on installation  

Operation and maintenance of project  

The demand aggregation model includes several stakeholders. In order to monitor 
appropriate implementation of the programme a committee comprising of the 
technical team, project development team and a ground team is suggested. The 
technical team would refer to the queries related to technical aspects of the RTS 
PV system, evaluation of the bids and the implementation of the RTS PV system. 
It would comprise the state regulators, senior officials of the utility and the state 
renewable energy development agency.
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The roles and responsibilities of the project development team would include the 
enrolment of the end-user, analysis and assessment of the aggregated demand, 
selection of project developers and monitoring of the RTS PV programmes. It 
would comprise the officials in the technical, commercial and legal departments 
of the utility.

The ground team would include the engineers of the utility who would be 
responsible for the site assessment of the project. They would also be responsible 
for the installation, inspection and monitoring of the rooftop solar PV plants.

B. Selection of end-user and business vertical
It is necessary for the utility to establish the category for the end-user and its model 
of operation. Some of the measures that need to be taken into consideration are:

a. Deployment of rooftop solar PV can solve the problems of energy shortage. It 
is advantageous to the C&I users as their day time load is quite high and the 
local utilization of power would reduce the losses.

b. In case of rooftop solar PV the transmission and distribution (T&D) are less as 
the power is generated and consumed locally.

c. If the installation of the rooftop solar PV replaces power generator with high 
variable cost, then marginal power purchase charge is taken into consideration. 
When multiple utilities are there in a state, the utility cannot choose the 
generator to procure the power. The state regulators merge all the generators 
and based on the power demand; each utility is assigned generator. When it 
is not viable to decide the generators in the future, and evaluate the marginal 
power purchase charge, average power purchase charge is considered in such 
cases.

d. High paying end-users favour rooftop solar PV. The utility should utilize this 
choice as an investor, install rooftop solar PV for the high paying users and sell 
the power generated to the end-user. The utility should also provide support 
for the development of rooftop solar PV for the discounted category of the end-
users to improve the baseline.

e. The MNRE and the state governments have set up mandates for rooftop 
solar PV deployment. Utilities who have not been able to achieve the RPO 
and pushed to purchase the renewable energy certificates (REC) can accrue 
savings in purchasing the REC through the installation of rooftop solar PV.

DEMAND AGGREGATION
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C. Initiating the project 
One of the challenges for the installation of rooftop solar PV is the lack of 
understanding of the technology and the suitability of the project by the end-users. 
Utilities can adopt innovative techniques such as an arrangement for registering 
the end-users in the utility’s portal, conducting a workshop for the end-users to 
enhance the understanding of the rooftop solar PV installation and the economics 
of it.

D. Registration procedure for end-user
The demand aggregation from the end-users is done by the utilities when they 
submit their EoI through online or offline mode of registration. By submitting the 
EoI, the end-users agrees to the installation of rooftop solar PV and authorizes 
the utility for feasibility analysis. The utility undertakes empanelment of the 
project developers and undertakes bid discovery. Based on the business mode, an 
agreement is signed between the end-user, utility and the project developer. The 
registration procedure should include terms and conditions for participating in 
the registration process of the consumers. This registration will be followed by 
assessment of the demand for aggregation

E. EoI from end-users
For inviting EoI from the end-users, online mode is generally preferred for state 
level demand aggregation. For society or residential level EoI, offline approach can 
also be used. In the offline mode, engineers on field duty from the utility go door 
to door to collect information and to sign the EoI. All the collected and compiled 
data comprising of the necessary information such as end-user profile, rooftop 
area and the capacity of the RTS PV systems is shared with the project developers 
for competitive price discovery for project installation.

F. Site suitability analysis
Site analysis involves the analysis of the rooftops of the end-users and its solar 
PV potential. The statistics collected in the analysis provides information on the 
rooftop conditions, and helps better price bid discovery. The site analysis involves 
the following steps:

i. Whether the rooftop solar PV equipment can be transported to the rooftop of 
the end-users?

ii. Whether the rooftop of the end-user is flat or at an inclination? In case of an 
inclination, the direction and angle of inclination needs to be assessed.
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iii. The mounting structure for the solar PV modules is planned based on the 
material of the rooftop. The age of the building structure would help in 
assessing the feasibility of the plant and in deciding the installation costs.

iv. The area of the rooftop is calculated and the area with shadow (shadow is cast 
by trees, nearby buildings) is subtracted from it to calculate the shadow free 
area of rooftop for installation of solar PV modules.

v. The cost of the cables is decided based on the connection points.

vi. Determining the ownership of the building helps in lowering the risk for 
project developers especially in case of societies.

Once the site assessment is completed, the potential of the rooftop solar PV is 
assessed. The assessment can be done through physical mode or it can be done 
using software designer tools such as Helioscope, PVSyst, PVSol and System 
Advisor Model (SAM). The energy generated includes:

• Size of the PV array or the rated power in kWp

• Peak solar radiation received in peak sun hours

• Total efficiency after including all the losses of the system

Energy generated = Rated power * Total system efficiency * Peak sun hours

• Size of the PV array or the power generated in kWp of the rooftop solar PV 
plant can be estimated using the formula:

 P = (Cm/1000)*(Rcr*Ar/Am)

Where Cm is the per module rated capacity in Wp

Rcr is the rooftop cover ratio. Typically 15 per cent of the rooftop space is kept free 
for placing the solar modules in an obstacle free zone and with proper gap between 
them.

Ar is the total rooftop measured area – total shadow free area which is available for 
the installation of the solar modules in metre2.

DEMAND AGGREGATION
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Am is the area of a single solar module in metre2.

According to thumb rule approximation, for 1 kWp solar PV array 10 metre2 of 
shadow free rooftop area space is required.

• Peak solar radiation received in peak sun hours
 The global average horizontal irradiance is 4–6 kWh per m2 in India.26

• Total efficiency after including all the losses of the system
 Rooftop solar PV system losses is dependent on the system design, selection of 

the components and the operating temperature of the area. Generally the loss 
is estimated at around 26 per cent ( see Table 20: Losses in a solar PV plant).

Other tools are available to gather information that can be utilized to assess the 
rooftop solar PV potential such as Light Detection and Ranging (LiDAR) and 
high-resolution satellites.

The information from LiDAR can be accurate to up to 20 cm. The data collected 
is expensive, and involves labour cost, machine drones and other equipment. 
The time taken to process data is fairly elaborate, which makes it cumbersome to 
deploy it in cases where quick repatriation is required. It might also be difficult to 
obtain permission to fly in some areas, especially if the end-user is near an airport 
or adjoins a national border region.

The information obtained from satellite is changed every week. The accuracy 
achieved through satellite imagery is up to 41 cm. Direct retrieval of statistics 
would cut short the time taken for processing for the data as well as the cost of the 
analysis.

Table 20: Losses in a solar PV plant
Loss parameters Loss estimated (per cent) Efficiency factor

Shading 2 0.98

Inverters 5 0.95

Irradiance 3 0.97

Voltage drop 2 0.98

Tilt angle 1 0.99

Orientation 0 1

Tolerance 3 0.97

Dirt 3 0.97

Temperature 10 0.9

Source: CSE analysis from various online sources
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G. Collection of end-user statistics
All the information is gathered from end-users through an assessment study of the 
rooftop and it is made available to project developers so that they can attain the 
best price discovery for the project.

H. Bidding and selection of project developer/EPC
The first step in the selection of a suitable project developer involves drafting of 
a tender in accordance with the standards followed by the utility. The terms and 
conditions for the installation of the rooftop solar PV, installation time period, 
performance metrics, technical specification of the equipment for operation, and 
the complete bid procedure are defined in the tender. The Ministry of New and 
Renewable Energy (MNRE) specifies the guidelines for installation under the 
rooftop solar PV scheme. The demand aggregation includes several settlements 
in close proximity to each other, the projects are categorized based on the capacity 
of each rooftop solar PV and the biding region. The benchmark costs27 for the 
rooftop solar PV plant is specified by MNRE as on August 18, 2021 and it is based 
on the individual capacity of the plant (see Table 21: Benchmark costs for rooftop 
solar PV).

Once the tender has been finalized and issued, the utility should arrange for a 
meeting to resolve the queries pertaining to the bid document.

I. Regulations 
Each state and Union Territory has specified their own regulations for the rooftop 
solar PV, with details involving category of the end-user, billing, and energy and 
metering schemes. There are additional charges associated with rooftop solar PV 
systems when the utility acts as an investor in a project. The annual return of 
the utilities are influenced by these charges. The utilities need to file a petition 

DEMAND AGGREGATION

Table 21: Benchmark costs for rooftop solar PV (Rs per kWp)
Capacity Benchmark cost

General category states/UT Special category states/UT

Up to 1 kW 51,100 56,210

>1 kW and up to 2 kW 46,980 51,670

>2 kW and up to 3 kW 45,760 50,330

>3 kW and up to 10 kW 44,640 49,100

>10 kW and up to 100 kW 41,640 45,800

>100 kW and up to 500 kW 39,080 42,980

Note: Special category states/UTs includes Northeastern states, including Sikkim, Himachal Pradesh, Uttarakhand, Jammu and 
Kashmir, Ladakh, Andaman and Nicobar Islands and Lakshadweep Islands
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with the State Electricity Regulatory Commission (SERC) and the Joint Electricity 
Regulatory Commission (JERC) for investment sanctions on the following sections 
of the Electricity Act 2003:28

1. Section 86 (Functions of the state commission) (1) The state commission shall 
discharge the following functions namely: 

(e) “promote co-generation and generation of electricity from renewable 
sources of energy by providing suitable measures for connectivity with the 
grid and sale of electricity to any person, and also specify, for purchase 
of electricity from such sources, a percentage of the total consumption of 
electricity in the area of a distribution licensee”;

2. Section 86 (Functions of the state commission) (1) The state commission shall 
discharge the following functions namely:

(b) “regulate electricity purchase and procurement process of distribution 
licensees including the price at which electricity shall be procured from 
the generating companies or licensees or from other sources through 
agreements for purchase of power for distribution and supply within the 
State”;

3. Section 61 (Tariff Regulations) The Appropriate Commission shall, subject to 
the provisions of this Act, specify the terms and conditions for the determination 
of tariff, and in doing so, shall be guided by the following, namely: 

(h) “the promotion of co-generation and generation of electricity from 
renewable sources of energy”;

4. Section 62 (Determination of tariff )-(1) The Appropriate Commission shall 
determine the tariff in accordance with the provisions of this Act for the

(a)  “supply of electricity by a generating company to a distribution Licensee”;

5. Section 63 (Determination of tariff by bidding process):
 Notwithstanding anything contained in section 62, the Appropriate 

Commission shall adopt the tariff if such tariff has been determined through 
transparent process of bidding in accordance with the guidelines issued by the 
Central Government.
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J. Signing of agreements
In the facilitation mode, the utility acts as a means for the implementation of the 
rooftop solar PV for the end-users. The project developer signs a contract under 
the CAPEX mode with the end-user for the installation and commission and 
operation and maintenance (O&M) of the rooftop solar PV. The project developer 
signs a power purchase agreement (PPA) with the end-user under the OPEX 
model for sale of power at predetermined tariff.

In the investment mode, the utility does the installation of the rooftop solar PV. The 
project developer signs a contract with the utility and the activities of the project 
developer are executed through the utility. The end-user commits a contract with 
the utility for right of use of the roof space for the installation and operation of the 
rooftop solar PV and the end-user receives a rent or initiative for it.

K. Installation of rooftop solar PV plants
The project developer installs the rooftop solar PV on the end-consumer premises 
within the stipulated time-period. Based on the model adopted, the management 
of the project is handed over to the utility or the end-user. In the facilitation 
approach, the utility manages the installation and commissioning and operation 
and maintenance of the plant. In the investment approach, the utility monitors, 
operates and does the maintenance of the plant for lifetime of the project.

L. Monitoring of the plant
The investment approach ensures that the project developer does monitors 
the plant with the submission of system performance and month-wise energy 
generated reports to the utility at least once every six months.

Classification of Demand Aggregation Programme
Demand aggregation can be done in two ways, i.e. through facilitation or investment 
approaches. Under the facilitation approach, the utility aggregates the various 
projects and facilitates the procurement of solar PV systems or services paid by 
the end-user or RESCO. The utility can charge for the services, thereby gaining 
an additional income for itself. Under the investment approach, in addition to 
aggregating projects, the utility invests in the project’s development. The utilities 
can provide support in financing projects through their association with financial 
institutions as moneylenders or as collection agencies. The energy generated is 
acquired by the utility at no cost or sold back to end-users at a fixed rate.

Under the facilitation approach, the utility can fund debts, and aggregate monthly 
payments from the end-users, providing collaterals to the banks for financing 

DEMAND AGGREGATION
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rooftop solar PV projects. Alternatively, the utility can collect the charges from the 
end-users for electricity consumption using the RESCO model of rooftop solar PV. 
This would lead to greater cost security for the project developers.

The utility is authorized to identify the interests of the end-users, decide the business 
model, and develop financial deals. As the capital investment is done by the developer 
(RESCO), it will bring in more challenges such as the high upfront and transaction 
costs, and high offtaker risks but also ease the life of the end-users in terms of the 
monthly pre-determined tariff that they have to pay only for their consumption of 
electricity and the responsibility of O&M lies on the shoulders of the developer.

Implementing the Demand Aggregation Programmes
Demand aggregation can be a successful endeavour to improve and accelerate the 
deployment of rooftop solar PV in India. Based on the various consultations done 
with various stakeholders, some of the strategies that would prove to be favourable 
among the decision-makers have been suggested as the following:

1. Policy level 
The rooftop PV goals of states have been issued by the Ministry of New and 
Renewable Energy (MNRE). District-level solar PV adoption plans are yet to be 
made. Establishing plans at the district level and the development of steering 
committees to keep track of the progress can help the states to generate demand 
and work towards its uniform distribution.

Virtual Net Metering (VNM) policy is a powerful tool to aid demand aggregation 
at the community level. It is important especially in urban areas where the space 
for roof is scarce whereas the energy requirement is quite high such as in high-rise 
apartments. Such specifications in urban areas dictate the necessity of policies in 
which the end-users can set up a common solar PV plant and share the demand 
across the city at various points. This is known as solar sharing programme. This 
will allow the end-user to aggregate the demand in the city (see Figure 15: Virtual 
Net Metering).

It is an innovative business model wherein the power aggregators who are private 
organizations can aggregate the demand from the end-users and acquire power 
from different sources such as power exchange, distribution licensees, contracts and 
agreements. Such power aggregators should also be applicable under Renewable 
Purchase Obligation (RPO) with incentives provided to increase the rooftop solar 
PV capacity. Such models would require modifications in the Electricity Act to set 
a legal precedent to the model.
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Figure 15: Virtual net metering

Consumer

Electricity meter

Solar system

Grid

Gross 
meter

Electricity flow

2. Community level 
MNRE has assigned states to developing agencies who are in the solar PV domain. 
Such development firms can form an arrangement within states while working with 
MNRE and other State Nodal Agencies (SNA) comprising research organization, 
educational institutions, and non-governmental organizations (NGOs). This 
arrangement can provide the necessary support to help in demand aggregation, 
improve understanding and the perception of rooftop solar PV and accelerate its 
adoption.

3. End-user level 
This can be categorized as low-paying and high-paying end-users. For low-paying 
end-users, installation of rooftop solar PV includes cross-subsidized utility rates 
with subsidies provided by some of the states. The utilities can avail of higher 
benefits in comparison to the lower returns from the category of end-user post 
installation. In such cases, the utility can provide financial aid to the end-user 
category as they do not have access to initial capital investment. This lowers the 
risk for the bank and allows for easy access to the financing of the project. The 
energy tariffs are mostly lower than the average cost of supply of the project so the 
facilitation method is usually favoured for the category of end-user.

DEMAND AGGREGATION
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For high-paying end-users, the energy tariffs are high, so they generally install 
rooftop solar PV as it has a lower cost than grid power. Commercial and industrial 
users have limited adoption of rooftop solar PV due to lack of knowledge on the 
subject. The utilities do the installation and investment in the project to attract 
and retain the user base. The energy produced is sold to the end-users at a lower 
rate than the current utility rate.

4. Investment of utility as power producer 
In this approach, the utility does the installation and the investment for the 
rooftop solar PV and takes the energy generated at no charges. The end-users 
receive discount on the rooftop space utilized. When the discount is calculated 
in Rs per kilowatt hour, there is no difference in the revenue earned by the utility 
irrespective of any end-user category. When the discount is calculated in energy 
credits as percentage of the energy produced, the utility incurs loss in revenue 
which is higher for high paying end-users. This type of approach is advantageous 
in areas where there are land issues for the large-scale installation of solar PV 
projects.

Some of the criterion that should be taken into consideration for Demand 
Aggregation are losses in distribution, billing efficiency, site accessibility (see Table 
22: Criteria to be taken into consideration for demand aggregation).

Table 22: Criteria to be taken into consideration for demand aggregation
Criteria for Demand Aggregation Details

Billing efficiency At places having low billing efficiency, facilitation method reduces the losses 
due to low billing income.
At places having high billing efficiency, investment method reduces the risks 
due to cost-benefit.

Losses in distribution Places incurring high losses in distribution favour the rooftop solar PV 
installation. Utilization of rooftop solar PV plants lowers the distribution-
side losses and also provides support in avoiding the charges due to 
infrastructure upgradations of the grid.

Site accessibility Site accessibility is necessary for the installation and maintenance of the 
rooftop solar PV systems. 

Distribution transformer loading Distribution transformers with bigger loading facility are favoured to lower 
the daytime peak-load demand.

Interruptions of power Places where there are less frequent power disruptions are suitable to 
maximize the output of solar PV generation.

Infrastructure upgradation Utilities prefer sites where there is no immediate requirement of 
infrastructure upgradation.
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Guidelines for Phase II of the Grid-Connected Rooftop 
Solar Programme
MNRE had announced the guidelines for implementing Phase-II of the grid-
connected rooftop solar programme29 for achieving a target of 40 GW from 
rooftop solar PV by 2022 with a Central financial outlay of Rs 118,814 crore. MNRE 
initiated the Grid Connected Rooftop and Small Solar Power Plant Programme 
in 2017 with a financial outlay of Rs 5,000 crore for rooftop solar PV projects 
till 2019–20. Phase I of the scheme faced several challenges including multiple 
tenders by different organizations, time delays in the installation of the project 
due to departmental complexities, non-availability of skilled manpower, loosely 
drafted rooftop solar PV contracts, presence of multiple stakeholders such as state 
nodal agencies, project developers, DISCOMs, lack of awareness about the project 
among end-users and lack of uniform regulations.

Phase II guidelines for rooftop solar PV mitigates the challenges faced during 
the implementation of Phase I of the rooftop solar PV programme and ensures 
uniformity in implementation through the following ways:
1. Utilities have been assigned as the main implementation medium.
2. Development of single window clearance portal by the utility.
3. Residential sector has been allocated a Central Financial Assistance (CFA) of 

40 per cent to promote grid connected rooftop solar PV. 
4. Promotion of domestic manufacturing of the solar PV cells and modules.
5. Development of new and sustainable business verticals

(see Table 23: Component A for setting up of 4 GW of grid-connected rooftop solar 
projects in residential sector with Central Financial Assistance (CFA), Table 24: 
Component B for incentives to Electricity Distribution Companies (DISCOMs) 
based on achievement towards initial 18 GW of grid-connected rooftop solar plants 
and Table 25: Incentive mechanism for rooftop solar PV).

Existing demand aggregation case studies in India
The first rooftop solar PV demand aggregation was established by the Gujarat 
government in Gandhinagar30 by the International Finance Corporation in public–
private partnership (PPP) mode in 2010. The quantum aggregated was 5 MW, 80 
per cent of which was implemented in predetermined government buildings and 
the rest in developer-identified private buildings. The project was implemented 
by Gujarat Power Corporation Limited (GPCL). The build-own-operate model 
was used for the installation of rooftop solar PV projects and the power generated 
from the projects was sold to the utility (see Table 26: Price quoted by bidders for 
2.5-MW plant).

DEMAND AGGREGATION
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Table 23: Component A for setting up of 4GW of grid-connected rooftop solar projects in 
residential sector with Central Financial Assistance (CFA)

Component A: Setting up of 4GW of grid-connected rooftop solar projects in residential sector with Central Financial Assistance 
(CFA)

Type of residential sector CFA (as percentage of benchmark cost or cost discovered 
through competitive process whichever is lower )

Residential sector (maximum up to 3 kW capacity ) 40 per cent of benchmark cost**

Residential sector (above 3 kW capacity and up to 10 kW 
capacity)*

40  per cent up to 3 KW Plus 20 per cent for RTS system 
above 3 kW and up to 10 kW

Group Housing Societies/Residential Welfare Associations (GHS/
RWA) etc. for common facilities up to 500 kWp (@ 10 kWp per 
house), with the upper limit being inclusive of individual rooftop 
plants already installed by individual residents in that GHS/RWA 
at the time of installation of RTS for common activity.

20 per cent

* The residential sector users may install RTS plant of even higher capacity as provisioned by respective State electricity regulations; however, the CFA 
will be limited up to 10 kWp capacity of RTS plant.  
** Benchmark cost may be different in General Category States/UTs and Special Category States/UTs, i.e. Northeastern states including Sikkim, 
Uttarakhand, Himachal Pradesh, Jammu and Kashmir, Lakshadweep, and Andaman and Nicobar Islands. CFA shall be on benchmark cost of MNRE for 
the state/ UT or lowest of the costs discovered in the tenders for that state/UT, whichever is lower. 

Source: Ministry of New and Renewable Energy (MNRE)

Table 24: Component B for incentives to Electricity Distribution Companies (DISCOMs) 
based on achievement towards initial 18 GW of grid-connected rooftop solar plants

Component B: Incentives to Electricity Distribution Companies (DISCOMs) based on achievement towards initial 18 GW of grid-
connected rooftop solar plants

Parameter Incentive to be provided

For installed capacity achieved above 10  per cent and 
up to 15  per cent over and above of the installed base 
capacity* within a financial year

5 per cent of the applicable cost** for capacity achieved above 10  per 
cent of the installed base capacity

For installed capacity achieved beyond 15  per cent 
over and above of the installed base capacity* within 
one financial year

5 per cent of the applicable cost** for capacity achieved above 10  per 
cent and up to 15  per cent of the installed base capacity PLUS 10  per 
cent of the applicable cost** for capacity achieved beyond 15  per cent 
of the installed base capacity

* Installed base capacity shall mean the cumulative RTS capacity installed within the jurisdiction of DISCOM at the end of previous financial year. This 
will include total RTS capacity installed under residential, institutional, social, government, PSU, statutory/ autonomous bodies, private commercial, 
industrial sectors etc.  
** Applicable cost is the applicable benchmark cost of MNRE for a state/UT for mid-range RTS capacity of above 10 kW and up to 100 kW or the 
lowest of the costs discovered in the tenders for that state/UT in that year, whichever is lower. 

Source: Ministry of New and Renewable Energy (MNRE)
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The pilot project of Gandhinagar was recreated in other cities of Gujarat, with a 
total aggregated demand of 25 MW.

The state governments of Odisha and Madhya Pradesh had installed rooftop solar 
PV projects under the PPP mode, with a total aggregated capacity of 4 MW and 5 
MW.

Some of the benefits accrued due to the deployment of rooftop solar PV as part of 
numerous programmes are:
a. Standardized rooftop solar PV;
b. Growth in the rooftop solar PV sector;
c. Improvements in the fund allocation from various financial institutions;
d. Awareness building among end-users;
e. Boosting the confidence of stakeholders in the rooftop solar PV sector; and
f. Increased deployment of clean energy resources.
 
Some of the initial demand aggregation programmes installed earlier helped in 
reduction of the overall cost of solar power.

DEMAND AGGREGATION

Table 25: Incentive mechanism for rooftop solar PV
DISCOMs Installed base 

capacity (MW)
Achievement 

under 
programme 

(MW)

Percentage 
achievement of 
installed base 
capacity (per 

cent)

Capacity 
eligible for 
5 per cent 
incentives 

(MW)

Capacity 
eligible for 
10 per cent 
incentives 

(MW)

A 100 MW 10 MW 10 per cent Nil Nil

B 100 MW 12 MW 12 per cent 2 MW Nil

C 100 MW 20 MW 20 per cent 5 MW 5 MW

D 100 MW 30 MW 30 per cent 5 MW 15 MW

Note: The capacity eligible for 
incentives by DISCOMs would cover 
the entire capacity installed including 
the capacity installed without CFA 
and with CFA

Source: Ministry of New and Renewable Energy (MNRE)

Table 26: Price quoted by bidders for 2.5-MW plant
Developer Price (Rs per kilowatt-hour)

Azure 11.21

Sun Edison 11.793

Source: International Finance Corporation
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The role of the aggregator has been categorized based on the facilitation approach 
and the investment approach. Some of the programmes under the approaches 
have been discussed in the following:

Facilitation

Surat Smart City Rooftop Solar PV Project
The campaign for the installation of rooftop solar PV in Surat smart city was 
undertaken by Surat Municipal Corporation (SMC) in 2016. The need of the hour 
was for the Smart City to meet 10 per cent of its energy requirements through solar 
energy. SMC was the facilitating agency and initiated the development of the solar 
guidebook and android application to provide end-users with a one-step platform. 
Through student volunteers, a campaign activity was conducted for the installation 
of the rooftop solar PV. The project included planning, consultations with the 
stakeholders, demand aggregation from selected end-users and communication 
with the end-users.

The following are detailed activities involved in the programme:
a. Awareness campaign

i. Campaign activity was conducted through volunteers
ii. Media, public hoardings were utilized

b. Android application and guidebook
i. Android application was developed for a single-window platform 

information for stakeholders
ii. Solar guidebook was developed for the end-users

c. Site analysis
i. The details of the rooftop of interested end-users were collected.

d. Trainings and workshops
i. Workshop were conducted for residential and industrial users as part of 

the capacity-building process.

e. Implementation
i. About 11 MW of the total 15 MW capacity implemented was for residential 

users.
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Collab Solar
This project was implemented in 2014 as a collaboration between the World 
Resources Institute India and Confederation of Indian Industry through the Green 
Power Market Development Group initiative to aggregate the energy demand 
from six corporates in Bengaluru.31 

Some of the activities that were part of the initiative included:

i. Meeting with the potential bidders and creating awareness about the 
programme;

ii. Collection of statistics and site analysis through door-to-door surveys and site 
visits;

iii. Preparation and release of request for qualification, and circulating the results 
to the bidders;

iv. Awareness generation through conducting webinars;

v. Price discovery and negotiation with bidders and selection of the prospective 
bidders;

vi. Preparation of the request for proposal and circulating the results with the 
bidders;

vii. Price discovery and negotiation with the bidders; and

viii. Selection of the prospective bidder and signing of contract.

Role of the stakeholders in the project
i. The Confederation of Indian Industry organized two consultation meetings 

attended by large corporate buyers, clean energy suppliers and officials from 
Karnataka and released the Request for Qualification (RFQ) and Request for 
Proposal (RFP) into the market.

ii. The World Resources Institute prepared the questionnaire and presented it 
among the buyers, conducted site visits to verify the data provided by interested 
end-users, prepared and circulated RFQ documents and did response analysis, 
conducted webinars for information sharing and generating awareness to 
provide all bidders a common point of reference, prepared and circulated the 

DEMAND AGGREGATION
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RFP and evaluation of the same, shared results with the bidders, and anchored 
the process of contract signing.

It was concluded from the process that the best results were achieved through 
aggregation between three to five large bidders with a demand of 1 mega unit per 
annum along with small bidders. Large bidders reduced the financing costs of the 
project and ensured confidence among the financial institutions to invest in such 
projects. 

Solarise Dwarka
BSES Rajdhani Power Limited (BRPL) partnered with Deutsche Gesellschaft für 
Internationale Zusammenarbeit (GIZ India)32 under its project Indo-German 
Solar Energy Partnership (IGSP) to implement the initiative Solarise Dwarka. 
Solarise Dwarka is an example of the “utility-anchored rooftop programme” for 
the residential owners of south and west Delhi areas to maximize their potential of 
rooftop solar PV potential.

Role of BRPL in the project
i. Post-installation inspection for quality assessment and ensure meeting the 

minimum technical requirements

ii. Providing net metering facilities to the end users.

Role of stakeholders
i. BRPL provided information to the end users for selection of vendors

ii. BRPL conducted suitability analysis at the application stage to check the 
documents, and for the testing and installation of the solar meter.

The rooftop solar PV installation was done at a single point for each of the residential 
complexes. BRPL aggregated the interested end-users in its distribution area and 
the vendors for the rooftop solar PV empanelled by IPGCL, MNRE or SECI. The 
project was based on the Delhi Electricity Regulatory Commission Net Metering 
Regulations, 2014 and Delhi Solar Policy 2016 to increase the adoption of rooftop 
solar PV in the state. In its first phase, the residential complex of Dwarka was 
targeted with plans to expand it to other nearby areas.
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Investment

Madhya Pradesh Urja Vikas Nigam Limited
Bids were invited by Madhya Pradesh Urja Vikas Nigam Limited (MPUVNL) 
under Madhya Pradesh Resco III. This was the first tender of rooftop solar PV in 
the country under demand aggregation for Mandideep Industrial Area in Bhopal.

Role of the stakeholder in the project
i. As a bidder MPUVNL undertook all works related to the commissioning and 

operations for 25 operational years of the plant 

ii. As a power generator synchronized the plant with licensee’s network under 
the Madhya Pradesh Policy for Decentralized Renewable Energy Systems, 
ensured metering and grid connectivity and undertook operation and 
maintenance (O&M) of the plant up to a period of 25 years from the first part 
of commissioning or Scheduled Operation date, whichever was earlier; 

iii. Acquired insurance for third-party liability covering loss of human life and 
risks of equipment after work completion; 

iv. Maintained conformity to warranty and guarantee clauses and the settlement 
of issues; 

v. Ensured signing of PPA by end-users with the power generators and contributed 
vacant roof space to the power generators for the installation of the plant.

The selection of the project developer was done based on the reverse e-auction 
process. About 10.8 MW capacity was involved in this project. The price discovered 
of Rs 4.61 per unit was less than MPUVNL’s price of Rs 7.50 per unit. Around 
164 (small, medium and large) industries were to procure solar power under the 
RESCO model. The industries were put in three groups, each having a capacity of 
3.6 MW. This project was implemented as part of the rooftop solar PV programme 
of the Central government with support from the World Bank.

Kerala State Electricity Board
The government of Kerala started the Soura Scheme in 2018, with technical 
assistance from Asian Development Bank (ADB), to target the state’s installation 
of ground-mounted and rooftop solar PV plants with an aggregated capacity 
of 1,000 MWp. The Kerala State Electricity Board (KSEB) developed a Special 
Purpose Vehicle (SPV) to make it easier to install the project. Bids were invited to 

DEMAND AGGREGATION
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empanel EPC contractors and project developers for design, supply, installation, 
testing and commissioning of grid-tied rooftop solar PV and ground-mounted 
solar PV plants with an aggregated capacity of 50 MWp under the EPC category 
and 150 MWp under the tariff category, including O&M of the plant.

Role of stakeholders
1. EPC 

i. Developed installations and other works according to the Central Electricity 
Authority (CEA) standards, 

ii. Installed net meters and energy meters and developed the distribution 
infrastructure from the solar production facility to the interconnection 
section of the solar power equipment and data acquisition and 
communication system 

iii. Development of plant O&M 

iv. Installed weather monitoring station at the plant for capacity of above 50 
kWp 

2. State Nodal Officer (SNO) 
i. Helped in providing sanctions and approval from appropriate authorities

ii. Collected approval of building and land owners for installations of rooftop 
solar PV

iii. Assessed the quality and performance of rooftop solar PV plants on behalf 
of the end users

iv. Made payments to EPC contractors, thereby providing payment assurance 
to them

3. End-users
i. Submission of application for the installation of the rooftop solar PV 

project and selection of suitable business model

ii. Signed contract with SNO and KSEB based on the selected business model, 
and contributed rooftop space to the EPC contractor for installation.
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The registration process of the demand aggregation scheme was done through 
online mode by KSEB in July 2018 and closed on January 31, 2019. A total of 
278,257 end-users registered under three business models, namely, 
(i) Roof lease model 
(ii) Master RESCO model and 
(iii) EPC model. 

The survey of the residential end users was conducted by KSEB and an android 
application to gather the details of the survey. Later, a web application was 
developed to select the best roof space out of 278,264 registrations. Around 70,000 
applicants had the best rooftops for solar installations based on the results of the 
application. KSEB deployed three EPC contractors through a competitive bidding 
process for installing 46.5 MW rooftop solar PV projects under the aforementioned 
business models. Till March 2022, about 15.627 MW of rooftop solar capacity has 
been installed.

Other Demand Aggregation Programmes
The Off-grid Solar PV programme is one of the oldest programme offered by 
MNRE which aims to provide solar PV based applications in the areas where 
grid power has not penetrated or cannot be relied on. Various applications such 
as solar home lighting systems, solar street lighting systems, solar power plants/
packs, solar pumps, solar lanterns, and solar study lamps are covered under this 
programme.

Under the National Solar Mission, a target of 2000 MWp was fixed for off-grid solar 
PV applications. Under Phase-I of the Mission (2010–13), a target of 200 MWp 
was fixed against which 253 MWp was sanctioned. Under Phase-II (2013–17), a 
target of 500 MWp was fixed against which 713 MWp has been sanctioned. Under 
Phase-III of the Off-grid and Decentralised Solar PV Applications Programme 
(2017–22), a target of 118 MW has been fixed, excluding solar pumps—which are 
to be installed under PM KUSUM Scheme—and solar home lights, which are 
being implemented under the Saubhagya Scheme of the Ministry of Power (see 
Table 27: Status of off-grid solar PV programmes under MNRE).

i. Pradhan Mantri Kisan Urja Suraksha evam Uthaan  
 Mahabhiyaan (PM-KUSUM) 
Standalone solar pumps were associated with the off-grid solar applications till 31st 
March 2017. The Government of India in 2019 started the Pradhan Mantri Kisan 
Urja Suraksha evam Utthan Mahabhiyan (PM KUSUM)33 aimed at installing new 
standalone pumps in off-grid regions as well as solarising existing grid-connected 

DEMAND AGGREGATION
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pumps. The objective of the KUSUM scheme was to set up 30.8 GW of solar power 
with a total Central financial aid of Rs 34,422 crore, including service charges to 
the implementing agencies for the agriculture sector. The components under the 
PM KUSUM scheme include: 

a) Component-A: Setting up of 10,000 MW of decentralized ground/stilt-
mounted grid connected Solar or other Renewable Energy based Power Plants; 

b) Component-B: Installation of 20 lakh standalone solar agriculture pumps; 
and 

c) Component-C: Solarization of 15 lakh grid-connected agriculture pumps.

a) Component A: Under this component, solar-energy-based power plants 
(SEPP) of capacity 500 kW–2 MW would be set up by individual farmers, 
groups of farmers, cooperatives, panchayats, farmer producer organizations 
(FPO), water user associations (WUA), hereinafter referred to Solar Power 
Generators (SPGs). If the above specified entities are not able to arrange equity 
required for setting up the SEPP, they can opt for developing the SEPP through 
developer or even through a local DISCOM that would then be considered as 
an SPG in this case.

DISCOMs will notify substation-wise surplus capacity, which can be fed from such 
SEPP to the grid and shall invite applications from interested beneficiaries for 
setting up the solar energy plants.

The solar power generated will be purchased by DISCOMs at a feed-in-tariff (FiT) 
determined by the respective State Electricity Regulatory Commissions (SERCs). 
The DISCOM would be eligible to get Procurement-Based Incentive (PBI) @ Rs 
0.40 per unit purchased or Rs 6.6 lakh per MW of capacity installed, whichever is 
less, for a period of five years from the Commercial Operation Date (COD).

Table 27: Status of off-grid solar PV programmes under MNRE
System No. of units/capacity installed

Solar lamps/lanterns 65,17,180

Solar pumps 2,37,120

Solar street lights 6,71,832

Solar home lighting systems 17,15,639

Solar power plants/packs 212 MWp

Source: Ministry of New and Renewable Energy
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b)  Component B: Individual farmers will be supported to install standalone 
solar agriculture pumps of capacity up to 7.5 HP in off-grid areas, where the 
grid supply is not available.

A CFA of 30 per cent of the benchmark cost or the tender cost, whichever is lower, 
of the standalone solar agriculture pump will be provided. The state government 
will give at least a subsidy of 30 per cent; and the remaining—at most 40 per 
cent—will be provided by the farmer. Bank finance can be availed by farmer, so 
that farmer has to initially pay only 10 per cent of the cost and remaining up to 30 
per cent of the cost as loan.

In the Northeastern States, Sikkim, Jammu and Kashmir, Himachal Pradesh 
and Uttarakhand, Lakshadweep and the Andaman and Nicobar Islands, a CFA 
of 50 per cent of the benchmark cost or the tender cost, whichever is lower, of the 
standalone solar pump will be provided. The state government will give a subsidy 
of at least 30 per cent; and the remaining—at most 20 per cent—will be provided 
by the farmer.

c) Component C: Individual-pump solarization (IPS): Individual farmers 
with a grid-connected agriculture pump will be supported to solarize pumps. 
Solar PV capacity up to two times of pump capacity in kW is allowed under the 
scheme.

The farmer will be able to use the generated solar power to meet the irrigation 
needs and the excess solar power will be sold to DISCOMs.

A CFA of 30 per cent of the benchmark cost or the tender cost, whichever is 
lower, of the solar PV component will be provided. The state government will 
give a subsidy of at least 30 per cent; the remaining—at most 40 per cent—will 
be provided by the farmer. Bank finance can be availed of by farmer so that the 
farmer has to initially pay only 10 per cent of the cost and remaining up to 30 per 
cent of the cost as loan.

In the Northeastern states, Sikkim, Jammu and Kashmir, Himachal Pradesh and 
Uttarakhand, Lakshadweep and the Andaman and Nicobar Islands, a CFA of 50 
per cent of the benchmark cost or the tender cost, whichever is lower, of the solar 
PV component will be provided. The state government will give a subsidy of at 
least 30 per cent; the remaining—at most 20 per cent—will be provided by the 
farmer.

DEMAND AGGREGATION
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Component C: Feeder-level solarization (FLS)
The states can instead of individual solar pumps solarize agriculture feeders. 
Guidelines were issued on December 4, 2020.

Where agriculture feeders are not separated, loan for feeder separation may be 
taken from NABARD or PFC/REC. Further, assistance for feeder separation 
may be availed of from the Revamped Distribution Sector Scheme (RDSS) of the 
Ministry of Power. However, mixed can also be solarized.

Solar plants of capacity that can cater to the requirement of the agriculture load 
of the selected feeder can be installed through the CAPEX or RESCO mode for a 
project period of 25 years.

CFA of 30 per cent on the cost of installation of solar power plant (up to Rs 1.05 
crore/MW) will be provided. In the Northeastern states, Sikkim, Jammu and 
Kashmir, Himachal Pradesh and Uttarakhand, Lakshadweep, and the Andaman 
and Nicobar Islands, however, can avail of a 50 per cent subsidy.

Farmers will get daytime reliable power for irrigation free of cost or at tariffs fixed 
by their respective states.

ii. Pradhan Mantri Sahaj Bijli Har Ghar Yojana (Saubhagya)
The government of India launched the Pradhan Mantri Sahaj Bijli Har Ghar Yojana 
(Saubhagya)34 scheme in October 2017 to focus on the last-mile connectivity and 
electricity connections to all the unelectrified households in the country. The outlay 
for the scheme is Rs 16,320 crore, which includes the Gross Budgetary Support of 
Rs 12,320 crore. REC is the Nodal Agency for implementation of the scheme.

The Saubhagya scheme aims to achieve:

a)  Last-mile connectivity and electricity connection to all unelectrified households 
in rural areas;

b) Last-mile connectivity and electricity connection to all remaining economically 
poor unelectrified households in urban areas. Non-poor urban households are 
excluded from this scheme;

c)  Solar photovoltaic (SPV)-based standalone system for unelectrified households 
located in remote and inaccessible villages or habitations, where grid extension 
is not feasible or cost effective. Under the scheme, Rs 14,109 crore (including 
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grant of Rs 9,093 crore) has been sanctioned by the Ministry of Power to 26 
states/Union Territories, against which Rs 8,840.9 crore (including a grant 
of Rs 5,408.44 crore) has been released till June 30, 2021. As of March 31, 
2019, the country achieved electrification of 262.84 lakh households under 
Saubhagya (except a minuscule 18,374 households in Left Wing Extremism 
(LWE) areas of Chhattisgarh)—remarkable progress in a record 18 months. 
The achievement of universal household electrification, which implies 100 per 
cent access to electricity has been certified by the Chief Secretaries of States. 
Further, on the request of seven states (Assam, Chhattisgarh, Jharkhand, 
Karnataka, Manipur, Rajasthan and Uttar Pradesh), the Ministry of Power 
accorded time-extension approval to electrify an additional 19.09 lakh 
unelectrified households, which were unwilling earlier to get electrified and 
had expressed their willingness before March 2019. A total of 18.85 lakh 
households have been electrified in respect of the same and the states have 
reported 100 per cent electrification of all willing households identified before 
March 31, 2019.

DEMAND AGGREGATION

Rooftop Solar PV in India report.indd   86Rooftop Solar PV in India report.indd   86 06/02/24   10:34 AM06/02/24   10:34 AM



ROOFTOP SOLAR PV IN INDIA

87

4ANALYSIS AND 
RECOMMENDATIONS
 RTS PV CAN LEAD TO SIGNIFICANT SAVINGS IN 

STATES WHERE T&D LOSSES ARE HIGH. 

 THIS ANALYSIS PRESENTS A HIGH-LEVEL 
APPROACH TOWARD INCREASING RESIDENTIAL 
RTS CAPACITY, THEREBY INCREASING THE SHARE 
OF CLEAN POWER IN ACHIEVING 10 PER CENT OF 
THE DEMAND FOR RESIDENTIAL ELECTRICITY IN 
2030 IN A CONSERVATIVE SCENARIO.

 COMMUNITY SOLAR CAN BE A FORM OF 
AGGREGATION MODEL FOR RESIDENTIAL END-
USERS.

 DISCOM-DRIVEN DEMAND AGGREGATION CAN 
PROVE TO BE A SUCCESSFUL ENDEAVOUR TO 
IMPROVE AND ACCELERATE DEPLOYMENT OF 
ROOFTOP SOLAR PV IN INDIA.
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ANALYSIS AND RECOMMENDATIONS

Analysis
To understand implications of the residential rooftop solar PV through active 
interventions of DISCOMS, we have carried out a cost–benefit analysis considering 
various parameters for DISCOMs operating in 10 select states. The business case 
has been evaluated by analysing the procurement cost and volume of conventional 
and solar power specifically to meet the residential power demand and supply 
by the DISCOMs in these states. The analysis reveals a net per unit cost saving 
potential for most of the states and indicates towards a favourable business case 
for RESCO-based solar power projects by DISCOMs.

For the financial assessment of the 10 Indian states, the statistics such as 
procurement cost, volume and tariff of supply to residentials, including losses as 
reported in the petitions and state regulatory orders, have been considered for FY 
2020–21 due to the paucity of data for recent financial years for all the states. The 
cost–benefit analysis was done considering 10 per cent additional penetration of 
clean power from RTS PV plant to the residential consumers with and without 
subsidy from the government. The discussion, however, focusses more on cost 
savings achieved through RTS PV without subsidy component, assuming a flat 
RTS PV power procurement cost of Rs 4 per unit. Based on the analysis it can 
be inferred that DISCOMs will be able to save Rs 0.34–Rs 1.95 per unit through 
procurement of solar power to meet 10 per cent of the residential electricity 
demand.

From the analysis it can be inferred that the states find subsidies provided by the 
government beneficial. If Gujarat and Tamil Nadu, two of the analysed states, 
don’t avail of any subsidy when the cost of power supplied to residential owners 
is 23 per cent of the actual cost, they do not show benefit due to penetration of 
RTS PV. The merit of a DISCOM depends on three important factors—the cost of 
power purchase, cost of power supplied to residential end-users and transmission 
and distribution (T&D) losses. 

The following scenarios try to understand the factors for the states in which RTS 
PV does not result in significant savings over conventional power:

Scenario I: The tariff for the residential end-users is quite low—at Rs 3.64 and Rs 
3.27 respectively—in the case of Gujarat and Tamil Nadu due to which net savings 
for DISCOMs without subsidy is very low and does not result in significant savings 
for the DISCOMs. When the tariff for the residential end-users is increased by 23 per 
cent, net savings to DISCOMs increase marginally for these two states (see Graph 3: 
Annual net savings (in Rs million) by RTS PV without subsidy for states in India).
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Graph 3: Annual net savings (in Rs million) by RTS PV without subsidy for 
states in India
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Scenario II: T&D losses are appreciably low in the case of Maharashtra, at 11 per 
cent. When T&D losses are increased by 5 per cent from the actual, net savings 
for DISCOM for both Gujarat and Tamil Nadu increase from the actual losses 
reported as 14 per cent and 16 per cent, respectively. This implies that RTS PV 
can lead to significant savings in states where T&D losses are reportedly high (see 
Graph 4: Annual net savings [in Rs million] for DISCOMs [without subsidy] 
when T&D loss is 5 per cent of the actual loss).

Scenario III: The cost of power purchase is the lowest—at Rs 2.49 per unit in 
case of Himachal Pradesh—coupled with a comparatively small volume of power 
supplied to residential consumers. Power procured from RTS PV still results 
in net savings to DISCOMs, factoring in the T&D losses. The low cost of power 
procurement in the state can be attributed to the surplus power generation from 
its various hydropower plants while the consumption of the energy is lower in 
terms of gross volume (see Graph 5: Annual savings [in Rs million] for DISCOMs 
[without subsidy] when cost of power supplied to residential end-users is 23 per 
cent of actual cost).

The states of Gujarat and Tamil Nadu can implement RTS PV in the residential 
areas as it can be commercially successful for these states. It is recommended that 
the deployment of RTS PV should be done in areas where the T&D losses are high. 
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Graph 4: Annual net savings (in Rs million) for DISCOMs (without subsidy) 
when T&D loss is 5 per cent of the actual loss
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Graph 5: Annual savings (in Rs million) for DISCOMs (without subsidy) when 
cost of power supplied to residential end-users is 23 per cent of actual cost
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Based on the analysis, the DISCOMs can calculate the maximum value of the T&D 
loss beyond which the RTS PV can be beneficial for them. 

The per unit savings of the DISCOMs increase as T&D losses in the region 
increase. The RTS PV penetration level, however, increases the total savings for 
the DISCOMs.

Financially, the savings of the DISCOMs can be useful in many ways, e.g. lowering 
the consumer tariff, lowering the cross-subsidy, lowering the direct subsidy and 
profit sharing with end-users among others.

If we take the case of Odisha, the government provided a subsidy of Rs 0.10/kWh 
for low tension (LT) consumers. By substituting 10 per cent of the LT consumers 
with RTS PV, the government of Odisha can lower the direct subsidy provided to its 
DISCOMs by Rs 488 million. One of the important benefits of deploying RTS PV 
for low-paying end-users is the lowering of transmission and distribution (T&D) 
losses in areas that have been difficult for the utility to manage as the systems 
would facilitate local generation and distribution incurring less losses as compared 
to the total T&D loss for the DISCOM representing the entire jurisdiction. 

Contributions from residential rooftop solar PV
India is still far behind the target set by the Government of India of achieving 
40 gigawatt (GW) of rooftop solar PV installation by 2022. The year of achieving 
the RTS PV installation target has recently been revised by the government to 
2026; the capacity however remains unchanged. There have been numerous new 
technologies that have been introduced to lower energy consumption such as 
light-emitting diode (LEDs) and brushless direct current motor (BLDC), which 
would help in improving grid resiliency. When the grid is unidirectional, power 
can be injected by only one generator such as thermal power plants. Now with the 
generation from RTS PV being fed to the grid, the grid can accept power from both 
fossil-based generations and clean power. But the grid is still largely unidirectional 
in nature, and is expected to become bidirectional in the future. 

Urban areas include a large number of residential buildings and structures that 
can generate a lot of clean power. With the introduction of new solar PV panel 
technologies such as building integrated photovoltaics (BIPV)—which can work 
effectively with more clean power generated from the building injected into the 
grid through net-metering technology—more clean energy can be fed into the 
grid. This would lead to an overall increased generation of clean energy share from 
the residential sector, with reduced consumption from the grid. 
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Residential RTS PV has a nominal share, with about 2 GW accounting for about 20 
per cent of the overall RTS PV capacity. This does not indicate a confidence in the 
residential sector itself, which in the first place is fraught with several challenges. 
This report argues basis cost–benefit analysis for DISCOM-driven residential 
RTS PV in the 10 selected states that the residential rooftops can contribute about 
29 GW of residential RTS PV by 2030 even if the most conservative approach is 
followed. The analysis assumes an overall 10 per cent additional supply of clean 
power to the residential consumers both urban and rural to be achieved by the end 
of 2030.

As per the analysis, beginning with 0.15 per cent of total rural households (which 
approximately is about 200 million) connecting to residential rooftop systems 
and increasing the household coverage by additional 0.15 per cent every year, the 
DISCOMs will be able to add about 8GW of residential RTS capacity from rural 
residential rooftops alone by 2030, with an average rural residential RTS installed 
capacity of 1 kilowatt peak (kWp). 

Similarly, DISCOMs in these 10 states can maximize utilization of available rooftop 
spaces in urban areas for RTS with 0.15 per cent conversion and adding additional 
0.15 per cent in the subsequent year of total urban households (approximately 
100 million). Secondary information available in the public domain suggests 
current coverage of urban residential rooftop is only 0.4 per cent (about 400,000 
households), with an average RTS capacity of 5 kWp. It would translate to a total 
capacity addition of about 21 GW of RTS from urban residential rooftop by the 
end 0f 2030. 

In terms of clean power generation, states will be able to achieve 10 per cent share 
of RTS power in the overall residential electricity demand in 2030 (estimated 
with a 5 per cent annual increase in the residential power demand). In the first 
year (2024), DISCOMS in the selected 10 states can add 1,054 megawatt (MW) 
reaching a total residential RTS capacity of 29 GW by 2030, with a combined 
(urban and rural) compound annual growth rate (CAGR) of 20 per cent. 

The analysis presents a high-level approach towards increasing residential RTS 
capacity, thereby increasing the share of clean power in meting out the residential 
electricity demand by 10 per cent in 2030 in a very conservative scenario. Beginning 
with a contribution of a mere 1.3 per cent in 2024, residential RTS capacity can rise 
steadily by 1–2 per cent every subsequent year until it reaches 10 per cent by 2030. 

ANALYSIS AND RECOMMENDATIONS
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It is, however, also imperative to suggest an indicative approach towards achieving 
the target. In terms of the number of rural households that would be required 
to be connected with RTS in the first year cumulatively in all these 10 states is 
about 300,000, i.e. about 30,000 rural household to be connected to RTS in every 
state. At the DISCOM level, the number is reduced further to 7,500 per DISCOM 
assuming four DISCOMS operate in every state, which in terms of RTS capacity 
translates to 7.5 MW. This seems a reasonable target to be achieved considering 
the spread of DISCOMs territory, which usually comprises 10 districts. 7.5 MW of 
RTS can be achieved, distributing the total capacity across 10 districts with about 
750 kWp size in each district. Similarly, in urban settlements, DISCOMs can begin 
with a cumulative rooftop capacity of 2 MWp in the first year and make a steady 
progress thereupon. 

In a more aggressive scenario, DISCOMs will have to be more proactive to reach 
a 10 per cent share of solar power to meet the residential demand in the very first 
year. This would require a capacity addition of an overall 18 GW in the very first 
year at 3 per cent household penetration for RTS in both urban and rural areas. 
By the end of 2030, however, states will be able to generate solar power from 
RTS equivalent to double the residential electricity demand. In all likelihood, it 
presents a very difficult target to achieve with the limited resources and capacities 
DISCOMs may have in pursuing RTS. 

In a conservative scenario, residential RTS PV can contribute significantly towards 
the RTS PV target of 40 GW envisaged to be achieved by 2026. By the end of the 
target year 2026, the 10 selected states can add a total residential RTS capacity 
of 16 GW, making the total residential RTS capacity of 18 GW, including 2 GW 
capacity that has been achieved so far. This implies a contribution of 45 per cent to 
the overall RTS target to catch up with the contribution of C&I—which leads with 
an 80 per cent contribution—against a current contribution of only 20 per cent . 

The territory of a DISCOM usually comprises around 10 districts. 7.5 MW of RTS 
can be achieved distributing the total capacity across 10 districts of about 750 kWp 
size in each district. Similarly, in urban settlements, DISCOMs can begin with a 
cumulative rooftop capacity of 2 MWp in the first year and make steady progress 
thereupon (see Graph 6: Year-wise share of solar power in residential supply from 
RTS PV with an annual 0.15 per cent household penetration [urban and rural] 
and Graph 7: Year-wise share of solar power in residential supply from RTS PV 
with an annual 3 per cent household penetration [urban and rural]).
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Graph 6: Year-wise share of solar power in residential supply from RTS PV with 
an annual 0.15 per cent household penetration (urban and rural)
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Graph 7: Year-wise share of solar power in residential supply from RTS PV with 
an annual 3 per cent household penetration (urban and rural)
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When we take an incremental growth rate of 3 per cent from the residential sector, 
the projected increase in the contribution from RTS PV by 2030 works out to 193 
per cent. Achieving a percentage share of 50 per cent of solar power from RTS PV 
in urban and the rural areas by 2026 would mean achieving half of the required 
capacity of 40 GW by 2026 and injection of more clean power into the grid.

A cluster-based approach would help in increasing the uptake of the RTS PV in 
areas which have similar characteristics in the units such as similar geographical 
location, similar technology deployed in the location, similar development issues. 
The collection of information and understanding of the issues in such cases tend 
to become easier and more resource efficient. This leads to more conclusive 
takeaways from such an approach. The electricity consumption in a cluster shows 
the potential that rooftop solar PV systems have in such units to reduce the 
expenses incurred in meeting their electricity/energy demand.

To compute the percentage of penetration of residential RTS PV, a bottom-up 
approach was considered. This involved making an assumption about the number 
of households in rural and the urban areas, energy consumption through solar PV 
and the annual household conversion rate.

Methodology for understanding the business case
It was necessary to have statistics for the same year for all the ten states in order 
to do a relevant assessment. The analysis done here takes FY 2020–21 as the base 
year. More recent statistics were available for a few states but not for all the ten 
states mostly due to lags in orders on the annual revenue requirement (ARR) and 
consequences of the COVID-19 outbreak. The main purpose of doing the analysis 
was to calculate the financial gains of the utility and to comprehend the perception 
of end-users. The current financial gains and losses can be computed easily by 
using the current data and it will not modify the results of validation. 

Much of the statistics were taken from the ARR orders of the individual states. 
The statistics were augmented by the ARR petitions filed by the state utilities, and 
the annual reports of the state utilities. The statistics used include energy sales, 
quantum of power purchase, cost of power purchase, transmission and distribution 
losses, direct subsidy and tariff schedule.

The cost of generation from RTS PV for residential end-users has been assumed to 
be Rs 4/kWh for FY 2020–21. 
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To calculate the benefit or loss of rooftop solar PV to the utilities, states and end-
users, the power purchase cost (PPC) was calculated as follows: 

PPC = Total approved quantum of energy/Cost incurred in power procrument

Many renewable-rich states in India such as Tamil Nadu, Uttar Pradesh and 
Odisha are not able to meet their RPO targets. RESCO-based RTS PV would help 
the utilities to achieve their RPO targets. In order to bridge the gap in fulfilling the 
RPO targets, DISCOMs resort to buying Renewable Energy Certificates (RECs). 
RTS PV in the RESCO model would help the utilities in achieving their RPO 
targets, thereby reducing the need of the RECs. 

According to the Electricity Act 2003, Renewable Purchase Obligation (RPO) is a 
mechanism in which the obligated entities have a mandate to purchase a minimum 
requirement of their total power consumption from non-conventional sources of 
energy such as solar and wind. They have been classified as solar and other non-
solar RPO. For FY 2023, the government has mandated RPO compliance of 24.61 
per cent and for FY 2024 it has been set at 27.08 per cent. 

With regard to the contribution of various RE sources in meeting RPO compliances 
in 2022–23, according to data provided by MNRE, 46 per cent of total RE supply 
of 354 BU in the country is generated by large hydropower plants. Reliance on 
solar power has increased significantly—replacing wind as the most reliable 
source of renewable power in the country—with an overall generation of about 
102 BU in the financial year. Recent years have seen a very sluggish growth in 
wind sector in terms of capacity addition as well as generation evidently reflecting 
its contribution of about 20 per cent to the total RE generation and supply. 

As discussed above, solar-based generation plays a predominant role in achieving 
RPO targets. This makes a compelling case for states to pursue and scale up solar, 
maximizing the potential for ground-mounted and rooftop solar PV. For now, 
growth in the ground-mounted segment seems to be on track, with more than 90 
per cent achievement of the target envisaged. However, rooftop solar PV needs 
ample support. 

Key takeaways
community solar can be a form of aggregation model for residential end-users in 
which the technology is standardized, and the investor-backed utility can manage 
a larger, comprehensive community-based renewable energy programme to meet 
the increasing demands of the end-users.
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DISCOMs benefit from monetizing the solar PV interest in the energy market, 
serving their consumers with turnkey solar tools, and gaining unique data and 
information about the solar PV activity in their service territory. The DISCOMs 
could even in theory bid into the energy marketplace themselves by offering 
on-bill financing for residential solar PV systems and create an additional revenue 
stream. Such online energy marketplaces are extensible to other energy products 
and services, such as heating and air conditioning systems and home electric 
vehicle charging stations. These types of partnerships allow DISCOMs to bring 
more choice to their consumers, improve consumer satisfaction, and simplify 
consumer protection while delivering value addition to their businesses.

Some of the key takeaways from the chapters discussed in detail in the report have 
been highlighted below:

Section 1: Rooftop solar PV
• The Government of India has suggested specific state-wise goals based on their 

available solar resources, energy demand, and the subsequent solar energy 
requirement to achieve the equivalent Renewable Purchase Obligation (RPO).

• The states have taken numerous measures to increase the share of rooftop 
solar PV through policies and regulations comprising the respective state 
government’s allocations of subsidies and net metering initiatives across 
various end-user groups.

• One of the most common factors encountered is a lack of transparency and 
awareness among consumers regarding the transfer of benefits accrued from 
rooftop solar in terms of monetary or overall energy savings.

Section 2: RESCO model for RTS PV
• In the third party or the RESCO model, the renewable energy service company 

invests its funds in solar PV projects and sells power to the owner/end-user at 
a price that is lower than the grid charges with a profit margin. 

• Low-paying end-users have limited capability to invest in upfront costs in 
rooftop solar PV. Therefore, gross-metering and net-metering schemes are not 
being availed of by them.

• It is necessary to promote new and innovative business models for facilitating 
the uptake of rooftop solar PV on a large scale for suitable end-users, especially 
in urban areas with low rooftop space or accessibility issues for rooftops.
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Section 3: Demand aggregation
• Demand aggregation can be a successful endeavor to improve and accelerate 

the deployment of rooftop solar PV in India. 

• Some of the initial demand aggregation programmes installed earlier helped 
in the reduction of the overall cost of solar power.

• The process of demand aggregation of rooftop solar PV involves inviting interest 
from the end-users, site assessment of rooftop of end-users, installation of the 
rooftop solar PV, and operation and maintenance of the plant.

Section 4: Analysis and recommendations
• The per unit savings of the DISCOMs increase as T&D losses in the region 

increase. The RTS PV penetration level, however, increases the total savings 
for the DISCOMs.

• Financially, the savings of the DISCOMs can be useful in many ways, e.g. 
lowering the consumer tariff, lowering the cross-subsidy, lowering the direct 
subsidy and profit sharing with end-users among others.

• A cluster-based approach would help in increasing the uptake of the RTS 
PV in areas which have similar characteristics in the units such as similar 
geographical location, similar technology deployed in the location, similar 
development issues.

Conclusion
The potential of the residential rooftop solar PV market in India is huge. Of the 
total installed capacity, about 30 per cent is contributed by renewable energy while 
rooftop solar PV has contributed only about 13 per cent. To improve the share 
of rooftop solar PV for residential owners, it is necessary to bring about several 
policy-related changes in the country.

One intervention required is streamlining of RTS PV-related policies across states, 
with options provided to consumers to select the model feasible to them on the 
basis of a techno-economic assessment of the various parameters associated with 
RTS PV. All the reforms under new regulations and policies should be applicable 
to new RTS PV projects only for the ease of consumers. The Government of India 
has issued investments to drive the RTS PV market. Under the guidelines for 

ANALYSIS AND RECOMMENDATIONS
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Component B of Phase-II of the grid-connected rooftop solar PV programme, 
incentives have been provided to DISCOMs on the basis of the achievement 
towards the initial 18 GW of grid-connected rooftop solar plants.

Under the Electricity Amendment Bill 2022, which was issued recently, many 
significant ongoing measures have been planned such as specifying the Renewable 
Purchase Obligation (RPO) for DISCOMs. Under the RPO mandate, a certain 
percentage of electricity using renewable energy resources has to be procured by 
DISCOMs. According to the Bill, the RPO should not be below a specific minimum 
percentage as prescribed by the Central government. Failure to meet the required 
RPO would be punishable with a penalty of Rs 0.25–0.50 per kW of the shortfall 
in the RPO.

Several state governments have undertaken initiatives for the deployment of 
rooftop solar PV such as additional subsidies and demand aggregation for the 
installation of rooftop solar PV on a large scale. It is imperative to promote new 
and innovative business models to facilitate and improve the uptake of rooftop 
solar PV on a large scale for end-users, especially in urban areas with low rooftop 
space or where there are accessibility issues for rooftop spaces. The DISCOM-
driven models identified by the Forum of Regulators (FoR) such as: 
1. Consumer-owned (utility-only aggregates);
2. Consumer-owned (utility aggregates and act as an EPC);
3. Third-party owned (utility aggregates and act as a trader between RESCO and 

the consumer); and
4. Utility-owned (utility aggregates and act as RESCO) have been discussed in 

detail in the report. In order to understand the implications of residential 
rooftop solar PV through active interventions of DISCOMs, a cost–benefit 
analysis has been carried out in the report, assuming various parameters for 
DISCOMs operating in select states.

Business case studies have been evaluated by analysing the procurement cost 
and volume of conventional and solar power specifically to meet the residential 
demand for power and supply by the DISCOMs in 10 states. The analysis reveals a 
net per-unit cost-saving potential for most of the states and indicates a favourable 
business case for RESCO-based solar power projects by DISCOMs.

DISCOMs will be able to save Rs 0.34–1.95 per unit through procurement of solar 
power to meet 10 per cent of the residential electricity demand.
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This report highlights the fact that DISCOM-driven demand aggregation can prove 
to be a successful endeavour to improve and accelerate deployment of rooftop 
solar PV in India. RTS PV is in a laggard mode. It is imperative  that DISCOMs in 
collaboration and partnership with other stakeholders steer and drive the sector as 
enabler, facilitator and offtaker.

The way ahead
Rooftop solar PV, with the benefits and challenges associated with its 
implementation, execution, metering, grid integration and techno-commercial 
aspects, cannot achieve glory without the proactive involvement of DISCOMs 
as key stakeholders, enablers, facilitators and offtakers. It is also imperative to 
safeguard the business interests of these utilities, which revolve mainly around 
procurement and distribution of electrical power providing last-mile access and 
consumer connectivity at the household level. We cannot therefore afford the failure 
of DISCOMs. We would also benefit from the overall growth and improvement in 
the health of DISCOMs, and RTS PV can prove to be a means for DISCOMs to 
improve their overall health and business objectives. Nonetheless, it is best left to 
the decision-makers, DISCOMs and policymakers to decide the greatest interest 
of RTS PV as well as DISCOMs. 

We, however, would like to draw a few conclusions from the discussions in the 
preceding chapters and suggest a few recommendations to advance the sector in 
the desired direction. 
To summarize: 

• India had set an ambitious goal to achieve 175 GW of installed power capacity 
by 2022 and 500 GW of installed power capacity by 2030 through renewable 
energy. The growth in solar power has been unprecedented, with installed 
capacity reaching 71 GW by July 31, 2023 while the rooftop solar PV category 
lags behind with only 10.3 GW of the installed capacity over the same time 
frame of about eight years since the setting of the targets. 

•     Rooftop solar PV has several advantages for utilities, such as low technical and 
commercial loss, greater demand-side management and economies in power-
procurement cost. Demand Aggregation entails low capital investment and 
transactional charges on rooftop solar PV projects. 

• Lack of awareness among end-users about rooftop solar PV and high 
investment and development cost, especially for low-paying consumers, are 

ANALYSIS AND RECOMMENDATIONS
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some of the roadblocks to the adoption of rooftop solar PV on a large scale in 
India. 

• Policies need not have restrictive overtones. Rooftop solar PV policies are 
meant to accelerate the growth of the sector. This is, however, not the case as is 
evident from the total rooftop solar PV installed capacity in the country. Policies 
need to be revisited and modified, with a balanced approach that benefits 
consumers as well as operators and minimizes or eliminates restrictions on 
export, installed capacities and priority/slab structure tariff for export of 
surplus/excess power to the grid coupled with storage options. 

• In order to cater to the needs of various categories of consumers and residential 
customers (such as those with kaccha roofs, pakka roofs, local shopowners, 
smaller businesses that cannot be otherwise categorized as C&I consumers or 
group-housing societies etc.), and localities (rural, semi-urban and urban) it 
is imperative for states to transition to a mixed bag of policies—they need not 
be restricted to just one set of policies—such as zero export, net billing, gross 
metering and net metering, all applying in one state. 

• As one of the most important stakeholders, DISCOMs are the nodal point 
for RTS PV. Currently, C&I consumers provide the maximum revenue to 
DISCOMs. They need to transition to an active facilitator, generator and 
investor role to avoid losing out on low-paying end-users.

• The existing business model does not offer a wide range of benefits to all the 
key stakeholders. The RESCO-based business model would be advantageous 
for all the stakeholders involved in RTS PV projects.

• In rural areas, many end-users have more rooftop space than what is required 
to install an RTS PV system based on the contracted load. Lowering the limit 
in capacity sizing will result in increased penetration of RTS PV, which in turn 
would result in incremental financial benefits of stakeholders.

• Taking into account limited awareness of end-users on techno-commercial 
and legal contracting aspects, they should be more participatory, transparent 
and inclusive. 

• With increased solar PV market maturity and technological advancements, 
adoption rates of rooftop solar PV are expected to grow as it eliminates the 

Rooftop Solar PV in India report.indd   101Rooftop Solar PV in India report.indd   101 06/02/24   10:34 AM06/02/24   10:34 AM



102

requirement of large spaces of land for deployment of infrastructure and 
lowers the load on the distribution sector due to generation and utilization of 
electricity locally through clean resources.

• Generation of energy through clean resources of energy would help in 
achieving the United Nations Sustainable Energy Goal 7 (SDG7)35 of clean 
and affordable energy for all.

• Consumers of RTS PV have faced a host of issues and problems, including 
the need to understand various policy implications, benefits, net-metered 
billing from DISCOMs, technicalities, and performance-related parameters 
of projects for which the consumer has to depend on the developer. In such 
a scenario, it becomes difficult for the consumer to navigate through these 
aspects, especially in the case of any dispute that may arise between parties. 
Therefore, a coherent structure for monitoring the institutional setup is 
recommended for RTS PV in India. Currently, there is no provision for an RTS 
PV ombudsman or a grievance-redressal mechanism for consumer-specific 
issues that would also play a watchdog role in monitoring performance.

ANALYSIS AND RECOMMENDATIONS
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Annexure I
 Production Linked Incentive scheme under Tranche II for high 

efficiency solar PV modules by MNRE https://mnre.gov.in/img/documents/
uploads/file_f-1664601098820.pdf

ANNEXURES
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Annexure II
 Clarification on applicability of central financial assistance (CFA) available 

under Rooftop Solar (RTS) Programme Phase-II for solar systems installed 
under Virtual Net Metering (VNM) Arrangement by MNRE https://mnre.gov.
in/img/documents/uploads/file_f-1664883789129.pdf
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Annexure III
 Benchmark cost for rooftop solar PV by MNRE https://mnre.gov.in/img/

documents/uploads/file_f-1629353920466.pdf
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Annexure IV

 Quality Certification, Standards and Testing for Grid-connected Rooftop Solar 
PV Systems/Power Plants https://solarrooftop.gov.in/pdf/Quality_standards_
np.pdf

ANNEXURES
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India’s installation of rooftop solar (RTS) photo voltaic (PV) is far behind 
the Government of India’s target of achieving 40 GW of RTS PV installation 
by 2022. While the year of achieving the RTS PV installation target has 
been revised by the government to 2026, the capacity remains unchanged. 
Although there is currently no definitive information on overall residential 
rooftop capacity in the public domain, residential RTS PV has a very 
nominal share of the total rooftop solar PV installed capacity of 10.9 GW, 
with about 2 GW accounting for about 20 per cent of the overall RTS PV 
capacity.

This report argues, based on a cost–benefit analysis for DISCOM-driven 
residential RTS PV in ten selected states, that residential rooftops can 
contribute about 29 GW of residential RTS PV by 2030 even if the most 
conservative approach is followed. On the basis of potential of residential 
RTS PV and developments in its commercial and industrial (C&I) segment, 
it becomes important to consider scaling residential RTS PV to increase the 
share of the generation of clean power feeding into the grid. This requires 
experimenting with various models, involving multiple stakeholders.
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