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Abstract
While the Jawaharlal Nehru National Solar
Mission (JNNSM) opened up the solar electricity
sector in India, the focus has primarily been on
large-scale grid-connected power plants. With
the drastic fall in prices of solar photovoltaic (PV)
modules and balance of systems (BOS) on the
one hand, and the high and rising tariffs of
certain consumer categories in India on the
other, grid-connected solar Rooftop PV (RTPV)
systems are becoming increasingly viable
economically. RTPV systems can offer substantial
benefits in terms of providing peaking supply of
power, reducing T&D losses, improving tail end
voltages, and creating local jobs. Considering the
existing governance and M&V structures in India,
this paper argues that a balanced approach for
all stakeholders for promoting RTPV would be to
adopt a national policy of ‘net-metering’ to
encourage in-situ generation primarily for self
consumption, coupled with the provisions of grid
inter-connection and energy banking facilities
from the local utility. RTPV systems should not be
subsidised through capital subsidies which would
add to the budgetary deficit and limit their
adoption. They should also not be allowed to
qualify for the Renewable Energy Certificate
(REC) mechanism, which would result in windfall
profits and go against the spirit of the REC
mechanism, thus defeating the core purpose of
facilitating RTPV. Instead, we propose that tariffs
of commercial and high-end residential
consumers should be aligned with those of RTPV
costs, thereby incentivising them to shift to solar
or pay the full marginal cost of supply. On the
one hand, policy should focus on the removal of

procedural hurdles, permitting, and other
barriers in order to facilitate the quick adoption
and deployment of RTPV systems. On the other
hand, policy should be pro-active towards
creating avenues for low-cost financing, and
allowing innovative models of third-party
ownership and leasing, aggregators, etc. to
expedite cost reduction. To operationalise netmetering for RTPV, the Ministry of New and
Renewable Energy (MNRE) should bring a
national policy on net-metering, while the
Central Electricity Authority (CEA) should specify
metering arrangements specifically for RTPV and
their finalised grid interconnection standards for
distributed generation sources should be
notified by Ministry of Power (MoP). Similarly,
the Forum of Regulators (FOR) should
recommend standard guidelines including model
regulations and agreements, and specify a very
clear and simple institutional structure (a
simplified version of the REC accreditation
process) with details of energy accounting,
billing, M&V, and mechanisms for interconnection and dispute redressal. Finally, we
believe that such a net-metering approach to
RTPV promotion is ideally suited for India, since
it is socially equitable (high energy using
consumers pay for solar thus preventing the
incremental costs of solar electricity generation
from being passed on to everyone), economically
viable (avoided consumer tariffs are at par with
solar PV), and environmentally sustainable
(through the use of solar PV, a renewable
resource in the grid-connected mode, thus
avoiding the use of batteries).
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Rooftop PV Systems
Introduction
There is an increasing focus on the development
of solar energy in India for a variety of reasons,
including our limited conventional energy
reserves, their local environmental and social
impacts, energy security, climate change and
energy access. The Jawaharlal Nehru National
Solar Mission (JNNSM) was envisaged as one of
the eight missions under the National Action
Plan for Climate Change (NAPCC). The first phase
of the mission will come to a close by March
2013. A total of 1300 MW (1100 MW gridconnected and 200 MW off-grid) capacity is
targeted for the phase I of the solar mission.
Large MW scale grid-connected projects were
selected on the basis of competitive bidding with
the Central Electricity Regulatory Commission
(CERC) determined feed-in-tariff (FiT) acting as a
ceiling rate. In the last few years, MW scale gridconnected PV electricity tariffs have reduced
dramatically from Rs. 17.91/kWh to as low as Rs.
7.49/kWh, which was the lowest winning bid in
batch 2 of the phase I bidding for PV under the
JNNSM. India presently has an installed capacity
1
of 1030 MW of PV , mostly in the form of large
grid-connected PV plants. In recent years, there
has been a dramatic price drop in solar PV
systems worldwide, with over a 50% drop in only
the last two-three years.2 This in turn has
allowed for a high deployment of PV systems
worldwide, resulting in a cumulative PV capacity
of 69 GW by the end of 2011, and averaging an
annual growth rate of 44.5% over the last 10
3
years. The total new investment in solar power
was to the tune of $147 billion in 2011 alone, an
4
increase of over 50% compared to 2010 levels.
According to most predictions, cost reductions in

PV will continue further, although not at such a
rapid rate. Such price reductions coupled with
the ever increasing price of conventional fossil
fuels, appear to bring the holy grail of PV, gridparity, closer to reality much faster than one
could have predicted. These developments have
led to an increasing interest in RTPV systems as a
self consumption source of power in India.
Rooftop PV (RTPV) systems are PV systems
installed on rooftops of residential, commercial
or industrial premises. The electricity generated
from such systems could either be entirely fed
into the grid at regulated feed-in-tariffs, or used
for self consumption with the net-metering
approach. A net-metering mechanism allows for
a two-way flow of electricity wherein the
consumer is billed only for the ‘net’ electricity
(total consumption – own PV production)
supplied by the DISCOM. Such RTPV systems
could be installed with or without battery
storage, and with one integrated net meter or
two separate meters, one for export to grid and
one for consumption. Irrespective of the
commercial arrangement, RTPV systems offer
several advantages. These include,
•

Savings in transmission and distribution
(T&D) losses

•

Low gestation time

•

No requirement of additional land

•

Improvement of the tail-end grid voltages,
and reduction in system congestion with
higher self consumption of solar electricity

•

Local employment generation

In this brief policy discussion note, we discuss
the need for and advantages of emphasising
rooftop PV with net-metering as a self
1
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consumption power source in India, especially in
large cities. We begin with a short overview of
the global and Indian rooftop PV scene, and then
discuss the challenges of the feed-in-tariff
approach to rooftop PV.

Overview of the global and Indian
experience
The international experience
Japan, USA and Germany were the early leaders
5
in adopting RTPV systems, while Italy, Australia
and China have seen strong growth in recent
times. The European Photovoltaic Industry
Association (EPIA) estimates that 40% of the EU’s
total electricity demand by 2020 could
technically be met by RTPV (1500 GWp
6
producing ~ 1400 TWh). Similarly, a 2008 study
from the National Renewable Energy Laboratory
(NREL), USA estimated that RTPV could
technically generate 819 TWh/yr (through 661
GW), which would roughly be 22% of the total
demand for electricity in the USA in 2006.7
While the FiT route is the norm in Europe, the
net-metering arrangement is more popular in
the USA.
8

Germany and Italy have the highest cumulative
installed PV capacity with 24.6 GW and 12.7 GW
respectively as of 2011. Over 60% of the
capacities in both countries are in the form of
RTPV systems, both in the residential and
commercial segments. In Europe, of a total of
50.6 GW PV capacity, over 50% (26 GW) is in the
rooftop segment.
Until 2010, Germany was the lead global market

2

for solar PV, mainly due to the high FiTs in place.
However, due to over-heating of the German PV
market, higher cuts in the FiTs were being
discussed to limit the growth of PV to
sustainable levels. As per the latest revision to
solar FiTs in Germany, tariffs will be revised on a
monthly basis, and range between 12.71-18.36
eurocents/kWh (depending on the size of the
system) for systems installed in October 2012.
Earlier, there were two types of RTPV FiTs
(depending on whether the electricity was sold
to the public grid or consumed locally). Italy too
has a policy of FiTs guaranteed for 20 years. From
June 2011, tariffs began to be revised on a
monthly basis. Italy also allows for a 30%
premium for rooftop systems if installed in
conjunction with energy efficiency measures.9
For details on the tariff structure, please see the
PV Status Report, 2011.9
Net-metering laws which enable and incentivise
self consumption now exist in at least 14
countries, with Spain and Brazil adopting this
10,11
approach most recently. Net-metering is
popular in the USA12 (43 states have it in place,
but specific rules vary from state to state), and
the Energy Policy Act of 2005 further mandates
all public electricity utilities to make netmetering option available to all their customers.
As of 2010, the USA had about 1.5 lakh netmetering consumers. California has been by far
the leading solar rooftop market in the USA, and
by the end of 2011, had more than 1000 MW of
installed on-site customer generated solar
capacity from 115,000 sites. These are primarily
net-metering consumers (101,284 consumers
13
with 991 MW).
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The Indian experience
Though the solar rooftop segment in India is
relatively nascent, it is developing fast, and has a
strong growth potential. While it is difficult to
accurately estimate the potential for RTPV in
India, recent estimates indicate a potential in the
14,15
range of 20 GW to 100 GW. The JNNSM
mission document refers to both forms of
commercial arrangements for rooftop PV, namely
net-metering and sale to utility through
preferential FiT. Under the mission strategy,
section D on R&D discusses demonstration
plants, namely ‘Grid-connected rooftop PV
systems on selected government buildings and
installations, with net-metering’. It also seeks to
encourage rooftop PV (connected to the LT/11kV
grid) procurement by utilities allowed for
Renewable Purchase Obligation (RPO) fulfillment
at the State Electricity Regulatory Commission
(SERC) determined FiT for the entire metered
generation, whether for self consumption by the
owner or for feeding into the grid. To
operationalise the FiT procurement model,
official guidelines for rooftop PV and the Small
Solar Power Generation Programme (RPSSGP)
were issued on 16th June, 2010. According to the
latest available information, projects with a
capacity of 98 MW have signed PPAs, and those
with a capacity of 82.55 MW have already been
commissioned. However, nearly all of these
projects have come up as ground-mounted small
solar power generators and not as rooftop
projects.16
Reports indicate that the Ministry of New and
Renewable Energy (MNRE) is in the process of
formulating a new rooftop policy based on netmetering, including consideration of a capital
17
subsidy. It might begin with facilitating the

setting of upto 10 MW of rooftop PV which
would be based on the concept of ‘rent-a-roof’,
that is, the owner may rent the roof to the
project developer, who in turn would sell the
electricity to the utility.18

Initiatives in Indian states and cities
West Bengal: The state has initiated a netmetering solar rooftop model promoting self
consumption. Under the WBERC Regulations19,
grid-integrated rooftop PV is allowed only for
institutional consumers like government
departments, academic institutions, etc., with
the system size limited to 2-100 kW. Connectivity
is allowed at Low Voltage or Medium Voltage, or 6
KV or 11 KV, of the distribution system of the
licensee. Solar injection is permitted only upto 90%
of the annual electricity consumption, and the net
energy supplied by the utility would be billed as per
existing slab tariffs, i.e. solar generation would first
offset consumption in the highest tariff slab and
then the lower slab. Additionally, under the recently
passed West Bengal Renewable Energy Policy,
buildings with a certain minimum load will have to
meet some electricity needs through RTPV.20 The
policy targets 16 MW of rooftop and small PV
installations by 2017.
Gujarat: The city of Gandhinagar has initiated a
5 MW rooftop PV programme based on a FiT /
21
sale to utility model. Under this programme, 4
MWs would come up on government buildings,
while 1 MW would be installed on private
homes. Two project developers for 2.5 MW
capacity each have been selected through the
process of reverse competitive bidding (in which
a bidder offering the highest discount from a
ceiling tariff is selected), with the GERC rooftop
tariff of Rs. 12.44/kWh acting as a ceiling. The

3
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local utility, Torrent Power, will purchase the
entire solar power at the discovered price.
‘Torrent Power, a private utility, will buy power
from Azure at 11.21 rupees per kilowatt-hour for
25 years. Azure, in turn, will pass on 3 rupees per
22
kilowatt-hour to rooftop owners'. Thus, the
effective price of solar without the rooftop rent
is only Rs. 8.21/kWh. Given the success of the
Gandhinagar programme, 5 more cities in
Gujarat will also be following the rooftop model,
namely Bhavnagar, Mehsana, Rajkot, Surat and
23
Vadodara. Ahmedabad has started installing
pilot rooftop projects most recently.24 For more
details on this programme, please see21
Karnataka: Under the new Karnataka Renewable
Energy Policy 2009-14, the state seeks to
promote rooftop PV with net-metering. Section
10(v) notes the allowable system size range to be
5-100 kWp, and interconnection at 415 V, 3
phase or 11 kV. Maximum energy injection is
allowed only upto 70% of the customer’s energy
usage from the DISCOM. Further, according to
the policy, ‘any injection in a billing period
exceeding 70% of the consumption will be
treated as inadvertent and will not be considered

for commercial purpose; neither the deficit is
carried forward to next billing period. Such
injection will be settled on Net Basis with the
consumption of the said consumer from the
distribution licensee’s source in each billing
period.’ Section 13(vi) also encourages rooftop
PV with a net-metering facility to feed surplus
power to the grid. According to the policy, the
Solar Karnataka Programme is targeted for 25000
Solar Roof Tops of 5 to 10 kWp with NetMetering, which will be taken up with a 250 MW
potential during the next 5 years with a
generation potential of 350 MU.25 Under the new
Green Energy Fund, rooftop grid-connected solar
projects will be encouraged, and the first pilots
may come up in the cities of Mysore and Hubli26
Dharwad.
Tamil Nadu: Under the recently released state
solar policy-2012, a target of 350 MWs of RTPV
to be installed in three years from 2013-15 has
been approved. 50 MW of RTPV would be
supported through a generation based incentive
(GBI) of Rs. 2/kWh for the first two years, Re.
1/kWh for the next two and Rs. 0.5/kWh for the
subsequent two years will be provided for all

Figure 1: Likely evolution of Rooftop PV prices and consumer tariffs with time
4
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solar installations completed before 31st March
27
2014. For more information on RTPV in Tamil
Nadu please see .28,29
Other states like Rajasthan under its solar policy
201130, Andhra Pradesh, Chattisgarh and Odisha
are also considering rooftop PV policies or
programmes.16 Similarly, some cities are also
going forward with pilot projects.31

The need for a dynamic policy
approach
The PV sector is in a very dynamic phase of its
evolution, considering the rapid changes in
prices and technology development. The policy
approach for such a sector needs to be equally
dynamic and evolving. For example, the public
policy approach for solar PV before and after it
achieves grid parity will have to be different.
Considering the falling prices of PV, the
expectation of a further significant reduction in
32
the years to come on the one hand, and the
rising consumer tariffs on account of higher
prices of fossil fuels on the other, makes for very
interesting policy analysis. The expected trends
for rooftop PV prices and retail consumer tariffs

are depicted in the schematic Figure 1. We have
the downward sloping band representing
rooftop prices varying (within the band at a
particular time) according to location
(insolation), size and profitability expectations.
Also, we have the upward sloping band
representing consumer tariffs varying according
to the type of consumer (residential,
commercial, industrial) and the quantity of
energy consumed. Hence there is not one unique
point of grid parity but a space wherein a certain
category of consumers at specific locations will
achieve parity over time. At present in 2012,
considering the existing consumer tariffs and
current solar costs, we are bordering on entering
this parity space. Policy needs to achieve a fine
balance between promoting RTPV for its societal
and systemic benefits, while at the same time
limiting incremental societal costs and avoiding
windfall gains to developers or particular
consumers. In this dynamic environment, policy
formulation needs to be nimble and flexible to
allow for quick corrections, since the interests
and motivations of various stakeholders in the
time prior to the parity space and after will be
significantly different. Policy formulation needs
to take these critical considerations into account.

Challenges and limitations of the Feed in Tariff (sale to utility)
approach
Some states have recently introduced FiTs
specifically for RTPV. For example, the
Maharashtra Electricity Regulatory Commission
33
(MERC) has fixed a price of Rs. 11.66/kWh for
projects not availing accelerated depreciation,
while the Gujarat Electricity Regulatory

Commission (GERC) has fixed it at Rs.
12.44/kWh.34 The Central Electricity Regulatory
Commission (CERC) too has introduced draft
guidelines on setting tariffs for rooftop PV. 35
There are several concerns with the FiT approach
to RTPV, some of which are listed below:

5
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Higher Monitoring, Verification
(M&V) and governance challenges:
One of the key concerns about the FiT approach
to RTPV is about the DISCOM’s ability to monitor
and verify the process adequately. Weak
metering at the consumer end has been a
perennial challenge for several Indian utilities.
The table below shows the metering status in
Pune urban circles, where losses are relatively
low (Aggregate Technical and Commercial
Efficiency (ATCE) between 81.76-85.96% for April
-May 2012). Close to 11% of meters in the
residential, commercial and industrial consumers
status are faulty, show a zero reading, or average
billing. Such data does not inspire much
confidence in the ability of the utilities to
undertake adequate metering and monitoring of

RTPV systems. This is especially critical, since in
the case of RTPV, the FiT utility will have to pay
such consumers at very attractive rates (over Rs.
10 / unit). In fact, such concerns have led to the
Delhi RTPV policy being shelved. According to a
recent article, "Delhi, which had proposed a
rooftop programme with feed-in tariffs as
incentives, recently said it had given it up,
because of the question 'what if somebody
produces electricity using a diesel genset and
claims higher feed-in tariff meant for solar36
generated power?' ". The FiT could be misused
in other ways too, such as feeding back utility
supply, generation from subsidised fuels, etc.
However, reducing solar prices and increasing
diesel prices may make such a situation very
improbable.

Table 1: Metering status for urban Pune consumers in March 2012
Consumer
Category

Zero
Reading

%

Average
Reading

%

Faulty
Reading

%

Total Zero+
Average+
Faulty

%

Total
Consumers

RESIDENTIAL

69,549

5.4%

38,245

3.0%

25,744

2.0%

133,538

10.4%

1287461

COMMERCIAL

14,833

8.1%

7,921

4.3%

4,342

2.4%

27,096

14.8%

182471

INDUSTRIAL

2,741

10.2%

0

0.0%

12

0.0%

2,753

10.3%

26791

TOTAL :

87,123

5.8%

46,166

3.1%

30,098

2.0%

163,387

10.9%

1496723

Source: MSEDCL, data for Pune urban circles (Ganeshkhind and RastaPeth)

Higher burden on the utility: RTPV
systems are generally small in size and therefore
their cost of electricity per kWh tends to be
slightly higher than large grid-connected MW
scale solar projects. Hence, it makes more sense
for utilities looking to fulfill their RPO mandate to
procure power from large PV projects with lower
tariffs. The higher RTPV tariffs translate to higher
burden on the utilities, whose financial health is
already precarious.

6

Difficulty in estimating appropriate
Feed in Tariffs: Estimating appropriate FiTs
for RTPV is inherently quite difficult given the
paucity of publicly available information, rapid
technological development, the dynamic market
conditions and the information asymmetry. GERC
declared an FiT of Rs 12.44/kWh assuming a total
cost of a rooftop PV system including installation
at Rs 120/W (50% - PV panels & 20% inverters37). To compare with Germany (where
prices have reduced by 65% over the last 6
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years), the 2012 second quarter prices of
systems less than 100 kW were roughly 1.776
38
Euro/W (i.e. Rs. 124.3/W at an exchange rate
of Rs. 70/Euro). While FiTs are based on
estimates of capital costs and other parameters,
the recent selection of two companies under the
competitive reverse bidding route in the
Gandhinagar rooftop programme revealed much
lesser prices in comparison to FiTs. Azure Power
is developing 2.5 MW rooftop projects at their
winning bid of Rs. 11.21/kWh, from which Rs.

3/kWh would be passed on to the rooftop
owner, resulting in a net solar price of Rs.
39
8.21/kWh. Bidding for a 100 kW rooftop
system at the Raipur airport, on 9th April 2012,
discovered a price of Rs.8.87/kWh (levelised with
a discount rate of 10.62%).40 Anecdotal evidence
suggests that RTPV costs have gone down further
and are presently estimated to be about Rs. 8590/W. This underscores why the FiT route is not
appropriate for RTPV.

Rooftop PV approach based on prioritising self consumption
with net-metering
Due to the challenges and limitations mentioned
above, it is desirable to move away from the FiT
route for RTPV, and prioritise the self
consumption of RTPV with net-metering, as has
been the approach in West Bengal. According to
this approach, utilities should allow grid
connection and provide banking facility for RTPV
systems (as is provided for wind power in certain
states), rather than providing any financial
support or FiT. With net-metering, consumers
would install RTPV and first use the solar
generation for their own consumption, and feed
in only excess RTPV generation into the utility
grid. They will continue to draw their power
requirement from the grid as and when needed.
At the end of the billing period, excess RTPV
power fed into the grid will be deducted from
the power supplied by the DISCOM during the
billing period, and the remaining ‘net’
consumption will be charged at normal tariff
slabs. Thus, RTPV power will be used to offset
consumption from the marginal tariff slab for the
consumer. In case the RTPV generation is more
than the total consumption of the consumer

during the billing period, the difference could be
carried forward to the next period within a
certain limit. In this approach, there is no actual
financial transfer from the utility to the
consumer, who is benefitted through an offset of
marginal consumption. Also, normal
consumption of the consumer as well as RTPV
generation would be monitored through
separate meters or special net-meters. Such
measures would reduce the M&V and
governance problems in the case of the self
consumption route for RTPV through netmetering.
The viability of this approach would primarily
depend on the underlying rate structures (tariffs
and energy charges) and the amount of
electricity use.41 As Table 2 below shows, the
RTPV generation cost is already competitive with
consumer tariffs (only considering energy
charges) in several Indian cities, even without
factoring in the tariff increases in the future.
Similarly, this approach would be more viable if
certain new taxes like the service tax on
electricity are taken into consideration.42
7
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Figures 2 : Mumbai Summer and winter load curves and corresponding PV generation profiles

Figures 3 : Mumbai PV generation profiles and corresponding market rates

8
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Figures 4 : Delhi Summer and winter load curves and corresponding PV generation profiles

Figures 5 : Delhi PV generation profiles and corresponding market rates
Source for figures 2-5:Solar generation profiles for Delhi and Mumbai has been simulated assuming
a fixed c-Si system using NREL’s Solar Advisor Model. Load curve data is from respective
State Load Dispatch Centres (SLDCs), and market price data is from India Energy Exchange (IEX).

9
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Table 2: Existing energy charges for residential and commercial consumers in various Indian cities
Consumer
category

Energy charges (Rs./kWh) in major cities
Bengaluru

Hyderabad

Kolkata

Mumbai

Domestic
(High end
consumption)

5.60 (>
200 kWh)

6.75 (301500 kWh);
7.25 (>500
kWh)

7.75 (>
300
kWh)

Commercial

7.20 (> 50
kWh)

7.00 (> 100
kWh)

7.80 (>
300
kWh)

4.40 (Tatapower); 5.3 0
(BEST); 9.16 (Rinfra)
(all > 300 kWh)
5.30 (Tatapower); 6.8 0
(BEST); 10.61 (Rinfra)
(all > 500 kWh)
5.05 (Tata power);
9.80 (BEST); 10.91
(Rinfra)
(all >50 kW)

New Delhi
4.80 (0- 400
kWh);
6.40 (> 400
kWh)

7.92 (300-500
kWh); 8.78 (5001000 kWh);
9.50 (> 1000 kWh)

7.25 – 8.50
(subject to
load demand)

8.38 (0-20 kW;
>200 kWh); 8.44
(20-50 kW); 10.91
(>50 kW)

Source : Compiled from various SERC tariff orders
Consumers with high tariffs and high energy use
would benefit most from installing RTPV. Bill
savings from such avoided costs would
determine the viability of rooftop PV with netmetering. Looking ahead, two reports have
predicted a rooftop market of 2.3 GW by 2016,
43
and between 4-5 GW in 2016-17.
Penetration of air conditioners has increased in
several Indian cities. As a result, load during the
day is increasing (shifting of peak to daytime) in
urban India, and is comparable to evening peak
hours. Also, the summer load is much higher
than monsoon or winter loads. In such a
situation, RTPV is highly suitable to offset peak
load at the consumer end, as the RTPV
generation profile closely matches peak load
times [Figures 2&4] and compares favourably
with times in which average monthly market
exchange prices are high [Figures 3&5]. Also, PV
generation in the summer is 25% higher than
that in the winter, and 50% higher than that in
the monsoon for cities like Pune, which is in line
with seasonal changes in demand in urban areas.
In order to facilitate RTPV systems for self
consumption based on net-metering, the policies
and regulations must co-evolve and provide an
appropriate enabling framework for RTPV
10

Pune
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deployment. MNRE should bring out with a
National Net-Metering Policy for Rooftop PV,
with the primary objective of promoting self
consumption as a priority, and allowing for feedin of excess generation. Some important policyregulatory considerations for such a netmetering approach are discussed below.

Tariff trajectory for high-end
consumption in residential and
commercial sectors: At current levels, RTPV
generation cost is likely to be in the range of Rs.
9-11/kWh depending on the location. Thus, at
the consumer end, the utility supply tariff
(energy charges) above this range would make it
profitable for the consumer to shift to RTPV. The
consumption of a typical Indian household which
does not own an air-conditioner is unlikely to
45
exceed 300 kWh/month. As shown in Table 2,
the energy charges (excluding monthly/fixed
charges) for such high-end consumers (whose
monthly consumption exceeds 300 kWh/month)
are already in the range of Rs. 7-10/kWh for
many cities. For such consumers, offsetting
marginal consumption through RTPV is already
profitable. To facilitate large-scale adoption of
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RTPV for self consumption by high-end
consumers, SERC’s should set the tariff trajectory
for residential and commercial consumers above
300 kWh/month consumption level so as to
make the marginal tariff higher than the RTPV
generation cost, say in a couple of years to avoid
a tariff shock. On the one hand, this will give
clear price signals to consumers, thus facilitating
the deployment of RTPV. On the other hand, if
consumers do not install RTPV, the high tariffs
will support utility finances.

Interconnection and banking facility
with grid: Since RTPV generation is dependent
on solar insolation, it will not always match load,
and some kind of storage would be required to
use RTPV power when needed by consumers.
Such storage, typically in the form of a battery
(which has to be replaced every few years), will
add to the cost of RTPV generation, and will also
increase environmental impacts due to battery
usage. To overcome this, it would be essential to
connect RTPV systems to the grid.
Interconnection with the distribution grid, even
at low voltages, will allow RTPV generation to be
fed into the grid during the high insolation
period, and consumers can draw same amount
of electricity when needed from the grid. Thus,
the grid will act as a battery for RTPV consumers.
This would not adversely affect the utility, at
least until RTPV penetration becomes very
significant, since RTPV generation typically has a
high peak coincidence (see figures 2-5), would
feed in during peak time (i.e. during the high
power purchase rate period), and will draw
power from the grid during peak and off-peak
hours. This will also flatten the utility load curve.
Apart from these two important aspects, we now

discuss other policy design considerations that
need to be streamlined:

Billing cycle, roll-over, minimum size
and electricity credit: It would be prudent
to continue with the existing monthly billing
cycle to avoid confusion. Hence, the consumer
would be billed as per the existing tariff slab on
his net consumption if PV generation is less than
that withdrawn from the DISCOM. However, if PV
generation is higher than overall withdrawal
from the utility (which is probable in summer
months), a roll-over of such monthly credit
should be allowed upto one year. This is essential
to balance out higher generation in the summer,
and to allow system sizing to meet annual energy
needs rather than the peak demand. Further, if
at the end of one year, PV generation is still more
than withdrawal from the grid, a maximum of
say 10% of annual consumption may be allowed
to be carried forward to the next year. This
would take care of yearly variation in insolation
and demand. Any excess electricity fed into the
grid may not be carried forward, and thereby
lapse without any compensation. Minimum
system size could initially be set at 1-2 kW, and
should be decided on technical considerations
from the grid perspective and associated
transaction costs.

Other Incentives: As we have seen from
Table 2, consumer energy charges are already
very close to RTPV prices. With solar PV prices
expected to drop further, RTPV is expected to
achieve grid parity in the near future. Hence,
instead of further subsidising the system cost
through capital subsidies and adding to the
budgetary demand, policy should focus on
11

Prayas Policy Discussion Paper: Solar Rooftop PV in India

removal of procedural hurdles, permitting, and
other barriers, in order to facilitate the quick
adoption and deployment of RTPV systems.
According to Drury, E. et al., “Recent studies have
found that residential customers weigh several
factors in addition to system prices or revenues
when considering a potential investment in PV or
energy efficiency products. Social marketing
studies have found that energy-related decisions
are typically less about motivating customers
than helping customers overcome barriers to
taking actions that are consistent with their
motivations".46 Comprehensive stakeholder
consultation would expedite the understanding
of potential barriers and roadblocks. One
important barrier to overcome could be in the
case of common ownership of a building roof. In
47
such a situation, virtual net-metering as has
48
been tried in California could be thought of.
Another enabling provision could be that of
49
aggregate metering. A pro-active approach
towards creating avenues for low-cost financing
and allowing innovative models of third party
ownership, leasing, renewable energy service
companies (RESCOs), aggregators, etc. can
expedite cost reduction. Policy and regulation
should aid in the development of the RTPV
ecosystem, thereby accelerating the deployment
of RTPV in consumer categories where parity
already exists or will come about very shortly.

Renewable Purchase Obligation
(RPO) and Renewable Energy
Certificate (REC) : Utilities should not be
allowed to claim RPO benefit for rooftop PV
because investments are not done by the utility,
but by individual consumers, and the utility is
not purchasing the electricity. Similarly, the
12

central objective of promoting RTPV based on
net-metering is to incentivise and facilitate self
generation and consumption, thereby avoiding
T&D losses and providing distributed local peak
supply. Similarly, RTPV (for self consumption)
should not qualify for REC. The REC mechanism
was instituted mainly for large grid-connected RE
projects to overcome the geographical resource
variation in states, and is not meant to be an
added incentive as is made out at times. The
solar resource for PV is abundantly available
throughout the country, and hence allowing
RECs for RTPV based on net-metering goes
against the spirit of the REC mechanism.
Additionally, wind fall gains are inevitable if the
REC mechanism is allowed for rooftop PV with
net-metering, as the consumer would offset
energy charges at ~ Rs.8-9/kWh, gain a minimum
REC benefit at Rs.9.3/kWh (floor price until
2016-17), even though the RTPV price would be
~ Rs. 8-10/kWh.50 In general, as a principle, no
additional benefits should be allowed for any RE
generator (for self consumption) whose cost of
generation is lower than the shadow consumer
51
tariff. Hence, REC should not be allowed for
RTPV systems.
Going forward, given the rising costs of
conventional power and the anticipated further
decreases in costs of solar, there is a possibility
of large-scale deployment of solar RTPV in the
future. Hence, each utility should carry out
detailed planning studies for both technical (to
decide on how much RTPV can come up in each
area) and financial reasons (for possible loss of
high paying consumers who might opt for RTPV52,
and the resulting tariff implications for other
consumers). The last issue needs to be studied
comprehensively, since there is the added
pressure on utilities from consumers opting for
open access.
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Rooftop PV for self consumption with net-metering:
Aligning Equity, economic and environmental concerns
The Indian power sector is facing multiple crises,
ranging from financial viability of distribution
utilities to the challenges in ensuring electricity
for all while trying to reduce adverse local socioenvironmental impacts. Such a scenario requires
innovative policies which can help address more
than one crisis. Promoting RTPV for self
consumption is one such policy approach.

Figure 6: Rooftop PV policy, a case
for sustainable development

Rooftop PV
with
Net Metering

Equity: The suggested tariff approach would
only require commercial outfits and households
with high energy consumption owing to AC
usage (consuming > 300 kWh/month) to either
adopt RTPV or pay much higher tariff. This in
turn would free up electricity generated from
precious natural resources (i.e. coal-based
thermal power) for the benefit of the needier
populace, and thereby reduce shortages/load
shedding. If consumers do not shift to RTPV, it
could raise financial resources for utilities, thus
enabling them to absorb the higher cost of fossilfuel based generation for consumers with lower
tariffs. The higher incremental cost of RTPV
electricity would not be passed on to all
consumers, which will make the approach more
equitable.

essentially implies that high-end domestic and
commercial consumers would have to pay a
long-term marginal price for electricity. Such an
approach based on a long-term marginal price is
economically efficient as it forces consumers to
pay the real cost of electricity, and would require
consumers to use electricity more judiciously.
Also, since the investment decisions will be made
by the consumers, this will help avoid many
‘governance’ and ‘agency’ problems of the utility
deciding on behalf of consumers. The netmetering approach will also be economically
efficient as it would not involve any subsidy from
tax payers or rate payers.

Economy: Net-metering is economically viable
for consumers with high levels of energy usage
and high avoided tariffs, and further provides
cost certainty over the lifetime of the project.
Additionally, it is well accepted that current fossil
fuel based power is unsustainable, and in the
long term, a shift to renewable sources is
inevitable. Hence, the suggested approach

Environment :

Since RTPV is a renewable

source of energy, does not require dedicated
land, and saves on precious water use, it is an
environmentally benign option. Further, with
grid interconnection and banking facility, the use
of batteries, which have significant
environmental implications, is also avoided.
13
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Box 1: Indicative potential and incremental cost for rooftop PV in Pune
In the last 5 years, (2007-08 to 2011-12), 27,479,718 m2 of floor space (commercial and residential)
construction took place in Pune. Assuming an average of 8 floors per building, Pune has added new
terrace area of 3,434,965 m2. Further, assuming that 20% of terrace area could be used for RTPV, and
an area requirement of 10m2/kW, RTPV potential in Pune would be 70 MWs from the construction
only in the last 5 years. This is roughly 6-7% of peak load in Pune (~1100 MW).
Air conditioner usage requires roughly 1000 kWh/yr/AC. Given that solar energy generation from an
RTPV system in Pune is estimated at 1530 kWh/kWp/yr, each AC would need a 0.65 kW RTPV system
to offset this energy consumption. Hence, if a house with 1000 sqft area goes for a 0.65 kW RTPV
system, it would incur an additional cost of Rs. 0.55 lakhs (@ Rs 0.85 lakhs/kW), which translates to
an additional Rs. 55/sq ft. Considering a base rate of Rs. 5000/sqft,, this is a 1.1% increase. Thus this
quick calculation shows that cities like Pune which are undergoing large construction have significant
potential for RTPV installations.

The way forward
As Box 1 explains, RTPV has significant potential
to contribute to meeting peak load from urban
areas. To realise this potential, several
government and regulatory agencies will have to
work in coordination. This section discusses
measures which should be undertaken by
different agencies.

Forum of Regulators and State
Electricity Regulatory Commissions
(SERCs): A set of standard rules and
regulations (as far as possible) across the country
would greatly reduce the soft transaction costs
associated with RTPV permitting, and reduce the
gestation time considerably. Additionally, gridconnected RTPV systems with net-metering for
self consumption require interconnection and
banking facility from utilities, and its approval by
state regulatory commissions. Hence, FoR can
recommend standard guidelines (model
regulations, agreements, etc.) for the adoption

14

of RTPV with net-metering. FoR may also
recommend an appropriate tariff trajectory for
commercial and high end residential consumers
to be adopted by SERCs. Similarly, a very clear
and simple institutional structure (simplified
version of the REC accreditation process) with
details of energy accounting, billing, M&V, interconnection, dispute redressal mechanism, etc.
should be specified. The roles and
responsibilities of each stakeholder must be
defined along with appropriate timelines. For all
areas opting for RTPV, detailed 11 kV load data
should be made available in the public domain.
Such an approach would help to bring about
greater transparency and accountability in the
programme.

Ministry of New and Renewable
Energy (MNRE): The Ministry should come
out with a National Net-Metering Policy for
Rooftop PV with the primary objective of
promoting self consumption as a priority, and
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allowing for feed-in of excess generation. The
MNRE’s role will be critical in promoting RTPV
with net-metering for self consumption, and
hence should play a pro-active facilitative role in
the removal of non-tariff barriers. This can
include, through MNRE’s state nodal agencies,
building a supporting ecosystem of technicians,
system integrators, O&M agencies, awareness
and training programmes, and an engagement
with FoR, SERCs and city municipalities. The
MNRE should further commission studies to
assess the solar rooftop potential in India. There
are various methods for assessing rooftop
potential, specifically based on census data, floor
space construction data, etc. However the study
should be based on high resolution GIS data in
combination with solar radiation data to allow
any potential consumer to estimate solar
53
generation on any roof in India. Such solar
rooftop maps are already available for some cities
54
in the west, notably the New York solar map.

Central Electricity Authority (CEA): On
the technical front, the reliable integration of
rooftop PV in the distribution grid is a critical
issue, especially in India, given its weak grid and
frequent brownouts and blackouts due to
persistent shortages. While CEA has finalised
55
their draft grid-interconnection standards for
distributed generators, they still have to be
approved and notified by the MoP. Ground
experience with early pilot RTPV systems suggest
that CEA should bring in further clarity on the
56
definition of the interconnection point , and
should appropriately change their existing

metering regulations to account for rooftop
connections at the distribution grid. An earlier
CEA report details the various types of
configurations and metering arrangements
possible for rooftop PV.57 While RTPV
(distributed generation) is known to improve the
reliability of the distribution grid 58, very high and
quick deployment rates could result in some
problems with the grid.59 All such issues should
be studied by CEA/utilities in the Indian context
prior to large-scale deployment.60

Conclusions
Considering the increasing viability and multiple
benefits of RTPV, this paper argues that a
balanced approach for promoting RTPV would be
to adopt a national policy of ‘net-metering’ to
encourage in-situ generation primarily for self
consumption. Instead of further subsidising
RTPV, we propose that tariffs of commercial and
high-end residential consumers should be
aligned with those of RTPV costs, thereby
incentivising them to shift to solar or pay higher
tariff. Policy should help create an enabling ecosystem for RTPV and focus on the removal of
procedural hurdles and other barriers in order to
facilitate the quick adoption and deployment of
RTPV systems. Finally, we believe that such a netmetering approach to RTPV promotion is ideally
suited for India, since it is socially equitable,
economically viable, and environmentally
sustainable. We hope this discussion paper
would facilitate thorough debate and
appropriate policy actions for promotion of
RTPV.
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While the Jawaharlal Nehru National Solar Mission (JNNSM) opened up the solar
electricity sector in India, the focus has primarily been on large-scale grid-connected
power plants. With the drastic fall in prices of solar photovoltaic (PV) modules and
balance of systems (BOS) on the one hand, and the high and rising tariffs of certain
consumer categories in India on the other, grid-connected solar Rooftop PV (RTPV)
systems are becoming increasingly viable economically and offer multiple benefits. This
paper argues that a balanced approach for promoting RTPV would be to adopt a
national policy of ‘net-metering’ to encourage in-situ generation primarily for self
consumption. Further, instead of subsidizing RTPV, we propose that tariffs of
commercial and high-end residential consumers should be aligned with those of RTPV
costs, thereby incentivising them to shift to solar or pay higher tariff. Policy should help
create an enabling eco-system for RTPV and focus on the removal of procedural hurdles
and other barriers in order to facilitate the quick adoption and deployment of RTPV
systems. Finally, we believe that such a net-metering approach to RTPV promotion is
ideally suited for India, since it is socially equitable, economically viable, and
environmentally sustainable. We hope this discussion paper would facilitate thorough
debate and appropriate policy actions for promotion of RTPV.

