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As a part of NAPCC (National Action Plan for Climate Change), the Government of India
through Ministry of New and Renewable Energy launched the Jawaharlal Nehru National Solar
Mission (JNNSM or National Solar Mission) Phase I which envisioned a target of 22 GW of grid
connected solar capacity by the year 2022. The JNNSM Phase I (2010-13) implementation has
witnessed appreciable growth of solar capacities in India. In addition, several state governments
have declared their own state level solar policies to promote solar generation. As a result, the
installed capacity of solar energy has increased from 2 MW in 2009 to 4229.36 MW by August
2015. The aggressive participation from the private sector in the grid-connected segment under
Phase I of JNNSM has already resulted in lowering of solar tariffs for both the solar thermal and
solar PV projects. In 2014, the new government has scaled up the JNNSM from 22 GW by 2022
to 100 GW by 2022. Under the JNNSM Phase 2, Batch 1, 750 MW allotments has already been
completed. Allocation of Batch 2 is in progress.1
MNRE is executing the ‘Grid Connected Rooftop and Small Solar Power Plants Program’ for
installation of grid connected rooftop solar systems, from 1 kWp to 500 kWp capacity, in
residential, commercial, institutional, and industrial buildings. The scheme has a provision of
Central Financial Assistance of Rs 24 per watt capacity of the system to encourage consumer for
installation of solar rooftop systems.
Apart from promoting the ground mounted solar PV projects, the JNNSM also has a mandate to
encourage the rooftop solar segment. Under Phase I of JNNSM, a separate scheme called
‘Rooftop PV and Small Scale Solar Generation Program (RPSSGP)’ was implemented for
developing solar PV projects with maximum capacity of 2 MW as rooftop or, small scale ground
mounted solar projects. A total of 100 MW capacities of projects under this program were to be
installed and connected at a level below 33 KV and same GBI linked tariff was provided for both
the categories of project. While more than 90 MW of projects have been installed under this
scheme, it is observed that this scheme garnered enthusiastic responses primarily in the groundmounted segment, while it received almost negligible responses in the rooftop segment.
Several cities and towns in the country are experiencing a substantial growth in their peak
electricity demand. With an objective to reduce dependency on diesel gensets (approx. 80 GW),
a scheme to replace them with solar PV is being proposed. Further, in order to utilize the existing
roof space of buildings, the scheme proposes to promote rooftop solar PV systems on buildings
to replace DG gensets installed for minimum load requirement for operation during load
shedding. These loads are generally varying between 25 kW to100 kW.
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1.1 Benefits and Constraints of Solar Rooftop Systems2
Rooftop solar power use is getting popular among commercial, industrial, and residential
consumers as it offers an opportunity to use energy mix with significant favorable MNRE policy
benefits. The benefits are:
On-site generation of power – It helps consumers in two ways – firstly, the consumers can also
avail electricity during grid failure or load shedding; secondly, significant reduction of
transmission and distribution loss is possible.
Utilizing unused rooftop space - Rooftop space is often under-utilized in many houses. A solar
rooftop would derive additional value from the building.
Reasonable cost - Solar power generated from solar rooftop is cheaper than grid power for
commercial and industrial consumers, however, in residential sector the value is still at higher
side due to government subsidy on power for residential consumers. Further, it is much cheaper
than diesel power for all consumers, and offers the added advantage of cost fixing of power for
the next 25 years as cost of solar power generation from the installed rooftop will remain
unchanged throughout.
Improved government policy support – These days MNRE has provided several supports to
consumers for promotion of solar rooftop as it offers green power and reduces pressures from
grid during peak hours. These policies eventually reduce cost of installation solar rooftop plant.
Low maintenance – Once installed, solar plants have no moving parts and are therefore very
reliable, requiring minimal maintenance expenditure during its lifespan.
Reducing emissions – Solar power is considered environmentally sustainable with less noise
and zero emissions.
While the advantages of rooftop solar power are undeniable, some constraints should be
considered as well before installation:



Solar power is generated only during daytime, so power availability during night requires
power back-up which is only available through expensive batteries.
Lack of sufficient flat rooftop space where solar plat can be installed limiting the size of
solar plant and their output.

1.2 Where to Use Solar Rooftops
Solar rooftop can be useful alternatives to conventional power for residential consumers.
Moreover, different commercial and industrial sectors which include banks, academic
institutions, dairy farms, factories, foundries, hospitals, hotels, office buildings, shopping malls,
IT companies, BPOs and warehouses can also be benefitted from solar rooftop power as cost of
solar power is far cheaper than the commercial rate of electricity.
5

1.3 Components of Solar PV systems
Photovoltaic solar system use the sun light to generate electricity and feed this into the main
electricity grid. The maximum recommended solar PV capacity for grid-connected solar PV
systems is therefore a capacity that produces not more than 90% of the annual energy
consumption of the building.3
The grid interactive roof top solar PV system generally comprises the following equipment:
•
•
•
•
•
•
•

SPV Power Source
Mounting Structure
Inverter (PCU)
AC and DC Cables
Earthing equipment /material
Junction Boxes or combiners
Instruments and protection equipments such as meters

While, some are very general type of equipments, others need specialized technical
specifications. Following are a brief account on such important equipments.
A. Modules or Solar panels (SPV Power Source)4
The shadow-free area required for installation of a rooftop solar PV system is about 12 m2 per
kW (kilowatt). This number includes provision for clearances between solar PV array rows.
Solar PV panels/arrays are groups of cells that convert light into electricity. There are two kinds
of modules - crystalline silicon and thin film solar panels. Thin film panels are less efficient than
c-Si based crystalline silicon systems but enjoys a lower thermal coefficient making them more
suitable for warmer areas. Crystalline silicon (c-Si) solar panels are currently the most commonly
used and are 13-19% efficient.
Solar PV modules shall be of the crystalline silicon type, manufactured in India. Detailed
specifications of the solar PV modules are given below (Refer TNERC guidelines):
Type
Origin
Efficiency
Fill factor
Degradation warranty

Module frame
Termination box

Crystalline silicon
Manufactured in India
>= 13%
>= 70%
Panel output (Wp) capacity to be >=90% of design nominal
power after 10 years and >=80% of design nominal power after
25 years.
Non-corrosive and electrolytically compatible with the mounting
structure material.
Thermo-plastic, IP 65, UV resistant
6

Blocking diodes
Module minimum rated
power
RF Identification tag for
each
solar module

Schottky type
The nominal power of a single PV module shall not be less than
74Wp.
Shall be provided inside the module and must be able to
withstand environmental conditions and last the lifetime of the
solar module.

a) Name of the manufacturer of PV Module
b) Name of the Manufacturer of Solar cells
c) Month and year of manufacture (separately for solar cells and
module)
d) Country of origin (separately for solar cells and module)
e) I-V curve for the module
f) Wm, Im, Vm and FF for the module
g) Unique Serial No and Model No of the module
h) Date and year of obtaining IEC PV module qualification
certificate
i) Name of the test lab issuing IEC certificate
j) Other relevant information on traceability of solar cells and
module as per ISO 9000 standard
To
be
given for standard test conditions (STC). I-V curve of the
Power output rating
sample module shall be submitted.
Compliance
with IEC 61215 / IS 14286
IEC 61730 Part 1 and 2
standards and
codes
Salt
Mist
Corrosion As per IEC 61701
Testing
RF Identification tag data

Table 1.1: Specifications of the solar PV modules
Source: http://www.teda.in/pdf/Specification_Grid_Tie_SPV_plant.pdf

Following parameters are to be considered when selecting solar panels:
•
•
•
•
•
•
•
•

Cost of the panels
Solar panel quality
Tolerance
Temperature co-efficient
Conversion efficiency
Durability/warranty from the manufacturers
System sizing and
Certifications issued by competent authority

The PV panels convert the sun light reaching them into DC power. The amount of power they
produce is roughly proportional to the intensity and the angle of the light reaching them. They
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are therefore positioned to take maximum advantage of available sunlight within siting
constraints.
The power generating capacity of PV panels are expressed in Kilowatt peak (solar radiation of
1000 W per m2. Commonly, average power availability is equal to 20% of peak power, so that
each peak kilowatt of solar array output power corresponds to energy production of 4.8 kWh per
day (24 hours x 1 kW x 20% = 4.8 kWh). Solar photovoltaic panels can be developed in various
combinations depending upon the requirements of the voltage and power output.
B. Mounting structures4
Rooftop Mounting can be categorized into three major forms – Flat Roofs, Inclined Roofs and
Car Ports. Each of these has their own set of challenges which requires optimal blend of
standardization and customization. While anchor free and modular mounting structures are
useful for flat or inclined roofs, anchor free mounting is more popular these days due to certain
advantages such as:
•
•
•

Standardization and ease of installation where more than 100kWp can be installed in a day
Modular structures have low ground clearance and space beneath the structure goes nonuseable after installation.
In anchorage structures one finds lot of free space under the modules to use it for inverters
and other storage purposes.

Innovative solar mounting structures
These are explored these days for better solar rooftop energy generation. Axis tracking using
dual solar mounting is one of the latest technologies used these days.
By incorporating a solar tracking system, the solar PV panels arrange itself automatically so that
it experience higher direct solar insolation and generate more output when compared to fixed tilt
solar panels. Single Axis Tracking is a ground mounted system designed to collect solar energy
for the longest period of the day with 20% increase in the energy output for the same size of a
fixed tilt solar plant by 20%. A dual axis tracking system ensures 35% increase in efficiency
compared to fixed tilt solar plant of same PV capacity. However, such tracking systems are
costly and are hardly used in Indian scenario.
Dual solar panel mounting structures: Angle adjustable dual solar panel mounting structures for
ground mount or flat roof mounting applications. The dual roof mount structure is extremely
durable, easily installed and suits most flat roof types. Among other features include the dual
mount panels are portable, light weight, easy to assemble with galvanized steel structure and
most importantly fits multiple manufacturers solar products.
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C. Inverters
The DC power produced through PV panels is fed to inverter for conversion into AC. The output
of the inverter must synchronize automatically its AC output to the exact AC voltage and
frequency of the grid. Inverter Efficiency of 94% is considered in the PV system. The
recommended solar grid inverter capacity in kW shall be in a range of 95% - 110% of the solar
PV array capacity.
For a grid connected solar rooftop system, adequate protection and controls measures are
necessary. Inverter should be provided with islanding protection to isolate it from the grid in case
of no supply, low or high voltage, which reduces cases of accident. In addition, proper fuses
should be connected on inverter input (DC) and output (AC) side to provide overload and short
circuit protection and disconnecting switches to isolate the DC and AC system for maintenances
when required. Grid Interactive Solar Inverter (mix of Central and String Inverters) are generally
used.
The output power from inverter would be fed to the grid connected DG set. The solar power
should be used locally and the generation over and above the requirement would be fed into the
grid.
In case of grid failure, or low or high voltage, solar PV system shall be out of synchronization
and shall be disconnected from the grid, and the DG set gets connected instantly. Once DG set
comes into service, PV system shall again be synchronized with DG supply and load requirement
would be met.
A communication System shall be an integral part of inverter for a demonstration project;
however, for commercially commissioned system such system may be avoided. The
communication system provides a data logging system for performance measurement of the said
PV modules. Daily plotting of graphs for various parameters may be measured and noted:
•
•
•
•
•
•
•
•

Solar system and inverter efficiency through graphs
15 minute, daily, monthly & Annual energy generated by the solar system (kWh)
Solar system and ambient temperature
Solar irradiation/isolation
AC and DC side voltage and currents
DC injection into the grid
Total Current and voltage Harmonics distortion in the AC side
All current values, previous values up to 40 days and the average values of major parameters
shall be available on the digital bus.

Hence, the inverter connected to the PV modules should have the software and controls capable
of operating the complete system and includes the Islanding protection, voltage fluctuation
protection, ground fault /short circuit protection system, communication equipment such as
9

modems, web box etc., DC reverse polarity protection, grid monitoring, protection against
internal faults etc.5
D. Import/Export meter
To enable net-metering through solar rooftop system, the existing service connection meter will
be replaced with a bidirectional meter that displays the import and export energy separately. The
meter is to be installed by the electricity supplier at the entry point of the DG set (incoming
cable) for metering for billing purpose which would also serve the purpose of registering the net
export and import to the grid. A meter would also be installed at the output side of the inverter to
register the energy output from the PV power plant. The meter would registers for electricity
supplied to grid, recording and storing the information at a fixed time interval basis.
E. Charge controllers
The solar cells produce more voltage when sun shines brightly and hence create excessive
voltage that could damage the batteries. A charge controller is used to maintain the proper
charging and stabilize voltage on the batteries. As the input voltage from the solar array rises, the
charge controller regulates the charge to the batteries preventing any overcharging. Modern
multi-stage charge controllers have 3 stage charge cycle that goes like this:
•

•

•

BULK: During the bulk phase of the charge cycle, the voltage gradually rises to 14.4 to 14.6
volts, while the batteries draw maximum current. When Bulk level voltage is reached the
absorption stage begins.
ABSORPTION: During this phase the voltage is maintained at bulk voltage level for a
specified time usually an hour, while the current gradually tapers off as the batteries charge
up.
FLOAT: After the absorption, the voltage is lowered to float level usually 13.4 to 13.7 volts
and the batteries draw a small maintenance current until the next cycle.
F. Batteries

Batteries store energy supplied to them and is used when solar energy is not available. According
to industry executives it has been found that batteries are too expensive for at least two years.
That means home owners who add solar panels to save money on utility bills will continue to
lose electricity during blackouts, even after an 80 percent decline in battery costs over the past
decade. According to a study, battery storage only makes economic sense for large businesses
that get hit with extra fees when their power usage exceeds utility expectations.6
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A rooftop solar PV system could be with or without having grid interaction. Grid connected
systems are comparatively cheaper than the non-grid systems as they do not require complete
battery back-up like non-grid systems.

2.1 Grid-interactive Solar PV rooftop system7
In grid-interactive system, the DC power generated from solar PV panels is converted to AC
power using power conditioning unit and is fed to the grid either of 11 KV three-phase line or, of
220V single-phase line depending on the system installed at institution, commercial
establishment or, residential complex. It used to generate power during the daytime which is
utilized fully by powering the captive loads and feeding excess power to the grid as long as grid
is available. In cases, where solar power is not sufficient due to cloud cover etc. the captive loads
are served by drawing power from the grid.
The grid-interactive rooftop solar PV systems work on ‘net-metering’ basis wherein the
beneficiary pays to the utility on net meter reading basis only. Ideally, grid interactive systems
do not require battery back-up as the grid acts as the back-up for feeding excess solar power and
vice-versa. However, to enhance the performance reliability of the overall systems, a minimum
battery-back of one hour of load capacity is strongly recommended. In grid-interactive systems,
it has, however to be ensured that in case the grid fails, the solar power has to be fully utilized or,
is landed immediately feeding to the grid (if any in excess) so as to safe-guard any grid
person/technician from getting shock (electrocuted) while working on the grid for maintenance
etc.
The net metering based rooftop solar projects facilitates the self-consumption of electricity
generated by the rooftop project and allows for feeding the surplus into the network of the
distribution licensee. The type of ownership structure for installation of such net metering based
rooftop solar systems becomes an important parameter for defining the different rooftop solar
models.
A. Self-owned model - Where rooftop owner also owns the PV system and electricity
generated is consumed at source reducing T&D loss.
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Figure 2.1: Self Owned Model
Source: TERI Report

B. Third party ownership model: In which a developer owns the PV system and also
enters into a lease/commercial arrangement with the rooftop owner

Figure 2.2: Third Party Ownership Model
Source: TERI Report

C. Solar installations owned by Discoms: In this case two different business models are in
operation:
Solar installations owned operated and maintained by the Discom: The Discom may own,
operate and maintain the solar facility and also may opt to sub contract the operation and
maintenance activity. The Discom may recover the cost in the form of suitable tariff. The
electricity generation may also be utilized by Discom for fulfilling the solar renewable purchase
obligation (RPO).
Distribution licensee provides appropriate viability gap funds: The Discom may appoint a 3rd
party to implement the solar facilities on its behalf and provide appropriate funds or viability gap

12

funds for implementing such facility. It may also enter into an agreement with the 3rd party
undertaking the operation and maintenance of the solar facilities.

2.2 Non-grid interactive Solar PV rooftop systems
Non-grid interactive systems ideally require a full load capacity battery power back-up system.
However, with the introduction of advanced load management and power conditioning systems,
and safety mechanisms, it is possible to segregate the day-time loads to be served directly by
solar power without necessarily going through the battery back-up.
As in the previous case of grid-interactive systems, minimum one hour of battery back-up is,
however, strongly recommended for these systems also to enhance the performance reliability of
the systems. The non-grid interactive system with minimum battery back-up is viable only at
places where normal power is not available during daytime. In case the SPV power is to be used
after sunshine hours, it would require full load capacity battery back-up which will increase the
cost of system which may not be economically viable even with support from Government.

13

3.1 Solar Rooftop Potential
Solar PV systems directly convert the energy of the sun into electricity. India is ideally placed to
exploit this energy source with most regions receiving 4-7 kWh/m2/day of solar radiation
depending on location. With 300 sunny days and 3,000 hours of sunshine in a year India receives
the equivalent of 5,000 trillion kWh. The map below shows irradiation levels in different parts of
the country.

Source: http://mnre.gov.in/sec/DNI_Annual.jpg
Figure 3.1: India Solar Resource
Source: Ministry of New and Renewable Energy
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The solar-suitable rooftop space is the unobstructed and shadow-free rooftop area that receives
optimal sunlight for solar power generation. The rooftop potential has been assessed based on the
available technologies such as solar PV panels. Other technologies, such as building-integrated
PV (BIPV) could additionally make walls of buildings available for solar power generation, but
are still too far from commercial viability to be considered.
According to 2011 Census India has 330 million houses8. Out of them about 140 million houses
have proper roof (concrete or asbestos / metal sheet) and 130 million houses are having more
than 2 rooms. Moreover, 1.08 million houses are using solar energy for lighting. According to
the estimate of Solar Energy Corporation of India, average 2-rooms house can accommodate 1-3
kWp of solar PV rooftop system. The large commercial roofs can accommodate larger
capacities. Therefore, as per conservative estimate, about 25000 MW capacities can be
accommodated on roofs of buildings having more than 2 rooms alone if we consider 20% roofs.
This estimate is purely a mathematical estimation which indicates India has substantially large
potential to capture solar power into energy using solar rooftop system.9
For example, according to Bridge to India report, 2014, Delhi has the potential to build around
2.6 GW of solar PV on its rooftops. Delhi’s residential buildings represent 49% of the solar
rooftop potential; however, installation of solar panels is still in nascent stage. Besides, industrial
buildings, government buildings, commercial buildings and public and semi-public facilities
have limited solar rooftop potential. Besides, green stretches, water bodies, historical buildings
and public utilities have been excluded from the analysis.
The total land area of the National Capital Territory is around 1,484 km2 with around 700 km2
of built area. Out of this, the estimated, actually available solar-suitable rooftop space is around
31 km2, which could fit 2,557 MW of solar power.10
It is estimated that the realizable market potential for the rooftop solar PV is around 124 GW,
while gross potential is above 350 GW. This is expected to increase with the development of the
buildings sector with the growth in India’s economy. Currently, Germany has the largest solar
installation of about 30 GW (mostly rooftop systems) while India’s total grid connected solar PV
installation is about 3 GW. The government of India has recently announced a target for
deployment of 100 GW of solar by 2020, which includes 40 GW through decentralized rooftop
solar projects.11
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3.2 Solar Rooftop Installed capacity
The adoption rate for solar is increasing in all three rooftop segments (commercial, industrial and
residential). It is expected that cumulative installed capacity will be 0.5 GW by 2016, with a
growth rate of 33% every year (See Figure 3.2).12

In October 2014, solar rooftop installed
capacity was 285 MW out of which 35.9 MW
of rooftop installations were with MNRE
subsidy and 249.6 MW were without MNRE
subsidy. Amongst all the states, state of
Gujarat has the highest share of rooftop
subsidy having 9.8 MW installed capacity
under MNRE subsidy followed by Punjab and
Tamil Nadu with 7.5 MW and 4.4 MW
respectively (See figure 3.3)

Figure 3.2: Projected cumulative rooftop solar capacity
Source: http://www.bridgetoindia.com/blog/market-projection-forsolar-rooftop-projects-in-india/

(In MW)

.

Figure 3.3: Solar Rooftop Installed capacity under MNRE subsidy
Data Source: www.bridgetoindia.com

Solar Rooftop Installed Capacity
As of May 2014 Solar Rooftop installed capacity in India
was 350 MW cumulative of all three sectors i.e.
commercial, residential and Industrial. Out of this, 130
MW solar rooftops in India have been installed in
residential structures; however 120 MW have been
commercial installations. Amongst all three sectors,
industrial sector has least installation of solar rooftops i.e.
29%. (See figure 3.4)

(Sector wise)

Figure 3.4: Solar Rooftop Installed capacity (Sector wise)
Data source: India Solar Rooftop Map 2015- Bridge to India
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Maharashtra, Tamil Nadu and Gujarat are the leading states in solar rooftoop in India. They
collectively count for more than 100 MW of total solar rooftop installed capacity (See figure
3.5). A report by Bridge-to-India states that Maharashtra rooftop sector is driven by high
commercial and industrial grid tariffs. However, high concentration of industrial consumers in
Tamil Nadu and poor grid power supply act as a major driver for rooftop Solar in the state.13

Figure 3.5: Solar Rooftop Installed Capacity in India
Data Source: www.bridgetoindia.com
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3.3 Solar Rooftop cost analysis
Capital cost of Solar PV
A 100kW solar PV plant without batteries has been used as the basis of comparison with diesel
as that is the maximum up to which the MNRE subsidy is available. Due to the high cost of
battery storage, systems beyond 50 kW typically do not use battery backups, and where used,
very minimal battery backup is employed.

Cost break up of a 100 kW solar captive system – without batteries (grid-tied)
Item
PV modules
Inverters
Balance of System (transformers, cables and
wires, etc.)
Installation (civil & general work)
Total

Rs. (in Lakhs)
31.5 - 33.8
7.7 - 8.3
23.8 - 25.5
6.3 - 6.8
70.0 - 75.0

Table 3.1: Capital cost of a Solar PV system
Source: EAI, 2013

Due to the high cost of battery storage, systems beyond 50 kW typically do not use battery
backups, and where used, very minimal battery backup is employed. Rs 3.5 per kWh is the
ACTUAL cost of solar power from your rooftop
Item
1 KW solar rooftop plant
(excluding battery backup)
1 KW solar rooftop plant
(with Battery backup)

Rs. (in Lakhs)
1.0
1.6

Table 3.2: Installation cost

Case study to explain Solar Rooftop costs14
Let us consider having a rooftop solar power plant. I am considering a grid-tied rooftop solar
power plant, a system that does not have a battery included. Such type of a system requires solar
panels with mounting structure, inverters and the standard electrical cables etc.
Below are the actual costs for putting up a rooftop solar power plant for 1 kW solar power plant.
Breakup
Cost of panels
Cost of mounting structures
Cost of inverter
Miscellaneous parts – cables, combiner box

(Rs/kW)
40,000
12,000
10,000
10,000
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Installation cost and integrator margin

15,000

Table 3.3: Actual costs for 1 KW rooftop solar power plant
Source: http://www.solarmango.com/in/blog/2014/10/28/572/

According to the figures provided above total cost of solar power plant comes out to be less than
Rs 1 lac per kW. It comes to be around Rs 87,000 (approx.:90000). The replacement need for
inverters is once in 25 years which costs Rs 10,000 which makes the capital cost of rooftop to 1
Lac per KW.
Assumed approximate number of units generated by a solar power system in most parts of India
over a period of 25 years.
Year
1-5
6-10
11-15
16-20
21-25
Total number of
units generated
over 25 years

Number of units generated
1,400, total of 7,000 units (100% rated capacity)
1,300, total of 6,500 units (92% rated capacity)
1,200, total of 6,000 units (85% rated capacity)
1,100, total of 5,500 units (78% rated capacity)
1,000, total of 5,000 units (71% rated capacity)
30,000

Table 3.4: Assumed approximate number of units generated by a solar power
system in most parts of India
Source: http://www.solarmango.com/in/blog/2014/10/28/572/

Notes on above Case:







Rated capacities have been mentioned on conservative basis, as good quality solar panels
have little derating, and have much higher rated capacities than mentioned above. A good
quality solar panel at the end of the 25th year will still have over 80% of the rated
capacity.
The price mentioned has also been mentioned on a conservative basis. A good quality
solar power system today can cost even a bit lower than Rs 90,000 per kW, but
conservatively it has been taken as Rs. 90,000 per kW.
Accelerated depreciation benefit has not been considered, though it is well and truly
applicable to solar power plants when used by profitable businesses.
Government subsidies have also not been mentioned in the above figures.
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4.1 Central schemes
Accelerated Depreciation (AD)
Accelerated depreciation of 80% is available under the Income Tax act for rooftop solar PV
systems. This can provide significant savings to a solar plant developer who is a taxable assesse
and has sufficient profits against which the depreciation can be charged. This is illustrated in this
table:
Item
Cost of a 100 kW rooftop solar plant (A)
Accelerated depreciation @80%
Corporate tax rate*
Tax saved through depreciation (B)
Net cost of rooftop solar plant (A)-(B)

Rs.
1,00,000.00
80,000.00
35%
28,000.00
72,000.00

Table 4.1: Tax savings from accelerated depreciation
Note: *Tax rate can vary for different assesses

Grid Connected Rooftop And Small Solar Power Plants Programme (Subsidy)
In this programme the solar rooftop plants from 1.0 kWp to 500 kWp capacities are set up and
ministry has set a target for installation of 100 GW solar power of which 40 GW is to come from
grid connected solar rooftop plants. In this programme CFA of 15% of the benchmark cost will
be provided only to following categories: 15






Residential- All types of residential buildings
Institutional- Schools, health institutions including medical colleges & hospitals,
educational institutions (both public & private), R&D institutions etc.
Government- Both Central & State Governments buildings covering all Government
offices, Government PSUs, all buildings owned by Government directly or by any
Government owned societies, companies, corporations or organizations. All Panchayati
Raj buildings. Government organizations owned systems anywhere including on private,
commercial and industrial organizations will also be eligible.
Social sector- Community centers, welfare homes, old age homes, orphanages, common
service centers, common workshops for artisans o craftsman, facilities for use of
community, any other establishment for common use etc.
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The summary of the subsidy schemeS.
No.

Category

Maximum
capacity

Individuals
applications

2

Individuals for Irrigation, 5 kWp
& community drinking
water applications
100 kWp
Non-commercial/
commercial/industrial
applications
250 kWp
Non-commercial/
commercial/industrial
mini-grids

3

4

for

all 1 kWp

1

GOI Support
System with battery
backup
Rs.51/watt or 30% of
project cost whichever
is less
Rs.51/watt or 30% of
project cost whichever
is less
Rs.51/watt or 30% of
project cost whichever
is less
Rs.90/watt or 30%
whichever is less

System without
battery backup
Rs.30/watt or 30%
of
projectcost
whichever is less
Rs.30/watt or 30%
of project cost
whichever is less
Rs.30/watt or 30%
of project cost
whichever is less
of project cost

Interest
Subsidy
Soft
loans
@5% p.a.
Soft
loans
@5% p.a.
Soft
loans
@5% p.a.*
Soft
loans
@5% p.a.*

Table 4.2: Subsidy scheme summary
Source: http://www.solarmango.com/faq/2#final
*for commercial/ industrial entities either of capital or interest subsidy will be available

Note: 1 The benchmark cost for setting up a solar PV plant is Rs. 170/Wp (With battery providing 6 hours of autonomy) and Rs.
100 per Wp (without battery) i.e. if the actual project cost exceeds this amount then project cost will be deemed to be the benchmark
cost for calculating the subsidy.

Note 2: Benchmark costs are for systems with 5-year warranty for all components (inverters, batteries, switchgear, etc.) other than
PV modules which are warranted for 90% of output at end of year 10 and 80% at end of year 25. PV modules have to be made in
India to avail subsidy.
 Note 3: Capital subsidy is increased to 90% of benchmark cost for special category states (North Eastern states, Sikkim, Jammu &
Kashmir, Himachal Pradesh, and Uttarakhand).

The subsidy calculation is illustrated in this table:
Item

Rs.

Cost of a 1 kW rooftop solar plant with battery 1,60,000.00
backup
1,70,000.00
Benchmark cost
48,000.00
Subsidy @30% of actual cost
1,12,000.00
Net cost after subsidy benefit
Table 4.3: Savings from capital subsidy
Source: http://www.solarmango.com/faq/2#final

Renewable Energy Certificates
RECs are available for rooftop plants of 250 kW or greater capacity. Every 1 MWh (1,000 units)
of energy generated is eligible for 1 REC. These RECs are traded on power exchanges, where
they are sold to organizations that need to satisfy a Renewable Purchase Obligation (typically
utilities).
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Criteria
•
•
•
•
•
•
•
•
•
•

•

The project should have a minimum generating capacity of 250 kW
The power generated should not be sold to any distribution licensee at a preferential tariff
Captive solar power generators should not be
Availing promotional wheeling charges
Availing promotional banking charges
Not receiving any exemption/waiver of electricity taxes or duties
Only grid-connected projects can avail RECs. Off-grid projects are not eligible
The solar project should be accredited with the State Nodal Agency 6 months prior to the
date of commissioning of the project
The solar project should be registered with the Central Agency 3 months prior to the date
of commissioning of the project
The solar generator has to apply to the Central Agency for the RECs based on electricity
generated that is certified by the State Load Despatch Centre (SLDC) through a separate
meter
Issued RECs can be traded only through power exchanges through a closed double-sided
auction

Price of Solar RECs
The price of solar RECs has been fixed within a band of Rs. 9,300 (minimum) and Rs. 13,400
(maximum) per solar REC until FY 2016-17

4.2 State Schemes
Most of the states in India now have a defined solar energy policy which promotes solar energy
deployment throughout India. Besides this, most of the policies facilitating Renewable Energy
also have a section on solar energy. Policies in different states of India facilitating solar rooftop
are listed below:
STATE
Karnataka

Andhra Pradesh

POLICY
Karnataka Solar Policy
2014-2021 16 & 17

Policy on Net
Metering for
Solar Grid
Interactive
Rooftop and

REMARKS
Objectives:
 To add solar generation of minimum 2000 MW by
2021 in a phased manner by creating a favorable
industrial atmosphere
 Solar rooftop target- 250 MW
 Incentive- Tariff of Rs 3.40 per KWh along with
Net Metering facility
 The net energy between export of generated energy
and import of DISCOM energy for a billing month
will be recorded.
 This facility shall be allowed only for 3 phase
service consumers. Single phase consumers are not
22

Small SPV
Power Plants in
the State 18
Punjab

Policy on net metering for
Grid Interactive Roof-Top
Solar Photo Voltaic Power
Plants 19

Manipur

Manipur Grid
Interactive Rooftop Solar
Photo Voltaic (SPV)
Power Policy, 2014 20

Uttar Pradesh

Uttar Pradesh Rooftop
Solar Photovoltaic Power
Plant Policy, 2014 21

eligible for net metering to avoid imbalance in the
phases.

 This Policy shall apply to the distribution licensee
and consumers of distribution licensee of the State
of Punjab.
 The eligible consumer may install the rooftop solar
system under net metering arrangement which;
(a) Shall be within the permissible rated capacity
as defined under this Policy.
(b) Shall be located in the consumer premises.
(c) Shall interconnect and operate safely in parallel
with the distribution licensee network.
 Notwithstanding the provisions of this Policy,
relevant State authorities shall have the right to
undertake rooftop solar projects above 1 Mega
Watt Peak (MWp) capacity through alternative
mechanisms.
 This Policy shall remain applicable unless
repealed or substituted with new Policy.
 The provisions of NRSE Policy 2012 shall also
apply to solar power plants under this Policy.
Objectives:
 To lay a framework for harnessing the ubiquitous
solar energy in the State by utilizing the empty
rooftops of the buildings in the State. This policy is
also a mandate and in synergy with to provisions
of The Electricity Act, 2003
Objectives:
 The State Government introduces the policy with
the following objectives,
 To contribute to solar capacity addition and energy
security
 To optimally utilize the available solar energy
resource in the State
 To encourage development and promotion of
environment benign solar energy generation
contributing to sustainable development
 To enable stakeholders in reducing greenhouse gas
emissions
 To attract private sector participation in solar
energy sector
 To build favorable environment for setting up grid
connected rooftop solar photovoltaic power plants
 To contribute investments in manufacturing,
research & development in solar energy sector
 To enhance skills and create employment
opportunities
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 To contribute to productive utilization of available
sites
 10. To spread environmental awareness amongst
the general public of Uttar Pradesh

West Bengal

 82 MW of solar power through grid-connected
projects and 18 MW of solar power through
rooftop and smaller solar installations are fixed by
2017
 The State will promote private sector investment
and involvement in developing grid-connected RE
units and assist the developers in getting different
incentives for implementation of RE projects.

Policy on Cogeneration
and Generation of
Electricity from
Renewable Sources of
Energy, 2012

Table 4.4: State policies on Solar Rooftop

4.3 The concept of Net Metering
Several state policies mention net metering which is an incentivizing model where excess power
generated by the rooftop plant can be pumped into the grid, and the generator receives a credit
for the number of units supplied to the grid against the number of units received from the grid. In
other words net metering is an agreement that allows the solar PV system owner to sell excess
solar energy to the utility company or buy deficit energy from the utility company using a meter
to track this energy exchange. An estimate calculation of net metering is given below:

Particulars
No. of units
Net units
Grid tariff for power
consumed:
0-100 kWh – Rs. 3.00
100-500 kWh – Rs. 3.75
500-1,000 kWh – Rs. 4.50
>1,000 kWh – Rs. 5.00

Solar power supplied to
grid
100

Grid power
consumed
2,000
1,900
Rs. 8,550

* Numbers are for illustration only
Table 4.5: Estimate calculation of net metering
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In some state policies the energy supplied to the grid is not directly credited against the number
of units consumed from the grid. Instead, another tariff is used to calculate the credit for the
energy supplied to the grid. This is illustrated in this calculation:
Particulars

Solar power supplied to
grid

No. of units
Solar tariff for power supplied to
grid:
Rs. 3/kWh
Grid tariff for power consumed:
0-100 kWh – Rs. 3.00
100-500 kWh – Rs. 3.75
500-1,000 kWh – Rs. 4.50
>1,000 kWh – Rs. 5.00
Total
Net bill amount

100
Rs. 300

Grid
power
consumed
2,000

Rs. 9,050

300

9,050
Rs. 8,750

* Numbers are for illustration only
Table 4.6: Tariff based calculation of the credit

Net metering is a method that allows you to be compensated for solar power that would
otherwise go to waste due to insufficient load. Net metering requires replacing your existing
unidirectional meter with a bidirectional net meter. One of the major advantages of net metering
is that consumers do not need to worry about receiving payment from government/utility as the
compensation is in the form of reduced billing.
As there are many advantages of net-metering, there is a disadvantage of solar power supplied to
the grid under net-metering also. Such power may not necessarily qualify for RECs. For e.g., in
Tamil Nadu such power is not eligible for RECs as it is deemed to qualify for the DISCOM’s
RPO. One of the key points to be noted in net metering is that it depends on policies framed by
governments, so it may vary spatially.
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NATIONAL
CASE 1- 30 Kw Solar Power Plant at Bhatnagar International School, New Delhi22
This is a Grid tied Solar PV System where solar power is used as the first priority. This plant is
synchronized with the Grid and the surplus power generated but not used by the School will be
exported by the School to the Grid via a Net Meter. Specifications of the system are given below:
Installer
Current System Output
Solar Panels
Grid-Tie Inverter
Area Used
Date of Commissioning:
Generation

ASUN
30kWp under Phase I
250w/p X 120
SMA FLX PRO 17TL X 2| SMA
2800 Sqft
30th September, 2015.
4030kW/h per month (+/_ 10%)

CASE 2- 30 Kw Spv Plant At Coral Drugs Pvt. Ltd., Sonipat, Haryana22
It is a Grid tied Solar PV System in which solar power is used as the first priority. This plant
synchronized with the Grid provides an answer to excess load at the manufacturing facility. The
total connected load of the facility is about 300KW's. Specifications of the system are given
below:
Installer
ASUN
Current System Output
30kWp under Phase I
Solar Panels
250w/p X 120
Grid-Tie Inverter
10KW X 3 | SMA
Area Used
2800 Sqft
Date of Commissioning
30th September, 2015.
Generation
4020kW/h per month (+/_ 10%)
CASE 3- 25 Kw Solar Pv System At Tagore International School, Vasant Vihar22
Solar PV system at Tagore International School is Grid tied Solar PV System that provides an
answer to the basic lighting loads of the School Building. The total connected load of the School
is about 125KW's. This Solar System is currently off-setting 1/4thof its monthly electricity bills.
The School will gradually be expanding the System size in a phased manner. Specifications of
the system are given below:
Installer
Current System Output

ASUN
25kWp under Phase I
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Solar Panels
Grid-Tie Inverter
Area Used
Date of Commissioning
Generation

250w/p X 100
25KVA | Refusol
1720 Sq ft.
30th May, 2015.
3100 kW/h per month (+/_ 10%)

CASE 4- 5kw Solar Grid Connected System At Maharani Bagh, New Delhi22
It is a Grid tied Solar PV System that provides an answer to all basic amenities required in the
house generating and consuming the output of up to 5000Watts. The Resident owner is offsetting 30% of its electricity bills for his entire house. Specifications of the system are given
below:
Installer
System Size
Solar Panels
Solar Inverter
Area Used
Date of Commissioning
Generation

ASUN
5kWp
250w/p Jinko Solar
On Grid 5KW Delta Inverter
150Sq ft.
30th April, 2015.
700-750 kW/h per month

CASE 5- 8kw Solar Grid Connected System At Rajouri Garden, New Delhi22
A Grid tied Solar PV System in which solar power is used as the Ist priority. This plant provides
an answer to all basic amenities required in the house generating and consuming the output of up
to 8000 Watts per hour. The Resident owner is off-setting 60% of its electricity bills for his
entire house. Specifications of the system are given below:
Installer
System Size
Solar Panels
Solar Inverter
Area Used
Date of Commissioning
Generation

ASUN
8 kWp
230w/p X 35 Canadian
Solar
On Grid 8 KW Delta
Inverter
380 Sq ft.
15th June, 2015.
950-1200 kW/h per month

CASE 6- 10kw Solar Hybrid System In Saharanpur22
A Hybrid SPV Plant with up to 4 hours of power back up for a residential building in
Saharanpur, UP. This plant provides independent power (mainly the lighting loads) to one entire
building which has three households. The battery bank is designed to provide a back-up of up to
4 hours the System automatically takes the balance power required from the Grid during long
electrical failures. Specifications of the system are given below:
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Installer
System Size
Solar Panels
Battery back up
Date of Commissioning
Generation

ASUN
10 kWp
250w/p X 40 Panels
Upto 4 hours
5thJanurary, 2015
1510 Electrical Units/Month

INTERNATIONAL
CASE 1- Tecta Solar Case Study23
Tecta designed this system to feature ET Solar polycrystalline modules on ballasted Ecolibrium
EcoFoot2™ racking at a five-degree angle. Tecta carefully selected the Ecolibrium’s
EcoFoot2™ racking system due to its stability and installation simplicity on challenging
rooftops. This net-metered system ties into two Advanced Energy 333kW inverters and produces
approximately 94% of the tenant’s annual usage. During months when the system produces more
energy than the building consumes, excess energy production rolls forward as a credit on the
tenant’s utility bill. Project Details are given below:
Installer
Location
Project Size
System size

Tecta Solar
3100 Viona building, Baltimore, MD
3,472 modules,
798.56kW

CASE 2- Solect Energy- Roxbury Latin School 24
Solect Energy designed and installed a 140kW ballasted rooftop system using EcoFoot2™ from
Ecolibrium Solar. EcoFoot2™ was selected after a thorough review of solar panel mounting
systems. Its smart design features integrated grounding and built-in wire management. Its sturdy
ASA resin composition offers ease of use, form efficiency, and tremendous durability along with
simplicity. The cost effectiveness and simple solar mounting process made it an easy choice for a
high-profile project on an historic campus. Project Details are given below:
Installer
Location
Project Size:

Solect Energy
Roxbury Latin School, West Roxbury,
MA
140kW rooftop system

CASE 3- Emerson Solar Power System Installation in St. Louis, Mo25
This 7,800 square foot grid-tied rooftop installation includes more than 550 black-frame blackbackground solar panels, and is the largest solar array in the state of Missouri. It will supply
about 16 percent of the data center’s power requirements. System Specifications are given
below:
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Installer
System Power
Total Area
PV Array
Solar Inverter

Alpha Energy
100kW
7800 square feet
(550) black-frame, black-background modules
DC to AC photovoltaic inverter

CASE 4- SCTE Headquarters Installation in Philadelphia, PA26
This is a Grid tied solar power system. Alpha Energy’s ballasted rooftop solar system uses zero
roof penetrations to secure the solar array, minimizing cost and preserving the rooftop integrity
for this critical load backup installation. Utilizing high efficiency Sharp 240W mono-crystalline
photovoltaic modules and OutBack FX Series inverters, the sub-array design allows fault
tolerance and future expansion capabilities, and boasts a 95.5% CEC weighted efficiency.
System Specifications are given below:
Installer
System Power
PV Array
Solar Inverters

Alpha Energy
17.04kW DC, (2) 88kW DC
(48) SHARP 235W and (36) SHARP 240W mono-crystalline modules
OutBack FLEXpower ONE system (FX inverter/charger, FLEXmax
Series charge controller and MATE3 system display and communications)
Combiners
AC combiner chosen for future expansion capability
Racking
2V X12 Schletter ballasted racking system (3½ racking blocks)
Data Monitoring Portable web monitoring, data logging, weather monitoring and autoSoftware
alerts
CASE 5- Whitman College Solar Installation in Walla Walla, WA27
The 2,500 square foot grid tied solar power rooftop installation includes 120 photovoltaic panels,
and is the largest solar array in Wall Walla County and in the Washington territories or Pacific
Power & Light (PPL) Company. The system will generate an estimated 25,000kWhs annually,
which is roughly the amount required to power 3 homes. The resulting CO2 offset of 33,725lbs
is equivalent to preventing the emissions of more than 3 cars. System Specifications are given
below:
Installer
System Power
Total Area
PV Array
Solar Inverter
Data Monitoring
Software
Warranty

Alpha Energy
21kW
2500 square feet
(120) 175W modules
(3) 7000W inverters
Portable web monitoring, data logging, production monitoring and
weather monitoring
1/20/25 module warranty, 10 year inverter warranty, 10 year racking
warrant
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