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Supply Infrastructure

9
Chapter 

The existence of an adequate supply infrastructure is a prerequisite for a sustained uptake of the small solar 
photovoltaic (PV) sector. Poor workmanship due to a lack of a trained workforce and a lack of quality products can 
potentially stall expansion of the PV market.  

The solar power sector, particularly the rooftop PV sector, has significant potential for job creation, which will 
require the training of a skilled workforce. With the rooftop solar PV market being relatively new and having its 
own specific skill requirements, there is a need for well-trained workers with the required skill set. Various training 
institutes offer a variety of courses, a summary of which is presented in this chapter. 

9.1 Training Institutes and Survey of Courses Offered
A screening of the market is carried out in this study to understand the institutes that offer training on solar rooftop 
PV, the contents of the training, the target audience, the duration of the training, and the training cost. 

In addition to the market screening, a survey of the courses offered by the training institutes has been conducted,  
and sent via email. The training institutes were asked to fill out a table with information pertinent to their courses. 
The table included, among other information, the number of participants already trained by them and the feedback 
received from the trainees. Many training institutes took part in the survey and provided the information. A summary 
of these training institutes, the courses offered by them, and the results of the survey are as follows.

9.1.1 National Institute of Solar Energy (NISE)—Solar Energy Training Network 
(SETNET)

The National Institute of Solar Energy (NISE) under the Ministry of New and Renewable Energy (MNRE) has 
established the Solar Energy Training Network (SETNET) with the aim of providing skilled labour to work towards 
the highly ambitious targets for rooftop grid connected and off-grid solar PV plants. SETNET has been developed in 
collaboration with the United States Agency for International Development (USAID) under the US–India Partnership 
to Accelerate Clean Energy Deployment technical assistance (PACE-D Program).

A standardized curriculum will be developed under the SETNET programme, which will be used by all of its 
members. The trainers of SETNET will also be accredited. These procedures will help to fulfil the programmes aim 
to build skills and capacities amongst solar energy professionals. The SETNET curriculum includes not only rooftop 
grid connected projects but also off-grid, micro-grid, rooftop solar, stand-alone systems and high technology areas 
such as solar process interventions. Four types of training programmes have been identified and development of 
the curricula has been started for a few programmes. An overview of the SETNET training programmes is given in 
Table 9.1.
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Table 9.1: Overview of the four major courses developed at SETNET

Course name Aryabhatt Certificate 
for Project Managers

Konark 
Graduate 
Engineer 
Certificate

Bhaskar Business

Certificate

Suryan Installation, 
Operation 
Management 
Professional

Content of the training Design (rooftop to 
UMPP), Solar Project 
Management 

Basic solar 
engineering and 
management

Business  and 
technical courses

Rooftop; heater; micro-
grid; house hold 
applications; street-light, 
and charging stations

Target profile Senior design engineers Graduate 
engineers

Entrepreneurs Diploma/ITI Graduates

No. of trainees estimated 3,000 (market mode) 10,000 (market 
mode)

10,000 (market 
mode)

400,000 (mix of 
sponsored and market 
mode)

Course fees INR 10,000 INR 10,000 INR 10,000 INR 8,000

Course duration 30 days (120 h) 30 days (120 h) 30 days (120 h) 20 days (90h)

No. of professionals 
already trained

Few hundreds are 
already trained

Aryabhatta Certificate (for high level designers)
This course is intended for engineers who already have some experience in the solar sector. The aim of this course 
is to enable the participants to effectively plan, design, and operate solar power systems for a range of project sizes, 
from rooftop systems to ultra-megawatts solar power plants.

Konark (graduate engineer course)
This course is meant for engineers who seek employment as solar engineers.

Suryan (for solar field technicians)
The Suryan Programme is intended for participants dealing with home lighting system, rooftop solar, street lighting, 
solar water heaters, inverters and batteries, charging stations, and solar cookers.

Bhaskar (for business/financial programmes)
Bhaskar provides training in several different areas including policy and regulation, business models, finance, 
appraising solar projects supply chain management, solar entrepreneurship development, and micro finance. There 
are three Bhaskar course programmes under the Bhaskar certificate:

�� The Bhaskar Course I is titled “Rooftop Solar PV Technology, Design, Engineering, and Energy Yield Assessment” 
and is aimed at new entrepreneurs, Engineering, Procurement and Construction (EPC) contractors, project 
developers, officials from state government and research students.

�� The Bhaskar Course II  is titled “Best Practices: Procurement and Tendering Procedures” and is designed for 
officials from State Governments, state nodal agencies (SNAs), corporates, banks, co-operative societies, and 
municipal bodies.

�� The Bhaskar Course III under the name “Grid Integrated Rooftop Solar PV Technology and Design” is intended 
for new entrepreneurs, EPC contractors, project developers, officials from State Government, SNAs, PSUs, and 
research students and distribution companies.

A detailed list of training institutes under the SETNET programme is given in Annexure A9.1
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9.1.2 NISE—Suryamitra
NISE is organizing ‘Suryamitra’ skill development programmes, in collaboration with state nodal agencies at 
various locations around the country. The duration of this skill development programme is 600 hours. It is a free 
of cost programme sponsored by the MNRE and is suitable for candidates. The candidate must be of graduate 
grade (cleared class XII) and not below 18 years of age. Candidates with an ITI, Diploma in Electrical, Mechanical, 
and Electronics shall be given preference. Candidates with an electrician certificate and relevant experience shall 
also be given preference. Special emphasis will be given to people from a rural background, unemployed youth, 
women, and SC/ST candidates.

Persons with higher qualifications such as a degree (in any discipline) are not eligible for this Programme.
Upon successful completion of the course, a certificate will be issued. The Suryamitra Programme is also 

designed to prepare the candidate for an entrepreneurial career in the solar energy sector. 

9.1.3 Gujarat Energy Research and Management Institute (GERMI)
The Gujarat Energy Research and Management Institute (GERMI) is promoted by the Gujarat State Petroleum 
Corporation Ltd, an undertaking of the Gujarat Government. GERMI, located in the capital of Gujarat, Gandhinagar 
has provided training in the field of solar power plants since 2011. GERMI offers a comprehensive technical 
workshop for design and O&M engineers working in the field of solar PV energy. The details of the training 
workshop are as follows (Table 9.2):

Table 9.2: Overview of the course offered at GERMI

Course name Solar PV power plant design , installation, and its O&M
Contents Hands on, 

software design, 
theory lectures, and 
practical session 

Target profile Engineers, 
start-ups organization,
project manager, 
owner of the organization,
entrepreneurs

Course duration 	   
(hours / days)

5/6 days. 7 hours /day 

Fees (INR) Rs48,000 (plus tax)

Number of professionals already trained More than 500 

9.1.4 Global Sustainable Energy Solutions (GSES)
Global Sustainable Energy Solutions (GSES) is a private limited company based out of Delhi, India, and provides 
consultancy services and training related to solar PV power plants. GSES is an industry leader in accredited solar 
training for the safe design and installation of grid connected SPV systems. GSES offers solar training and renewable 
energy courses to cater for a broad range of clients. (Table 9.3).
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9.1.4 Arbutus/University of Pune
Arbutus Consultants, in cooperation with the University of Pune, offer training courses on solar power plant design, 
installation, and O&M. Theoretical lectures are coupled with practical hands on experience in the training courses. 
The details of the course at Arbutus are given in Table 9.4:

Table 9.4: Overview of the course offered at Arbutus/University of Pune

Course name Various courses have been completed; presently conducting 100 hours Certificate 
Course In Design, Installation, and Commissioning of Solar PV System 

Contents Overview of industry and systems 
Principles and technologies
Design of grid-connected systems 
Case study of grid-connected systems design and case study of off-grid systems installation, 
commissioning and engineering practices 
Project management 
Experiments- on roof top PV system entrepreneur awareness 
Group discussion 
Site visit to large scale solar power plant 

Target profile * Diploma/ITI pass—Installers/supervisors
* Engineers—Design graduates of PV plants/supervisors
* Project managers—Project due diligence and project management
* Entrepreneurs—Project appraisal

Course duration (hours) 100 hrs.

Fees Rs 29,000

Number of professionals 
already trained

Under present course—40; Overall – 400+ 

9.1.5 Steinbeis Academy
Steinbeis Academy for Advanced Technology Training and Entrepreneurship, a Network Centre of Steinbeis 
Foundation, Germany, provides training in the areas of renewable energy, solar PV, automotive, machine tools, 
automation, and robotics (Table 9.5). 

Table 9.3: Overview of the course offered at GSES.

Course name Professional advantage

Technical advantage

Business advantage
Target profile Engineers 

Project managers 
Entrepreneurs 
Project developers 
Consultants
Engineering students pursuing renewable energy courses

Course duration  
(hours / days)

Professional advantage: 3–6 months
Technical advantage: 3–5 days
Business advantage: 2–3 days

Fees (INR) Rs15000–35000

Number of professionals already trained About 500
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Table 9.5: Overview of the course offered at Steinbeis Academy

Entry level Project engineers Technical executives Project managers
Entry level + Additional practical subject + Techno-commercial level + Commercial level + on- 

site projects

Basic knowledge on 
installation, functioning, 
commissioning, and 
maintenance

Solar rooftop installation 
process, safety precautions, 
domestic power estimation

Technical training and 
practical information, 
business practice tactics 
industry

Technical training and 
practical information, 
complete exposure on  
on-site projects

9.1.6 National Centre for Photovoltaic Research and Education (NCPRE)
The National Centre for Photovoltaic Research and Education (NCPRE) at IIT Bombay was launched in 2010 as 
a part of the Jawaharlal Nehru National Solar Mission of the Government of India. Various short-term courses 
consisting of two to three days of training and long-term courses consisting of ten days of training are being carried 
out at NCPRE. 

9.2 Standards and Codes Relevant for Rooftop PV in India
This section discusses the various technical codes relevant for rooftop solar PV in India. 

9.2.1 Central Electricity Authority (CEA) Code
The Central Electricity Authority (CEA) of India is the national agency that determines the technical regulations 
within the country for grid-connected solar rooftop PV systems. The technical and safety requirements for rooftop 
solar PV generation are outlined in the following CEA regulations/guidelines:

�� Technical Standards for Connectivity of the Distributed Generation Resources’ Regulations, 2013

�� Installation and Operation of Meters’ Regulation 2006 (draft amendment in 2013 includes distributed solar 
generation) that regulates metering standards.

�� Measures of Safety and Electricity Supply Regulations, 2010’ govern safety for generators.

‘Technical Standards for Connectivity of the Distributed Generation Resources’ Regulations, 2013, are applicable 
to any solar system that is connected at voltage level below 33 kV. The roles and responsibilities of the developer/
system owner and the distribution company are defined in the CEA regulations (Table 9.6) and cover areas including 
the equipment standards and codes of practice for safety, and the system requirements for safe voltage, frequency, 
and harmonics. 

�� Voltage band: To ensure that the PV system remains connected to the grid when it is beneficial for the operation 
of the grid and disconnects when system connection is detrimental to the grid, voltage–time operating bands 
are defined in the CEA regulations. If the voltage of the grid exceeds or falls below the operational range of 
80–110 per cent of the nominal voltage, the rooftop solar PV power plant should be disconnected from the grid 
in 2 seconds according to the CEA regulations. Reconnection with the grid is allowed only when the voltage 
falls within the prescribed limits and is stable for 60 seconds.

�� Frequency band: If the grid frequency deviates from the standard frequency of 50 Hz, that is, reaches  
50.5 Hz or 49.5 Hz, the rooftop solar PV system should be disconnected from the grid within 0.2 seconds. As 
a result, the rooftop solar PV system has to be equipped with protective functions for over and under frequency 
trip functions. As with voltage, reconnection to the grid is only allowed when the frequency falls within the 
prescribed limits and is stable for 60 seconds.

�� Harmonics: CEA follows the Institute of Electrical and Electronics Engineers (IEEE) 519 standard on harmonics. 
The limitations for current and voltage harmonic contaminations through individual harmonic limits and 
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total harmonic distortion (THD) limits are defined in IEEE 519. The voltage distortion limit established by the 
standard for general systems is 5 per cent THD. In this standard, the total demand distortion (TDD) is used as 
the base number to which the limits are applied. There are specific limits mentioned for various harmonics for 
different TDD values. 

�� Flicker: CEA follows IEC 61000-3-3,-3-11 standards to control flicker. The standards state that

�� The perception of light flicker in the short term, observed over 10-minute intervals (Pst) value shall not be 
greater than 1.

�� The perception of light flicker in the long term, observed over 2 hours of 12 Pst samples (Plt) value shall 
not be greater than 0.65. P is the number of voltage changes per minute versus the percentage of voltage 
change.

�� DC injection in AC grid: The CEA regulated current DC injection limit is in line with the IEEE 1547 standard, 
wherein the maximum permissible level of DC injection is 0.5 per cent of the full rated output at the 
interconnection point.

�� Anti-islanding: The CEA mandates prevention of unintentional islands in all inverters according to ‘Technical 
Standards for Connectivity of the Distributed Generation Resources’, 2013. The MNRE currently mandates the 
UL1741 68 / IEEE1547 for anti- islanding protection for utility scale projects commissioned under the National 
Solar Mission. 

Table 9.6: Overview of codes and standards

Parameter Code/Standard
Voltage band
Frequency

V < 80% (<2 s) and V > 110% (<2 s)
f ≥ 50.5 Hz (0.2 s) and f < 49.5 Hz (0.2s)

Harmonics IEEE 519

Flicker IEC 61000-3-3 and IEC 61000-3-11

DC Injection <0.5% of full rated output current

Anti-islanding UL1741/ IEEE1547

A comparison is made between the technical requirements for rooftop solar PV laid out by CEA with those in 
countries which have a large amount of distributed solar PV generation, such as Germany, the USA, and Australia. 
A comparison of voltage and frequency limits between countries is given in Table 9.7. 

Table 9.7: Comparison of voltage and frequency limits for different countries

Parameter CEA/India Germany USA Australia
Voltage V < 80% (<2 s)

V > 110% (<2 s)
V < 80% (<0.1 s) 

V > 110% (<0.1 s)
for low voltage, 
<0.15 s to 1.5 s 

for medium voltage

V <50% (≤0.16 s) 
50% ≤ V < 88% (≤2 s) 

110% < V < 120% (≤1 s) 
V ≥ 120% (0.16 s)

V < 216 V (-) 
V > 253 V(<3 s) 

as per 
AS 60038 81

Frequency f ≥ 50.5 Hz (0.2s)
f < 47.5 Hz (0.2s)

47.5 Hz < f < 50.2Hz 
50.2 Hz < f < 51.5Hz 

[droop function]

f > 60.5 Hz or f < 59.3 
Hz (≤0.16 s) 

[DER ≤ 30 kW] 
f > 60.5 Hz or

f < 57.0 Hz (≤0.16 s) 
[DER > 30 kW]

f > 55Hz (<2 s) f 
< 45Hz (<2 s)

From Table 9.7, it can be seen that the technical requirements laid out by the CEA for rooftop solar PV power plants 
are comparable with other international practices for the proper functionality of the rooftop PV systems. 
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9.2.2 Metering Arrangement
The technical requirements of meters are laid out by the CEA through the regulation ‘Installation and Operation of 
Meters, 2006’, which was amended in 2013 to include renewable energy meters for distributed solar generation. 
The standards mentioned in the regulation are:

�� IS 13779 is applicable to static Watt-hour meters of class 1 and 2.

�� IS 14697 provides the standards for static transformer operated Watt-hour and VAR- hour meters, of accuracy 
class 0.2 S and 0.5 S.

Since meters have different accuracy classes, the CEA in its amendment of the regulation (installation and operation 
of meters) in 2010 specifies the accuracy class for different voltage levels:

�� ≤ 650 V—class 1.0 or better

�� 650 V and ≤ 33 kV—class 0.5 S or better
These standards are equivalent to the IEC 62052-11 and 62053-21/22 standards. The metering arrangements in 
various countries are shown in Table 9.8. It is clear that the accuracy of the meters required by the CEA regulation 
is consistent with international standards. 

Table 9.8 Comparison of metering arrangements for different countries

Voltage connection CEA Germany USA
No. of meters 2 1 1/2

Type of meters Not specified Bi-directional Bi-directional/2 meters

Metering arrangement Net-metering FiT FiT

Accuracy class 650 V–class 1 or better
>650 V and  ≤33kW – class 

0.5S

<1 kV – class 1
>1 kV <72.5 kV – class 0.5S

0.2 S & 0.5S

FiT=Feed in Tariff.

However, for metering arrangements that have either a single net-meter or two meters consisting of one generation 
meter and one load meter, the regulations are not adequate when compared to other countries. Most of the 
countries use bi-directional net-meters, which simplify the installation, O&M, and processing of energy produced, 
billing, etc. Moreover the requirements related to the metering arrangement are different to state policies from 
several Indian states, which do not conform to the CEA regulations. This is mainly due to the limited availability 
of bi-directional net meters in India. 

9.2.3 Interconnectivity
The voltage level at which the distributed energy generation systems should feed the power generated into the grid, 
(interconnection voltage) depends on the size of the rooftop solar PV plant. The CEA regulation that governs this is 
the ‘Report of subgroup-I Grid interactive Rooftop solar PV system’. According to this regulation, rooftop solar PV 
plants smaller than 10 kW can feed at 230 V single phase line, whereas plants greater than 10 kW and less than 100 
kW should feed at 415 V three phase line. For rooftop solar PV plants greater than 100 kW and less than 1,500 kW, 
the inter-connection should be at 11 kV 3-phase line, whereas for plants greater than 1,500 kW the interconnection 
should be either at 11kV or at 33 kV or at 66 kV 3-phase line. 

As with the net metering arrangement, the interconnection voltage requirement varies from one state to another, 
mostly guided by the respective state solar net metering policies. A summary of the interconnection voltage level 
for different rooftop solar PV sizes in three states is given in Table 9.9. However, this difference doesn’t affect the 
implementation of rooftop solar PV power plants.
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Table 9.9 Interconnection voltage requirements for different PV sizes

Voltage connection System Size Voltage level
CEA 
Report of subgroup-I 
Grid interactive 
Rooftop solar PV system 

< 10 kW
> 10 kW < 100 kW

> 100 kW < 1500 kW
> 1500 kW

230 V, 1 Phase, L.T.
415 V, 3 Phase, L.T.
11 kV, 3 Phase, H.T.

11 kV/33 kV/66 kV, 3 Phase, H.T.

Delhi < 10 kW
> 10kW < 100 kW

>100 kW

240 V, 1 Phase, L.T./ 
415 V, 3 Phase, L.T.
415 V, 3 Phase, L.T.

H.T./E.H.T.

Gujarat < 6 kW
> 6 kW < 100 kW

> 100 kW

240 V, 1 Phase, L.T.
415 V, 3 Phase, L.T.
11 kV, 3 Phase, H.T.

Tamil Nadu <4 kW
> 4kW < 112 kW

>112 kW

240 V, 1 Phase, L.T./ 
415 V, 3 Phase, L.T.
415 V, 3 Phase, L.T-

H.T./E.H.T.

9.3 Building Code 
9.3.1 Earthquake Resistant Structures
In India, about 57 per cent area is in a highly seismically active zone, including Delhi, the capital of the country. 
Engineering intervention in buildings and structures is needed to make them strong enough to withstand the impact 
of earthquake. 

The Bureau of Indian Standards has produced a number of national standards in the field of design and 
construction of earthquake resistant structures. A brief description of Indian Standards in the area of mitigation of 
natural hazard of earthquake that are relevant to the design of buildings with rooftop solar PV is provided. There 
are mainly three relevant codes as follows: 

�� IS 1893:1984: Criteria for Earthquake Resistant Design of Structures

�� IS 1893(Part 1): 2002 ‘General Provisions and Buildings’

�� IS 1893(Part 4): 2005 ‘Industrial Structures Including Stack Like Structures’

�� IS 4326: 1993 ‘Earthquake Resistant Design and Construction of Buildings - Code of Practice’

�� IS 1893 (Part 1): 2002: Criteria for Earthquake Resistant Design of Structures ‘General Provisions and Buildings’

This standard contains provisions that are general in nature and applicable to all structures and is relevant to 
the design of commercial and residential buildings. It also contains provisions that are specific only to buildings. 
It covers general principles and design criteria, combinations, design spectrum, the main attributes of buildings, 
dynamic analysis, as well as a seismic zoning map and seismic coefficients of important towns, map showing 
epicentres, map showing tectonic features, and lithological map of India (Figure 9.1).

IS 1893(Part 4): 2005 ‘Industrial Structures Including Stack Like Structures’
This standard deals with earthquake resistant design of the industrial structures (plant and auxiliary structures), 
including stack-like structures such as process industries, power plants, textile industries, off-shore structures, and 
marine/port/harbour structures.

In addition to the above, stack-like structures covered by this standard include transmission and communication 
towers, chimneys, and silos (including parabolic silos). This standard specifies design requirements for structures 
standing on rocks or soils, which do not settle, liquefy, or slide due to loss of strength during vibrations.

The design approach adopted in this standard is to ensure that
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�� Structures possess sufficient strength to withstand minor earthquakes (Design Basis Earthquake [DBE]) that 
occur frequently, without damage; 

�� Structures resist moderate earthquakes (DBE) without significant structural damage though some non-structural 
damage may occur; and

�� Structures withstand a major earthquake (MCE) without collapse.

IS 4326: 1993 ‘Earthquake Resistant Design and Construction of Buildings - Code of Practice’
This standard provides guidance in selection of materials, special features of design, and construction for 
earthquake-resistant buildings including masonry construction, timber construction, prefabricated construction, 
etc. In this standard, it is intended to cover the specified features of design and construction for earthquake 
resistance of buildings of conventional types. The general principles to be observed in the construction of such 
earthquake-resistant buildings as specified in this standard are lightness, continuity of construction, avoiding the 
use of or reinforcing projecting and suspended parts, building configuration, strength in various directions, stable 
foundations, ductility of structure, connection to non-structural parts, and fire safety of structures. 

Special construction of features has been elaborated in this standard, such as separation of adjoining structures, 
crumple sections, foundation design, roofs and floors, and staircases. 

9.3.2  Wind Load on Rooftop Structures
Wind loading on the rooftop solar PV power plant must be considered in the design of the mounting structures. 
In all the solar rooftop policies released by various Indian states, there is no reference to any requirement of 
wind loading on the rooftop structures and its effect on the floor of the building. The standard, “IS: 875(Part 3): 
Wind Loads on Buildings and Structures”, provides guidelines for the design of rooftop structures by taking into 
consideration the load due to wind. The main parameters that should be included in the design of the rooftop 
structures are: design wind speed and design pressure at the site. The design wind speed at the site must consider 
the terrain, height, and size of the structure as well as the local topography. Extreme wind conditions must also be 
taken into consideration while designing the maximum wind loading on the building. 

9.3.3  Fire Safety 
Care should be taken in designing a rooftop solar PV system to prevent the outbreak of fire due to, or during the 
installation and operation of a rooftop solar PV system. During outbreak of fire on a building with rooftop solar 
PV, the solar PV components should not increase the intensity of fire, that is, the solar PV components should not 
be made from easily inflammable products. The solar panels themselves typically contain limited plastics, but 
it is the frames, mounting systems, cables, and boxes that can add to the combustible loading of an installation 
and eventually lead to increased combustibility of the entire roof. Standards for testing the performance of solar 
panels have been developed at an international level. The international and Indian standard for module safety 
qualification IS/IEC 61730-1: 2004 Photovoltaic (PV) Module Safety Qualification includes information on the 
fire safety of the PV modules. Another code that can be of use for the design of rooftop solar PV systems is IEC 
60695-1-1: Fire Hazard Testing—Part 1-1: Guidance for Assessing the Fire Hazard of Electro-Technical Products— 
General Guidelines.

Additionally, necessary precautions should be taken to ensure that the safety of the fire fighters is not compromised 
in the event of a fire on a building with rooftop solar PV. The disconnection of the roof top solar PV systems is not 
possible since the PV system inverter can hold a charge and send electricity back up to the solar panels. The panels 
themselves will continue to produce power as long as the sun is shining and possibly even at night when bright 
lights are present. Thus, the conduit leading from the PV panels to an inverter remains live with direct current even 
after the main service panel has been shut-off. This means that fire fighters are at risk of getting an electric shock, as 
they have to fight a fire in the presence of high DC voltage and current. Furthermore, DC cable insulation is likely to 
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melt during the course of a fire on a building with a PV system. DC arcs are not only an ignition source themselves, 
but an additional life safety threat to fire fighters, as such, the following is suggested:

It should be possible to safely disconnect the PV system in the event of a fire,

�� A so called ‘fireman’s switch’, as is already in use in the German market, should be used;

�� Additional isolators should be installed between strings/arrays and the inverter at roof top level to at least de-
energize the main conduit leading from the roof to the inverter. These switches can be remotely actuated from 
a safe location; 

�� The layout of the solar panels should be such that it does not block key locations and pathways that the fire 
fighter would use otherwise on a roof;

�� The added weight of a solar panel array should not lead to roof collapse, if the integrity of the structure is 
already compromised by fire;

�� The decomposed products of the panels may not emit toxic fumes. 

9.4 Conclusions
In this chapter, the enabling supply infrastructure required to ensure the quality of rooftop solar PV installations 
has been analysed with a focus on skills development, technical and electrical codes and standards, and building 
codes. The main conclusions of the study are: 

�� Training courses on rooftop solar PV are available in the Indian market. Of the four training institutes that 
took part in our survey, it is reported that more than 2,000 participants have already received training on solar 
PV systems. The SETNET Programme of NISE has developed four types of training programme and is aiming 
to provide training on solar PV systems to 400,000 skilled to semi-skilled labours. With the formation of the 
SETNET and enlistment of 35 training institutes as partner organizations that are located in different geographies 
in India, the supply of trained rooftop solar PV installers/technicians is going to increase in the future.

�� The CEA regulations relating to the technical requirements for rooftop solar PV are very detailed and are on a 
par with international standards. However, availability of net-meters in India is a concern. The interconnection 
voltage for connecting different sizes of solar PV systems to the grid has been specified by CEA and at the same 
time by all the state agencies. There is some discrepancy between the interconnection requirements laid down 
by the CEA and that from the state agencies. 

The solar rooftop policies launched by various states define the technical and other requirements for the rooftop 
solar PV systems. None of the state policies define the requirements for checking the earthquake resistance of the 
structures/buildings, wind loading, and fire safety norms that should be followed. The policies should take these 
important aspects into consideration.
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10.1 Screening of Environmental and Social Impacts
This study analyses the technical, economic, and market potential of rooftop solar power in the commercial and 
industrial sectors in India. This chapter maps the environmental and social impacts from rooftop solar projects using 
guidelines issued by the Indian Government as well as the project appraisal matrix of the KfW Development Bank’s 
Sustainability Guidelines. We also believe that an assessment of the PV recycling aspects should be conducted to 
address any environmental impact associated with the afterlife of rooftop PV projects.

Ministry of Environment and Forests (MoEF) Guidelines for Environmental and Social Impact Assessment

In recent decades, execution of development projects and programmes has been conducted at an increasing 
pace. There are various impacts of such development projects. While society benefits significantly, there is the 
potential for exploitation of natural resources and other environmental risks and hazards. Such interventions may 
significantly alter the existing social and cultural fabric, and people within the project area often bear the brunt 
of adverse impacts, where they may even be forced to relocate in order to make way for such interventions. 
Therefore, there is a need to understand and evaluate any potential adverse environmental and social impacts so 
that mitigation plans can be put in place. Environmental Impact Assessments (EIA) and Social Impact Assessments 
(SIA) are now generally accepted as integral components of policy and decision making. Since the current study 
involves analysing the feasibility of rooftop potential for solar power in the commercial and industrial facilities, it 
becomes imperative to assess the environmental and social impacts of such interventions.

India’s Ministry of Environment and Forests (MoEF) has launched several policy initiatives and enacted 
environmental and pollution control legislations designed to integrate environmental concerns into development 
projects. The Environmental Protection Act of 1986 was heralded as a progressive initiative and the EIA Notification 
of 1994 further accelerated this act. An SIA is generally carried out as a part of the EIA clearance process. The 
EIA encompasses three major components: (i) Physical Environment, (ii) Biological Environment, and (iii) Social 
Environment. In 2006, the EIA Notification amendment declared such an assessment within a radius of 10 km of 
the proposed project site as a compulsory exercise.

The majority of projects in India where an EIA is required are large developmental projects such as nuclear 
power, river valley’s and thermal power plants. The government has played an important role by making an 
EIA mandatory for 30 categories of development project (Annexure A10.1). The agencies, which are primarily 
responsible for certain sectors, are involved in preparing the guidelines. SIA’s, which are carried out as part of an 
EIA, have increased in importance in the recent years. The National Rehabilitation and Resettlement Policy, issued 
in 2007, recognizes the need to carry out an SIA as part of the resettlement planning and implementation processes 
and is a legal requirement. For any new project or expansion of an existing project that involves involuntary 
displacement of 400 or more families, in plain areas, or 200 or more families in tribal or hilly areas, conducting 
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an SIA is deemed mandatory. As per the EIA Notification issued in 2006 by the MoEF, all projects and activities 
are broadly categorized into two categories (Category A and Category B) based on the spatial extent of potential 
impacts and potential impacts on human health and natural and human made resources. Table 10.1 depicts the 
impact category and examples of projects/programmes. 

Table 10.1: Environmental and social impact category and examples of projects

Impact 
category

Potential environmental and social 
impacts on

Examples of projects 

A �� Air
�� Water
�� Forests 
�� Flora and fauna
�� Hazardous waste
�� Landscape
�� Land use 
�� Soil
�� Drainage pattern
�� Transport systems
�� Displacement of people 
�� Livelihood
�� Health

�� Mining and hydro-electric 
�� Offshore and onshore oil and gas exploration
�� Nuclear power projects and processing of nuclear fuel
�� Ports, harbours, airports
�� Petroleum refineries including crude and product 

pipelines
�� Chemical pesticides/fertilizers 
�� Oil and gas transportation pipe line

B �� Air
�� Land 
�� Soil 
�� Water
�� Landscape
�� Drainage pattern
�� Hazardous waste 
�� Displacement of people 
�� Livelihood
�� Health

�� Township and area development projects
�� Solid waste management facility
�� Cement plants—standalone grinding units
�� Fibbers manufacturing and synthetic chemical industry
�� Integrated pain industry
�� Sugar industry
�� Industrial estate/parks/special economic zone

Environmental and Social Screening Requirements—Rooftop PV Systems

Small-scale PV projects are not listed in the category of 30 development projects identified by the government, 
which require an EIA and SIA. Such projects are likely to qualify as a low-impact development project in terms of 
having any adverse environmental or social impact due to the following reasons

�� It does not involve involuntary displacement of people as no lands are required to implement this project 

�� It is not undertaken in any ecological fragile areas;

�� It does not involve any submergence of lands/forests;

�� There are no major construction activities that are involved;

�� It does not deal with any hazardous/radioactive materials;

�� Operating PV systems make no noise and do not pollute;

�� PV panels don’t produce any polluted emissions (A 100 W solar module is estimated to prevent over two tons 
of carbon dioxide emissions over its lifetime).

Compliance with KfW ‘Sustainability Guidelines’ 

The KfW Sustainability Guidelines identify and classify development projects under three categories—A, B, or C—
depending on their potentially negative environmental and social impact. The implementation of small rooftop solar 
PV (SPV) systems may not qualify under any of the projects identified by KfW’s guidelines for environmental and social 
screening. It would at best qualify under the category C since there are no major adverse social or environmental 
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impact and the implementation and operation of the project does not require any particular protection, compensation, 
or monitoring measures. Table 10.2 depicts the impact category and examples of projects/programmes. 

Table 10.2: Impact category and examples of projects

Impact 
category

Potential environmental and social impacts Examples of projects 

a Projects have potentially negative impact on 
the environment and on social conditions. It is 
mandatory to analyse the impacts and identify 
measures that need to be taken to avert, mitigate, 
and offset any negative consequences

�� Large dams

�� Irrigation and drainage projects

�� Geological mining

�� Infrastructure projects

B The potential consequences of projects are limited 
to the local area, are in most cases reversible, 
and are easier to mitigate through appropriate 
measures

�� Waste management

�� Infrastructure projects

�� Industrial activities 

C Projects have no or only minor negative 
environmental and social consequences and 
the implementation and operation of the project 
does not require any particular protection, 
compensation, or monitoring measures

�� Small scale PV projects 

Further, after mapping the impacts of small scale SPV projects against the appraisal standards of the KfW guidelines; 
it clearly shows that the negative impacts of such projects are negligible (Table 10.3). 

Table 10.3: Impacts of rooftop SPV projects mapped against project appraisal standards

Project appraisal standards Impact from rooftop PV projects 
Preventing, reducing, or limiting environmental pollution or 
degradation, including greenhouse gas emissions and other 
burdens

There are no emissions from rooftop SPV systems 
during the operating life.

Protecting and preserving biodiversity and tropical forests and 
managing natural resources in a sustainable manner

Rooftop SPV does not have any impact tropical forests 
and natural resources 

Consideration of probable and foreseeable consequences of 
climate change 

Rooftop SPV helps in mitigating climate change 
impacts.

Avoiding any adverse impact on community life, particularly 
of indigenous people and other vulnerable communities, and 
safeguarding the rights, living conditions, and values of indigenous 
communities

Not applicable 

Avoiding or minimizing involuntary resettlement and forced 
eviction of communities and mitigating the negative social and 
economic consequences arising from changes in the use of 
land and soil by restoring the original living conditions of the 
communities concerned 

Rooftop SPV does not involve involuntary 
displacement of people as no lands are required to 
implement such projects 

Promoting health and safety at work and industrial safety for all 
project staff

Not applicable

Outlawing forced labour and the worst forms of child labour, 
banning discrimination in professional life and at the workplace, 
and promoting the freedom of association and the right to 
collective bargaining

Not applicable
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Protecting and preserving cultural heritage Not applicable 

Assisting the executing agency in managing and monitoring 
potentially negative environmental, climate, and social 
consequences arising from the implemented project

Not applicable

10.2  Recycling of PV Modules
PV modules make up over 50 per cent of the total investment cost of a large scale PV power plant. All other 
components of the PV power plant including the inverters and balance of plant (BOP) costs are marginal. PV 
modules contain substances such as glass, aluminium, and semiconductor materials that can be successfully 
recovered and reused, either in new PV modules or other products. With the rapid expansion of PV technology, 
the amount of waste generated by PV products in the future is set to increase, making it essential to manage this 
waste for recycling. Strong growth and high price pressure in the industry also necessitates new, low-cost sources 
of solar silicon. 

In 2008, the amount of PV waste generated by the EU was around 3 800 tonnes (corresponding to 51 MWp). By 
2030, this is expected to rise to 130,000 tonnes.1 By means of recycling, valuable raw materials can be recovered 
from the PV modules, thus reducing the demand for primary raw materials. Recycling also reduces the environmental 
impact. In addition to saving energy and resources, it is also important to prevent the loss or release of scarce or 
poisonous elements and compounds. The recycling process of different monocrystalline/polycrystalline modules 
and thin-film modules is described as follows.

 
10.2.1  Recycling Process
The recycling process of PV modules depends on their type and composition. The composition of various types of 
PV modules is shown in Table 10.4. 

Table 10.4: Composition of c-Si and thin-film modules (corresponding to the respective technology)a

c-Si (crystalline 
silicon cells)

a-Si (amorphous 
silicon cells)

CIS (copper indium 
diselenide cells)

CdTe (cadmium 
telluride cells)

Proportion (Percentage)

Glass 74 80 85 95

Aluminium 10 10 12 <0.01

Silicon ca. 3 <0.1

Polymers ca. 6.5 10 6 3.5

Zinc 0.12 <0.1 0.12 0.01

Lead <0.1 <0.1 <0.1 <0.01

Copper (cables) 0.6 0.85 1.0

Indium 0.02

Selenium 0.03

Tellurium 0.07

Cadmium 0.07

Silver <0.006 <0.01
a Recycling of solar modules—potential and requirements of a future material flow/PV CYCLE study 2007

From this table, it can be seen that most of the modules are predominantly composed of glass, varying between 
74 per cent for crystalline silicon modules to 95 per cent for CdTe thin-film modules. The next most significant 

1	  Recycling PV modules BINE Infomationsdienst
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component used in most type of modules is aluminium, which is used in the frames of the modules. The amount 
of aluminium used varies from <0.01 per cent to 10 per cent. The amount of silicon used is less, between 0.1 per 
cent for amorphous Silicon modules to up to 3 per cent for crystalline Silicon modules. Polymers used in the 
modules for the junction box and cables vary between 3.5 per cent to up to 10 per cent. The thin-film modules 
(both copper indium diselenide and cadmium telluride type) use very small proportions of metals depending on 
the cell type. 

There is a wide range of materials used in producing PV modules. Recycling of most of these materials uses 
established technologies, for example, recycling of glass, aluminium, and polymers. Recycling of PV modules to 
reclaim the raw materials used for crystalline silicon and thin-film type of modules is described as follows: 

Crystalline Modules

The recycling process of both mono and poly crystalline modules is shown in Figure 10.1. The first step is 
disassembly, where the glass and metal are separated from the module. Various mechanical, chemical, thermal 
and incineration techniques are used for the separation of glass and metal from the modules. Once separated, glass 
and metals can be recycled for further use. 
The silicon solar cell array is then passed through thermal and chemical processing through which silicon wafers 
can be produced. These wafers can then be used for producing new solar cells for new PV modules. Sometimes, 
after thermal processing, if broken wafers can be separated easily, they are processed in ingot form, from which 
silicon wafers can be cut. These wafers can be used for solar cells for new PV modules. 
The SPV module recycling process used by crystalline PV module manufacturer SolarWorld is described as follows: 

�� Firstly, the rack-mount modules are incinerated at 600°C in a process that burns the plastic components in a 
semiconductor-protecting process; 

�� The remaining materials such as solar cells, 
glass, and metals are then separated manually;

�� The glass and metals are then sent for recycling;

�� The solar cells are re-etched onto the wafer;

�� The recovered glass could be suitable as raw 
material for float glass recycling;

�� According to PV CYCLE’s 2007 study, both 
recycled and new wafers are of equal value 
electrically after having undergone solar cell 
processing; 

�� SolarWorld’s recycling process tries to keep 
as much of the original wafer thickness as 
possible.

Recovery/Efficiency of SolarWorld’s  
Recycling Process

�� SolarWorld’s recycling process can recover 
more than 84 per cent of the input module weight; 

�� More than 90 per cent of the recovered glass can be used in new products;

�� After re-melting, about 95 per cent of the semiconductor materials can be used in new solar modules; 

�� The energy of the polymer incineration could be used in other processes or for pre-heating new charges in 
future productions;

�� Depending on prior damage to the modules, type of module structure and the solar cell used, the thermal 
process recovers 0–98 per cent intact.

Figure 10.1 Recycling process of crystalline modules
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Cadmium-Telluride (CdTe) Thin Film Modules 

The recycling process of CdTe modules is shown in 
Figure 10.2

�� Firstly, lamination bonds are broken. This is 
achieved when the modules are shredded into large 
pieces before being further crushed by a hammer 
mill into pieces typically smaller than 5 mm;

�� Next, the semiconductor films are removed in 
a slow rating leach drum in a process that takes 
4–6 hours. A mixture of weak sulphuric acid and 
hydrogen peroxide is added to the glass so as to 
achieve an optimal solid-liquid ratio. The films are 
then etched from the glass during the leach cycle;

�� A classifier is then used to separate the glass from 
the liquids;

�� The glass is then further separated from the larger 
ethylene vinyl acetate (EVA) pieces when both 
materials are put through a vibrating screen. During 
this process, the glass falls through the screen and 
onto a chute where it is then cleaned. The EVA is 
deposited onto another conveyer and collected;

�� Once cleaned, the glass is deposited into 
containers for recycling and the water used for 
rinsing is pumped to a precipitation system for 
metal recovery;

�� Sodium hydroxide is used to precipitate the metal 
compounds in three stages by increasing pH levels. 
Once the solids form a metal rich filter cake, the 
settled solids are sent off to be processed into 
semiconductor grade raw materials that are used in 
the manufacture of new solar modules.

Success Rate
�� The process can recover 90 per cent of the glass for use in new products;  

�� Ninety-five per cent of the semiconductor materials for use in new solar modules;

�� At least 80 per cent of the tellurium is recovered and can be sold at commercial grade (99.7 per cent Te);

10.2.2 Advantages of Recycling.
By adapting recycling of PV modules, the requirement of raw materials needed for production of PV modules will 
be reduced. This would reduce the energy required in procurement/processing of these raw materials and also 
the emissions associated. Modules with solar cells made solely from newly produced silicon require three times 
as much energy for manufacturing as solar cells of equal capacity made using recycled material. Wafers of which 
a proportion of recycled material is used in their manufacture are also significantly more cost-effective than new 
ones. Thus, recycling of PV modules improves the ecological and economic characteristics of PV systems. 

After recycling, it is possible to use silicon of previously unusable quality, whilst glass from PV module recycling 
can be used in glass fibre or insulation products and glass packaging products. Metals and plastics can be used for 
new raw materials in other industries. 

Figure 10.2: Recycling process of Cadmium-Telluride 
(CdTe) thin film modules produced by First Solar 
(Source: First Solar)
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10.2.3  Market Status
There are various companies in the market 
that offer recycling of PV modules. Many PV 
module manufacturers have started their own 
module recycling processes wherein they 
collect their own used/damaged modules 
and recycle them. First Solar, SolarWorld are 
among them. 

In July 2007, eight companies in the PV 
industry founded the PV CYCLE association. 
The objective of PV CYCLE was to establish a 
voluntary industry-wide PV module take-back 
and recycling programme for old modules in 
Europe. Currently, there are over 60 members, and the association represents around 85 per cent of the European 
PV market, and it undertakes to reclaim and depose PV waste, free of charge. As shown in Figure 10.3, PV CYCLE 
has collected and treated PV 
modules totalling 12,425 
tonnes in the years from 
2010 to September 2015. 

The distribution of the 
total treated waste PV 
modules in Europe is shown 
in Figure 10.4. In addition to 
having the highest installed 
SPV capacity, Germany is 
also leading in recycling 
of PV modules with 7,074 
tonnes of modules already 
treated. Italy and Spain 
follow Germany in the 
treatment of waste PV 
modules.

Based on the PV 
technology, silicon-based 
PV modules constitute the 
highest share amongst the 
treated PV modules with 
about. 81.3  per cent of 
modules. CI(G)S thin film modules are second on the list of modules being treated, followed by CdTe type thin film 
modules (Figure 10.5).

10.2.4  Waste and Recycling Legislations

European Union: Waste Electrical and Electronic Equipment (WEEE) Directive

The Waste Electrical and Electronic Equipment Directive (WEEE) was launched in 2003 to regulate the treatment of 
electronic and electronic waste at the end of their cycle. The WEEE directive was twice amended (“recast”) in 2008 
and 2012, resulting in an enlarged scope to include many new additional products. PV panels were introduced in 
the revision of 2012. The WEEE set fundamental legal rules and obligations for collecting and recycling PV panels in 

Figure 10.3: PV modules (in tonnes) collected over the years in 
Europe

Figure 10.4: The distribution of total treated PV modules in tonnes in various 
European countries
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the European Union. The WEEE also established 
minimum collection and recovery targets.

The recast WEEE directive of August 13, 2012 
(2012/19/EU) provides a legislative framework 
for extended producer responsibility of PV 
modules throughout Europe. As of February 
14, 2014, collection, transport, and treatment 
(recycling) of PV panels in every European Union 
(EU) countries is regulated. 

In an attempt to prevent waste, legislations 
established through the WEEE directive require 
producers (national manufacturers/importers) 
to ensure waste management of their discarded 
product(s) in each country of the EU where they are active, through comprehensive waste management solutions.  

European countries are mandated to adopt PV waste management programmes that incorporate tracking, 
recollection, storage, and recycling of PV modules. The producers must factor the cost of collection and end-of-life 
treatment. This legislative directive encourages products that are easier to recycle and that use fewer raw materials. 

Since February 14, 2014, legislation developed under the recast WEEE mandated PV manufacturers to collect  
85 per cent of the solar modules sold in the EU, and of that 80 per cent must be recycled. 

Germany: “Electrical and Electronic Equipment Act Elektrogesetz/ElektroG”

On October 24, 2015, the German WEEE law, ElektroG was adapted into law, therefore bringing PV modules 
under the scope of mandatory producer responsibility. The classification of PV modules as household equipment 
results in a legally binding financial guarantee on yearly sold PV modules in Germany.

Apart from the provision of an annual financial guarantee, the German law also requires financing of current 
waste either collected by the municipal network, a dedicated industry scheme, or the Producer directly.

10.2.5 Legislation in India
Until now there has been no legislations in India that governs the end-of-life treatment of PV modules. 

10.3 Recycling of Batteries
PV batteries have a limited lifetime and the issue of proper disposal is vital to the sustainability of SPV systems as well 
as the environment. Proper disposal of batteries is essential to ensure they do not interfere with the environment on 
expiration of their life span. Battery recycling technology has matured since batteries are used for many purposes. 
Moreover, waste management of batteries is also well organized and a routine operation. The relevant laws for 
recycling of batteries in the EU, Germany and India are described as follows.  

10.3.1  Legislation in EU/Germany

EU: Batteries Directive

The 2006/66/EU Directive on Batteries and Accumulators and Waste Batteries and Accumulators aims to contribute to 
the protection, preservation, and improvement of the environment by minimizing the negative impact of batteries and 
accumulators during and after their useful life. By balancing requirements with regard to the placing on the market of 
batteries and accumulators, the directive ensures smooth functioning of the internal market. With some exception, the 
directive applies to all batteries and accumulators, regardless of their chemical nature, size, or design.

The Directive not only prohibits the marketing of batteries containing some hazardous substances, but it 
also defines measures to establish schemes aiming at a high level of collection and recycling, and fixes targets 

Figure 10.5: Percentage of the types of modules according to 
technology collected and recycled in Europe until September 
2015 
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for collection and recycling activities. The Directive also sets out provisions on labelling of batteries and their 
removability from equipment.

The Directive goes further to improve the environmental performance of all operators involved in the life cycle 
of batteries and accumulators. This includes producers, distributors, end users and in particular, those operators 
directly involved in the treatment and recycling of waste batteries and accumulators. Producers of batteries and 
accumulators and other products incorporating a battery or accumulator are given responsibility for the waste 
management of the batteries and accumulators that they place on the market.

Germany 

The Batteries Act [Batteriegesetz]-(BattG) was enacted into law on June 30, 2009, superseding the Batterieverordnung 
(battery regulation) and transposing Directive 2006/66/EC into German law. The Act lays down product stewardship 
requirements for battery manufacturers and distributors. The law places additional restrictions on the use of 
cadmium in battery and accumulator manufacturing. Proven recycling mechanisms have largely been retained, 
whereas labelling requirements have changed. Reporting and notification obligations have been added, as well as 
recovery objectives for waste portable batteries.

Goals of the Batteries Act [Batteriegesetz]-(BattG)

The Batteries Act [Batteriegesetz]-(BattG) is aimed at manufacturers, distributors, consumers, and public sector 
garbage collection companies. The law aims to reduce battery waste pollutant input, increase recovery rates, 
and ensure that waste batteries that fall within the scope of battery manufacturer and retailer product stewardship 
obligations are disposed of properly, the goal being to minimize environmental pollution attributable to waste 
batteries. Under this scheme, producers are responsible for both take-back and recycling of used batteries and 
accumulators. Every producer must therefore record and announce his presence on the market in a register for 
battery producers and state how he will meet his disposal responsibilities.
 

10.3.2   Legislation in India
In 2001, the MoEF issued the Indian Battery Management and Handling Rules that require lead battery manufacturers 
to collect a minimum of 90 per cent of the batteries they sell through dealers. The main objective of these rules is 
to provide for tracking and canalization of the lead acid batteries to ensure that used batteries are collected and 
recycled in an environmentally sound manner. The manufacturers, importers, assemblers, etc. have been entrusted 
with specific responsibilities under these rules. The system of filing half-yearly returns provides for the tracking of 
the used lead acid batteries. Recyclers are also required to be registered by state-level pollution control boards. 

The salient features of the Rules are as follows:

�� Consumers to return used batteries;

�� Manufacturers/assemblers/reconditioners/importers are responsible for collection of batteries and transport to 
registered recyclers;

�� Auction of used batteries only in favour of registered recyclers;

�� Dealers are also responsible for collection;

�� Level playing field; 

�� Filing of half-yearly returns. 
The act of 2001 was amended in 2010 and the new act is called ‘Batteries (Management and Handling) 

Amendment Rules 2010’.

10.3.4  Guideline for Disposal of PV Modules
To ensure complete disposal and recycling of PV modules, the manufacturer should be responsible for recycling 
of PV modules. A central body should be established to monitor and register PV module production and take back 
old/damaged modules from the market. All PV module manufacturers should be registered with this central body 
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with frequency of reporting to be determined. Annual reporting of 
sold PV modules is recommended. This is shown in Figure 10.6.

The manufacturer must ensure a definite framework for organizing 
take back and waste management for SPV modules, which should 
be registered with the central monitoring body. All manufacturer 
modules/products must be tagged or marked accordingly, to ensure 
easier tracking. The manufacturer must also take into consideration 
the costs of organizing take-back and waste management in its 
pricing of the PV modules. 

A proper information system should be put in place so to inform 
the central monitoring body and end customer as to the status of 
their PV modules. The responsibility of the central monitoring body 
is to make sure that the mandatory collection and recycling targets 
laid out by the relevant national regulations are being achieved by 
the registered PV module manufacturers. 

10.4 Conclusions
The environmental and social impacts associated with the implementation of rooftop solar projects are either 
negligible or none. Taking back and recycling PV waste free of charge makes sense both ecologically and 
economically. Based on present technology, around 90 per cent of the materials in a PV module can be recycled. 
In future, automated recycling processes will make it possible to achieve recycling rates of over 95 per cent and 
to recover raw materials without cost, or even at a profit. It is recommended that a mandatory PV modules and 
batteries waste management regulation is established, which should be implemented and monitored regularly.

Figure 10.6: Recommended disposal of PV 
modules
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Annexure A2.1: Commercial and Industrial Tariff
Table A2.1: Delhi—Commercial/Non-Domestic

S. No Commercial 
Categories 
(hostels/
schools/
colleges, 
hospitals, 
lawyer 
chambers, 
hotels, 
restaurants, 
cinemas, 
banks, petrol 
pumps)

2005–
06 
(NDPL)

2006–
07 
(NDPL)

2007–
08¹ 
(NDPL)

2008–
09 
(NDPL)

2009–
10 
(NDPL)

2010–
11¹ 
(NDPL)

2011–
12 
(NDPL)

2012–13 
(TPDDL)

2013–14 
(TPDDL)

2014–
15 
(TPDDL)

10 years 
CAGR

[1 in Rs /kWh else in Rs/kVAh]

1 Up to 10kW 
(NDLT) 
(NDLT I)

5.35 5.35 5.35 5.4 5.4 5.4 6.5 7.6 7.9 8.8 5.69%

2 Between 
10 kW(11 
kVAh) and 
100kW(108 
kVAh) 
(NDLT) 
(NDLT I)

4.87 4.87 4.87 4.92 4.92 4.92 6.1 7.25 7.6 8.5 6.38%

3 Greater 
than 100 
kW  (108 
kVA) (NDLT) 
(MLHT)

5.64 5.64 5.64 5.69 5.69 5.69 7 8.5 8.9 9.95 6.51%

4 For supply 
at 11 kV and 
above (for 
load greater 
than 108 
kVA) (NDHT) 
(MLHT)²

4.9 4.9 4.9 4.95 4.95 4.95 5.9 7.15 7.5 8.4 6.17%
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5 Non-
Domestic 
Light/Power 
on 11 kV 
Single 
Delivery 
Point for 
Commercial 
Complexes 
(NDHT) 
(NDLT II)²

4.14 4.87 4.87 4.92 4.92 4.92 4.92 7.15 7.5 8.4 8.18%

1 	 No order was issued this year therefore taking tariff schedule of previous year
2 	 Additional rebate of 2.5% on the energy charges for supply above 11 kV rates, for supply at 33/66 kV and 4% for supply at 220 kV

Table A2.2: Delhi—Industrial

S.No Industrial 
Categories

2005–06 
(NDPL)

2006–07 
(NDPL)

2007–
08¹ 
(NDPL)

2008–
09 
(NDPL)

2009–
10 
(NDPL)*

2010–
11¹ 
(NDPL)

2011–
12 
(NDPL)

2012–
13 
(TPDDL)

2013–14 
(TPDDL)

2014–
15 
(TPDDL)

10 
years 
CAGR

         

[1 in Rs/kWh else in Rs/kVAh]  

1 Up to 10kW 
(SIP)

5 5 5 5.05 4.95 5 6 7.25 7.6 8.45 6.00%

2 Between 10 kW 
(11 kVA) and 
100 kW (108 
kVA) (SIP)

4.35 4.35 4.35 4.4 4.3 4.35 5.5 6.6 7 7.9 6.85%

3 Greater than 
100 kW  (108 
kVA) (400 volts)                                                 
No supply on LT 
for load >215 
kVA (SIP)

4.95 4.95 4.95 5 4.9 4.95 6.5 8 8.5 9.5 7.51%

4 Industrial Power 
on 11 kV Single 
Point 
Delivery for 
Group of SIP 
Consumers²

3.7 3.7 3.7 3.75 3.65 3.7 4.8 6 6.3 7.1 7.51%

5 Large Industrial 
Power (LIP)* 
(Supply at 11 
kV and above) 
(above 100kW)²

4.3 4.3 4.3 4.35 4.05 4.2 5.3 6.3 6.6 7.4 6.22%

1 	 No order was issued this year therefore taking tariff schedule of previous year				  
	
2 	 Additional rebate of 2.5% on the energy charges for supply above 11 kV rates, for availing supply at 33/66 kV and 
4% for supply at 220 kV
	 NDLT = 230 volts(single phase), 400volts(three phase)					   
	 NDHT = above 11kV					   
	 SIP = less than 200kW/215 kVA					   
	 LIP = load above 100 kW					   
	 *Tariffs revised from October 2009 (these tariffs applicable for half year)					   
	 *Cross subsidy; taxes; (surcharge) to be included	
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Table A2.3: Haryana—Commercial/Non-Domestic

Commercial 
Categories 
(business houses, 
cinemas, clubs, 
public/corporate 
offices, schools, 
hospitals, hotels, 
etc.)

2005–06 2006–
07

2007–
08

2008–
09

2009–
10*

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15

CAGR 10 
years

(in Rs/Unit) (in Rs/kWh)

Up to 5 kW (LT) 4.19 4.19 4.19 4.19 4.19 4.4 4.5 5.25 5.85 5.85 3.78%

Above 5 kW and 
Up to 20 kW (LT)

4.19 4.19 4.19 4.19 4.19 4.4 4.5 5.5 6.1 6.1 4.26%

Above 20 kW up 
to 50 kW (LT)

4.19 4.19 4.19 4.19 4.19 4.6 4.7 5.5 6 6.5 5.00%

Existing 
consumers above 
50 kW up to 70 
kW (LT)

4.19 4.19 4.19 4.19 4.19 4.6 4.7 5.75 6.25 6.75 5.44%

Consumers above 
50 kW (HT)

4.19 4.19 4.19 4.19 4.19 4.6 4.7 5.25 5.85 6.35 4.73%

*Last hearing was on March 9, 2010 and on September 13, 2010 tariff order of 2010–11 was issued, that is, no order was 
issued for this financial year. Hence, tariff for previous year continued

  
Table A2.4: Haryana—Industrial

Industrial 
Categories

2005–06 2006–
07

2007–08 2008–09 2010–11 2011–12 2012–
13

2013–14 2014–
15

CAGR 
10 Years

(in Rs/unit) (in Rs/kVAh)

HT Industry (above 70kW) (above 50kW)

Supply at 11 KV 4.09 4.09 4.09 4.09 4.15 4.15 4.7 5.3 3.77%

Supply at 33 KV 4.09 4.09 4.09 4.09 4.03 4.03 4.6 5.2 3.49%

Supply at 66 kV or 
132 kV

4.09 4.09 4.09 4.09 3.91 3.91 4.5 5.1 5.6 3.55%

Supply at 220 kV 4.09 4.09 4.09 4.09 3.83 3.83 4.4 5 5.5 3.35%

Supply at 400 kV 4.09 4.09 4.09 4.09 – – 4.35 4.95 5.45 3.24%

Arc furnaces/
Steel Rolling 
Mills  if supply is 
at 11 kV

4.09 4.09 4.09 4.09 – 4.3 4.88 5.5 6 4.35%

LT Industry (up to 70 kW) (in Rs/unit) (up to 50kW) (in Rs/kWh)

Up to 10 KW 4.28 4.28 4.28 4.28 4.3 4.4 5.35 5.85 6.35 4.48%

Above 10 KW and 
up to 20 KW

4.28 4.28 4.28 4.28 4.3 4.4 5.35 6.1 6.6 4.93%

Above 20 KW and 
up to 50 KW

4.28 4.28 4.28 4.28 4.3 4.4 5.1 5.85 6.35 4.48%

Existing 
consumers above 
50 kW up to 70 
kW (LT)

4.28 4.28 4.28 4.28 4.3 4.4 4.98 5.5 6 3.82%

LT = 230 volts (single phase) or 400 volts (three phase )
HT = above 11kV
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Time of Use Charges (for HT consumers) [Peak Hours 7:00 AM to 11:00 AM and 06.00 PM to 10.00 PM] for 2014–15 in 
Paisa/unit (2014-15)

Category Tariff

100 kVA and above (HTP-I) For Billing Demand up to 500 kVA 35

For Billing Demand above 500 kVA 75

100 kVA and above for temporary period (HTP-III) 75

 Places Included  

LTP-I Commercial/industrial premises. 

LTP-II Educational institutions and research and development laboratories

LTP-III Commercial/industrial/office/institutional premises

LFD-II Shops, workshop, hotels, restaurants, showrooms, offices, etc.

LFD-III Educational and other institutions registered with the Charity Commissioner 

GLP LTP-II + LFD-III (Educational and other institutions registered with Charity Commissioner and R&D 
laboratories)

Non-RGP LTP-I + LFD-II (shops, offices, banks, distribution pumping stations, hostels, laboratories, hospitals, 
telephone exchanges, training centres, public gardens, theatre, recreation places, multiplexes, 
malls, workshop, hotels, restaurants, educational institutes)

LTMD Commercial/industrial/office/institutional premises

Table A2.7: West Bengal—Commercial/Non-Domestic

Category 2007–08  2008–09  2009–10  2010–11  2011–12  2012–13 2013–14 2014–15 CAGR

Low and Medium Voltage (in Rs/kWh)

Commercial 
(Rural) 
(quarterly)

First 180 kWh 2.82 2.89 3.03 4.35 5.45 5.45 5.46 5.9 11.12%

Next 120 kWh 3.99 4.07 4.21 5.53 6.63 6.63 6.64 7.1 8.58%

Next 150 kWh 4.25 4.4 4.54 6.18 7.29 7.29 7.29 7.75 8.96%

Next 450 kWh 4.65 4.74 4.9 6.57 7.68 7.68 7.68 8.18 8.40%

Above 900 kWh 5.5 5.7 5.88 6.99 8.1 8.1 8.12 8.67 6.72%

Commercial 
(Urban) 
(quarterly)

First 180 kWh 2.87 2.94 3.08 4.4 5.5 5.5 5.51 5.92 10.90%

Next 120 kWh 4.04 4.12 4.26 5.58 6.68 6.68 6.6 7.12 8.43%

Next 150 kWh 4.25 4.4 4.54 6.18 7.29 7.29 7.29 7.75 8.96%

Next 450 kWh 4.65 4.74 4.9 6.57 7.68 7.68 7.68 8.18 8.40%

Above 900 kWh 5.5 5.7 5.88 6.99 8.1 8.1 8.12 8.67 6.72%

Private Educational Institutions 
and Hospitals

3.75 3.86 4.01 5.03 6.14 6.14 6.19 6.8 8.87%

Commercial (11 KV) 3.88 3.95 4.06 5.56 6.67 6.67 6.72 6.68 8.07%

Commercial (33 KV) 3.7 3.75 3.86 5.35 6.46 6.46 6.51 6.63 8.69%

Commercial (132 KV) 3.48 3.57 3.68 5.18 6.29 6.29 6.34 6.59 9.55%

Private Educational Institutions  3.8 3.8 3.9 5.4 6.51 6.51 5.57 7.32 9.82%

Table A2.8: West Bengal—Industrial

Category 2007–08  2008–
09  

2009–
10  

2010–
11  

2011–
12  

2012–
13 

2013–
14 

2014–
15 

CAGR

At High/Extra High Tension (in Rs/kWh)

Industries (11 KV) 3.66 3.72 3.86 5.37 6.47 6.47 6.48 6.86 9.39%

Industries (33 KV) 3.45 3.48 3.59 5.09 6.17 6.17 6.18 6.67 9.88%
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Industry (Rural) 
(monthly)

first 500kWh 2.79 2.88 3.03 4.51 5.62 5.62 5.62 6 11.56%

next 1500 kWh 3.91 4 4.16 5.66 6.77 6.77 6.77 7.2 9.11%

above 2000 kWh 4.12 4.21 4.37 5.87 6.98 6.98 6.98 7.45 8.83%

Industry (Urban) 
(monthly)

first 500 kWh 2.94 3.03 3.18 4.63 5.74 5.74 5.74 6.1 10.99%

next 1500 kWh 4.06 4.15 4.31 5.81 6.92 6.92 6.92 7.35 8.85%

above 2000 kWh 4.32 4.41 4.57 6.07 7.18 7.18 7.18 7.65 8.51%

Data for 2005–06 and 2006–07 not available, WBSEB data

Table A2.9: Chhattisgarh—Commercial/Non-Domestic

S.
No

Non–
Domestic

2006
–07

2007
–08

2008
–09 
(no 
order)

2009
–10

2010
–11 
(no 
order)

2011
–12

2012–
13

2013–
14

2014–
15

CAGR

[ in Rs/kWh ]

1 LT (230 
volts 
or 400 
volts)*

Normal 
Tariff

0–100 
units

– – – 2.75 2.75 1.5 0–100 
units

1.5 1.5 4

2 0–500 
units

3.75 3.7 3.7 3.25 3.25 1.65 101–500 
units

1.8 1.8 4.5

3 0–above 
500

4.25 4 4 3.75 3.75 1.9 501 and 
above

2.1 2.1 6 4.40%

4 Demand 
Based 
Tariff

Demand 
of 15 to 
75 kW

– – – 3.5 3.5 3.8 Demand 
of 15 to 
75 kW

4.5 4.5 5 7.39%

5 HT (11 or 
33 kV)**

33 kV 3.5 3.35 3.35 3.25 3.25 3.65 4.1 4.1 4.2 2.31%

6 11 kV 3.6 3.45 3.45 3.35 3.35 3.75 4.2 4.2 4.3 2.25%

* Shops, show rooms, business houses, offices, educational institutions, public buildings, town halls, clubs, gymnasium and 
health clubs, meeting halls, places of public entertainment, circus, hotels, etc.
** Hospitals, offices, hotels, shopping malls, educational institutions
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Table A2.10: Chhattisgarh—Industrial

S.No Industry 2005
–06

2006–
07

2007–
08

2008–09 
(no order)

2009–
10

2010–11 
(no order)

2011–
12

2012–
13

2013
–14

2014–
15

CAGR

[ in Rs/kWh ]

1

LT (230 
volts 
or 400 
volts)

Up to 25 HP 2.3 2.5 2.5 2.5 2.5 2.5 2.8 3.15 3.15 3.4

2
Above 25 HP up 
to 100 HP

3.3 
(25–75 
HP)      
3.4 
(75–
100 
HP)       
3.6 
(100–
150 
HP)

3.25 3 3 3 3 3.4 3.75 3.75 3.8 0.92%

3

Demand–based 
tariff for contract 
demand of 15 
kW to 75 kW

3.4 3.4 3 3 3 3 3.4 3.85 3.85 4 1.82%

4

HT (11 
or 33 
kV)

33 kV

Steel 
Industries

2.5 2.3 2.3 2.3 2.3 2.75 3.5 3.5 3.6

5
Mines/
Cement

3.35 
/3.6

3.35/ 
3.55

3.35 3.35 3.35 3.35 3.6 3.95 3.95 4.2

6
Other 
Industries

3.15 3 2.9 2.9 2.8 2.8 3.2 3.5 3.5 4.2 3.25%

7

Working 
between 
6 am and 
6 pm

– 3.3 3.3 3.3 3.2 3.2 3.5 3.75 3.75 4.2 3.06%

8

11 kV

Steel 
Industries

– – – – 2.4 2.4 2.85 3.6 3.6 3.7

9
Mines/
Cement

– – – – 3.45 3.45 3.7 4.05 4.05 4.3

10
Other 
Industries

3.2 3.1 3 3 2.9 2.9 3.3 3.6 3.6 4.3 3.34%

11

Working 
between 
6 am and 
6 pm

– 3.4 3.4 3.4 3.3 3.3 3.6 3.85 3.85 4.3 2.98%

Time of Day Tariff applicable on all HT consumers (2014-15)

Time Increase and Decrease in Energy Charges

5 am–6 pm Normal tariff 

6 pm–11pm 130% of normal tariff

11 pm–5 am 85% of normal tariff 
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Table A2.11: Punjab - Commercial/Non Domestic

NON–
DOMESTIC

2005–
06

2006–
07

2007–
08

2008–
09

2009–
10

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

CAGR

(in Rs/kW)

Load up to 
100 kW

Up to 100 
kWh

4.23 4.23 4.53 4.49 4.91 5.19 5.56 6.03

6.45

6.57 6.53

Above 100 
kWh

6.71 6.75

Exceeding 
100 kW

Up to 100 
kVAh

6.58

6.71 6.68

Above 100 
kVah

6.86 6.9 5.01%

* Non-domestic includes business houses, cinemas, clubs, offices, hotels/motels, departmental stores, shops, guesthouses.

Table A2.12: Punjab—Industrial

Industrial 2005–
06

2006–
07

2007–
08

2008–
09

2009–
10

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

CAGR 
(11 years)

(in Rs/kW)

Large 
(more 
than 100 
kVA; 11 
kV or 
higher)

General 3.72 3.72 3.98 3.95 4.33 4.58 4.95 5.61 6.33 6.14 6.82 6.25%

Arc/PIU 3.72 3.72 3.98 3.95 4.33 4.58 4.95 5.61 6.33 6.33 7.03 6.58%

Seasonal
Season 3.72 3.72 3.98 3.95 4.33 4.58 4.95 5.61 6.33 6.14 6.82 6.25%

Off-
Season

4.28 3.72 4.58 4.54 4.97 5.25 5.67 6.44 7.27 7.4 8.22 6.75%

Ice Factories 3.72 3.72 3.98 3.95 4.33 4.58 4.95 5.61 6.33 6.14 6.82 6.25%

Medium 
(20 
kW–100 
kVA; 400 
V or 11 
kV

General 3.72 3.72 3.98 3.95 4.33 4.58 4.95 5.61 6.26 6.52 6.52 5.78%

Seasonal
Season 3.72 3.72 3.98 3.95 4.33 4.58 4.95 5.61 6.26 6.52 6.52 5.78%

Off-
Season

4.31 3.72 4.61 4.54 4.97 5.25 5.67 6.44 7.19 8.12 8.12 6.54%

Ice Factories 3.72 3.72 3.98 3.95 4.33 4.58 4.95 5.61 6.26 6.52 6.52 5.78%

Small (up 
to 20 kW; 
230 V or 
400 V)

General 3.37 3.37 3.61 3.58 3.92 4.14 4.47 5.1 5.74 6.50 5.85 5.67%

Seasonal
Season 3.37 3.37 3.61 3.58 3.92 4.14 4.47 5.1 5.74 6.50 5.85 5.67%

Off-
Season

4 3.37 4.28 4.24 4.64 4.91 5.3 6.03 6.79 7.67 6.9 5.60%

Ice Factories 3.37 3.37 3.61 3.58 3.92 4.14 4.47 5.1 5.74 5.85 5.85 5.67%

�� Arc furnaces and power intensive units include induction furnaces, chloroalkaline units, billet heaters, surface 
hardening machines & electrolytic process industries

�� Seasonal industries are all cotton ginning, pressing, and bailing plants; all rice shellers; all rice bran stabilization 
units; kinnow grading, and waxing centres.

�� Power factor for 2015–16 and 2014–15 is 0.9 for LS and MS and non-domestic (above 100 kW)
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Table A2.13: Karnataka—Commercial/Non-Domestic

Commercial 2005–
06

2006–
07

2007–
08

2008–
09

2009–
10

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

CAGR 11 
years

(in Rs/unit)

HT2 (b)

First Two 
Lakh Units

4.85 4.85 4.7 4.7 5.6 6 6.3 6.7 6.75 7.15 7.35 4.24%

Balance 
Units

5.15 5.15 4.9 4.9 5.95 6.3 6.6 7 7.05 7.45 7.65 4.04%

HT2 (c) (i) 
Govt

First One 
Lakh Units

3.8 3.65 3.55 3.55 4.3 4.6 4.9 5.1 5 5.4 5.6 3.95%

Balance 
Units

4.3 4.15 3.95 3.95 4.6 4.9 5.2 5.4 5.5 5.9 6.1 3.56%

HT2 (c) (ii) 
Pvt

First One 
Lakh Units

4.85 4.85 4.7 4.7 5.6 6 6.3 6.7 6 6.4 6.6 3.13%

Balance 
Units

5.15 5.15 4.9 4.9 5.95 6.3 6.6 7 6.5 6.9 7.1 3.26%

LT2 (b) under 
ULBs

0–100 
units

4.15 4.15 4.1 4.1 4.65 4.95 5.5 5.7 5.7 6 6 3.76%

100–200 
units

4.65 4.65 4.6 4.6 5.25 5.55 6.5 6.7 6.7 7.2 7.2 4.47%

200–400 
units

4.9 4.9 4.8 4.8 5.6 5.9

Above 400 
units

5.25 5.25 5.15 5.15 6.05 6.35

LT3 under 
ULBs

First 50 
units

5.05 4.95 4.95 4.95 5.15 5.6 6 6.2 6.45 6.75 6.95 3.25%

Balance 
Units

6 5.9 5.9 5.9 6.5 6.8 7 7.2 7.45 7.75 7.95 2.85%

Table A2.14: Karnataka—Industrial

Industrial 2005–
06

2006–
07

2007–
08

2008–
091

2009–
10

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

CAGR 
11 years

(in Rs/unit)

HT First One Lakh Units 3.8 3.65 3.55 3.55 4.3 4.6 4.9 5.1 5.35 5.7 5.85 4.41%

Balance Units 4.3 4.15 3.95 3.95 4.6 4.9 5.2 5.4 5.65 6 6.15 3.64%

LT Areas under 
Municipal 
Corporations

First 
500 
units

3.3 3.15 3.15 3.15 3.3 3.6 3.8 4 4.25 4.55 4.75 3.71%

Next 
500 
units

3.8 3.8 3.65 3.65 3.9 4.2 4.5 4.7 4.95 5.35 5.55 3.86%

Balance 
units

4.05 4.05 3.9 3.9 4.25 4.6 4.8 5 5.25 5.65 5.85 3.75%

Other than 
Above Areas

First 
500 
units

3.3 3.3 3.15 3.15 3.3 3.6 3.8 4 4.25 4.55 4.7 3.60%

Next 
500 
units

3.8 3.8 3.65 3.65 3.9 4.2 4.5 4.7 4.95 5.35 5.5 3.77%

Balance 
units

4.05 4.05 3.9 3.9 4.25 4.6 4.8 5 5.25 5.65 5.8 3.66%
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Table A2.15: Rajasthan Tariff Schedule (JVVNL)—Non-Domestic

Non–Domestic 2011–12 2012–13 2013–14 2014–15 CAGR

Sanctioned Load Consumption per Month in Rs/Unit

Up to 5 kW

Up to 100 units First 100 5.1 5.6 5.6 6.75 9.79%

Between 100 and 
200 units

First 100 5.1 5.6 5.6 6.75 9.79%

Above 100 and up to 200 5.5 6 6 7.15 9.14%

Between 200 and 
500 units

First 100 5.1 5.6 5.6 6.75 9.79%

Above 100 and up to 200 5.5 6 6 7.15 9.14%

Above 200 and up to 500 5.9 6.25 6.25 7.45 8.09%

Above 500 units

First 100 5.1 5.6 5.6 6.75 9.79%

Above 100 and up to 200 5.5 6 6 7.15 9.14%

Above 200 and up to 500 5.9 6.25 6.25 7.45 8.09%

Above 500 units 5.9 6.6 6.6 7.85 9.99%

Above 5 kW

LT supply

First 100 units 5.1 5.6 5.6 6.75 9.79%

Above 100 and up to 200 units 5.5 6 6 7.15 9.14%

Above 200 and up to 500 units 5.9
6.25

6.25 7.45 8.09%

Above 500 units 5.9 6.6 7.85 9.99%

HT supply (Contract 
demand over 
50kVA)

All 5.9 6.25 6.25 7.45 8.09%

 
Table A2.16: Rajasthan—Industrial

Industrial 2011–12 2012–13 2013–14 2014–15 CAGR

in Rs/Unit

Small Industries 
(up to 18.65 kW 
(25HP))

Up to 5kW 4 First 500 units 4.5 4.5 5.35 10.18%

Above 5 and up to 
18.65kW

4.35
Above 500 
units

4.85 4.85 5.75 9.75%

Medium 
Industries (Above 
18.65 and up to 
112 kW)

Max Demand 50 
kVA (LT)

4.75
Max Demand 
50kVA (LT)

5.25 5.25 6.25 9.58%

Max Demand 125 
kVA (HT)

4.75
Max Demand 
125kVA (HT)

5.25 5.25 6.25 9.58%

Bulk Supply for 
Mixed Load

Up to 50 kVA (LT) 4.75 LT 5.25 5.25 6.25 9.58%

above 50 kVA (HT) 4.75 HT 5.25 5.25 6.25 9.58%

Large Industries (above 125 kVA (150 
HP))

5 5.5 5.5 6.5 9.14%
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Table A2.17: Andhra Pradesh—Commercial

Commercial 
Categories

2005–06 2006–
07

2007–
08

2008–
09

2009–
10

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15*

2015–
16\

CAGR

in Rs/Unit

LT

Up to 50 Units a 
Month (LT) (53/
kW)

3.95 3.95 3.95 3.85 3.85 3.85 3.85 3.85 5.4 5.4 5.4 3.18%

Above 
50 units 
a month

First 50 
units

3.95 3.95 3.95 3.85 3.85 3.85 3.85 3.85 6.63 6.63 6.63 5.32%

50–101 
units

6.25 6.25 6.25 6.2 6.2 6.2 6.2 6 7.38 7.38 7.38 1.68%

101–
300

6.25 6.25 6.25 6.2 6.2 6.5 6.5 7 8.13 8.13 8.54 3.17%

301–
500

6.25 6.25 6.25 6.2 6.2 6.5 6.5 7 8.63 8.63 9.06 3.78%

Above 
500

6.25 6.25 6.25 6.2 6.2 6.5 6.5 7 9.13 9.13 9.59 4.37%

HT
11 kV 4.4 4.4 4.4 4.3 4.3 4.8 4.8 5.97 6.9 6.9 7.25 5.12%

33 kV – 3.9 3.9 3.8 3.8 4.3 4.3 5.35 6.28 6.28 6.59 5.39%

Table A2.18: Andhra Pradesh—Industrial

Industrial 
Categories*

2005–
06

2006–07 2007–
08

2008–
09

2009–
10

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

CAGR

in Rs/Unit

LT Industry 
(General) LT

3.75 3.75 3.75 3.75 3.75 4.13 5 5 6.08 6.08 6.38 5.46%

Seasonal 
Industries 
(off season)

4.4 4.4 4.4 4.4 4.4 5.67 6.75 6.75 7.09 4.89%

Pisciculture/
Prawn 
Culture

0.9 0.9 0.9 0.9 0.9 0.9 2.12 2.12 4.63 4.63 4.63 17.80%

Sugarcane 
Crushing

0.5 0.5 0.5 0.5 0.5 0.5 1.62 1.62 4.63 4.63 4.63 24.93%

Poultry 
Farms

3.75 3.75 3.75 3.75 3.75 4.13 5 5 5.63 5.63 5.63 4.15%

Mushroom 
and Rabbit 
Farms

3.75 3.75 3.75 3.75 3.75 4.13 5 5 5.63 5.63 5.63 4.15%

Floriculture 
in Green 
House

3.75 3.75 3.75 3.75 3.75 4.13 5 5 5.63 5.63 5.63 4.15%

Cottage 
Industries up 
to 10 HP

1.8 1.8 1.8 1.8 1.8 1.8 2.67 3.75 3.75 3.75 7.62%

Agro-Based 
Activity up 
to 10 HP

1.8 1.8 1.8 1.8 1.8 1.8 2.67 3.75 3.75 3.75 7.62%

HT Industry 
(General) 
HT

11kV 3.35 3.3 3.3 3.25 3.2 3.52 3.52 4.8 5.73 5.73 6.02 5.88%

33kV 4.4 3.1 3.1 3 2.95 3.25 3.25 4.37 5.3 5.3 5.57 5.22%

Seasonal 
Industries

11kV – 4.4 4.4 4.3 4.3 4.8 4.8 5.9 6.9 6.9 7.25 5.12%

33kV 3.9 3.9 3.8 3.8 4.3 4.3 5.35 6.28 6.28 6.59 5.39%

* No order was issued in 2014–15 and the schedule for 2013–14 was followed for that financial year as well.
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Table A2.19: Mumbai TATA Power—Commercial

Commercial 2006–07 2008–
09

2009–
10

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

CAGR

(in Rs/kWh)

LT

<11.2 kW 4.6 0–20kW 4.25 3.85 4.25 4.25 4.25 5.1 5.75 7.5 8.45%

>11.2 kW 3.5

> 20 kW 
and ≤ 50 
kW

5.2 4.3 4.8 4.8 4.8 5.31 5.91 6.01 2.09%

> 50 kW 6.2 4.65 5.05 5.05 5.05 5.86 6.46 7.62 2.99%

HT 3.15 4.95 4.35 5.2 5 5 6.49 7.29 8.11 7.31%

Table A2.20: Mumbai TATA Power—Industrial

Industrial 2006–
07

2008–
09

2009–
10

2010–
11

2011–
12

2012–
13

2013–
14

2014–
15

2015–
16

CAGR

(in Rs/kWh)

LT
<11.2 kW 4.6 0–20 kW 3.6 4.1 4.5 4.5 4.5 4.65 7.38 6.9 9.74%

>11.2 kW 3.5
above 20 
kW

4.6 4.6 5.1 5.1 5.1 5.52 8.2 7.35 6.92%

HT 3.15 4.35 4.1 5 5.2 5.2 6.2 8.02 8.44 9.93%

Annexure A6.1:Site survey and roof inspection template

General Information

Site Type, e.g.,  School, 
Industry, etc.  

  Date   

Client Name   

Client Address 
(Detailed)

 

Client’s Contact Person   Designation  

Contact Details Contact. No   Mail ID Website  

 

Site Latitude, 
Longitude , 
Altitude & Google 
Pic

Latitude Longitude Altitude Google map Pic
Ambient Temperature 
in °C

  Yes  □ No  □ ___Min ___Max
____ 
Avg.

 

Suggested area 
for SPV

Ground   □ Area ________ Sq.Mtr. Photographs Y □ N □ BIPV
N □

Y □

Roof      P Area   Sq.Mtr. Photographs Y P N □ 

 

Suggested type of SPV 
by client
 P

On-grid Off-Grid Hybrid Autonomy Backup Hours
 

 □ Wind □
Biogas 
□

Any □ ________ Days _____ Hrs.

 

Existing SPV 
details

Y □    
N 
P

Type of system System Size
If Off-grid then Battery Bank capacity and SPV 
Array

On-grid  □
Off-
Grid

 □ ________ KW ________ Ah _____ KW

 

Other suggestion from Client       General Energy Rate



GRID PARITY OF SOLAR PV ROOFTOP SYSTEMS FOR THE COMMERCIAL AND INDUSTRIAL SECTORS124

 
 
 
 

  Range (KWH/Unit) Rate Rs/KWh

     

     

     

Electrical Information

 

Power provider company/
organisation

BSES
1 Ph
_______
3 Ph

 
 

Connection Type & Voltage

other _____________

                         

Sanctioned Load (kW)   KW   Average Grid Availability (Hours / 24 Hours) Variable Hrs.

                         

Last 6 month unit consumed (KWH)   Transformer 
Rating

  KVA 3phase

Month-1 Month-2 Month- 
3

Month- 
4

Month- 
5

Month- 
6

   

April Mar Feb Jan Dec Nov   Is Load separation/ divided at Main 
Distribution Panel (MDP)     
Light Loads

Heavy loads  

             

Last 6 month Elect. Bill (Rs/month)   Distance between transformer and MDP _______ Mtr.

Month-1 Month-2 Month- 
3

Month- 
4

Month- 
5

Month- 
6

  Distance between DG and MDP _______ Mtr.

April Mar Feb Jan Dec Nov   Distance between Proposed SPV and MDP _______ Mtr.

 Average Rs22000 per month                

Does the Energy Rate Change during Peak 
Hours 

 □   Diesel Generator

If Y, Please Provide Peak time & regular Energy (Rs/kWh) 
Rates

  Mfg.By:- Sudhir Rating 15 KVA AGE_3_Y

Time Rate (Rs/
kWh)

Time Rate 
(Rs/
kWh)

  Average Daily Diesel 
Consumption(Ltrs)

   

eg:-
9:0AM

11:00 
AM

11.40         Average Monthly Diesel Consumption (Ltrs./Month)(last 6 month detail)

              Month- 
1

Month- 
2

Month- 
3

Month- 
4

Month- 
5

Month- 6 Average

            Month April Mar Feb Jan Dec Nov (Average)

            Ltrs Average 60 lt for 4 months  

              Average Monthly cost of Diesel (Rs/Month) (last 6 month detail)

              Month- 
1

Month- 
2

Month- 
3

Month- 
4

Month- 
5

Month- 6 Average

            Month April Mar Feb Jan Dec Nov (Average)

Single line wiring drawing of the site electrical  □ Rs              

Floor plan showing electrical Control room / 
MDP

 □   Amount Spent on Operations & Maintenance 
of Diesel Generator Per Year (Rs/Year)

___________

             

Load Details

S.No. Name of appliances/load Qty. Watt (W) Hrs. in 
day

Hrs. in 
Night

Days of 
week

Types of Load (e.g., 3 Ph Motors, Star 
rating ACs etc.)

1              

2              

3              

4              

5              

6              
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7              

8              

9              

10              

11              

12              

13              

14              

15              

Civil Information

Type of system proposed to client            

Roof top  P Ground mount  □ Any 
other

__________   Photographs of roof  P

                  Detailed roof drawing if available  □

Roof Top          

Total Roof-top area   Sq. 
Mtr.

  Roof 
age

__3__   Type of roof

        Orientation? 
i.e., South Y/N 
:-Y
 
 

  Tin Shed  □ Slate  □

Roof condition   RCC Slab  P    

Poor  □   Fair  □   Albesters roof  □    

Good  □   Excellent  □            

New  P                        

            Any Shading, than height of objects (in Mtr.) e.g., trees, water 
tank, etc.Provided drawings, orientation & 

dimensions of beams and pillars of 
roof

 □
 

 

Object Distance form 
SPV (M)

Orientation Height 
(M)

Provided Proposed location of inverter 
on drawing/sketch by client

 □
 

           

       

Estimated length of Suggested location 
of inverter and MDP (in Mtrs.) by 
client

 □
 

           

           

            Ground Mount        

Total ground area ________ Sq. 
Mtr.

  Any Shading, then height 
of objects (in Mtr.) e.g., 
trees, adjacent buildings, 
etc.
 
Sandy  □
Chalky □

  Type of soil

Suggested location of SPV & inverter 
on drawing/sketch

 □
 

   □ Silt  □

Peaty 

          __________  Mtr.   Clay  □ Loam  □

    __________  Mtr.   Others ___________________________

    __________  Mtr.   Availability of soil report            □

Photographs and Plans:-         If Yes , Attach 
report

   

Please attach a sketch / diagram of the roof showing key dimension and photos of the exterior of the house showing proposed SPV roof area, 
internal structure of roof, if visible.
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Annexure A6.2:Voltage drop calculations

String Current, Isc 8.23 A

At 50 degree
Module Vmp 27.1 V

String Length 19 Nos

String Voltage 514.9 V

DC SIDE 

Location Length(m) Wire Size(mm2) Del_V_DC
Drop 
(percentage)

String 1 to Inverter 1(Pos + Neg) 10 6 1.157 0.225

String 2 to Inverter 1(Pos + Neg) 42 6 2.132 0.414

String 3 to Inverter 1(Pos + Neg) 34 6 1.888 0.367

String 4 to Inverter 1(Pos + Neg) 36 6 1.949 0.378

String 1 to Inverter 2(Pos + Neg) 56 6 2.558 0.497

String 2 to Inverter 2(Pos + Neg) 8 6 1.096 0.213

String 3 to Inverter 2(Pos + Neg) 32 6 1.827 0.355

String 4 to Inverter 2(Pos + Neg) 38 6 2.010 0.390

String 1 to Inverter 3(Pos + Neg) 50 6 2.375 0.461

String 2 to Inverter 3(Pos + Neg) 30 6 1.766 0.343

String 3 to Inverter 3(Pos + Neg) 34 6 1.888 0.367

String 4 to Inverter 3(Pos+Neg) 52 6 2.436 0.473

Inverter AC current 25 A

Output voltage 415 V

Main Combiner AC Current 75 A

AC SIDE 

Location Length(m)
Wire Size 
(mm2)

Del_V_AC Drop

Inverter 1 to Combiner 13 10 1.190 0.287

Inverter 2 to Combiner 5 10 0.458 0.110

Inverter 3 to Combiner 16 10 1.464 0.353

Combiner to Interconnection 30 25 3.272 0.788
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Annexure A8.1: Levelized Cost of Electricity
PV Only—No Incentive 2015 2017 2020

25 Delhi 10.28 8.77 7.63

Haryana 9.49 8.10 7.04

Gujarat 9.93 8.47 7.37

West Bengal 11.23 9.58 8.34

Chhattisgarh 10.58 9.02 7.85

Punjab 9.49 8.10 7.04

Karnataka 9.85 8.40 7.31

Rajasthan 9.95 8.49 7.39

Andhra Pradesh 10.37 8.84 7.70

Maharashtra 8.62 7.36 6.40

150 kWp Delhi 9.39 8.00 6.95

Haryana 8.67 7.39 6.42

Gujarat 9.07 7.73 6.72

West Bengal 10.26 8.74 7.60

Chhattisgarh 9.66 8.23 7.16

Punjab 8.67 7.39 6.42

Karnataka 9.00 7.66 6.66

Rajasthan 9.09 7.75 6.73

Andhra Pradesh 9.47 8.07 7.01

Maharashtra 7.88 6.71 5.83

1000 kWp Delhi 8.54 7.28 6.33

Haryana 7.89 6.73 5.85

Gujarat 8.25 7.04 6.12

West Bengal 9.34 7.96 6.92

Chhattisgarh 8.79 7.50 6.52

Punjab 7.89 6.73 5.85

Karnataka 8.19 6.98 6.07

Rajasthan 8.27 7.05 6.13

Andhra Pradesh 8.62 7.35 6.39

Maharashtra 7.17 6.11 5.31

         

PV Only—Capital Subsidy 2015 2017 2020

25 Delhi 9.33 7.96 6.92

Haryana 8.61 7.35 6.39

Gujarat 9.01 7.69 6.69

West Bengal 10.19 8.70 7.57

Chhattisgarh 9.60 8.19 7.12

Punjab 8.61 7.35 6.39

Karnataka 8.94 7.62 6.63

Rajasthan 9.03 7.70 6.70
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Andhra Pradesh 9.41 8.03 6.98

Maharashtra 7.82 6.68 5.81

150 kWp Delhi 8.52 7.26 6.31

Haryana 7.87 6.70 5.83

Gujarat 8.23 7.01 6.10

West Bengal 9.31 7.93 6.90

Chhattisgarh 8.77 7.47 6.49

Punjab 7.87 6.70 5.83

Karnataka 8.16 6.96 6.05

Rajasthan 8.25 7.03 6.11

Andhra Pradesh 8.60 7.32 6.37

Maharashtra 7.15 6.09 5.29

1000 kWp Delhi 7.75 6.61 5.74

Haryana 7.16 6.10 5.31

Gujarat 7.49 6.39 5.55

West Bengal 8.47 7.22 6.28

Chhattisgarh 7.98 6.80 5.91

Punjab 7.16 6.10 5.31

Karnataka 7.43 6.33 5.50

Rajasthan 7.51 6.40 5.56

Andhra Pradesh 7.82 6.67 5.80

Maharashtra 6.50 5.55 4.82

PV + Battery—No Incentive 2015 2017 2020

25 Delhi 16.35 13.95 12.14

Haryana 15.21 12.97 11.29

Gujarat 15.85 13.52 11.76

West Bengal 17.72 15.11 13.15

Chhattisgarh 16.78 14.32 12.46

Punjab 15.21 12.97 11.29

Karnataka 15.73 13.42 11.67

Rajasthan 15.88 13.55 11.79

Andhra Pradesh 16.48 14.06 12.23

Maharashtra 13.93 11.88 10.34

150 kWp Delhi 14.94 12.73 11.06

Haryana 13.90 11.84 10.29

Gujarat 14.48 12.34 10.72

West Bengal 16.19 13.79 11.99

Chhattisgarh 15.33 13.06 11.35

Punjab 13.90 11.84 10.29

Karnataka 14.37 12.24 10.64

Rajasthan 14.51 12.36 10.74

Andhra Pradesh 15.06 12.83 11.15
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Maharashtra 12.73 10.84 9.42

1000 kWp Delhi 13.59 11.59 10.07

Haryana 12.64 10.78 9.37

Gujarat 13.17 11.23 9.76

West Bengal 14.73 12.56 10.91

Chhattisgarh 13.95 11.89 10.34

Punjab 12.64 10.78 9.37

Karnataka 13.07 11.15 9.69

Rajasthan 13.20 11.25 9.78

Andhra Pradesh 13.70 11.68 10.15

Maharashtra 11.58 9.87 8.58

         

PV + Battery—Capital Subsidy 2015 2017 2020

25 Delhi 15.14 12.92 11.24

Haryana 14.09 12.02 10.46

Gujarat 14.68 12.52 10.90

West Bengal 16.41 14.00 12.18

Chhattisgarh 15.54 13.26 11.54

Punjab 14.09 12.02 10.46

Karnataka 14.57 12.43 10.81

Rajasthan 14.71 12.55 10.92

Andhra Pradesh 15.26 13.02 11.33

Maharashtra 12.90 11.01 9.58

150 kWp Delhi 13.84 11.79 10.25

Haryana 12.87 10.96 9.53

Gujarat 13.41 11.43 9.93

West Bengal 14.99 12.77 11.10

Chhattisgarh 14.20 12.10 10.52

Punjab 12.87 10.96 9.53

Karnataka 13.31 11.34 9.86

Rajasthan 13.44 11.45 9.95

Andhra Pradesh 13.95 11.88 10.33

Maharashtra 11.79 10.04 8.73

1000 kWp Delhi 12.59 10.73 9.33

Haryana 11.71 9.98 8.68

Gujarat 12.20 10.40 9.04

West Bengal 13.64 11.63 10.11

Chhattisgarh 12.92 11.02 9.57

Punjab 11.71 9.98 8.68

Karnataka 12.11 10.33 8.97

Rajasthan 12.22 10.42 9.06

Andhra Pradesh 12.69 10.82 9.40



GRID PARITY OF SOLAR PV ROOFTOP SYSTEMS FOR THE COMMERCIAL AND INDUSTRIAL SECTORS130

Maharashtra 10.72 9.14 7.95

PV + Diesel—No Incentive 2015 2017 2020

25 Delhi 11.23 10.13 9.58

Haryana 10.45 9.43 8.91

Gujarat 10.89 9.82 9.29

West Bengal 12.17 10.98 10.38

Chhattisgarh 11.53 10.40 9.83

Punjab 10.45 9.43 8.91

Karnataka 10.81 9.75 9.21

Rajasthan 10.91 9.84 9.30

Andhra Pradesh 11.32 10.21 9.66

Maharashtra 9.57 8.63 8.16

150 kWp Delhi 10.43 9.44 8.97

Haryana 9.70 8.78 8.34

Gujarat 10.11 9.15 8.69

West Bengal 11.30 10.23 9.72

Chhattisgarh 10.70 9.69 9.20

Punjab 9.70 8.78 8.34

Karnataka 10.03 9.08 8.63

Rajasthan 10.13 9.17 8.71

Andhra Pradesh 10.51 9.51 9.04

Maharashtra 8.88 8.04 7.64

1000 kWp Delhi 9.66 8.79 8.40

Haryana 8.99 8.18 7.82

Gujarat 9.36 8.52 8.15

West Bengal 10.47 9.52 9.10

Chhattisgarh 9.91 9.02 8.62

Punjab 8.99 8.18 7.82

Karnataka 9.29 8.46 8.08

Rajasthan 9.38 8.54 8.16

Andhra Pradesh 9.74 8.86 8.47

Maharashtra 8.23 7.49 7.16

         

PV + Diesel—Capital Subsidy 2015 2017 2020

25 Delhi 10.37 9.40 8.94

Haryana 9.65 8.74 8.31

Gujarat 10.05 9.11 8.67

West Bengal 11.24 10.18 9.69

Chhattisgarh 10.64 9.65 9.18

Punjab 9.65 8.74 8.31

Karnataka 9.98 9.04 8.60

Rajasthan 10.07 9.13 8.68
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Andhra Pradesh 10.45 9.47 9.01

Maharashtra 8.83 8.01 7.62

150 kWp Delhi 9.64 8.77 8.38

Haryana 8.97 8.15 7.80

Gujarat 9.35 8.50 8.13

West Bengal 10.45 9.50 9.08

Chhattisgarh 9.90 9.00 8.60

Punjab 8.97 8.15 7.80

Karnataka 9.27 8.43 8.07

Rajasthan 9.36 8.51 8.14

Andhra Pradesh 9.72 8.84 8.45

Maharashtra 8.21 7.47 7.14

1000 kWp Delhi 8.94 8.18 7.87

Haryana 8.32 7.61 7.32

Gujarat 8.67 7.93 7.63

West Bengal 9.69 8.86 8.53

Chhattisgarh 9.18 8.39 8.08

Punjab 8.32 7.61 7.32

Karnataka 8.60 7.87 7.57

Rajasthan 8.69 7.94 7.65

Andhra Pradesh 9.02 8.24 7.93

Maharashtra 7.62 6.97 6.71

Annexure A8.2:  Payback Period
PV Only—No Incentive 2015 2017 2020

25 Commercial Delhi 5.5 4.5 3.3

Haryana 7.04 6.99 4.3

Gujarat 10.2 7.4 6.4

West Bengal 7.4 6.7 4.6

Chhattisgarh 9.9 7.4 6.2

Punjab 6.7 5.6 4.1

Karnataka 6.7 5.0 4.1

Rajasthan 6.4 4.9 3.9

Andhra Pradesh 6.2 5.5 3.8

Maharashtra 5.5 4.3 3.3

Industrial Delhi 6.5 5.1 3.9

Haryana 7.7 6.1 4.7

Gujarat 10.2 8.27 6.45

West Bengal 7.9 6.34 4.90

Chhattisgarh 11.3 9.14 7.16

Punjab 7.0 5.54 4.26
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Karnataka 7.9 6.31 4.87

Rajasthan 7.6 6.05 4.66

Andhra Pradesh 8.2 6.59 5.10

Maharashtra 5.5 4.39 3.36

150 kWp Commercial Delhi 5.1 4.2 3.1

Haryana 6.5 6.4 3.9

Gujarat 9.5 6.8 5.9

West Bengal 6.9 6.1 4.2

Chhattisgarh 9.2 6.7 5.7

Punjab 6.2 5.2 3.8

Karnataka 6.2 4.6 3.7

Rajasthan 5.9 4.4 3.6

Andhra Pradesh 5.7 5.0 3.5

Maharashtra 5.1 4.0 3.1

Industrial Delhi 6.0 4.7 3.6

Haryana 7.1 5.6 4.3

Gujarat 9.5 7.7 5.9

West Bengal 7.3 5.9 4.5

Chhattisgarh 10.5 8.5 6.6

Punjab 6.4 5.1 3.9

Karnataka 7.3 5.8 4.5

Rajasthan 7.0 5.6 4.3

Andhra Pradesh 7.6 6.1 4.7

Maharashtra 5.1 4.0 3.1

1000 kWp Commercial Delhi 4.7 3.8 2.8

Haryana 6.0 6.0 3.6

Gujarat 8.8 6.4 5.4

West Bengal 6.4 5.7 3.8

Chhattisgarh 8.6 6.3 5.3

Punjab 5.7 4.7 3.4

Karnataka 5.7 4.3 3.4

Rajasthan 5.5 4.2 3.3

Andhra Pradesh 5.3 4.7 3.2

Maharashtra 4.7 3.6 2.8

Industrial Delhi 5.5 4.3 3.3

Haryana 6.5 5.2 4.0

Gujarat 8.8 7.1 5.5

West Bengal 6.8 5.4 4.1

Chhattisgarh 9.7 7.8 6.1

Punjab 5.9 4.7 3.6

Karnataka 6.7 5.4 4.1

Rajasthan 6.5 5.1 3.9
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Andhra Pradesh 7.0 5.6 4.3

Maharashtra 4.7 3.7 2.8

PV Only—Capital Subsidy 2015 2017 2020

25 Commercial Delhi 4.8 3.8 2.9

Haryana 6.1 4.8 3.7

Gujarat 8.9 7.2 5.5

West Bengal 6.5 5.1 3.9

Chhattisgarh 8.7 7.0 5.4

Punjab 5.8 4.6 3.5

Karnataka 5.8 4.6 3.5

Rajasthan 5.6 4.4 3.3

Andhra Pradesh 5.4 4.3 3.2

Maharashtra 4.8 3.8 2.9

150 kWp Commercial Delhi 4.4 3.5 2.6

Haryana 5.7 4.5 3.4

Gujarat 8.3 6.6 5.1

West Bengal 6.0 4.7 3.6

Chhattisgarh 8.1 6.5 5.0

Punjab 5.4 4.3 3.2

Karnataka 5.4 4.2 3.2

Rajasthan 5.1 4.1 3.1

Andhra Pradesh 5.0 3.9 3.0

Maharashtra 4.4 3.5 2.6

1000 kWp Commercial Delhi 4.1 3.2 2.4

Haryana 5.2 4.1 3.1

Gujarat 7.7 6.1 4.7

West Bengal 5.5 4.4 3.3

Chhattisgarh 7.5 6.0 4.6

Punjab 5.0 3.9 3.0

Karnataka 4.9 3.9 2.9

Rajasthan 4.7 3.7 2.8

Andhra Pradesh 4.6 3.6 2.7

Maharashtra 4.1 3.2 2.4

PV + Battery – No Incentive 2015 2017 2020

25 Commercial Delhi 6.8 5.4 4.1

Haryana 8.6 6.9 5.3

Gujarat 12.2 10.0 7.8

West Bengal 9.0 7.2 5.6

Chhattisgarh 11.9 9.7 7.6

Punjab 8.3 6.6 5.1

Karnataka 8.2 6.6 5.0

Rajasthan 7.9 6.3 4.8
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Andhra Pradesh 7.6 6.1 4.7

Maharashtra 6.9 5.5 4.2

Industrial Delhi 7.9 6.3 4.9

Haryana 9.4 7.6 5.9

Gujarat 12.3 10.1 7.9

West Bengal 9.6 7.7 6.0

Chhattisgarh 13.5 11.0 8.7

Punjab 8.6 6.9 5.3

Karnataka 9.6 7.8 6.0

Rajasthan 9.2 7.4 5.8

Andhra Pradesh 10.0 8.1 6.3

Maharashtra 6.9 5.5 4.2

150 kWp Commercial Delhi 6.3 5.0 3.8

Haryana 8.0 6.4 4.9

Gujarat 11.4 9.3 7.2

West Bengal 8.4 6.7 5.1

Chhattisgarh 11.1 9.0 7.0

Punjab 7.7 6.1 4.7

Karnataka 7.6 6.0 4.6

Rajasthan 7.3 5.8 4.4

Andhra Pradesh 7.0 5.6 4.3

Maharashtra 6.4 5.0 3.9

Industrial Delhi 7.3 5.8 4.5

Haryana 8.7 7.0 5.4

Gujarat 11.5 9.3 7.3

West Bengal 8.9 7.1 5.5

Chhattisgarh 12.6 10.3 8.1

Punjab 7.9 6.3 4.9

Karnataka 8.9 7.2 5.6

Rajasthan 8.6 6.9 5.3

Andhra Pradesh 9.3 7.5 5.8

Maharashtra 6.4 5.1 3.9

1000 kWp Commercial Delhi 5.8 4.6 3.5

Haryana 7.4 5.9 4.5

Gujarat 10.6 8.6 6.7

West Bengal 7.7 6.2 4.7

Chhattisgarh 10.3 8.4 6.5

Punjab 7.1 5.6 4.3

Karnataka 7.0 5.6 4.3

Rajasthan 6.7 5.3 4.1

Andhra Pradesh 6.5 5.2 3.9
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Maharashtra 5.9 4.6 3.5

Industrial Delhi 6.8 5.4 4.1

Haryana 8.1 6.4 5.0

Gujarat 10.7 8.7 6.8

West Bengal 8.2 6.6 5.1

Chhattisgarh 11.7 9.5 7.5

Punjab 7.3 5.8 4.5

Karnataka 8.3 6.6 5.1

Rajasthan 7.9 6.3 4.9

Andhra Pradesh 8.6 6.9 5.3

Maharashtra 5.9 4.7 3.6

           

PV + Battery—Capital Subsidy 2015 2017 2020

25 Commercial Delhi 5.9 4.7 3.6

Haryana 7.5 6.0 4.6

Gujarat 10.8 8.7 6.8

West Bengal 7.9 6.3 4.8

Chhattisgarh 10.5 8.5 6.6

Punjab 7.2 5.7 4.4

Karnataka 7.1 5.7 4.4

Rajasthan 6.9 5.5 4.2

Andhra Pradesh 6.6 5.3 4.0

Maharashtra 6.0 4.7 3.6

150 kWp Commercial Delhi 5.5 4.3 3.3

Haryana 7.0 5.6 4.3

Gujarat 10.1 8.1 6.3

West Bengal 7.3 5.8 4.5

Chhattisgarh 9.8 7.9 6.1

Punjab 6.7 5.3 4.1

Karnataka 6.6 5.2 4.0

Rajasthan 6.4 5.0 3.8

Andhra Pradesh 6.1 4.8 3.7

Maharashtra 5.6 4.4 3.3

1000 kWp Commercial Delhi 5.0 4.0 3.0

Haryana 6.4 5.1 3.9

Gujarat 9.3 7.5 5.8

West Bengal 6.7 5.3 4.1

Chhattisgarh 9.1 7.3 5.6

Punjab 6.2 4.9 3.7

Karnataka 6.1 4.8 3.7

Rajasthan 5.9 4.6 3.5

Andhra Pradesh 5.6 4.5 3.4
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Maharashtra 5.1 4.0 3.0

PV + Diesel—No Incentive 2015 2017 2020

25 Commercial Delhi 5.1 4.0 3.0

Haryana 6.5 5.2 4.0

Gujarat 9.4 7.6 5.9

West Bengal 6.8 5.4 4.1

Chhattisgarh 9.2 7.4 5.7

Punjab 6.2 4.9 3.8

Karnataka 6.2 4.9 3.7

Rajasthan 5.9 4.7 3.6

Andhra Pradesh 5.7 4.5 3.4

Maharashtra 5.1 4.1 3.1

Industrial Delhi 5.9 4.7 3.6

Haryana 7.1 5.7 4.3

Gujarat 9.5 7.6 5.9

West Bengal 7.2 5.8 4.4

Chhattisgarh 10.4 8.4 6.6

Punjab 6.4 5.1 3.9

Karnataka 7.3 5.8 4.5

Rajasthan 7.0 5.6 4.3

Andhra Pradesh 7.6 6.0 4.7

Maharashtra 5.2 4.1 3.1

150 kWp Commercial Delhi 4.7 3.7 2.8

Haryana 6.0 4.8 3.6

Gujarat 8.7 7.0 5.4

West Bengal 6.3 5.0 3.8

Chhattisgarh 8.5 6.8 5.3

Punjab 5.7 4.5 3.5

Karnataka 5.7 4.5 3.4

Rajasthan 5.5 4.3 3.3

Andhra Pradesh 5.3 4.1 3.1

Maharashtra 4.7 3.7 2.8

Industrial Delhi 5.5 4.3 3.3

Haryana 6.6 5.2 4.0

Gujarat 8.8 7.1 5.5

West Bengal 6.7 5.3 4.1

Chhattisgarh 9.7 7.8 6.1

Punjab 5.9 4.7 3.6

Karnataka 6.7 5.4 4.1

Rajasthan 6.5 5.1 3.9

Andhra Pradesh 7.0 5.6 4.3

Maharashtra 4.8 3.7 2.8
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1000 kWp Commercial Delhi 4.3 3.4 2.5

Haryana 5.5 4.4 3.3

Gujarat 8.1 6.5 5.0

West Bengal 5.8 4.6 3.5

Chhattisgarh 7.9 6.3 4.8

Punjab 5.3 4.2 3.2

Karnataka 5.2 4.1 3.1

Rajasthan 5.0 4.0 3.0

Andhra Pradesh 4.8 3.8 2.9

Maharashtra 4.4 3.4 2.6

Industrial Delhi 5.0 4.0 3.0

Haryana 6.0 4.8 3.7

Gujarat 8.1 6.5 5.0

West Bengal 6.2 4.9 3.8

Chhattisgarh 9.0 7.2 5.6

Punjab 5.5 4.3 3.3

Karnataka 6.2 4.9 3.8

Rajasthan 6.0 4.7 3.6

Andhra Pradesh 6.5 5.1 3.9

Maharashtra 4.4 3.4 2.6

           

PV + Diesel – Capital Subsidy 2015 2017 2020

25 Commercial Delhi 4.4 3.4 2.6

Haryana 5.7 4.5 3.4

Gujarat 8.2 6.6 5.1

West Bengal 5.9 4.7 3.6

Chhattisgarh 8.0 6.4 4.9

Punjab 5.4 4.3 3.2

Karnataka 5.3 4.2 3.2

Rajasthan 5.1 4.0 3.1

Andhra Pradesh 4.9 3.9 2.9

Maharashtra 4.4 3.5 2.6

150 kWp Commercial Delhi 4.0 3.2 2.4

Haryana 5.2 4.1 3.1

Gujarat 7.6 6.1 4.7

West Bengal 5.5 4.3 3.3

Chhattisgarh 7.4 5.9 4.6

Punjab 5.0 3.9 3.0

Karnataka 4.9 3.9 2.9

Rajasthan 4.7 3.7 2.8

Andhra Pradesh 4.6 3.6 2.7
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Maharashtra 4.1 3.2 2.4

1000 kWp Commercial Delhi 3.7 2.9 2.2

Haryana 4.8 3.8 2.9

Gujarat 7.1 5.6 4.3

West Bengal 5.0 4.0 3.0

Chhattisgarh 6.9 5.5 4.2

Punjab 4.6 3.6 2.7

Karnataka 4.5 3.6 2.7

Rajasthan 4.3 3.4 2.6

Andhra Pradesh 4.2 3.3 2.5

Maharashtra 3.8 2.9 2.2

Annexure A8.3: Net Present Value
PV Only—No Incentive 2015 2017 2020

25 Commercial Delhi 1273861 2229650 3424243

Haryana 185231 1019359 2005501

Gujarat –1006913 –306013 451856

West Bengal 1819 815450 1766472

Chhattisgarh –920856 –210339 564009

Punjab 363168 1217182 2237395

Karnataka 419757 1280095 2311143

Rajasthan 564336 1440831 2499564

Andhra Pradesh 489998 1358186 2402685

Maharashtra 1256355 2210187 3401428

Industrial Delhi 553676 1415244 2445519

Haryana –159863 624614 1523356

Gujarat –1039646 –350222 386343

West Bengal –283232 487916 1363917

Chhattisgarh –1288061 –625477 65296

Punjab 194318 1017061 1981093

Karnataka –262023 511416 1391327

Rajasthan –121062 667607 1573502

Andhra Pradesh –399706 358858 1213388

Maharashtra 1205499 2137491 3287922

150 kWp Commercial Delhi 9272275 14788171 21785525

Haryana 2740492 7526427 13273071

Gujarat –4412370 –425806 3951203

West Bengal 1640023 6302975 11838900

Chhattisgarh –3896028 148241 4624119

Punjab 3808118 8713366 14664439

Karnataka 4147648 9090841 15106928

Rajasthan 5015123 10055260 16237452

Andhra Pradesh 4569097 9559389 15656175
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Maharashtra 9167235 14671393 21648634

Industrial Delhi 4951162 9901737 15913181

Haryana 669930 5157955 10380206

Gujarat –4608766 –691059 3558127

West Bengal –70282 4337770 9423571

Chhattisgarh –6099259 –2342587 1631845

Punjab 2795016 7512639 13126623

Karnataka 56970 4478770 9588028

Rajasthan 902734 5415912 10681077

Andhra Pradesh –769127 3563420 8520397

Maharashtra 8862101 14235221 20967599

1000 kWp Commercial Delhi 72189580 107341221 152855547

Haryana 28644364 58929594 96105852

Gujarat –19041385 5914707 33960066

West Bengal 21307904 50773245 86544713

Chhattisgarh –15599101 9741685 38446175

Punjab 35761870 66842519 105381642

Karnataka 38025406 69359018 108331564

Rajasthan 43808568 75788479 115868390

Andhra Pradesh 40835065 72482671 111993214

Maharashtra 71489316 106562699 151942937

Industrial Delhi 43382161 74764996 113706585

Haryana 14840617 43139783 76820082

Gujarat –20350693 4146352 31339558

West Bengal 9905872 37671880 70442519

Chhattisgarh –30287312 –6863834 18497675

Punjab 29007856 58837671 95129530

Karnataka 10754215 38611879 71538900

Rajasthan 16392645 44859494 78825892

Andhra Pradesh 5246901 32509547 64421361

Maharashtra 69455093 103654886 147402706

      

PV Only—Capital Subsidy 2015 2017 2020

25 Commercial Delhi 1564861 2477900 3640243

Haryana 476231 1267609 2221501

Gujarat –715913 –57763 667856

West Bengal 292819 1063700 1982472

Chhattisgarh –629856 37911 780009

Punjab 654168 1465432 2453395

Karnataka 710757 1528345 2527143

Rajasthan 855336 1689081 2715564

Andhra Pradesh 780998 1606436 2618685

Maharashtra 1547355 2458437 3617428

150 kWp Commercial Delhi 10867525 16147171 22966775

Haryana 4335742 8885427 14454321



GRID PARITY OF SOLAR PV ROOFTOP SYSTEMS FOR THE COMMERCIAL AND INDUSTRIAL SECTORS140

Gujarat –2817120 933194 5132453

West Bengal 3235273 7661975 13020150

Chhattisgarh –2300778 1507241 5805369

Punjab 5403368 10072366 15845689

Karnataka 5742898 10449841 16288178

Rajasthan 6610373 11414260 17418702

Andhra Pradesh 6164347 10918389 16837425

Maharashtra 10762485 16030393 22829884

1000 kWp Commercial Delhi 81864580 115591221 160025547

Haryana 38319364 67179594 103275852

Gujarat –9366385 14164707 41130066

West Bengal 30982904 59023245 93714713

Chhattisgarh –5924101 17991685 45616175

Punjab 45436870 75092519 112551642

Karnataka 47700406 77609018 115501564

Rajasthan 53483568 84038479 123038390

Andhra Pradesh 50510065 80732671 119163214

Maharashtra 81164316 114812699 159112937

PV + Battery—No Incentive 2015 2017 2020

25 Commercial Delhi –644900 710892 2256185

Haryana –1872376 –653762 656493

Gujarat –3168844 –2095116 –1033110

West Bengal –2018183 –815863 466473

Chhattisgarh –3059738 –1973818 –890920

Punjab –1677456 –437058 910521

Karnataka –1602672 –353916 1007982

Rajasthan –1439897 –172950 1220117

Andhra Pradesh –1506471 –246964 1133355

Maharashtra –737446 608004 2135576

Industrial Delhi –1439517 –187684 1176309

Haryana –2250407 –1086183 128332

Gujarat –3204845 –2143740 –1105165

West Bengal –2335432 –1180395 18446

Chhattisgarh –3466002 –2433113 –1442679

Punjab –1862422 –656279 629755

Karnataka –2351970 –1198719 –2926

Rajasthan –2193888 –1023557 201375

Andhra Pradesh –2488936 –1350483 –179938

Maharashtra –792711 529005 2012228

150 kWp Commercial Delhi –1009719 6740895 15713881

Haryana –8374581 –1447029 6115728

Gujarat –16153384 –10095156 –4021889

West Bengal –9249420 –2419636 4975607

Chhattisgarh –15498752 –9367365 –3168749

Punjab –7205057 –146805 7639893
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Karnataka –6756351 352047 8224663

Rajasthan –5779701 1437843 9497469

Andhra Pradesh –6179145 993759 8976900

Maharashtra –1564995 6123565 14990226

Industrial Delhi –5777426 1349441 9234621

Haryana –10642763 –4041555 2946759

Gujarat –16369394 –10386899 –4454220

West Bengal –11152916 –4606825 2287448

Chhattisgarh –17936334 –12123134 –6479302

Punjab –8314853 –1462133 5955303

Karnataka –11252140 –4716769 2159213

Rajasthan –10303649 –3665802 3385023

Andhra Pradesh –12073937 –5627354 1097140

Maharashtra –1896587 5649571 14250137

1000 kWp Commercial Delhi 11479424 60304737 118132826

Haryana –37619650 5718577 54145143

Gujarat –89478342 –51935601 –13438972

West Bengal –43451910 –765469 46544332

Chhattisgarh –85114128 –47083663 –7751372

Punjab –29822829 14386736 64306242

Karnataka –26831453 17712413 68204710

Rajasthan –20320452 24951053 76690081

Andhra Pradesh –22983411 21990495 73219617

Maharashtra 7777589 56189202 113308461

Industrial Delhi –20305284 24361711 74937763

Haryana –52740868 –11578261 33018681

Gujarat –90918406 –53880556 –16321183

West Bengal –56141887 –15346731 28623275

Chhattisgarh –101364675 –65455455 –29821726

Punjab –37221465 5617881 53075638

Karnataka –56803381 –16079694 27768373

Rajasthan –50480109 –9073246 35940440

Andhra Pradesh –62282027 –22150261 20687884

Maharashtra 5566974 53029246 108374536

PV + Battery—Capital Subsidy 2015 2017 2020

25 Commercial Delhi –237500 1058442 2558585

Haryana –1464976 –306212 958893

Gujarat –2761444 –1747566 –730710

West Bengal –1610783 –468313 768873

Chhattisgarh –2652338 –1626268 –588520

Punjab –1270056 –89508 1212921

Karnataka –1195272 –6366 1310382

Rajasthan –1032497 174600 1522517

Andhra Pradesh –1099071 100586 1435755

Maharashtra –385311 955554 2437976
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Chhattisgarh –6362368 –2705899 1074735

Punjab 1931327 6514661 11883377

Karnataka 2380034 7013513 12468147

Rajasthan 3356684 8099309 13740953

Andhra Pradesh 2957240 7655225 13220384

Maharashtra 7571390 12785031 19233710

Industrial Delhi 3358959 8010907 13478105

Haryana –1506379 2619912 7190243

Gujarat –7233009 –3725433 –210736

West Bengal –2016531 2054641 6530932

Chhattisgarh –8799950 –5461668 –2235818

Punjab 821532 5199333 10198787

Karnataka –2115755 1944697 6402697

Rajasthan –1167265 2995664 7628507

Andhra Pradesh –2937552 1034112 5340624

Maharashtra 7239798 12311038 18493621

1000 kWp Commercial Delhi 64552185 98102488 140667812

Haryana 15453111 43516329 76680129

Gujarat –36405581 –14137849 9096014

150 kWp Commercial Delhi 1223631 8643495 17367631

Haryana –6141231 455571 7769478

Gujarat –13920034 –8192556 –2368139

West Bengal –7016070 –517036 6629357

Chhattisgarh –13265402 –7464765 –1514999

Punjab –4971707 1755795 9293643

Karnataka –4523001 2254647 9878413

Rajasthan –3546351 3340443 11151219

Andhra Pradesh –3945795 2896359 10630650

Maharashtra 336763 8026165 16643976

1000 kWp Commercial Delhi 25024424 71854737 128170826

Haryana –24074650 17268577 64183143

Gujarat –75933342 –40385601 –3400972

West Bengal –29906910 10784531 56582332

Chhattisgarh –71569128 –35533663 2286628

Punjab –16277829 25936736 74344242

Karnataka –13286453 29262413 78242710

Rajasthan –6775452 36501053 86728081

Andhra Pradesh –9438411 33540495 83257617

Maharashtra 19111974 67739202 123346461

PV + Diesel—No Incentive 2015 2017 2020

25 Commercial Delhi 1082926 1998681 3119550

Haryana –144551 634028 1519858

Gujarat –1441018 –807327 –169745

West Bengal –290357 471926 1329837

Chhattisgarh –1331913 –686029 –27555

Punjab 50370 850731 1773885

Karnataka 125154 933873 1871347

Rajasthan 287929 1114839 2083481

Andhra Pradesh 221355 1040825 1996719

Maharashtra 990380 1895793 2998941

Industrial Delhi 288309 1100106 2039673

Haryana –522581 201607 991696

Gujarat –1477019 –855951 –241801

West Bengal –607606 107395 881811

Chhattisgarh –1738176 –1145323 –579314

Punjab –134596 631510 1493120

Karnataka –624144 89071 860438

Rajasthan –466062 264232 1064740

Andhra Pradesh –761110 –62693 683426

Maharashtra 935115 1816794 2875592

150 kWp Commercial Delhi 8126665 13402361 19957365

Haryana 761804 5214437 10359213

Gujarat –7017000 –3433689 221595

West Bengal –113035 4241830 9219091
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West Bengal 9620851 37032283 69079317

Chhattisgarh –32041367 –9285911 14783614

Punjab 23249932 52184487 86841228

Karnataka 26241307 55510165 90739695

Rajasthan 32752309 62748805 99225067

Andhra Pradesh 30089350 59788247 95754603

Maharashtra 60850350 93986953 135843447

Industrial Delhi 32767477 62159463 97472748

Haryana 331893 26219491 55553667

Gujarat –37845645 –16082804 6213803

West Bengal –3069126 22451021 51158260

Chhattisgarh –48291914 –27657703 –7286740

Punjab 15851296 43415633 75610624

Karnataka –3730620 21718058 50303359

Rajasthan 2592652 28724506 58475426

Andhra Pradesh –9209266 15647491 43222870

Maharashtra 58639735 90826998 130909521

      

PV + Diesel—Capital Subsidy 2015 2017 2020

25 Commercial Delhi 1373926 2246931 3335550

Haryana 146449 882278 1735858

Gujarat –1150018 –559077 46255

West Bengal 643 720176 1545837

Chhattisgarh –1040913 –437779 188445

Punjab 341370 1098981 1989885

Karnataka 416154 1182123 2087347

Rajasthan 578929 1363089 2299481

Andhra Pradesh 512355 1289075 2212719

Maharashtra 1281380 2144043 3214941

150 kWp Commercial Delhi 9721915 14761361 21138615

Haryana 2357054 6573437 11540463

Gujarat –5421750 –2074689 1402845

West Bengal 1482215 5600830 10400341

Chhattisgarh –4767118 –1346899 2255985

Punjab 3526577 7873661 13064627

Karnataka 3975284 8372513 13649397

Rajasthan 4951934 9458309 14922203

Andhra Pradesh 4552490 9014225 14401634

Maharashtra 9166640 14144031 20414960

1000 kWp Commercial Delhi 74227185 106352488 147837812

Haryana 25128111 51766329 83850129

Gujarat –26730581 –5887849 16266014

West Bengal 19295851 45282283 76249317

Chhattisgarh –22366367 –1035911 21953614

Punjab 32924932 60434487 94011228
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Karnataka 35916307 63760165 97909695

Rajasthan 42427309 70998805 106395067

Andhra Pradesh 39764350 68038247 102924603

Maharashtra 70525350 102236953 143013447

Annexure A8.4: Internal Rate of Return
PV Only—No Incentive 2015 2017 2020

25 Commercial Delhi 16% 21% 29%

Haryana 11% 15% 22%

Gujarat 3% 8% 13%

West Bengal 10% 14% 20%

Chhattisgarh 4% 8% 13%

Punjab 12% 16% 23%

Karnataka 12% 17% 23%

Rajasthan 13% 18% 24%

Andhra Pradesh 12% 17% 24%

Maharashtra 16% 21% 29%

Industrial Delhi 12% 17% 24%

Haryana 9% 13% 19%

Gujarat 3% 7% 12%

West Bengal 8% 13% 18%

Chhattisgarh 0% 5% 10%

Punjab 11% 15% 22%

Karnataka 8% 13% 18%

Rajasthan 9% 14% 19%

Andhra Pradesh 7% 12% 17%

Maharashtra 16% 21% 29%

150 kWp Commercial Delhi 18% 23% 32%

Haryana 12% 17% 24%

Gujarat 5% 9% 14%

West Bengal 11% 16% 22%

Chhattisgarh 5% 10% 15%

Punjab 13% 18% 25%

Karnataka 13% 19% 26%

Rajasthan 14% 19% 27%

Andhra Pradesh 14% 19% 26%

Maharashtra 17% 23% 32%

Industrial Delhi 14% 19% 27%

Haryana 10% 15% 21%

Gujarat 4% 9% 14%

West Bengal 10% 14% 20%

Chhattisgarh 2% 7% 12%

Punjab 12% 17% 24%
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Karnataka 10% 14% 20%

Rajasthan 11% 15% 22%

Andhra Pradesh 9% 14% 19%

Maharashtra 17% 23% 31%

1000 kWp Commercial Delhi 20% 26% 35%

Haryana 14% 19% 26%

Gujarat 6% 11% 16%

West Bengal 13% 18% 25%

Chhattisgarh 7% 11% 17%

Punjab 15% 20% 28%

Karnataka 15% 21% 28%

Rajasthan 16% 22% 29%

Andhra Pradesh 15% 21% 29%

Maharashtra 19% 26% 35%

Industrial Delhi 16% 22% 29%

Haryana 12% 17% 23%

Gujarat 6% 10% 16%

West Bengal 11% 16% 22%

Chhattisgarh 4% 8% 13%

Punjab 14% 19% 26%

Karnataka 11% 16% 23%

Rajasthan 12% 17% 24%

Andhra Pradesh 11% 15% 21%

Maharashtra 19% 26% 34%

      

PV Only—Capital Subsidy 2015 2017 2020

25 Commercial Delhi 18% 24% 33%

Haryana 13% 18% 25%

Gujarat 4% 9% 15%

West Bengal 11% 17% 23%

Chhattisgarh 5% 10% 16%

Punjab 14% 19% 26%

Karnataka 14% 19% 27%

Rajasthan 15% 20% 28%

Andhra Pradesh 14% 20% 27%

Maharashtra 18% 24% 33%

150 kWp Commercial Delhi 20% 27% 37%

Haryana 14% 20% 27%

Gujarat 6% 11% 17%

West Bengal 13% 19% 26%

Chhattisgarh 7% 12% 17%

Punjab 15% 21% 29%

Karnataka 16% 21% 29%

Rajasthan 16% 22% 31%

Andhra Pradesh 16% 22% 30%
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Maharashtra 20% 27% 37%

1000 kWp Commercial Delhi 22% 30% 40%

Haryana 16% 22% 30%

Gujarat 8% 13% 19%

West Bengal 15% 21% 29%

Chhattisgarh 8% 13% 20%

Punjab 17% 23% 32%

Karnataka 18% 24% 32%

Rajasthan 18% 25% 34%

Andhra Pradesh 18% 24% 33%

Maharashtra 22% 30% 40%

PV + Battery—No Incentive 2015 2017 2020

25 Commercial Delhi 2% 9% 16%

Haryana –5% 2% 9%

Gujarat #NUM!* #NUM! * –2%

West Bengal –7% 1% 8%

Chhattisgarh #NUM!* #NUM!* –1%

Punjab –4% 3% 10%

Karnataka –3% 4% 11%

Rajasthan –2% 5% 12%

Andhra Pradesh –3% 4% 11%

Maharashtra 2% 8% 16%

Industrial Delhi –3% 4% 11%

Haryana –10% –1% 6%

Gujarat #NUM!* #NUM!* –3%

West Bengal –11% –2% 5%

Chhattisgarh #NUM!* #NUM!* –6%

Punjab –5% 2% 9%

Karnataka –11% –2% 5%

Rajasthan –9% –1% 7%

Andhra Pradesh #NUM!* –3% 4%

Maharashtra 2% 8% 15%

150 kWp Commercial Delhi 5% 11% 19%

Haryana –3% 4% 11%

Gujarat #NUM!* –8% 1%

West Bengal –4% 3% 10%

Chhattisgarh #NUM!* –7% 2%

Punjab –1% 5% 12%

Karnataka –1% 6% 13%

Rajasthan 0% 7% 14%

Andhra Pradesh –1% 6% 13%

Maharashtra 4% 10% 18%

Industrial Delhi 0% 6% 14%

Haryana –6% 1% 8%

Gujarat #NUM!* #NUM!* 0%
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West Bengal –7% 1% 8%

Chhattisgarh #NUM!* #NUM!* –3%

Punjab –3% 4% 11%

Karnataka –7% 0% 8%

Rajasthan –6% 2% 9%

Andhra Pradesh –9% –1% 6%

Maharashtra 4% 10% 18%

1000 kWp Commercial Delhi 7% 13% 21%

Haryana 0% 6% 13%

Gujarat #NUM!* –5% 3%

West Bengal –1% 5% 12%

Chhattisgarh #NUM!* –4% 4%

Punjab 1% 8% 15%

Karnataka 2% 8% 15%

Rajasthan 3% 9% 16%

Andhra Pradesh 2% 8% 16%

Maharashtra 6% 13% 21%

Industrial Delhi 2% 9% 16%

Haryana –3% 4% 11%

Gujarat #NUM!* –6% 2%

West Bengal –4% 3% 10%

Chhattisgarh #NUM!* –10% –1%

Punjab 0% 6% 13%

Karnataka –4% 3% 10%

Rajasthan –3% 4% 11%

Andhra Pradesh –6% 2% 9%

Maharashtra 6% 12% 20%

PV + Battery—Capital Subsidy 2015 2017 2020

25 Commercial Delhi 3% 10% 19%

Haryana –5% 3% 10%

Gujarat #NUM!* #NUM!* –1%

West Bengal –7% 2% 9%

Chhattisgarh #NUM!* #NUM!* 0%

Punjab –3% 4% 12%

Karnataka –3% 5% 12%

Rajasthan –1% 6% 13%

Andhra Pradesh –2% 5% 13%

Maharashtra 2% 10% 18%

150 kWp Commercial Delhi 6% 13% 22%

Haryana –2% 5% 13%

Gujarat #NUM!* –8% 1%

West Bengal –4% 4% 12%

Chhattisgarh #NUM!* –7% 2%

Punjab 0% 7% 14%

Karnataka 0% 7% 15%
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Rajasthan 1% 8% 16%

Andhra Pradesh 0% 7% 16%

Maharashtra 5% 12% 21%

1000 kWp Commercial Delhi 8% 15% 25%

Haryana 1% 8% 16%

Gujarat #NUM!* –5% 4%

West Bengal –1% 6% 14%

Chhattisgarh #NUM!* –4% 5%

Punjab 2% 9% 17%

Karnataka 2% 9% 18%

Rajasthan 4% 10% 19%

Andhra Pradesh 3% 10% 18%

Maharashtra 7% 15% 24%

PV + Diesel—No Incentive 2015 2017 2020

25 Commercial Delhi 15% 20% 28%

Haryana 9% 13% 19%

Gujarat #NUM!* 3% 8%

West Bengal 8% 12% 18%

Chhattisgarh –3% 4% 9%

Punjab 10% 15% 21%

Karnataka 10% 15% 21%

Rajasthan 11% 16% 22%

Andhra Pradesh 11% 16% 22%

Maharashtra 15% 20% 27%

Industrial Delhi 11% 16% 22%

Haryana 6% 11% 16%

Gujarat #NUM!* 2% 7%

West Bengal 6% 10% 16%

Chhattisgarh #NUM!* –2% 4%

Punjab 9% 14% 19%

Karnataka 6% 10% 16%

Rajasthan 7% 11% 17%

Andhra Pradesh 5% 9% 14%

Maharashtra 14% 20% 27%

150 kWp Commercial Delhi 17% 23% 31%

Haryana 10% 15% 21%

Gujarat –1% 5% 10%

West Bengal 9% 14% 20%

Chhattisgarh 0% 6% 11%

Punjab 12% 16% 23%

Karnataka 12% 17% 23%

Rajasthan 13% 18% 25%

Andhra Pradesh 12% 17% 24%

Maharashtra 16% 22% 30%

Industrial Delhi 13% 18% 25%
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Haryana 8% 13% 18%

Gujarat –2% 4% 9%

West Bengal 7% 12% 18%

Chhattisgarh #NUM!* 0% 6%

Punjab 10% 15% 21%

Karnataka 7% 12% 17%

Rajasthan 8% 13% 19%

Andhra Pradesh 6% 11% 16%

Maharashtra 16% 22% 30%

1000 kWp Commercial Delhi 19% 25% 34%

Haryana 12% 17% 24%

Gujarat 1% 6% 12%

West Bengal 11% 16% 22%

Chhattisgarh 2% 7% 13%

Punjab 13% 18% 25%

Karnataka 14% 19% 26%

Rajasthan 15% 20% 27%

Andhra Pradesh 14% 19% 27%

Maharashtra 18% 24% 33%

Industrial Delhi 15% 20% 27%

Haryana 10% 14% 20%

Gujarat 1% 6% 11%

West Bengal 9% 14% 20%

Chhattisgarh #NUM!* 2% 8%

Punjab 12% 17% 24%

Karnataka 9% 14% 19%

Rajasthan 10% 15% 21%

Andhra Pradesh 8% 13% 18%

Maharashtra 18% 24% 33%

PV + Diesel—Capital Subsidy 2015 2017 2020

25 Commercial Delhi 17% 24% 32%

Haryana 11% 16% 22%

Gujarat #NUM!* 4% 10%

West Bengal 10% 15% 21%

Chhattisgarh –2% 5% 11%

Punjab 12% 17% 24%

Karnataka 12% 17% 24%

Rajasthan 13% 19% 26%

Andhra Pradesh 13% 18% 25%

Maharashtra 17% 23% 31%

150 kWp Commercial Delhi 19% 26% 35%

Haryana 12% 18% 25%

Gujarat 0% 6% 12%

West Bengal 11% 16% 23%

Chhattisgarh 1% 7% 13%
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Punjab 14% 19% 26%

Karnataka 14% 20% 27%

Rajasthan 15% 21% 28%

Andhra Pradesh 14% 20% 28%

Maharashtra 19% 25% 35%

1000 kWp Commercial Delhi 22% 29% 39%

Haryana 14% 20% 27%

Gujarat 3% 8% 14%

West Bengal 13% 19% 26%

Chhattisgarh 4% 9% 15%

Punjab 15% 21% 29%

Karnataka 16% 22% 30%

Rajasthan 17% 23% 31%

Andhra Pradesh 16% 22% 31%

Maharashtra 21% 28% 38%

* Values are either very high or very low
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Annexure A9.1: List of SETNET Training Institutes 

Sr. No. Organization Name

Gujarat Energy Research and Management Institute

Institute for Energy Studies, Anna University

ADS Global Knowledge Academy

Bhillai Institute of Technology

Cares Renewable Private Limited

Everonn Skill Development Ltd.

IACHARYA Silicon Ltd.

Indian School of Petroleum & Energy

MNIT Jaipur

OMS Power Training and Research Institute

S.R. Corporate Consultant Pvt. Ltd.

Surabhi Educational Society (SES)

Sri Eshwar College of Engineering

Sunshine Technologies

The Energy and Resources Institute

Thapar University Patiala

Tra International

University Institute of Engineering and Technology

University of Lucknow

University of Agricultural Sciences

First Green Consulting Private Limited

Centre for Development of Imaging Technology

Renewable Energy Centre, Mithradham

Amity University

Arbutus Consultants Pvt. Ltd.

Mangla Smart Energy Solutions Private Ltd.

GSH India Private Limited

AnthroPower

Global Sustainable Energy Solutions India

Asia Institute of Power Management

Tamil Nadu Advanced Technical Training Institute

World Institute of Solar Energy (WISE)

N B Institute for Rural Technology

2E Knowledge Ventures Pvt. Ltd.

Indian Institute of Engineering Science and Technology

Annexure A10.1: List of projects requiring environmental 
clearance from the central government in India

�� Nuclear power and related projects such as Heavy Water Plants, nuclear fuel complex, rare earths

�� River valley projects including hydel power, major irrigation, and their combination including flood control

�� Ports, harbours, airports (except minor ports and harbours) 
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�� Petroleum refineries including crude and product pipelines 

�� Chemical fertilizers (Nitrogenous and Phosphatic other than single superphosphate) 

�� Pesticides (Technical) 

�� Petrochemical complexes (Both Olefinic and Aromatic) and Petrochemical intermediates such as DMT, 
Caprolactam, LAB, etc. and production of basic plastics such as LLDPE, HDPE, PP, PVC 

�� Bulk drugs and pharmaceuticals 

�� Exploration for oil and gas and their production, transportation, and storage 

�� Synthetic rubber 

�� Asbestos and asbestos products 

�� Hydrocyanic acid and its derivatives 

�� Primary metallurgical industries (such as production of iron and steel, aluminium, copper, zinc, lead and 
ferrous alloys) 

�� Electric arc furnaces (Mini Steel Plants) 

�� Chloro-alkali industry 

�� Integrated paint complex including manufacture of resins and basic raw materials required in the manufacture 
of paints 

�� Viscose staple fibre and filament yarn 

�� Storage batteries integrated with manufacture of oxides of lead and lead antimony alloys 

�� All tourism projects between 200 m to 500 m of high water line and at locations with an elevation of more than 
1000 m with investment of more than Rs 5 crores 

�� Thermal power plants 

�� Mining projects  (major minerals) with leases more than five hectares 

�� Highway projects  except projects relating to improvement work including widening and strengthening of roads 
with marginal land acquisition along the existing alignments provided it does not pass through ecologically 
sensitive areas such as national parks, sanctuaries, tiger reserves, reserve forests 

�� Tarred roads in the Himalayas and or forest areas 

�� Distilleries 

�� Raw skins and hides 

�� Pulp, paper, and newsprint 

�� Dyes 

�� Cement 

�� Foundries (individual) 

�� Electroplating 

�� Meta amino phenol


