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Foreword

Increasing energy demand, rising environmental concerns and falling cost of solar
technology are making solar power increasingly popular globally. Recognizing benefits of

our solar energy resources, Government of India ha s set an ambitious target of achieving
100 GW by 2022. Out of this 100 GW, 40 GW has been allocated for grid connected solar
rooftops. In support of this, 31 states/union territories have notified regulations for
net/gross -metering.

Globally, rooftop sola  rinstallations have been driven by incentives offered through various
schemes leading to faster tariff parity with utility supply. These incentives have been in
the form of direct capital subsidy, tax credits, net metering, solar specific RPOs, etc.
Simil arly, in India various schemes have been launched by central and state governments
to realize the full potential of rooftop solar projects.

Solar rooftop sector has proliferated globally and is now growing in India. However,
increase in the capacity hasa  Iso given rise to debates in many countries about its impacts
on utility shareholders and ratepayers, and such debates will likely become more
pronounced and widespread as solar costs continue to decline and deployment accelerates.

In India too, it is poss ible that distribution utilities in India may face similar commercial
and operational challenges.

Distribution utilities have an important role to play in promotion of rooftop solar projects.

Financial health of distribution utilities in India has persiste ntly been an area of concern T
partly attributed to high levels of Aggregate Technical and Commercial (AT&C) losses as

well as inability of power tariffs to recover the cost of supply.

Rooftop solar projects offer multiple benefits including savings in T&D losses,
environmental benefits, and avoided capacity during peak solar generation. However,
given the financial and operational capabilities of Indian utilities, it is important to

understand the implications of rooftop solar on the utilities, to develop a framework that
incentivizes utilities to support large -scale deployment.
Shakti Sustainable Energy Foundation is please d to support this report, wh ich provides

critical insights on the implications of sola r rooftop for Indian utilities. We hope that this
report will be of interest to policy makers, regulators, utilities, solar rooftop developers
and other stakeholders, and that it will help inform policy action in the solar rooftop sector.
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Abbreviations
Abbreviation Description Abbreviation Description
ABR Average Billing Rate FY Financial Year
AC Alternating Current GBI Generation Based Incentive
AP Andhra Pradesh GHG Green House Gases
APPC Average Power Purchase Cost GHI Global Horizontal Irradiation
AT&C Aggregate Technical & GM Gross Metering
Commercial loss
CAGR Compound Annual Growth Gol Government of India
Rate
CEA Central Electricity Authority GSM Global System for Mobile
CERC Central Electricity Regulatory GW Giga Watt
Commission
CFA Central Financial Assistance HV /HT High Voltage/ tension
CIL Coal India Limited IEEE Institute of Electrical and Electronics
Engineers
CO2 Carbon Dioxide IEGC Indian Electricity Grid Code
COoSs Cost of Supply IPP Independent Power Producers
CPUC California Public Utility IREA Intermountain Rural Electric Association
Commission
Cr Crore IREDA Indian Renewable Energy Development
Agency
CSR Corporate Social IRENA International Renewable Energy Agency
Responsibility
CSS Cross Subsidy Surcharge IRR Internal Rate of Return
CUF Capacity Utilization Factor ITC Investment tax Credit
DC Direct Current JNNSM Jawaharlal Nehru National Solar Mission
DER Distributed Energy Resource JPAC Japan Photovoltaic  Expansion Center
DG Distributed Generation kVA Kilo Volt Ampere
DOE Department of Energy kw Kilo Watt
DT Distribution Transformer kWp Kilo Watt Peak
EEG Erneuerbare -Energien - Gesetz LCOE Levelized Cost of Energy
EMI Equated Monthly Installments LV /LT Low Voltage/ Tension
EPA Environmental Protection METI Japands Ministry of
Agency Industry
EPC Energy Performance MNRE Ministry of New and Renewable Energy,
Certificate India
EPS Electric Power Survey MP Madhya Pradesh
FDI Foreign Direct Investment NAPCC National Action Plan on Climate Change
FERC Federal Electricity regulatory NASA National Aeronautics and Space
commission Administration
FiT Feed in Tariff NERC North American Electric Reliability
Corporation
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Abbreviation Description Abbreviation Description

NISE National Institute of Solar ROE Return on Equity
Energy

NM Net Metering RPO/RPS Renewable Purchase

Obligation/Standard
NPV Net Present Value RPSSGP Rooftop PV & Small Solar Power
Generation Program

NREL National Renewable Energy SDG&E San Diego Gas and Electric
laboratory

NTPC National Thermal Power SERC State Electricity Regulatory
Corporation Commission

0&M Operation and Maintenance SNA State Nodal Agency

PFA Power for All StrEG Stromeinspeisungsgesetz

PFC Power Finance Corporation SWINW South West/ North East

PG&E Pacific Gas and Electric T&D Transmission and Distribution
Company

PPA Power Purchase Agreement TL Telangana

PSU Public Sector Utilities TOD Time of Day

PTC Production Tax Credit TOU Time of Utilization

PUC Public Utilities Commission TSO Transmission Service Operator

PV Photovoltaics UK United Kingdom

R&D Research and Development UP Uttar Pradesh

RE Renewable Energy USA United States of America

REC Renewable Energy Certificate VGF Viability gap Funding

RESCO Renewable Energy Service WACC Weighted Average Cost of Capital

Company
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Executive Summary

With energy security and climate change concerns taking center stage in the policy arena,

Renewabl e Energy (RE) has become an i mportant part o
planning process. To this effect the government has set aggress ive renewable energy

targets and has put in place several policy initiatives at the Central and State levels for

both grid connected & off  -grid renewable energy.

Solar energy is fast becoming the preferred options in the development of renewable

energy res ources in the country. With about 250 1 300 sunny days in a year, around 5,000
trillion kWh of energy is incident on an annual basi s
receiving 4 -7 kWh per sg. m per day. A study carried out by the National Institute of Solar

Energy (NISE) estimated that India has a potential of 748.9 GW of solar capacity.

To tap the solar potential in the country, India had embarked on an ambitious program

under the Jawaharlal Nehru National Solar Mission (JNNSM), targeting to achieve a n
installed capacity of 20,000 MW of solar power by 2022. However, realizing the vast

potential and fast technology growth, this target has been revised to 100 GW to be

achieved by 2022. This target is proposed to be achieved through deployment of 40 GW

of rooftop solar projects and 60 GW of large and medium scale projects.

Rooftop solar installations across the globe have been driven by incentives offered through

various schemes leading to faster tariff parity with utility supply. These incentives have

been in the form of direct capital subsidy, tax credits, net metering, solar specific RPOs,

etc. In India, various schemes have been launched to realize the full potential of rooftop

solar projects. To support rooftop solar projects, many states are incent ivizing rooftop
solar systems through net metering regulations.

To achieve such ambitious target of 40 GW rooftop capacity within a span of six years, it
is necessary that all the key stakeholders such as distribution utilities, consumers, solar
system ins tallers, Regulatory Commissions etc. work together and create the ecosystem
for development of solar rooftop projects in the country. Distribution utilities have an
important role to play in the proliferation of rooftop solar projects as they will be
resp onsible for technical interconnections and creating the framework for various business
models to allow banking and/ or off -take of surplus power.

Globally, deployment of customer -sited rooftop solar PV projects have expanded rapidly
in recent years, driven in part by public policies premised on a range of societal benefits
that PV may provide. Table below is showing the implementation models and key drivers

for solar rooftop across the solar rich countries

Country Implementation Key Drivers Ownership  of Contracting
Model assets mechanism
Germany Gross metered Feed in Tariff Self-Owned -
(FiT)
Japan Net metered Capital Subsidy Self-Owned -
United Net metered Tax rebates Self-Owned Lease
States (ITC/PTC) 1
RECs
United Net metered Tax rebates Third Party PPA
States (ITc/ pPTC/ Owned
Depreciation)
India Gross metered Feed in Tariff/ Third Party Rooftop Lease
(Gujarat) Generation Owned Agreement
Based Incentive
(GBI)
India Net metered Feed in tariff/ Third Party Rooftop Lease
(Odisha) GBI Owned Agreement
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The solar rooftop segment has seen rapid proliferation in countries like USA, Germany,

United Kingdom, Japan etc. because of the factors outlined in the table above. However,

the increase in the rooftop solar capacities has also given rise to debate on its impact on
utility shareholders and ratepayers, etc. Some of the common issues faced by utilities

globally due to proliferation of solar rooftops are summarized below

9 Significant reduction in sales volume due to large procurement from solar rooftops

1 Diffi culty in recovery of fixed cost because of distribution infrastructure and long term
purchase agreements

9 Difficulty in recovery of cross -subsidy charges due to migration of high paying
consumers from the utilities to solar rooftop

1 Managing variability in generation of solar rooftop for variable load

1 Injection of solar power during off -peak periods and withdrawal by the consumers
during peak periods

1 Treating utility grid as a backup power source by rooftop consumers

9 Technical issues like phase imbalance d ue to solar rooftop projects, quality of utility
power, etc.

1 Increase in administration burden (application processing, inspection, connectivity,
metering and billing etc.)

1 Safety and security issues during operation and maintenance of grid

Impact of solar rooftop on Ultility business in India

Rooftop solar development in India is currently at the initial phases of development. The
steep capacity targets would require accelerated growth in the solar rooftop projects and

it can be expected that distribution u tilities in India would face several commercial and
operational challenges as has been indicated above.

Rooftop solar project offers multiple benefits in the form of savings in T&D losses,
environmental benefits (reduced GHG emission, lower water requireme nt & no land
requirement), and avoided capacity during peak solar generation. Depending upon the

State regulatory framework, Discoms will also be eligible for deemed Solar RPO benefit for

the solar power consumed under net -metering framework by the consume r. Given the
financial & operational capabilities of Indian utilities, it is important to understand the

extent of impact rooftop solar will make on the utilities. Some of the key issues that will

impact utilities under net metering framework are:

1. Revenue loss to Utility

The net metering model of solar rooftop development provides the consumer with an

option to self -generate & consume the solar power from the rooftop solar project. The
consumers adopting rooftop solar for self -consumption will have lower d ependence on
utilities for meeting their electricity requirement, thereby reducing the -electricity

consumed from utility. This shift will result in reduced sales for utilities to the solar
consumers, resulting in the revenue loss.

It can be argued that th e revenue loss to utility is limited to the loss in cross -subsidy (over
and above the cost of supply). The utility will stand to lose the cross -subsidy it was getting
from the subsidizing consumers who were paying more than the cost of supply if they

chose to switch to solar. Utilities would also benefit if subsidized category of consumers

(those having tariffs below the cost of supply) adopt the rooftop solar systems.

2. Recovery of fixed costs

In India, the tariff rate design relies heavily on the volumetric sales to recover a portion
of the fixed costs. With the reduction in sales to consumers, the utilities would not be able

to recover a part of fixed cost as the rooftop solar consumer will be paying energy charges

for a lower consumption levels.
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Currently , the rooftop solar capacity is at a lower level and utilities have not felt the
revenue impact & related aspects. However, with increase in penetration & reduced
revenue, there can be demand from utilities to impose additional charges on net metered
rooft op solar consumers as experienced globally. Globally utility have proposed to increase
the fixed charges in the consumer bill to safeguard against the revenue drop on account
on net metering.

3. High number of tariff slabs within a consumer category

Many stat es have multiple tariff slabs (even up to 5) within a consumer category and
depending upon the consumption levels of the consumer, the tariff rate is applicable. The

consumers adopting the rooftop solar will be able to save on the utility electricity bill. The
impact (revenue loss) for utilities will be high in consumer categories having high number

of consumption slabs.

4, Loss in banking charges

Banking charges are not applicable on rooftop solar projects in general. However, for net
metered rooftop solar p  roject, the gird is providing the banking facility. With the increase
in rooftop solar capacity (with target of 40GW), it can be expected that utilities need to
plan accordingly to manage high capacity under this banking arrangement. In such a
scenario, no timposing any banking charge can be considered a loss to utility. However, it
needs to be considered that only a partial amount of energy generated (which consumer
is not able to utilize) will be banked with the utility.

5. Solar consumers not covered under TOD framework

Consumers not covered under TOD have the benefit of utilizing off -peak injected solar
power during peak power. The utility is required to arrange adequate power to such
consumers during the peak time, which will get settled with the off -peak solar power

injected. With increased rooftop solar capacity addition in future, this may pose
operational/commercial challenge to utilities.

0 Operational Challenges due to small & distributed nature

With proliferation of solar rooftops operational challeng es such as demand balancing,
variability etc. will come in picture. Rooftop solar projects are not under the purview of
generation forecasting and given the small & distributed nature, it will be difficult of utilities

to have real time visibility on these distributed generation sources, especially at LT levels.

0 Loss is fixed charges because of consumer reducing sanctioned load.

Utilities may suffer loss in fixed charges, in cases where consumers reduce their sanctioned

load because of rooftop solar capacit y addition. This will also result in loss of fixed charges
which utilities were expected to recover from consumers. This case is expected to occur
only for limited capacity.

Quantification of the benefits & impact on the utilities

Net metering is consider  ed to be important for the rooftop solar consumers to safeguard

their investments, by the solar industry as self -replication model for the retail consumers,

and by policy makers to achieve the clean energy targets. However, the utilities have a

concern abo ut revenue erosion and reduced shareholder returns when customers with net -
metered rooftop solar systems can avoid charges for fixed infrastructure costs, as well as

potential cost -shifting between solar and non -solar customers.

This study has analyzed the commercial parameters of 17 state utilities in eight selected

states covering energy requirement, rooftop penetration, utility revenue, retail tariff, RPO

expense, environmental benefits etc. to understand the impact of solar rooftop on Indian

utilities b y 2022. Several scenarios have been simulated and reviewed to understand the

impact on utilities as well as benefits from rooftop solar in case the utilities achieve the

rooftop solar capacity targets for FY 2022 proposed by MNRE. The utilities wise target s are

-3-
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mapped based on the projected energy requirement of the respective utility in year FY
2022,

To analyze the impact on Utility, different cases and scenarios have been developed, which
are shown in the figure

Case -1: Overall impact on Utility’s revenue
considering Env. benefits, Deemed RPO, Grid
& Banking charges

Scenario 1 - Highest tariff rate Case -2: Impact of Cross subsidy considering

paying consumers switches to Env. benefits, Deemed RPO, Grid & Banking
rooftop solar charges

Case 3: Impact assuming no Cross subsidy
with no Env benefits and Solar REC price @
Rs 0.5 per unit

Case -1: Overall impact on Utility’s revenue
———1 considering Env. benefits, Deemed RPO,
Grid & Banking charges

Scenario 2 - Average tariff

rate paying consumers
switchpesytogroofto solar Case -2: Impact of Cross subsidy
P considering Env. benefits, Deemed RPO,
Grid & Banking charges

A. Scenerio -1: Highest tariff Paying Consumers Switch to Rooftop Solar

The Scenario 1 considers that rooftop solar power will replace the consumer consumption
mapped at highest tariff slab in a consumer category. The analysis below covers three
cases under Scenario 1.

0 Case -1: Impact of solar Rooftop on Utility Revenue
Case 1: This assumes the highest tari ff paying cons
solar. The impact on utility is in terms of: revenue loss, loss in fixed charges
(assuming 10% of the solar capacity will result in sanctioned load red uction),

loss in banking charges (assuming 30% of energy generated from rooftop solar

is banked and do not pay 2% banking charge @ APPC price). The benefits for
utility is Deemed RPO (@ Solar REC price of INR 3.5/kWh), environmental benefit
and savings in T&D losses

Proliferation of Solar Rooftops will have both positi
revenue, this case explains the impact of solar rooftops on utility revenue for FY 2022
assuming that the capacity addition in rooftop segment will b e as per MNREG6s target

increase in the retail tariff, higher number of consumers will shift to rooftop, this will result

in the reduction of sales volume and hence reduction in utility revenue. As the rooftop
capacity is expected to increase with ti me in view of increase in retail tariff and falling cost
of rooftop system, the loss of revenue is expected to increase with time. However, Rooftop
capacity will also have positive impact on utility revenue due to deemed RPO benefit,
environmental benefit, saving in infrastructure and reduction of technical losses etc., which
will also increase with increase in rooftop capacity.

As per the analysis the overall impact under this case for utilities will be negative.

Revenue loss to selected utilities due to solar rooftops will be in the range Rs. 7.3/kWh
to 1.2/kwh depending upon the retail supply tariff and energy requirement to be met
through solar rooftops.
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The overall impact (Rs/kWh) of rooftop on utility revenue in FY 2022 is shown in the
following grap h. The graph also depicts the impact of rooftop on various factors of utility
revenue:

Impact on Utility Revenue - FY 22 (INR per Unit)
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Utilities with low energy charge have lower negative impact. Utilities having

high T&D losses will gain from rooftop solar

o Case -2: Impact of solar rooftop on Cr 0ss Subsidy
Case 2: This Case assumes that the highest tariff pa’
to rooftop solar. The impact on utility is in terms of: cross subsidy loss, loss in
fixed charges (assuming 10% of the solar capacity will result in sanctioned load

reduction), loss in banking charges (assuming 30% of energy generated from
rooftop solar is banked and do not pay 2% banking charge @ APPC price). The
benefits for utility is environmental benefits, Deemed RPO (@ Solar REC price of
INR 3.5/kWh) and sa vings in T&D losses.

This case explains the impact of solar rooftops on utilities from the perspective that the

loss utility is linked with loss of cross subsidy (and not complete energy charge). With
increase in the affordability of solar rooftop system a nd rising retail tariff, utility consumers
are expected to go for solar rooftop. As the high tariff paying consumers will start shifting

to solar rooftop, the utility sales will start falling. This will also impact the collection of

cross - subsidy, which ut ility was collecting from consumer.

In addition to this utility will also lose revenue through exemption in banking charges for
solar rooftops and reduction in demand charges. However, it will also earn though deemed
RPO benefit and reduction in technical losses.

In this case, the overall impact on the revenue is positive. The impact of all the parameters
including the cross subsidy for utilities for FY 2022 is shown in the following graph. As per
the analysis, except MSEDCL, all utilities other are having positive impact of solar rooftop.
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Impact on Utility Revenue from Cross Subsidy- FY 22 (INR per Unit)
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Utilities with low cross subsidy levels will have lower impact. Consumer

categories having energy charge lower than COS & adopting rooftop solar will
benefit utilities.

o0 Impact of Solar Rooftop in progressive s cenario

Case 3: This assumes the highest tariff paying cons
solar. It is assumed that the Cross subsidy will become zero in FY 2022 and no

environmental benefits is considered to analyze the impact. The impact on utility

is in term s of: loss in fixed charges (assuming 10% of the solar capacity will

result in sanctioned load reduction), loss in banking charges (assuming 30% of

energy generated from rooftop solar is banked and do not pay 2% banking

charge @ APPC price). The benefits f or utility is only Deemed RPO (@ Solar REC

price of INR 0.5/kWh) and savings in T&D losses.

4 Overall Per Unit Impact FY 22 (INR per Unit)
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This is assumed to be a progressive case where it is assumed that the cross subsidy
component from retail tariff will become zero and utility consumers will charge consumers

as per the cost of supplying to that particular consumer. Recognizing the falling cost trend,
it is also assumed that the floor price of solar REC will drop down to Rs. 0.50/kwWh from

Rs. 3.50/kWh in 2022.

In this case the impact on utility due to solar rooftop will be on the revenue loss from fixed

charges, banking charges, and benefit s from deemed RPO & reduction in technical losses.
As per the analysis, the overall impact of solar rooftop on utilities will be positive in this
case.

As the reduction in power purchase cost because of reduction in technical losses will have
dominating i mpact on the utility revenue as compared to revenue loss on account of
reduction in demand and waiver of banking charges. The graph above is depicting the
impact of solar rooftop on utility revenue in progressive scenario.

B. Scenerio -2: Average tariff paying Consumers switch to Rooftop Solar

The Scenario 2 considers that rooftop solar power will replace the consumer consumption
mapped at average tariff slab in a particular consumer category. The analysis below
covers two cases under Scenario 2.

Casel: This assumes the Average tariff paying consumer
solar. The impact on utility is in terms of: revenue loss, loss in fixed charges

(assuming 10% of the solar capacity will result in sanctioned load reduction),

loss in banking charges (a ssuming 30% of energy generated from rooftop solar

is banked and do not pay 2% banking charge @ APPC price). The benefits for

utility is Deemed RPO (@ Solar REC price of INR 3.5/kWh) and savings in T&D

losses .

The result of the analysis is shown with the help of above graph, which represents the
behaviors of various parameters of utility revenue to be impacted due to installed solar
rooftop capacity for year FY 2022. The analysis shows that utilities will have negative
impact on revenue due to solar roofto p as due to solar rooftop, utility sales volume will
decrease and so as its revenue. However, Utility will also have saving in expenses due to
deemed RPO benefit and reduction of technical losses but the impact of sales on revenue

will be much higher than the benefits accrued from solar rooftops.

Overall Per Unit Impact FY 22 (INR per unit)
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Case 2: Thi s

Case assumes that the average tar.i

to rooftop solar. The impact on utility is in terms of: cross subsidy loss, loss in

fixed charges (assuming 10% of the solar cap

acity will result in sanctioned load

reduction), loss in banking charges (assuming 30% of energy generated from
rooftop solar is banked and do not pay 2% banking charge @ APPC price). The

benefits for utility is environmental benefits, Deemed RPO (@ Solar REC price of
INR 3.5/kWh) and savings in T&D losses.
Overall Per Unit Impact FY 22 i (INR per unit)
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This case explains the impact of solar rooftops on utilities from the perspective that the
loss utility is linked with loss of cross subsidy (and not complete energy charge). With

increase in the cap acity of solar rooftops utility sales will decrease and with decrease in
the sales utility cross subsidy collections will be impacted. However, at the same time
utility will also save revenue from other benefits such as deemed RPO and reduction in
technica I losses, thus the overall impact on cross subsidy will be positive in this case.

Key recommendations

Based on the analysis of the commercial and operational parameters for the utilities and

learnings from the international experience, the study has id
which would support the long

entified certain initiatives

-term development of rooftop solar segment in India and

provide a win

-win situation for both consumer and distribution utilities.

The key initiatives which could be implemented include:

Suggested In itiative
Rationalization of
consumer category wise
consumption slabs

Description
A Slab rationalization should be adopted by SERCs to
protect utility interest (Short term initiative)

TOD framework on net - A Rooftop solar net metered consumers can be
metered consumers mandated to come under TOD framework (long term
initiative)

Allow surplus solar
power injection during
peak time

A Allow surplus power injection during peak time in an
accounting year by a net metered consumer. Limits
for surplus power inje ction can defined by SERCs
(Short term initiative)

ff

pay
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Suggested In itiative Description

Promote peak -time A Providing higher level of tariffiincentive will also

solar injection through encourage rooftop solar based storage options (Short

attractive tariffs/ term initiative).

incentives

De-Coupling of Import A As utility is providing grid infrastructure to rooftop

and Export tariff under solar projects, to protect interest of Utility,

Net Metering segregation of the import and export tariffs for net -
metered rooftop solar consumers can be considered.

A Import tariff will be energy charge and export tariff
can be capped at rooftop solar FIT, linked as % of
energy charge indicated by SERC (Long term

initiative)
Active power control on A Regulations to enable active power f unction of
rooftop solar systems advance inverter

A Utility command regulatory framework for control &
Instrumentation functions to enable advance inverter
regulations in Indian context need to be prepared and
framed.

A Compensation mechanism for loss on account of
active power cur tailment (Long term Initiative)

Reactive tariff & A Advance Inverters can be used to provide voltage
standards regulation for improvement of tail end voltage
profiles.

A Regulations for enabling reactive power function of
advance inverter

A Incentive/tariff  mechanism and level of incentives for
adopting advance inverter functionality (Short term

Initiative)
Explore utility driven A Utilities need to play an active role in rooftop solar
rooftop solar models capacity addition and promote utility owned/driven
mo dels.

A Consumer should get additional incentive to
participate in utility driven models. MNRE can provide
incentive to utilities to encourage such models

Dedicated rooftop A Apart of initiatives at Discom level, achieving large

aggregation program capacity addition will require dedicated program from
MNRE for aggregation of rooftops. The objective of
this shall be to assist Discoms in meeting their
rooftop solar targets.

- Standard documents (Contract, leasing
agreement) 1 this will reduce the risk of RESCOs

- Consumer will get benefit from competitive
bidding & scale

- Provisions for robust O&M and performance in
RESCO selection to benefit consumer
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Suggested In itiative Description

Support to Discoms to A Given the low level of rooftop solar capacity, it is
facilitate important to improve the capacity of utilities, MNRE can
implementation  of provide support to utilities:

rooftop solar

A Developing web -portal for online processing of
application

A Setting up consumer helpline center; Consumer
grievance cell

A Procurement & installation of net meters

A Organizing consumer awareness;

A Training for utility T energy accounting & billing
software, business models & net metering

A Upgradation of distribution transformers (DT) to
accommodate highe r solar penetration;

A Training to ensure quality installation and O&M

A Online consumer feedback/rating for RTPV installers

Incentive scheme for A Need to develop scheme to encourage distribution

distribution utilities utilities to accelerate the growth of solar rooftop in the
country. The MNRE can devise a dedicated scheme for
incentivizing distribution utilities.

A Under this framework, all the distribution utilities shall
be eligible for incentive based on the rooftop solar
capacity added in their jurisdic tions.

A Performance linked incentives, based on
A Meeting rooftop solar targets on yearly basis
A Number of consumers connected under net
metering arrangement

A Initiate regulatory reforms for rooftop solar capacity
addition

Conclusion

Solarrooftopis going to play an i mportant role in meeti
and its ambition towards becoming a global leader in solar power. With declining cost of

solar PV systems, electricity generation from rooftop solar installation is already

economical ly viable and, in some markets, cheaper than conventional sources of energy.

Solar rooftop has already reached grid parity in some states, for certain consumer

categories in the country.

The study indicates that solar rooftop provides several benefits to d istribution utilities in
terms of meeting the day time peak demand, curbing technical losses, reducing power
purchase cost etc. While in some cases, it also affects utility business through reduction

in sales volume, reducing demand etc. Given the huge pot ential and limited installed
capacity of solar rooftop in the country, solar rooftop segment requires nurturing support

from key stakeholders such as policy makers, regulators, distribution licensees etc.

To achieve I ndiabds ambi t i ooftop capamity gye®22, thére iddesbnee@ W o f
to devise a dedicated scheme to improve the capacity of distribution utilities by Central or

State Government. In view of this, MNRE must introduce a programme to build capacity

of discoms in specific areas such as e stablishing solar rooftop cell, developing

- 10 -
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interconnection framework, consumer awareness, developing web portal for online
processing, establishing consumer helpline/grievance cell, developing capacity of Discom,
SNA, SERC and Chief Electrical Inspector, U pgradation of distribution transformers etc.

Such an initiative will be a good step in the direction of bringing utilities on board. Going
forward, policy makers with support from electricity regulators will also have to devise
schemes for adoption of mar ket models, wherein utilities plays an active role and utility
concerns associated with implementation of solar rooftops can be mitigated. Through such
measures, India will be able to meet its desired targets and meet its objective to reduce
carbon emissio n.

About the study

The study has been supported by Shakti Sustainable Energy Foundation and carried out
by Deloitte Touche Tohmatsu India LLP

About Shakti Sustainable Energy Foundation

Shakti Sustainable Energy Foundation works to strengthen the energy security of the
country by aiding the design and implementation of policies that encourage energy
efficiency, renewable energy and sustainable transport solutions, with an emphasis on sub

sectors with the most energy saving potential. Working togeth er with policy makers, civil
society, academia, industry and other partners, we take concerted action to help chart out
a sustainable energy future for India ( www.shaktifoundation.in ).

The views and analyses  represented in this document do not necessarily reflect that of
Shakti Sustainable Energy Foundation. The Foundation accepts no liability for the content

of this document, or for the consequences of any actions taken on the basis of the
information provide d.

- 11 -


http://www.shaktifoundation.in/

Rooftop Solar I Garnering Support from Distribution Utilities

1 Introduction

1.1 Solar sector in India

With 250 7300 sunny days in a year, Grid Connected Solar Capacity (as on Jan 2016)
about 5,000 trillion kWh of energy is
incident on an annual Pﬁ;'”iftfaﬂﬁ'e
. .. 00I1t0|
land area with most parts receiving 4 -7 2% CPSUS

2%

kWh per sq. m per day. Recently a
study carried by Nation al Institute of
Solar Energy (NISE) estimated that the
country has a total solar power

MNRE Projects

generation potential of 748.9 GW. P

In comparison, the total installed
capacity of solar ener gy as on end of
July 2016 was 8,062 MW'i amere 1%
of the overall potential. To tap the huge

solar potential, MNRE launched the Source: MNRE Report
JNNSM with a capacity addition target
of 20GW solar power by 2022. The Figure 1: Grid connected solar projects capacity

targets have been further revised by
five times to 100GW by 2022.

The sector had a slow start post the launch of INSSM, but the growth has picked up in a

short span of time. The capacity has risen significantly in the last five years, reaching to
~8 GW (by July, 2016 ) from just 38 MW in 2011. Incentives program s like Generation
Based Incentive (GBI), Viability Gap funding mechanism (VGF) and Capital subsidy
program have provided significant financial incentive to invest in solar energy. Apart from

JNNSM, almost all state governments have introduced solar specifi c state policies and have
notified Feed -in- Tariffs to promote solar generation.

9000
JNNSM . Bidding
Phase |, s Ll JINNSM U 8083

Regulations
- Ph Il
Batch -2 2012 ase State

Gujarat
SOV Sojar Policy

7000
6000
5000
4000
3000
2000
1000

0 2 +6 3

FY 09 FY 10 FY 11 FY 12 FY 13 FY 14 FY 15 FY 16

and JINNSM

guidelines and Other Policies

Source: MNRE (August, 2016)

Figure 2: Solar Growth trend inIndia (MW)

With technology innovations and reducing module prices , solar PV tariffs are fast reaching
grid parity. Since the launch of JINNSM in 2010 , Solar PV capital cost s and tariff s have
decreased by approximately 65%, from Rs. 17 Crore per MW in 2010 to Rs. 6.06 Cr ore
per MW in FY16 . Furtherreduction in the solar costs and increase in generation tariffs from
conventional fuels in India is likely to see the solar achieve grid parity sooner than
*Ministry of New and Renewable Energy, Commissioning Status of Grid Connected Solar Power Projects, as on 31% July 2016
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anticipated earlier . The trends in Solar Power benchmark Capital Cost and Tariff is
indicated below:

200 17.00 20 18.44
0=
2810 £2 0
= O =
£8 606 | £
Sa i
¢ 5 5 7.04
0 0
FYLOFY11FY12 FY13FY14FY15FY16 FYLOFY11FY12 FY13FY14 FY15FY16
e Solar PV Solar Thermal e Solar PV Solar Thermal
Figure 3: Solar Capital Cost Trend Figure 4: Solar Tariff Trend

*Tariffs shown are for projects which are not availing accelerated depreciation benefit.

Source: Central Electricity Regulatory Commission

1.2  Rooftop Solar in India

The u nutilized space on rooftops provide s a large potential for generat ing solar power.
Small quantities of power generated by each individual household, industrial building,

commercial buildings or any other type of building can be used to fully / partially fulfil the

requirement of the building occupants and surplus, if any , can be fed into the grid. Rooftop
solar PV systems have the advantage of low installation time , providing clean, quiet and
visually unobtrusive source of energy. They can also improve the reliability of power supply

for rooftop owners, eliminate the need forlong -distance transmission lines associated with
large -scale solar generation plants and save on network losses associated with large -scale
plants wheeling power to load centers.

Realizing the potential and advantages, MNRE launched a program for Generation -Based
Incentives (GBI)to  incentivize the installation of Rooftop PV and Small Solar Power Plants
connected to the distribution network (at or b elow 33 kV level). The scheme was part of
JNNSM t ail end projects under GBI scheme which is re
Sol ar Power Generati on Pr oegationbasediphderive &B8IPWa. Agigre
to the utilities to cover the difference between the tariff determined by C entral Electricity
Regulatory Commission (CERC) and the base price of Rs.5.50 /kwh (FY 2010 -11) with 3%
escalation per annum. Inall, 71 projects have been commissioned across 12 states under
the RPSSGP scheme with  total installed capacity of 90.8 MW 2. How ever, it was observed
that this scheme garnered enthusiastic responses primarily in the ground -mounted
segment, while it received almost negligible interest in the rooftop segment.

MNRE al so | aunched a national | evel O6Gr iPodverPlamsnect ed R
Programbé on June 2014 which provides Centr al Financi a
the capital cost for plants ranging from 1 kWp to 500 kWp in residential, commercial and

institutional sectors.

As per the new ambitious target of 100 GW set under the JNNSM program, MNRE has
allocated 40 GW for solar rooftops and is making concerted efforts to promote grid
connected solar rooftop projects. In a bid to achieve the same, MNRE has allocated the
targets to different states as per their energy demand and approached PSUs and other
government institutions to invest in renewable energy. Supporting the mandate, PSUs like
NTPC, CIL have already taken steps towards investments. The ministry has also introduced

a scheme for setting up of 1000 MW of Gr id-connected solar PV projects by CPSUs and

Govt. of India organizations with Viability Gap funding under Batch -V of INNSM 3. The graph
2 Ministry of New and Renewable Energy, Annual Report 2014 -15
3 Ministry of New & Renewable Energy, http://mnre.gov.in/file -manager/UserFiles/Scheme _ -1000MW -grid -connected -SPV-

batch_V -phase_II -JNNSM.pdf
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below is presenting the roadmap of MNRE for achieving the 40 GW of rooftop target by

2022
8.5
. 10 95
10
7.2
8
48 5 6 !

9
1.8
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22

Rooftop Solar Projects B Ground mounted Projects
Source: MNRE

Figure 5: Capacity addition s under INNSM ( in GW)

Large government institutions which have large space availability can play a pivotal role

in achieving these targets. Such institutions have high power demand and rooftop space

available with these can be utilized to meet their captive needs through a clean source. In
addition, this shall also contribute towards achieving their CSR mandate. The figure below

is presenting the targets allocated to different States by MNRE to achieve 40 GW rooftop
capacity by 2022

Uttarakhand
350 MW

Jammu & Kashmir
450 MW

Haryana Sikkim
1600 MW 50 MW

Himachal Pradesh

320 MW
Punjab

2000 MW

Uttar Pradesh
4300 MW

West Bengal
2100 MW

North East India
350 MW

Rajasthan
2300 MW
Gujrat
3200 MW

Madhya Pradesh
2200 MW 00 VIV,
Telangana
2000 MW

Maharashtra
4700 MW

Proposed Targets by 2022
T B <500MW
Andhra Pradesh B 500MW -1

2000 MW { m 1500Mw- 3000mw
Andaman &Nicobar £
4 m >3000mw

0Mw

Goa
150 MW

Karnataka
2300 MW

Lakshadweep
10 MW

Tamil Nadu
3500 MW

Source: MNRE %

Figure 6: MNRE state -w isetarget s for Solar Rooftops
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While there have been some attempts under the existing policies and regulations to

promote rooftop solar PV projects, there are several barriers  which con tinue to exist for
achieving alar ge-scale proliferation . A number of states  are yetto specify tariff for rooftop
solar projects.  Given the cost differential between MW scale solar PV projects and small
scale rooftop projects, a preferential tariff for r ooftop solar PV projects needs to be
considered for the gross-metered systems. Though several states have released net -
metering regulations, there still are limiting challenges in the form of capacity and grid
integration restrictions under the se regulatio ns. In addition, there is a need to define the
technical standards for rooftop system s to ensure quality installations and operational
efficiency.

The t echnical limitations for the  distribution networks can be one of the biggest barriers
to rooftop installations which have high potential to proliferate quickly in a favorable policy
environment. This limitation is reflected in net -metering regulations which have set project
capacity limits depending on DT R capacity. Apart from this, with increasing penetration of
rooftop solar PV, commercial interests of the utilities will need to be recognized and
managed in the choice of implementation models.

1.3 Objective of  the study

India has an ambitious target to deplo y 40 GW of grid -connected rooftop PV systems by

2022. However, unless the concerns of distribution utilities are addressed, a situation

similar to Tami | Nadubs wi nd sector, wher e utility
installations, can hit the solar roof top sector as well. These debates have been rising even

in other countries.

Thus, with a view to bring solutions to the table, it is necessary to analyze the actual local
and aggregate impacts of rooftop systems on utilities considering actual demand and

supply profiles of the distribution areas, and tariff and cost structures. Amongst other

solutions, cost -reflective and transparent tariff design mechanisms can ensure a healthy
equation between prosumers, utilities and consumers, thus facilitating a susta ined growth
of the sector.

Based on the understanding from the international experience in issues related to rooftop

solar proliferation, adoption of different market models & impact on utilities, this study
aims at devising solutions from Indian context ( after considering distribution utility specific
aspects) and recommendation on changes in existing models & identifying regulatory
requirements

The detailed scope of work is included in Annexure 1

- 15 -



Rooftop Solar 7 Garnering Support from Distribution Utilities

2 Overall a pproach for the study

To assess the impact of solar rooftop on utility business, in -depth analysis of state utilities

of eight states is carried out. Utilities Performance and Operational parameters are
analyzed based on data of past three years and projection of next five years have been

taken to analyze the future scenario. The capacity addition in rooftop segment is taken as

per MNREOG6s target all ocated to dif f eroceanatyzevariaus es t o
business cases in view of utility business in India.

The approach adopted for analysis and devising recommendationis showninthe following
figure

Figure 7: Overall approach

Base Data
Last 3 years, Projections

BASE CASE ANALYSIS
next 3 /5 years

International Experience Review of International Rooftop Solar Experience
(USA, UK, Germany, Japan) State s covered

Maharashtra
Delhi
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Guijarat
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Tariff A Rooftop Solar energy penetration scenario by FY
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Cost of Supply
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©
-5 . : : : :
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In total 17 utilities from eight (8) states have been covered for the analysis viz.
Maharashtra, Odisha, Delhi, Tamil Nadu, Andhra Pradesh, Telangana, Gujarat and Uttar
Pradesh. The utilities analysed  as a part of this study are shown in the following table

Table 1: Distribution utilities covered

S State Utility
N

0

1 Maharashtra Maharashtra State Electricity Distribution Company Limited
(MSEDCL)

2 Delhi BSES Rajdhani Power Ltd (BRPL)

3 BSES Yamuna Power Limited (BYPL)
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S State Utility

No

4 Tata Power Delhi Distribution Limited ( TPDDL)

5 Odisha Central Electricity Supply Utility (CESU)

6 North Eastern Electricity Supply Company of Odisha Limited
(NESCO)

7 Southern Electricity Supply Company Of Odisha Limited
(SOUTHCO)

8 Western Electricity Supply Company Of Odisha Limited (WESCO)

9 Andhra Eastern Power Distribution Company of Andhra Pradesh Limited

Pradesh (APEPDCL)

10 Southern Power Distribution Company of Andhra Pradesh Limited
(APSPDCL)

11 Telangana Telangana State Southern Power Distribution Company Limited
(TSSPDCL)

12 Telangana State Northern Power Distribution Company of Limited
(TSNPDCL)

13 Tamil Nadu Tamil Nadu Generation and Distribution Corporation (TANGEDCO)

14 Gujarat Paschim Guijarat Vij Company Ltd. (PGVCL)

15 Dakshin Gujarat Vij Company Ltd. (DGVCL)

16 Uttar Dakshinanchal Vidyut Vitran Nigam Ltd (DVVNL)

17 Pradesh Paschimanchal Vidyut Vitaran Nigam Limited (PVVNL)

Various published sources of information have been relied on for collating and analyzing

the data for respective utilities. These data sources include 18th EPS report (CEA),
Performance of State Power Utilities for the years 2011 -12t0 2013 -14 (PFC), Tariff orders
by the State Regulat ory Commissions , Power for All (PFA) reports for different states . In

addition to this data from other sources like World Bank, Asian Development Bank, IRENA,
NREL, National and International Reports have also been taken to develop the business
cases for u tilities.

In the following section, the relevant international experience in the context of evolution
of rooftop solar segment has been provided
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3 International Experience

3.1 United State s of America

Inlast fewyears,  Solar PV has seen phenomenal growth in United States and itis expected
to grow to cumulative capacity of 41 GWdc by 2016. Till Q3 2015, US solar has witnessed
addition of 1 GWdc or more in the last 8 consecutive quarters. Q3 2015 alone has 1,361

MWdc installed, bringing the market up to 4.1 G Wdc through the first  three quarters of
2015.

Growth of solar installation is attributed to falling solar PV prices. It is observed that
average solar PV price ($/watt) has fallen from $8 in 2005 to around $3 in 2014 i.e. 62.5

% decline in prices over a de cade. Resulted in proliferation of solar PV installation in all
the segments i.e. Residential, Commercial and Utility Scale. Following figure illustrates

growth in cumulative US PV installations from 2007 to 2016 4 in different segments:

Figure 8: Cumulative U.S. PV Installed Capacity, 2007 -201 7E

While the prices ha ve fallen, the

Cumulative U.S. PV Installed Capacity (GWdc) total installed cost ($NVdC) has

50 been different for each of the
45 market segment s ranging from
40 H Residential Commercial | Utility the highest of around $3.55 for

g 35 residential to lowest of around

o 30 $1.38 for utility fixed tilt.

£ 25

S 20 The cost of residential rooftop is

g 12 highest ~mainly  due to

miscellaneous site, supply chain,
logistics, taxes and overhead
costs, as well as margins . PV
inverter and AC subsystem costs

are also higher for the
residential rooftops.

(&)]

: 4_4

2010 2011 2012 2013 2014 2015E 2016E 2017E
Year wise solar capacity across categories

Source: SEIA & GTM rese arch

Due to reduced cost, the utility owned solar installation s has outgrown other segments Lt
is predicted that  during the period from 2017 to 2020 , the residential solar installation S
would be more than utility owned installations  mainly due to lower LCOE as compared to
utility tariff . In many states, solar is already reaching towards grid parity where existing

prices of electricity is high. Majori ty of states in USA (45 in 2015) out of total 50 have
adopted net metering policies.

3.1.1 US Initiatives to promote solar

US Solar market started has grown rapidly in past few years, this is primarily due to the
initiatives taken by US state governments to p romote solar. Realizing the benefits of solar
rooftops, there was equal focus on promotion of solar rooftops with utility scale solar
projects. To promote solar for de -centralized distributed generation some of the major
initiatives taken in different stat es of US are Go Solar California, New York Sun, Sunshot
Initiative etc.

In iGo Sol ar C mitiative, caroumd a 3,000 MW of solar capacity addition S were
envisaged in California. The California Solar Initiative (CSl) program has a total budget of
$2.167 billion between 2007 and 2016 and a goal to install approximately 1,940 MW of

new solar generation capacity. California Solar Initiative pays solar consumers their

4 http://www.seia.org/research -resources/solar -market -insight -2015 -q3
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incentive either all -at-once for smaller systems , or over the course of five years for larger
systems.

New York-Sun was also launched in 2012 to increase solar electric installations in the

State. In April 2014 , commitment of nearly $1 billion was made to NY -Sun for expand ing
deploymentofsolarcapaci ty t hroughout the State and transform Ne
to a sustainable, subsidy  -free sector. New York State Energy Research and Development

Authority (NYSERDA) has begun transitioning to the statewide NY -Sun Incentive Program,

using a Megawatt (M W) Block system, starting in August 2014 for solar electric systems

up to 200kW in capacity and in early 2015 for systems larger than 200kW in solar capacity.

In 2011, The U.S. Department of Energy (DOE) SunShot Initiative was launched with the
goalto make solar energy fully cost competitive with traditional energy sources before the

end of the decade. The SunShot works with private companies, universities, non - profit
organizations, state and local governments, and national laboratories to drive down the

cost of solar electricity to $0.06 per kilowatt -hour, without incentives, by the year 2020.

The SunShot i nitiative is designed to re  -establish American technological leadership,
strengthen U.S. economic competitiveness in the global clean energy race, help cut carbon
pollution to combat climate change, and secure energy future.

3.1.2 Financing Mechanism

In addition to the ~ promotional programs, there is focus also on providing  finance to the
end consumers through different routes. To fund these rooftop models, there are several

financing models that emerged out in US , three broad categories to fund rooftop projects

are depicted in following figure

Third - party
Ownership

Traditional Self
financing

Utility & Public
Financing

Property Assessed
Clean Energy (PACE)

Cash Purchase
Power Purchase

Agreement (PPA)

Home Equity Loan
(HEL)

Utility Loans

Home Equity Line of
Credit (HELOC)

Public Loans (Credit -
Enhanced and
Revolving loans)

Solar Lease
Cash-out Mortgage

Refinancing (COMR)

Figure 9: Financing mechanism for solar projects in USA

Under these financing mech  anism, traditional financing scheme is the most common form

of solar financing wherein Cash purchase is the least expensive option in terms of total
dollars spent to acquire PV as no financing costs or solar finance company fees are
incurred . However, the upfront cost of a PV system is significant and likely a barrier for

most households. There are several financing options available to homeowners who choose

not to (or cannot) purchase a PV system with cash. The options include Home Equity Loans
or HELs (al so known as second mortgages), Home Equity Line of Credit (HELOCs), and
Cash-out Mortgage Refinancing (COMRS). They are provided by banks and credit unions
across the country and therefore are likely the most available options for homeowners.
Interestrate sfor HELs and COMR are compound whereas HELOC interest rates are simple

There are generally no fees (upfront or yearly) or very low fees for HELs. HELOCs and

COMR loan contracts often require upfront or yearly fees with non -interest costs tending
to be t he highest for COMRs (akin to first mortgages).

Traditional self -financing tools provide homeowners with a means of purchasing a PV

system outright. However, some homeowners have additional options for procuring solar

energy via third -party ownership model s, such as PPAs or solar leases, offered by multiple
local, regional, and national solar finance companies. Third party ownership enable
homeowners to benefit from commercial tax incentives available for solar 0 the ITC and
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the Modified Accelerated Cost Reco  very System (MACRS) 9 by partnering with a third - party
solar provider. By making efficient use of tax incentives, third - party ownership can be cost
competitive with local retail electricity rates.

In addition to third parties, s everal utilities, states, and local governments also have solar
PV system financing programs for eligible residents in US. These utilities fund rooftop
systems under different schemes such as Property Assessed Clean Energy (PACE) which
is a public financin g mechanism used by local governments. Similarly , u tility financing is
also available to some residential and commercial customers . Utility loans are a low  -cost
financing option that can either be an on -bill loan or meter -attached (i.e., secured to the
met er/electric service). However, only homeowners who are customers of utilities that

provide or participate in financing programs can access these loans. In addition to this
public loans were also available for consumers, it u ses third -party capital (i.e., t  hat of
banks or credit unions) to support lending for all or a portion of a loan. The state or local
government either provides a loan for the remaining portion of the principal or a credit
enhancement for the private -lender portion of the loan.

3.1.3 Preval ent Business Models

There are broadly three structure based on the ownership of the system relevant in US,

the first one is Self -owned wherein the rooftop system is owned and used by the end
consumer. While in case the consumer wants to go away from high i nitial investment, it
goes for third party or utility owned system, wherein third party or utility invests in the
rooftop system to be used by the end consumer and in return consumer pays it either in

the form of EMI for using the system or it procures the energy generated from the system
at a mutually agreed price. However, under these ownership structure there could be
difference in terms of the energy accounting and settlement. It could either be in the form

of Gross Metering, wherein the complete energy generated from the system is sold to the
grid or it could be Net Metering, wherein only the excess generation left after consumption

from solar rooftop is injected to the grid. End consumers can also choose to setup rooftop

system in off -grid mode for cap tive use only

Ownership Structure Metering Structure Revenue Structure

Self Owned System Off-grid Solar Lease

3rd Party Owned

System Gross Metering PPA

Utility Owned System Net Metering Self Use

Figure 10 :Popular rooftop solar business models in USA

3.2 Germany

The annual capacity installation for solar PV in Germany peaked around 7 GW during the
period 2010 - 2012. Germany had the wo r | dighest mstalled solar capacity by 2015,
with more than 39 GW , ahead of US, China, Italy, UK and Japan. The capacity has grown
ata CAGR of 45.6% in the last 13 years. There has been a decline in the capacity additions
since 2013 due to changesin governmental po licies.

- 20 -



Rooftop Solar 7 Garnering Support from Distribution Utilities

45

3824 3955
0 36.34 - PY
a 33.03 ®
»

s 30 25.43
025 o
>
'g 20 17.94
3 o
© 15 10.57

10 iy 812 e

2.9 : P
2.06
5 03 o043 11 ®

®
0 ® ® @ @

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Figure 11 : Growth of Solar Installed Capacity in Germany

Source: AGEE, BMWi, Bundesnetzagentur

The amendments in the German Renewable Energy Act (EEG) has reduced the feed-in
tariffs and also set constraints on utility  -scaled installations by limiting their size to 10
MW. The current version of the EEG only guarantees financial assistance as long as the

overall PV capacity reaches 52 GW. It also foresees to regulate annual PV growth within a

range of 2.5 GW to 3.5 GW by ad justing the guaranteed fees accordingly. The legislative
reforms in Germany stipulates a 40 to 45 percent share from renewable energy sources

by 2025 and a 55 to 60 percent share by 2035.

Germanyodés FIT regime has been essentdivaltomeeband he count
exceed its aggressive renewable electricity goals. The FIT policies have been designed to

support market rapid scale  -up, and stand out as a policy that has delivered transparency,

longevity, and certainty to investors in German renewable energy projects.

3.2.1 Evolutionof Ger many 6laa sector

Germany is widely considered to be the country most successful at rapidly transitioning
toward renewable energy systems through feed -in tariffs. Under FIT regim e, the tariffis
set so that a modest profit is ensured, thereby unleashing the collective capital resources
of the country to be part of the transition to renewable energy. Any incremental cost of
purchasing the renewable energy is shared among all consum ers of that energy.

Germany adopted FIT in 1990 and since than there has been several amendments taken

to improve the effectiveness of the program. The following figure depicts changes in the

FIT program since 1990 to 201 4 and subsequent amendments/Improv ements introduced
their off to check the growth of the sector as per prevailing market conditions.

Regulatory
Inputs

Create PV Higher installed PV became: FIT modifiedto [Limiting solar Further limiting
Industry demand by capacities building up = Cost volume based PV by floating solar by cap of
development § making solar domestic PV production competitive degression & cap on solar 2.6 GW and FIT
Strategy  [financially capacity base A sustainable fencourage (3.5 GW per reduction while
attractive energy captive year) and retaining

source consumption reduced FIT absolute cap

Cumulative
installed
capacity

Figure 12 : Modification in German FIT Program

During 1990t01999,t he Str EG, or AEdi ectlriwdi t waBe &t redamy 6s f i r
tariff and did not have rates high enough to support PV installations.  This scheme has caps
on generation and cost. Under the StrEG, both PV and wind generators were eligible for a
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feed -in tariff payment set at 90% of the retail electricity rate, wh ich meant that the FiT

rate fluctuated between 8.45 -8.84 Ucent/ kWh over tdhcade.cAthoughe of t h
this rate was insufficient to drive PV markets on its own, PV generators were eligible for

rebates equal to 70% of system cost (starting in 1990) and low -interest financing under

the 100,000 roof -top program (1999). By the end of year 1999, 67 MW of PV were installed

due in large part to capital cost subsidies.

The volume management strategy during this period consisted of caps triggered by the

amount of renewable energy in each utility service area. Under the StrEG, policy costs

were recovered regionally, rather than distributed nationally. Initially, local utilities were

only required to recover policy costs from within their service territories, upt o0 a 5%
renewable energy penetration level. Above that level, the costs would be socialized more

broadly among ratepayers served by the regional transmission system. In addition to the

generation caps, utilities were exempt from renewable energy purchases i f the purchases
substantially impacted ratepayers.

In 2000, Germany passed the EEG, or fARenewabl e Enerdg
national rates that approximated the generation cost of PV systems and proved more

effective than a direct linkage of incentives to retail rates. This program was an effort to
set cap on program and projects to control impact on ratepayers. In combination with the
100,000 Roofs Program (which offered zero -interest loans starting in 1999) , the EEG drove

cumulative capa city to 435 MW by the end of 2003, or an average annual capacity addition

of ~120 MW. The EEG initially specified that a hard cap would be implemented once 350
MW of capacity was reached in order to limit policy costs. In June, 2002, however, the law
was a mended to increase the capacity that would trigger the cap to 1,000 MW.

In 2003, the EEG rates were revised one year ahead of schedule when the 100,000 Roofs

Program ran out of funds. Main feature of this module was to remove the caps. The new
rates, which were established and went into effect in January 2004, were differentiated by

system size and by application type (facade mounted, roof -mounted, or free -standing),
and ranged from 46 -62 U c e nt / Kdrket growth accelerated under the amended EEG,

with cumulative capacity expanding to 5,979 MW by the end of 2008, or an average annual
capacity addition of ~1,100 MW. The revised EEG removed the 1000 MW program cap, as

well as the system size caps, creating the first uncapped PV market in the world.

InJuly 2008 , the EEG was revised, and new rates went into effect in 2009. First time, the

corridor system was introduces. The new law removed rates for facade integrated PV but

introduced payments on top of the retalil electricity rate for PV electricity consum ed onsite.

The amendment established a fAcorridoro or fAflexibleod
the rate would decrease each year based on the volume of MW installed during the

previous year (defined as October 2008 -October 2009). The 2009 amendment proje cted

that 1500 MW would be installed in 2009, 1700 MW in 2010, and 1900 MW in 2011. If

the actual installations matched the projections, the
6.5%. If actual installations were below or above the projections, the digres sion would

decrease or increase by an additional 1%.

I n 2010, t he Government i-nd reodwlcedld tdve aefl@Em@Ye s to
component price declines and altered the corridor digression schedule. The rates
decreased from 2009 to 2010 by 7.5% since the amount of capacity installed exceeded

the projected 1,500 MW projection. In order to account for rapid declines in PV module
prices, the government called for additional cuts beyond the digression introduced in 2009.
In July 2010, a law was passed that immediately decreased rates for building -mounted
systems by 13%, and rates for ground mounted systems by 8 -12%. The law further
decreased rates on all systems by an additional 3% in October 2010. The law also set out
arevised corridor  digression system w ith a 3,500 MW annual installation projection. Each

GW installed in excess of the 3,500 MW baseline in 2010 would result in an additional 1%

digression in 2011, up to a maximum  digression of 13%. In 2012, each GW of excess
capacity would result in a 3% dec rease, fora maximum digression of 21%.
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In February, 2011, the German government issued a revised corridor degression schedule.
In anticipation of continued robust growth enabled by additional system cost reductions,

the revision split the potential degre  ssion for 2012 into two parts: one that would occur in

July 2011 and one that would occur on January 1, 2012. Both adjustments are to be based

on the amount of capacity installed. The total degression for 2011 -2012 could be as low
as 1.5% or as high as 24% , depending on  the actual PV market growth.

In 2012, the German government set a Afloating capo ¢
3.5 gigawatt per year and reducing the feed -in remuneration of small rooftop panels

(under 10 kilowatt) from 24.43 cents p  er kilowatt -hour to 19.5 ct/KWh. The degression

schedules that are proposed for 2011 and between 2011 -2012 can already be projected,

based on the proposals made in January.

In 2014,t he new EEG retains the absolute cap of 52 gigawatt for the installed cap acity of
solar power in Germany (first introduced in 2012). Installations beyond this target will not

receive any funding under the EEG. Depending on the size of the installation, new
photovoltaics will receive 9.2 to 13.1 ct/KWh. This tariff is generally set to be reduced
monthly; by how much and if at all depends on whether the addition of new solar capacity

exceeds or falls short of the prescribed target. The graph below is showing the FIT price
trend for rooftop and ground mounted solar PV from 2000 to 2016

Figure 13 : FIT price trend for Rooftop and ground Mounted PV in Germany
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3.3  United Kingdom

In United Kingdom,  Solar PV has witnessed tremendous growth in the past 6 years. It has
reached 10,7 99 MW (till 2 " quarter 201 6) from 32 MW installed capacity in 2010 across
892,817 installations . This is an increase of 29% (2,423 MW) compared to July 2015.

Rooftop solar industry in the UK  is centere d primarily in two key markets viz. small scale

and mid -size. S mall scale is typically sma ller than 4 kWp and up to 50 kWp in housing,
small commercial premises and community buildings .Mid-size deploymentare largerthan
50 kWp and up to 1 MWp , particularly on commercial and industrial buildings but also on

larger public and community building S.

Following graph indicates year wise growth of solar PV installatio n and share of different
size of PV projects in the overall capacity
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Figure 14 : Growth of Solar PV in UK

To date, 50% (5,403 MW) of total installed solar PV capacity comes from large scale
installations greater than 5 MW, with 23% (2,450 MW) coming from small scale 0 to 4 kW
installations.

3.3.1 FIT Model

The introduction of the Feed  -in-Tariff (FiT) in 2010 saw rapid growth of the UK photovoltaic
market, with many thousands of domestic installations along with numerous commercial,

community and industrial projects. By 2014, more than 650,000 solar installat  ions had a
total capacity of over 5400 MW of solar power. In 2012, government had said that 4 million

homes across UK will be powered by sunlight, representing 22,000 MW of installed solar

power capacity by 2020.

If a household, business or community has a PV installation with a total installed capacity
of 5 MW or less, FITs pays them a tariff for the electricity they generate, and electricity

they export back to the grid. Tariff for FIT change as often as every 3 months. Once an
installation is registered for FIT, it will keep getting generation and export tariffs as long

as its installation is eligible. They will be adjusted annually for inflation based on the retalil

prices index.

These installations must demonstrate that the building which they are wire d to provide
electricity to has achieved an Energy Performance Certificate (EPC) rating of level D or

above in order to receive the higher tariff rate. A registered assessor can issue an EPC
indicating how energy efficient the building is. The rating band varies from A (the highest
rating) to G (the lowest rating). The energy efficiency requirement applies to solar PV
installation, wit  h the exception of stand  -alone and capacity up to 250kW

The following graph is showing the share of different schemes in th e total installed solar
PV capacity of UK
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