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Abstract

India has made great progress in reaching its ambitious goal to scale up renewable energy
capacityto 175 GW in 2022. Solar power plays a central part in achieving this goal and
installations of utility scale power have seen a dramatic increase in the last few years.
Rooftop solar, however, is lagging and more needs to be done to achieve its 40 Gty capac
target by 2022. To meé#te remaining rooftop targahis study estimates that the total capital
requirement could be as high as USD 31.8 billion in addition to current subsidigSBna9

billion excluding subsidiesThe study suggests thadunicipalities can play a larger role in

the acceleration of rooftop solar in Indiad proposes the use of municipal bonds to support
the scale up of rooftop solar in India and details how such bonds could be designed and
implemented. The study also amgdiproposed bond model to thmdian cities Surat and

New Delhi (NDMC) and illustrates how municipal bonds can significantly reduce the costs
for rooftop solar and make it competitive and benefit different type of consumers in these
cities
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Executive Summary

India has set an ambitious renewable energy target of 175 GW by 2022, including 100GW of
solar power. Of tht, the government aims for 60 GW to be utiiyale solar, and the rest to

be rooftop solar. Though India has made significant progress on the 60 GWsghligysolar
target, getting to the 40 GW rooftop solar target will be a significant undertaksgf
December 2016, installed capacity of rooftop solar was only ~1.25 GW, which means that ~6
GW would need to be installed every year to reach the 40 GW target by 2022. Filling this gap
between the current installment and the 40 GW goal will requiestmated USD 39 billion

(INR 3 trillion).

This paper—producedn collaboration betweemmdian Council for Research on International
Economic Relations (ICRIERCIlimate Policy Initiative (CPI) an&tockholm Environment
Institute (SEI), and funded by thevBdish Energy Agency as part of its support for the New
Climate Economy projeetproposes the use of municipal bonds to support the-apatd
rooftop solar in India, and details how such bonds could be designed and implemented.

The adoption of rooftop sat is primarily driven by expected savings in electricity costs, the
need for an alternative source of electricity, and the desire tgateitclimate change risk.
However, three key barriers hinder the growth of this technology in India: high upfront
captal expenditure, perceived performance risk, and limitedsacte debt capital. The first
two issues can be addressed throaigthird-party financing model.

However, the third-party financing model has had limited success due to inadequate
availability of debt capital for project developers. This lack of availability is driven by
various factors, including: limited avenues of raising debt capital, already stressed
commercial banks in India, concerns on the credit quality of the developer, limitetefamg
capital opportunities for Indian famcial institutions with regard to rooftop solar, and small
ticket size of investments leading to high transaction costs.

Municipal financing, via issuance of municipal bonds, has the potential to increast
availability for rooftop solar project developers and lower rooftop solar costs up to 1

I n the proposed model |, which we are callin
municipal entity would play the role of a financggeegator for renewable energy project
developers. Funds available through a municipal bond would be disbursed to project devel
opers via a Public Private Partnership (PPP) approach, similar to the Bedidpfinance

and Operat¢DBFO)! model with the fancing activity taken care by municipal corporation

or corporate municipal entity (CME). By aggregating projects, this model would allow a
project developer to access the debt capital markets otherwise difficult to access.

1 In this PPP approach, the private party assuthesentire responsibility for the design, construction,
finance, and operate the project for the period of concession.



Municipalities have several market advantages in their potential role as finance
aggregators for rooftop solar:

T

Institutional goals and mandates:Municipalities have targdtased responsihiies
to increase renewable energy deployment under the Solar City Program, so they have
a builtin incentive to increase rooftop solar.

Access to debt capital markets Compared to rooftop solar developers,
municipalities are in a better position to acctes debt capital market due to their
larger balance sheets.

Superior credit profiles: More than half of the rated municipalitie®4 in total- are
investment grade (i.e. BBBor above); whereas almost all rooftop developers are
below investment grade.h& better credit profile of municipalities compared with
project developers can help in raising debt capital at lower costs.

Access to public guaranteesCompared to private project developers, municipalities
(as public entities) have relatively better @&s to public guarantees that are typically
required to achieve the rigkduction necessary to attract institutional investment.

Diverse revenue sourcesMunicipalities have multiple sources of revenues (e.g.
property taxes), which can provide additiosaturity to investors.

Good consumer engagemeniGiven munic pal i t i es’ relatively
the consumers, the government can quickly facilitate rooftop solar project
aggregation.

Innovative transaction structures would be required to facilitae the role of
municipalities as finance aggrgators. A particularly attractive structure (Figure HS$ is

where a municipalifpwned master special purpose vehicle (SPV) or a corporate municipal
entity (CME) would raise the bonds and disburse the proc#etiese bonds to SPVs owned

by project developers via capital lease arrangements. In our paper, we also provide a detailed
roadmap for municipalities to deploy the proposed model.



Figure ES1: Transaction Structure to raise Municipal Bond for Rooftop Solar
Financing
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The SMB model shows considerable promise based on its application to Surat and New
Delhi?. For Surat and New Delhi, rooftop solar potential is 727 MW with a capital
requirement of INR 38.5 billion and 110 MW with a capital requiremeniN& b billion
respectively. By reducing the cost of rooftop solar by up to 12%, a municipal bond would not
only make rooftop solar cqmetitive with existing tariffs, but also provide the much needed
additional debt capital.

Apart from reduction in the cosf financing, a solar municipal bond also has the potential to
mobilize the significant untapped investment into the rooftop solar sector, for example, from
domestic institutional invésrs, which, according to a previous CPI study has an untapped
invesiment potential of USD 56 billion in debt for renewable energy. Issuing municipal bond

for solar wild|l also help in building municinp
and utilize an innou#&ve transaction structure for other projects.

Despite its promise, implementation barriers remain, which are described below in the
order of how critical they are:

1 There is no statutory mandate for municipal corporations to promote electricity
generation: The municipal functions listed under the 12th Schedule of the 74th
Constitutional Amendment do not include power generation. Though Municipal
Corporations would play limited roles as financiers in the proposed model, this may prove
to be the most signifant barrier.

2 We examined these cities because they are not only on the list of the solar cities program of MNRE, but
also perform well across keyatnics such as local governance, service delivery, revenue generation, and
renewable energy projects. For this study we focus on theasifential sector



1 Solar municipal bonds would need to achieve high creditratingd: ndi a’ s debt ¢
market is relatively shallow, as it fails to attract enough investors if the credit rating of the
bond is below AA or A+. Hence, high credit ratings of thanicipal bonds would be
critical to the success of the model.

1 Municipalities are required to provide minimum equity contribution of 20% of the
projectcost Accor di ng t o Se c Regaationd raunidipalijies wauld SEB 1 ’
need to provide 20% ofrpject costs as equity. Since most municipalities are struggling
to meet the investment demand for basic infrastructure services, this regulation will be
hard to meet.

1 Absence of supporting regulations will hinder municipal corporations to act as a
financial company: In the proposed transaction structure, proceeds of the bond would be
disbursed to projects via capital lease arrangements. Since capital leases are mostly
executed by financial entities, in the absence of any specific regulation, muni@palitie
might be reluctant to act as the finance aggregators.

1 Reluctance of Municipal Corporation to issue bondsSuccessful issuance of municipal
bond warrants transparency and due diligence in project management and accounting
practices of municipal corporatie. Many municipal corporations have serious
shortcomings on these fronts and have to revamp their current practices before bond
issuances.

1 High transaction cost: One potential downside of the proposed model is that transaction
costs could be higher thaither sefownership or third party financing models, mainly
due to the novelty of the approach.

This paper, therefore, recommends several focused interventions to address these barriers.
Table ES2 focuses on solutions/recommendations for the mostatriviarriers, as well as

their potential impact and feasibility. Impact is the ability of the proposed recommendation to
address the challenge, and didlity is the likelihood of implementation for the
recommendation.

The proposed SMB model, though radiand futuristic, could be crucial if India wants to
achieve its rooftop solar target by 2022. If we are able to successfully address the barriers
highlighted in the above table, it will not only help rooftop solar to scale up its growth, but
also help muaicipal corporations to use the similar structure for other priority infrastructure
projects.

Next steps include further analysis in future work, particularly on an appropriate incentive
mechanism to involve municipal corporations to act as financiengrifcate projects, which
this study does not cover.

3 Securities and Exchange Board of India (Issue and Listing of Debt Securities by Municipalities)
Regulations, 2015

Vi



Table ES2: Summary of Barriers and Potential Solutions to improve the feasibility of

the proposed model

BARRIERS

There is no statutory mandate
for municipal corporations to
promote electricity generation.

Solar municipal bonds would
need to achieve high credit
ratings

Municipalities are required to
provide minimum equity contri-

Absence of supporting regu-
lations will hinder municipal
corporations to act as a financial
compary

Reluctance of Municipal
Corporation to issue bonds

High transaction cost

 energy (PACE).

bution of 20% of the project cost

SOLUTIONS/RECOMMENDATIONS

Introduce amendments in state and national legislation
 to allow municipal corporations to facilitate electricity
_ generationprojects.

Use instruments such as Partial Credit Guarantees (PCG)
or first-loss funds to enhance the credit rating of the
bond.

- Through proper due diligence, select consumers (off-tak-

to install solar rooftop projects.

- To address off-taker risk, use property-assessed clean

ntroduce regulatory changes to waive off this require-
ment. However, the proposed transaction structure
attempts to overcome this barrier by proposing the
capital lease mechanism, where project developers will
make an upfront advance payment. This should help in

. compensating for the equity capital contribution.

corporations to act as financiers for clean energy gener-
 ation projects. Both for its own consumption and for the

Build its capacity to overcome this structural issue with
 the help of relevant entities.

size and hence may bring down the transaction cost.

KEY PARTICIPANT

Legislative bodies at
State and Central level

 Institutes suchas

- ers) so that only the credit-worthy consumers are eligible

SEBI

Ministry of Finance,
- USAID, World Bank

 Pool the solar rooftop projects across the municipal cor- -
- porations (cities). This would increase the bond issuance 'F“?I_IN;E'EM'NSW of

USAID, IREDA etc. can
provide PCG while
MNRE can capitalize
first-loss fund using
National Clean Energy

FdNCER)

- Municipal Corporation
with the help of credit
rating agencies.

- Municipal Corporations |

- Introduce amendments in regulations to allow municipal
- SEBI and Ministry of
- Finance
use of private consumers.
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Scaling up Rooftop Solar Power in India: The Potential of
Municipal Solar Bonds

Saurabh Trivedi, Indro Ray, Gregor Vulturjus
Amrita Goldar, Labanya Jena PrakaShndeep Paul amkarsi Sagar

1. Introduction

In the past two years, India has made significant strides in moving towards its ambitious
renewable energy target of 175 GWimdtalled capacity by 2022. This includes 60 GW from
wind power, 100 GW from solar power, 10 GW from biomass power and 5 GW from small
hydropower

Currently solar power, wind power, biomass power, and small hydropower together con
tribute to about 60 GW ot 8 % t o I ndia’s tot al power <capac
accounting for 24% of the total renewabl e el
renewable energy goals, wind power installations will need to double from their current
capacity, vhile the solar power capacity has to scale by more than seven times in the next

five years. If India succeeds in achieving these targets, an increase in coal power capacity

will not be required post 2022 (CEA 2016).

From 20132016, installed rooftop solar capacity has grown from 117 MW to 1,250 MW
(BTI 2017),which means that the Indian rooftop solar capacity has increased terjigtl in
three years. The accelerating growth in rooftop solar systems is driven by the fact that the
technology is already price cgmtitive in many Indian states and sectors (CPl 2016).
Recognizing the potential of solar technologies, the National Solasidviiof India has
earmarked 40 GW of its 100 GW by 2022 solar power target for rooftop solar.

Despite significant progress inroofp s ol ar i nstall ations
GW by 2022 will be challenging.

Despite India’"s considerable progress in bri
the deployment rate is still insufficient to achieve the natidaaet of 40 GW by 2022.

Given the current rate of annual capacity additions, it is estimated that only ~13 GW of
rooftop solar will be installed by 2022 (BTI 2017), a figure far short of the target.



Figure 1: Power capacity in India by generatingechnology (as of 2017/11/30, % share)

\
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Source CEA 2016

Immediate action by the government, industrial dtakders, utilities, and other stakeholders

is therefore necessary to overcome regulatory and financideeges that hinder further
deployment.This includes introducing innovative financial interventions. In this report, we
discuss one such intervention: Municipal corporations as financial aggregators for rooftop
solar.

The report is structured as follows: First, in Section 2, we look at ineestneeds to reach
rooftop solar targets, drivers and barriers of rooftop solar in India. In Section 3, we look at
rooftop solar financing in the context of broader sustainable urban and infrastructure
financing measures in India. Section 4 explains tlopgsed solar municipal bond model as
well as expected benefits and limitations of this model. Section 5 then applies this model to
two regions—Surat and New Delk+in theoretical examples. Section 6 concludes by
discussing potential challenges to the impdatingof solar munigal bonds and what can be
done to address them.

2. Investment needs, drivers and barriers of rooftop solar in India

This section looks at why we need to consider new models of financing as well as
partnerships to be scessful in scaling up the solar technology present in the Indian market.

In the next five years, the rooftop solar sector needs to increase 32 times fr
present capacitvtoreachtleover nment 6s taraet of 4

In order to reach the national target of 40 GW, rooftop solar capacity needs to increase 32
fold in the coming five years. Of the total installed rooftop solar capacity of 1.25 GW (until
Dec. 2016), the industrial sector has deployed the largest shéweyeidlby the commercial

sector and then the residential sector (Figure 2). Most of the remaining target is also expected
to come from the industrial sector (44%). To meet this target, the sector has to increase its



capacity by close to 37 times. The comanmrsector also has to expand its cdnition by

about 37 times to host its expected capacity of 12.06 GW. Though the expected share of
residential and public (government) buildings in the national target are comparatively less,
they also have to expatigeir contribution by close to 21 times to meet the national targets.

The sectoral growth estimates are calculated based on the assumption that governmental and
residential buildings will contribute approximately 10 GW to rooftop solar by 2022 (NITI
Aayog2015).

Figure 2 (center): Shares of rooftop solar capacity by sector in India in 2016 and
Figure 3 (right): Expected shares of rooftop solar capacity by sector in India to achieve
2022 target (38.75 GW)

38.8GW Shares of existing rooftop Shares of required rooftop
solar capacity, by sector solar capacity, by sector

Residential

Government

Commercial

Industrial

1.25GW

2016 2022

Capacity Capacity

Source: BTl 2017, Niti Aayog 2015, Authors Caldolas
2.1 Investment needs to achieve the national rooftop solar target

Given the considerable gap between currently installed and expected capacity by 2022, there
is large need for investments in rooftop solar capacity. Estimates of investment needed to
scale up rooftop solar are subject to cdstssolar panels, capital, labor and operations, and
levels of national and staspecific subsidies and taxes.

To meet the outstanding 38.75 GW rooftop solar target by 2022, a total of INK
trillion (USD 31.8 billion) is required, in addition to current subsides and INR 3
trillion (USD 39billion) excluding subsidies.

Table 1 shows the estimated investment needs of the rooftop sector for the outstanding 38.75
GW of solar power necessary to achieve the 2@28et. Based on our interviews with
municipal government officials in New Delhi and Surat, and the benchmark prices of rooftop
solar, the estimated price for residential binidg is INR 70,000 per kW and INR 65,000 per

kW for governmental, commercial amtlustrial buildngs. In the calculations, we have also
considered the current levels of subsidies available for rooftop solar systems across different



types of states. Furthermore, we have also calculated a 35% tax on the accelerated
depreciation at theate of 40%. In Appendix 1, we have given the cost calculations in detail.

Table 1: Capital investments needed for outstanding 38.75 GW of rooftop solar in India by 2022

Capital investments Units

Residential + Government (with capital subsidy) 43,857.0 INR Cr.
Industry + Commercial (accelerated depreciation) 163,308.0 INR Cr.
Total Cost in INR 207,165.0 INR Cr.
Total Cost in USD* 31,871.5 USD Million

Based on MNRE 2017 a, 2017 b, 2014 and authors calculation
* Assuming INR 65 =USD 1

2.2 Drivers for rooftop solar adoption in India

There are many factors driving the adoption of rooftop soldndia®. These include cost

savings, energy access, green” benefits, an
in turn.

Rooftop solaroffers significant and increasing costs savings.
Cost savings are the key driver of rooftop solar in India:

1! In many Indian states and market segments, the levelized cost of ele¢Ch@DE) of
rooftop solar is already lower than the existing average grid rates of tariffs paid.

1 Rooftop solar is approximately 17% and 27% cheaper than the average industrial and
commercial tariff respectively (Figure 4), without consideringmetering policis.

1 Rooftop solar is also already achieving grid parity in the residential sector in states such
as Uttar Pradesh, Maharashtra, and Rajasthan (CPI 2016).

1 In the governmental sector, rooftop solar has become competitive in Delhi, Uttar Pradesh,
KarnatakaHaryana and Andhra Pradesh.

1 In other states, the gap between rooftop solar and conventional sources of electricity is
fast decreasing.

Details about LCOE calculations are provided in Appendix 2.

4 A more detailed description of the drivers and barriers to rooftop solar can be found in (CPI 2016)

5 The levelized cost of electricity or LCOE is the average cost of electricity that helps to break even in terms
of the return expectdoly the developer. It represents the minimum unit revenue required to meet all the cost
including the return on equity, given the project’ s
LCOE was calculated using a typical project cash flow model



Figure 4: Average electricity tariffs for different statesand market segments and
rooftop solar LCOE
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Note: Only the generation costs (i.e. LCOE) has been considered as many states have exempted renewable energy form
paying others charges such as wheeling charges andstiosisly charges. Also, we have not inpmoated the impact of any
subsidy such as accelerated depreciation in the LCOE calculations

Rooftop solar can help increase access to energy

The second key driver for rooftop solar is energy access. Access to affordable power is a
major issue for Indiaouseholds in both urban and rural areas. Though the power deficit is
falling rapidly across the nation, access remains an issue with 304 million people in the
country still lacking access to etleicity (NITI Aayog 2017). The lack of access and
unreliable supply often leads to reliance on alternatives like diesel generators, which are
subject to high price volatility, in addition to numerous harmful health and climate effects.

Renewable energy and in particular rooftop solar can greatly contribute toventhis
situation. Additionally, rooftop solar offers a more pritable and less harmful alternative to
conventional electricity.

Sol ar power has the social 1 mage of being #fg

The third key driver for the adoption of rooftop solar is desire on behabnsumers to have

an image of being environmental friendly and modern. Consumers who are driven by this
factor are even willing to pay higher prices than grid power or make capital investments. This
applies mostly to the industrial, commercial andljpudectors.

The government has requirements to install solar power

The fourth key driver behind rooftop solar in India is governmental as well aswstate
Renewable Purchase Obligations (RPO). These requirements only apply to commercial and
industrialsegments. By 2022, the gawviment prescribed solapecific RPO is set to increase

to 3% (MNRE 2017 c).



2.3 Barriers to rooftop solar in India

Despite falling prices and strong drivers of rooftop solar deployment, barriers remain.
Measures to accelerate thdoption of rooftop solar also need to address these known
barriers, which include high upfront costs, limited access to debt, perceived risks, pohlcy chal
lenges, and energy storage costs. We discuss each in turn.

High upfront costs for installation

Themost significant barrier to rooftop solar in India is high upfront costs for installation. The
size of a typical rooftop solar installation in the commercial and industrial segments is around
150-200 kW, and would cost between INR 9.74.3 million per instllation assuming the
current price of INR 65,000 per kW Commercial and industrial consumers are oftaaneluc

to invest such a high amount upfront, especially for agura business activity.

Limited access to debt finance

The second most significabarrier to rooftop solar adoption is limited access to debt finance.
Due to peceived high risks and suspicion about performance for this relatively new sector,
banks are reluctant to lend to solar rooftop projects. Borrowing costs can thereforaedhe as h

as 12% or more. Due to the smaller size of the projects in the rooftop solar sector, developers
do not approach banks for loans because of the propateigrhigher transaction cost per

unit of project cost. Furthermore, the market for #pedty dét capital from bond issuance is

still marginal in India, as outlined in greater detailSection 3 and 4. As a result of these
factors, most of the rooftop solar projects in India are being financed with equity capital with
minimal debt during developmerstages (BNEF 2016). As the cost of equity capital is
usually more expensive than debt, the overall project cost then becomes more expensive.

Consumer perception of risks and performance

Another important barrier to rooftop solar has been the perceptiosks and performance
among consumers. Rooftop solar power is still a relatively new technology in India and,
therefore, there is a perception that it may not perform as expected over its lifetime.
Additionally, there are trust issues as several erdrequrs in the rooftop solar market are
comparatively new with little track record.

Challenges in the implementation of netnetering policies

Another key barrier to rooftop solar adoption is the poor implementation ehetering
policies across the stateAlthough, 27 states and union territories have issued net metering
policies or regulations since the issue of the model net metering regulations in 2013, only a
few states have begun the actual implementation of the policy. The slow or patchy progress i
the netmetering policy can be attributed primarily to issues like inadequate policy
frameworks, passive opposition from DISCOMs; and insufficient training at the local utility
level.



High price of energy storage

The current high price of energy stoeag also a barrier to rooftop solar. As solar power can

only be generated during the day time, it warrants energy storage to ensure continued usage at
night time or when solar radiation is low. Currently, the cost of a rooftop solar system with
battery strage could be between INR 90,000 and 135,000 per kW depending on voltage
(MNRE 2017 b). The issue of consunmvned, behind the meter energy storage, however,
may be less pressing if effective fmetering policies are in place that are complemented by
front-of the meter, and gridasedstoragé.

3. Financing of sustainable urban development in India

Rooftop solar is part of a large portfolio of measures to promote sustainable urban
development in India. Experiences of municipal governments to finance this development
offer important insights into how rooftop solar can be scaled up to achieve theahtdiget

of 40 GW by 2022. In this section, we discuss about the rooftop solar in the context of
sustainable urban development in India and role of municipal corporation in terms of
financing the urban infrastructure.

3.1 Role of rooftop solar in sustainablerban development

There are multiple benefits for municipalities that take an active role in promoting rooftop
solar in their costituencies. Several cities are taking part in the national government’s Solar
City Program and have drawn up master plangs$tall rooftop solar in their respiéce
jurisdiction. Besides being a clean form of energy, it can also contribute to efforts to improve
access to energy, provision of reliable and cheaper electricity supply, reduction of air
pollution etc. Given thatooftop solar is a decentralized form of electricity generation, local
governments are also in a much better position to understand the risks and find solutions
together with local customers and developers. However, we first need to understand the
current situation of municipal corporations as far as funding overall larger sustainable
infrastructure development projects is concerned.

3.2 Current sources of public financing for sustainable urban development

Municipalities in India are largely financed by statel aentral funds. The funding channels

in India are segmented across three levels: primarily central funds, state funds, and city level
revenues. The central govemant usually allocates grants or central funds for local
governments. Similarly, states Wwiive grants to cities depending on local programs and
needs. States also share part of their revenue with cities as recommended by state finance
commissions. The city level revenue comes from tax anetarosources. Other than these
sources, cities maylso apply for loans, and grants from national, and international
development institutions to finance their projects.

6 Financial and technological barriers to energy storage may also be overcome by new business models based
on virtual power stations, currently evolving in the US, Germany and Australia, that aggregate multiple
rooftop solar and decentralized battery atgr systems



The funding gap for urban infrastructure in India

Though funding from the higher levels to municipal government has increased in recent
years, there is a burgeoning gap between demand and supply of funds. Traditionally, capital
expenditures were met through intergovernmental transfers, grants, and scheme funds. Today,
however, with increased demands on urban service delivery and infrastrubese sources

may not be enough.

For example, the High Powered Expert Committee (HPEC), appointed by Ministry of Urban
Development in its report on Indian Urban Infrastructure and Services estimated that funding
required for urban infrastrtiere over 20year period from 2012 to 2031 will be Rs 39.2 lakh

crore at 20090 prices (USD 830 billion) (HPC 2011). The committee also highlighted

there would be an accompanying increase in the cost of upkeep of old and new assets. As per
the projections tlsi would be to the tune of INR 19.9 lakh crore (USD 42G0dpi)l over the

same period (HPEQO11). The Economic Survey of India 201G points out that much of
this should come from | ocal resources (Gol,
is critically low at 0.54 prcent of the GDP (Mathur et2011), there is an immediate need to

step up revenue mobilization and explore new sources of funding at city level.

3.3 Past experiences with municipal bonds to finance urban development

Many countries hae been successful in using mupa bonds to fill funding gaps for city
projects. India has experimented with municipal bonds since 1999 to raise additional sources
of funding for projects, but with limited success. The municipal bond market in India ha
raised only about INR 13 billion in the last 20 years (World Bank 2011). Out of the bonds
issued, most of the funds were used for water supply, water sanitation, and roaés.orsie

of the bonds issued hatgpically been between five to fifteen yeansth fixed interest rates.

There has been few pooled finance bonds where small municipalities collectively issued
bonds under a statevned entity created precisely for this purpose. It is clear that overall,
significant challenges remain in making mupali bonds successful, especially since the
financial health of the majority of urban governments is not robust enough to furnish debt.

A new push for I ndiabdés municipal bond mar ket

The government of India has recently put new fraom& in place under the darteenth
Finance Commission to incentivize municipalities to issue bonds to finance urban
infrastructure. Most recently, through the Smart Cities Mission, the central government has
encouraged cities to delve into the municipal bond market again. Thesbiggnaround in

this respect came in 2017 when the municipal corporation of Pune successfully issued a
municipal bond. This was the first municipal bond in last fourteen years, and experts expect it
to be followed by similar issues from other municipatporations. The first tranche of the

Pune bond, rated AA+ raised Rs.200 crore and would finance a water supply metering project
in the city. The bond offered a 7.59% rate of interest was well received by the market, being
oversubscribed six times.



Theserecent developments in the municipal bond market can be leveraged for the rooftop
solar sector as well. In the next section, we discuss how these municipal bonds can also be
used to fund rooftop solar projects in India.

4. Using municipal bonds to finance roftop solar developers

As the previous section has shown, there is both an opportunity and challengsagof
municipal corpaation for the acceleration of rooftop solar. Therefore, if municipalities are to
play a role in the necessary a@ration of rooftop solar in India, they will need to look for
new sources of finance and business models to spuedquéed development. This will also
require building partnerships with local solar developers and other stakeholders in the
domestic and even international financial markets.

The feasible route for municipalities would be to collaborate with rooftop A
developers deploying projects using third party financing model.

There are two business models to deploy rooftop solar in India.

1 The first one $ the CAPEX model in which the consumer fully owns finances and
consumes the energy generated by the PV system. Consumers in the CAPEX model are
fully responsible for all capital expenditures, and bear all risks of operations,
management, and maintenan¢ae CAPEX model accounts for approximately 84% of
currently existing rooftop solar systems in India and is mainly driven by commercial and
industrial operators (BTl 2017).

1 The second model, is the OPEX model or the third party financing model in which a
renewable energy service company (RESCO) provides all the necessary capital and is
respomsible for installing, operating, and maintaining the rooftop solar system in
exchange for a fixethriff Power Purchasing Agreement (PPA) with a customer, or
multiple customers. This model is also referred as thady financing model.

As CAPEX model is a sefunding model for the rooftop solar projects as far as the end
consumer is concerned, it does not require much financing support from external entities. On
the other hand, the third party financing model requires significant debt investment from the
capital market. Hence, the municipal corgimna can collaborate with the rooftop solar
developers to facilitate the access of the debt capital from the capitattsmankder the
OPEX model route.

The OPEX model has been proposed as one of the promising solutions to address several
barriers to scaling rooftop solar discussed in section 2.3. According to a previous study (CPI
2016), the third party financing model ispected to dominate the rooftop solar market, given

its benefits for consumers of no upfront and installation, operation and management services
being carried out by local developers. Globally, the tpady financing model has been a
significant driverof growth in the rooftop solar sector. However, the third party financing
model has not picked up in India at the rates expected due to the lack of availability of debt



capital at competitive cost, which affects the ability for companies advancing thmedsis
model to scale.

Thus, to achieve further scale for the OPEX model for rooftop solar in India, alternative
methods of financing should be considered.

4.1 Overview of Solar Municipal Bond model Rooftop Solar Projects under OPEX
route financed through Muncipal Bonds

In this study, we propose an alternate approach where municipal corporations can play the
role of finance aggregators for rooftop solar projects deployed under the Opex route. The
proposed model calle@olar Municipal Bond (SMB) model advocats a bottoraup
approach to facilitate financing for rooftop solar pais and complements the existing
government efforts to achieve the 40 GW national targets. The SMB model suggests using
municipal financing for rooftop solar projects. It is based opublic-privatepartnership

(PPP) investment approach for rooftop solar projects at city level where municipalities would
issue bonds and then transfer the proceeds to private solar rooftop developers through special
purpose vehicles (SPVs).

This model difers slightly from a conventional desipuild-financeoperate (DBFO) model.

In a typical DBFO investment model, all activities from design to operation are taken care by
a private developer. In the proposed model, however, we are recommending thatahunicip
ities should raise debt capital to finance rooftop solar development. The transaction structure
is similar to the Morris County model successfully used in the USA for financing the rooftop
solar but limited to the public places only. The proposed SMRBlen@dvocates its
implementation beyond public buildings.

4.2 Rationale for municipal bonds for rooftop solar projects

Before discussing the transaction structure of the solar municipal bond model in more detail,
we first discuss the rationale of using munaiponds as financing mechanism for the
rooftop solar:

Municipalities have already been assigned certain renewable energy targets under Solar
City Program

Municipalities have targdiased responsibilities to increase renewable energy deployment
under theSolar CityProgram, so they have a builh incentive to increase rooftop solar in
their jurisdiction. However, the targets set under the program are quite moderate and
municipal corporations can be given additional resfmlities to increase thesargets as per

their true potential.

7 Solar City program, developed by MNRE in 2015, aims at minimum 10% reduction in projected demand of
conventional energy at the end of five years at city level, through a combination of enhancing supply from
renewable energy sources in thgy@nd energy efficiency measures. It is designed to support/ encourage
Urban Local Bodies to prepare a roadmap to guide
‘“solar cities
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Municipalities are in a better position to raise capital by issuing bonds than private
developers

The main advantage for the proposed puBlébt based financing for rooftop solar under the
OPEX model is that compared private developers, municipal goverents are in a better
position to raise capital by issuing bonds. The key reason behind this is that Municipal
Corporations have relatively larger balance sheets as compared to that of a rooftop solar
developer, whiclprovides the feasible financial strength and capital base to raise bonds from
the capital markets.

Municipalities have good credit ratings and benefit from state guarantees

One important reason why municipalities are in a better position to raiséakettfinance

than project devepers is their credit ratings relative to that of rooftop solar project
developers. More than half of the rated municipalt€g in total—are investment grade

(i.e. BBB- or above); whereas almost all rooftop developers ad@bimvestment grade. A

high credit worthiness is essential for successful listing of a bond as it not only helps in
reducing the cost of debt servicing but also attracts-tenyg institutional investors.

Municipal Corporations have relatively easier accss to public guarantees

Being governmenbacked entities, municipal con@tions can leverage upon the strength of

the state or central government to secure guarantees on bonds. This helps in raising the credit
rating of the bonds. For private project dmpers, it is quite difficult to access such
guarantees from the government institutions.

Municipalitiesd internal revenue offers secu

In addition to the project revenues which are used to service the bond payments, municipal
corporatios have various other streams of revenues such asrfyroé@xes, service taxes etc.
which can provide security for investors in case project revenues are not sufficient to service
the bond payments. Private solar developers rarely have revenues athérathi@om solar
energy generation.

Aggregation and economies of scale make municipal bonds more feasible

One of the key issues that a private rooftop solar developer faces in raising the debt capital is
the small size of the projects, which increasesranct i on cost s. Gi ven
relatively good proximity with the consumers, the municipal corporation can quickly facil

itate rooftop solar project aggregation. If rooftop solar developers would like to access the
debt capital through municipal basy\dmultiple developers would have to aggregate their
projects at city level which would ensure the aggregation of the projects and make the
issuance of the bond more feasible. This process will also help to reduce the transaction costs
of raising the debtapital.

11



Incentives for municipal corporations to professionalize financial operations

Municipal bond issuance can expedite governance reforms. A municipal bond issue would
mean not only a plethora of challenges but also offer the local body a number of
opportunities. Most importantly, a successful bond issue warrants financial discipline and
accoundbility of the issuer. Past experiences have proved that efficiency of project
management systems, procedures to reduce time delays and cost overrunsiealdya
revenue system are essential for constant engagement with capital markets. A rooftop solar
project in thisrespect could be a less risky project than alternative projects to be funded
through bonds as the revenue streams of a rooftop solar paogetdrgely assured due to
PPAs and would prepare municipalities for larger issues in the future.

4.3 Transaction structure of the proposed municipal bond model

The proposed solar municipal bond model for rooftop solar combines publidatedut
finance withan existing OPEX model. Under this mechanism, a public entity would issue a
bond at low costlong tenor and transfers the bond proceed to a private developer. This
model is quite similar to borRBPA model called Morris County Model, named after Morris
Couwnty in New Jersey, U.S., which developed the model to finance solar power installations
on public facilities in 2011 (NREL 2011).

However, in the proposed bond model for India, we are going one step further from the U.S.
based Morris county model. In MasrCounty model, the municipal corporations raise bonds

to facilitate the financing of only those solar projects, which are installed for ipalnic
corporation consumption. In the proposed model, the fund raised through a municipal bond
would be used to fiance as many rooftop solar projects assipbs including residential,
commercial, and industrial customers.

The model combines many of the benefits of-selhership and thirgparty ownership from

the perspective of local government as consumer. lékeos/nership, the model allows local
government to leverage lewost public debt. Like a thirgdarty financing model, the pro

posed model enables the developer to benefit through savings passed on from tax incentives
i.e. the acceletted depreciation befit. In addition, the local govemment and the other
consumers receive fixed electricity costs for a lemgn contract and has no operating and
maintenance responsibilities for the solar equipment.

Figure 5 shows the transaction structure of the mpaicolar bond model that is based on
public-debt and OPEX model of project deployment. A public entity, in this case a special
purpose vehicle (SPV) which is 100% owned by a municipality, issues a relende
which would be ring fenced with the projexash flows. We refer to this SPV as Master SPV
or the corporate municipal entitfCME)°. The bond can be raised by the municipal

8 Revenue bonds are the municipal bond that finance revgameréing projects and may be secured by a
specified source of revenue in certain cases

9 Corporate municipal entity means a company as defined under Companies Act, 2013, which is a subsidiary
of a municipality and which is set up to raise funds for a speuifficicipality or group of municipalities
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corporation directly as well. The main reason of raising the bond via SPV islittk dbe
financial risk of the project from he muni ci pal corporations’
have assumed that the CME or the municipal corporation, whoever is raising the municipal
bond, meets the required eligibility criteria laid by SEBI (SEBI 2015). The CME then issues
a request for pragsal (RFP) seeking solar developer(s) to build, operate and own solar
rooftop projects or a portfolio of projects on municipal buildings and other consumer
segments.

Figure 5: Transaction Structure of Solar Municipal Bond Model

Bond Issuer
St Monicpl feoce
ervice
V- ) Payments
Sources of Finance Payments Entity (CME) ' ~N
or Escrow Account
Investors
Master SPV
. Bond 4
Proceeds PPA payments
excluding lease
payments PPA payments
Solar Asset Transfer Advance Payments or a

(via Capital Lease) Security fee towards lease

Project SPVs I Cgpfstumkers,
I -takers
~ Electricity ;

(as per PPA)

The CME floats the bond tinance/refinance the dewgiment cost of solar PV projects. The
CME then enters into a capital leaagreementf with the project SPVs owned by project
developers. The project SPVs then sign a PPA with consumers to sell the electricity from PV
systems.

4.4 Limitations of the Solar Municipal Bond structure
Size of municipal bonds

As per the SEBI’'s guidelines, a bond shoul
if the issuance is via public placement route. Municipal Corporations can also go for @ privat
placement route to raise the bond as tlageeno such restrictioh's However, if we want to
optimize the transaction cost, the issuer should ideally raise at least INR 1 billion for private
placement and INR 1.5 billion for public placement. Diehsedcapital of this size would

10 The capital lease arrangement transfers the ownership of the project to the solar developers for federal tax

(40% AD benefits available for Solar PV projects) purposes as public entities i.e. master SP\¢asehis
would not be eligible to get these tax benefits

11 Business Standard (2014). SEBI issues new norms for public issuance of debt securities.
http://www.businesgandard.com/article/métets/sebiissuesnewnormsfor-public-issuanceof-debt
securities114061701088_1.html
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allow municipalities and solar rooftop developers to build rooftop solar systems of large
scale, and achieve low capital costs by pooling in individual ssoalke projects.

The model is more suitable for norresidential consumes

The credit rating of the bond is one of the key criteria to ensure its successful subscription. In
addition to the credit rating of the SPV, which depends partially on the rating of the
respective municipality, the ofker risk would be of utmost imgant. In the case of
rooftop solar installed under the Opex route, enforcement of PPA contracts is a major
concern for the project dewglers. This enforcement becomes relatively difficult when the
off-taker is a residential consumer. On the other haridtaker risks of municipal,
commercial, and industrial consumers are relatively lower. Also, most of the existing rooftop
solar projects under OPEX models in India involve commercial and industrial customers
(BTI 2017). Hence, for initial success of thé1B model, we recommend disbursing the
capital from the bond proceeds for the projects in therasigdential consumer class. Hence,

the solar municipal bond model will remain most suitable for-mesidential customers
because of low oftaker risk until asolution is found to reduce residential-tdker risk.

Short-term solutions for initial project stability are needed prior to refinancing projects
through the municipal bond

It should be noted that the origination of initial debt would be througgmaentional bank as

bonds are not suitable when portfolios of projects have not reached to a certain scale, as is the
current case in India for rooftop solar. Once the projects get stabilized and start generating
regular revenues, the initial debt woulé befinanced through the municipal bond. It is
assumed that a bank would agree to originate the-sdrantloan because of: a) the larger size

of the projects achieved through aggregation of all the projects at the municipal corporation
level; b) the assance from the municipal corporation that the initial stenn loan would

be paid or refinanced through a municipal bond within a year or two.

Another way to reach the required stability in project portfolios before the municipal bonds
can be raised woulde to create a warehouse line of credit. This warehouse would take care
of the required aggregian of the creditworthy rooftop solar projects and also provide the
initial line of credit over a period not exceeding 24 months. Once the required dggrega
and the stability in terms of project cash flows is achieved, the refinancing of the warehouse
line of credit would be done by issuing asset backed municipal bonds. The refinancing should
reduce the loan costs and free up capital from the warehouseflineedit to finance
additional projects (CPI 2016c).
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4.5 Expectedbenefits of the solar municipal bond

Municipal financing, via issuance of municipal bonds, has the potential to increase
availability for rooftop solar project developers and lower rooftop solar costs by (
12%.

In this section, we discuss the benefits of the of the solar municipal bond model.
Lower costlonger tenor of debt reduces the levelized cost of electricity of rooftop solar

The solar municipal bond structure @gpected to offer better debt terms than commercial
alternatives, which are passed on to electricity consumers. In this model, the project
developers make capital lease payments that fully cover the bond service payments. These
lease payments would be lomtban the payments on commercial loan that a solar developer
would otherwise have borrowed. The lower cost is expected due to the better credit rating of
the municipalities, ovecollateralization of the bond, and certain upfront payment towards
the capial lease. The tenor of the lease is also expected to be longer compared to that of the
commercial loan due to more flexibility available in a capital lease mechanism. Hence, the
cost savings due to lewost, longterm lease capital would enable the projgeveloper to

offer an attractive PPA price to its consumers.

Table 2 shows the expected impact of cost of financing using municipal bonds on the cost of
rooftop solarpower?. As there are little empirical data about the yield curves of nipalic

bonds n India, it is difficult to estimate the probable costs of municipal solar bonds. Thus, we
use the cost of debt of the recent green bonds raised by Indian entities as a proxy to estimate
the berfits of the proposed municipal bond.

A tax-free bond for aenor of 12 years can reduce the solar power cost by 8.38%, and, if
tenor can be increased to 15 years, the reduction would be more than 11.5%. This means that
rooftop solar power would become cost competitive for residential consumers in the states of
Delhi, Karnataka, Haryana, Punjab, and Haryana if these states opt for the municipal bond
approach (see Figure 4). The recent municipal bond (taxable) issued by Pune Municipal
Corporation has a coupon rate 0b%46 (Bloomberg2017). If a similar coupon rate is
assumed for municipal rooftop solar bonds, then the reduction in the cost of solar power can
be even greater than 11%.

Even if the bonds are issued as taxable instruments, the relatively better credit rating of the
municipal corportions is expected to ake their borrowings cheaper than that of the solar
developer. For example, recently, Pune Municipal Corporation (PMC) raised a bond at a
coupon rate of 7.51% (Bloomber@uint 2017) and New Delhi Municipal Corporation
(NDMC) announced its plan to raise anal via norconvertible debenture (NCD) route and

is expectingsimilar coupon rates (Livemir2017). Both these municipal corporations are
being rated AA+ by credit rating agencies and hence have a competitive cost of debt.

2 See Appendix 2 for how the LCOE was calculated
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Table 2: Estimated impact of exgcted low cost and longerm municipal bond on
indicative cost of solar power

Debt Term (Cost of Solar Rooftop % Reduction in

Debt, Tenor) LCOE (INR/kWh)  Solar LCOE
Commercial Loan (Base Case (11.5%, 12 Yrs) 5.79

Municipal Bond with cost

. (9.33%, 12 Yrs) 5.48 5.38%
similar to recent green bonds
Tax Free MunicipaBond? (8.00%, 12 Yrs) 5.28 8.78%
t'\gzg:rc'pa' Bond with longer | 14 5006 15 vrs) | 5.69 1.66%

Tax Free Municipal Bond with
longer tenor

(8.00%, 15 Yrs) 5.12 11.52%

a  We have taken the case of Fage municipal bond to show one of the best scenario as far as the reduction in cost of
financing is concerned. However, funds raised through tax free bonds can only be deployed faneegitaénts in
urban infrastructure such as water supply, sewage or sanitation, drainage, solid waste management, roads, bridges and
urban transport. Hence, power generation projects may not be eligible to raise capitalfiea taxnicipal bonds
under arrent regulations.

Issuance of municipal bonds enhance the capacity of local governments to access capital
markets

Given that rooftop solar projects have become coroiaér feasible in India, raising
municipal bonds for such projects is attractive founmipal governments intested in
accessing capital markets for a broader range of projects, as well as for prospective investors
in these bonds. This model will be a good probtoncept for municipalities to build their
capacity for future bond andmital marketfinanced projects.

Mobilization of a varied class of investors into the rooftop solar sector

Domestic investors including institutional investors, 4@mking finance companies (NBFC)
and development finance institutiorssan important class of investors for rooftop solar in
India. CPI (2016c) showshatthese investorbave a total debt investment potential of USD
56 billion to be channeled to renewable energy in India.

Solar power generation projects provide a reddyivstable stream of revenues for longer
duration via PPAs. This will attract investors, especially institutional investors who prefer
longer, stable and predictable returns on their investments. Hence, a significant amount of
untapped investment can bdaogked for rooftop solar through the municipal bond route.

Municipal bonds issued in the past have been able to attract large domestic institutional
investors (DIIs), such as provident funds, insurance companies, mutual funds, and
commercial banksirrespective of the pregts for which the bonds were raised. Hence,
investments from these Dlls can be mobilized into the rooftop solar segment via municipal
bonds.
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As they will be issued for clean energy projects, mipaicbonds for rooftop solar Wibe

green bonds that can attract additional classes of investors such asithéedegteen bond

funds, private and public investors and multilateral organizations. India is already among the

top ten largest green bond issuers in the world, with therityaof proceeds (76%) allocated

to renewable energy projects (CBI 2017 a). Hence, the proposed bond should be labeled as
‘“green’ muni ci pal bond to tap these addition

5. Indian case studies on business as usual compared with munidijp@nds

In this section, we set baselines in order to apply the municipal ioodel to the cities of

Surat and New Delhi to better understand its implications, challenges, and benefits over a
business as usual scenario. We first describe the governance context, renewable energy
ambitions, and financial health of each city (Sectioh).5We then describe the three
renewable energy target scenarios (Section 5.2) before applying the CAPEX (business as
usual) model (Section 5.3). In Section 5.4 we describe our assumptions for the municipal
bond model, before applying it to each case {{8e&.5) to determine whether the municipal

bond model mateaily helps meet cityevel renewable energy targets.

Municipal bonds can bring down the cost of rooftop solar power in both New Delh
Surat by 11.5% compared to the base case, with even more significant benefits in [

5.1 Case studies: Surat & New Delhi

These cities were chosen as case studies because they are both part of the national Solar City
Progam, have set themselves rooftop solar targets, and have no prior experience in bond

i ssuance. The description of the two cities
budgets in the past years. |t s hefetsltodhebrea not e
under New Delhi Municipal Council (NDMC).

Million-plus cities need to have much bigger rooftop solar targets to meet their resg
state targes by 2022.Given existing energy consumption patterns, sectors like in
and commercial businesses can be bundled to raise solar bonds at the city level.

Surat, Gujrat

Surat is one of the fastest growing cities in India and has demonstrated commitment for
adoption of reneable energy and energy conservation in its city dmsi Leading by
example, Surat Municipal Corporation (SMC) currently meets more than 25% of its energy
consumption through renewable energy. Surat is also one of the first municipalities in India
to run its sewage treatment plant with biogas. Furthermore, the city has histony of
proactive city administration, extensive stakeholder arrangements, and a proveedondk

of successful completion of ambitious projects. For instance, the clchateye governance
model in the city has brought together public, private,@vitisociety actors to contribute to

t he ci t yhHasge adaptatom dtrategy.
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Like most Indian cities, Surat is largely dependent on grants, contributions, and subsidies.
Tax revenues, however, have increased in the recent past due to recerd nefproperty

tax collection and improvements in tax collection efficiency. The share of capitaldixpen

in the total expenditure has also increased from 33% in-280& 54% in 20145. This,
however, has led to capital deficits and the need to wgefundraising for future capital
investments.

New Delhi

Placed centrally in the National Capital Region (NCR) of India, New Delhi Municipal
Council (NDMC) is an urban local body formed to govern what is often referred to as
Lutyen’ s Del hmunicipdl governinents, ahte iNew Delhi Municipal Council
(NDMC) does not have a representative -gelfernment. Instead, a council of government
appointees and nominees govern it. The municipality is also the licensee of electricity
distribution in its jurisdiction, a unique case for an Indian local body.

As the capital of India, New Delhi has been actively promoting renewable energy and energy
efficiency progcts, especially solar though national programs like the Solar City Program and
the Smart City Misen. To carry out any ambitious national level plan, NDMC destrates

good fiscal strength with a surplus position; it meets its expenditure with its own revenue and
has been debt free. The internal revenue constituting 95% of the total receipts makes it
selfreliant. Unlike most other Indian local bodies, income from -taon sources like
electricity and water distribution is the most important source of revenue for New Delhi.
Delhi could leverage its strong financial position to access new sourcagpital to finance
sustainable urban development.

5.2 Assessment of different rooftop solar scenarios and targets

In this section, we consider three scenarios, and, based on these scenarios, we have
established the rooftop solar capacity targets for SamdtNew Delhi. These scenarios are
defined below.

Scenario I: Rooftop solar targets according to the Solar City Program

The first scenario reflects the rooftop solar target stated in the solar master plans that the two
cities developed as members of thelaBdCity Program. These plans also outline how
different sectors share the solar rooftop target. Notably, the Solar City Program plans for both
Surat and New Delhi rely heavily on the residential sector for achieving their rooftop solar
targets. Since weadve calculated the sectoral and aggregate targets by subtracting the
installed solar rooftop capacity, both the targets match what the city has reported to the Solar
City Program.
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Scenario Il and lllI: City level rooftop solar targets devolved from thenational target of
40 GW by 2020

We have developed two scenarios devolving from the national target of 40 GW of rooftop
solar by 2022. For this national target, the Ministry for New and Renewable Energy (MNRE)
provides state level targets. According to MBIRhe target for the states of Gujarat and
Delhi are 3.2 GW and 1.1 GW respectively (MNRE 2015). In order to calculate the local
investment needs for rooftop solar, we need to further devolve state targets to the city level
targets. In this study, we ugeinciple component analysis to apportion the state targets to
million-plus cities located in the state of Gujarat and districts in Delhi (see Appendix 3). The
indicators that were used to assess cities and develop rooftop solar target scenarios are
detaiked in Appendix 3. These indicators are grouped into economic, technical and market
acceptance, which we assume, would have a positive impact on the uptake of rooftop solar
systems.

Once the city level targets are derived, this target is then furthertaliotmavarious sectors.
For Scenario Il, sectoral shares come from the Solar Cities Program plans while for Scenario
lll, the sectoral shares come from their respective existing energy consumption.

Rooftop Solar scenarios and potential targets for Surat

Table 3 shows rooftop solar scenarios for Surat across different market segments. In Scenario
I, Surat shows a technical potential of up to 418 MW of rooftop solar by 2022, of which 6
MW has already been installed atop municipaildings'®; this means that the current target

of installed rooftop solar capacity for Surat is 412 MW (Table 3).

Now, in Scenario Il and Il with devolved statewide targets, Surat would set a target to install
roughly 75% more capacity than what the city has pledgekeir Solar City Program plan
(Scenario I).

Table 3: Rooftop solar target in Surat for three different scenarios

Sector Scenario | Scenario Il Scenario lll
Rooftop solar target in MW

Residential 179.0 313.7 122.2

Commercial 50.0 88.0 79.4

Industrial 160.0 280.7 516.3

Public? 23.0 44.5 9.0

Total 412.0 726.9 726.9

a Includes buildings for governmental, education, health, social, recreational and religious services

13 According to interviews with officialsni Surat conducted in November 2016
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Solar rooftop scenarios and potential targets for New Delhi

Table 4 shows rooftop solar scenarios for New Delhi across different market segments. In its
Solar City Program plan, New Delhi has stated a target of up to 7.2 MW of rooftop solar
capacity (Scenario 1), of which 2.1 MW has been installed atop governrberithhgs, thus

already meeting the rooftop solar target of 1.5 MW set under public sector. Hence, the
outstanding solar rooftop target according t

When devolving the state target of 1.1 GW, New Delhi would need to incitsas®itop

solar target by more than 15 times (Scenario Il and 1ll). It should be noted that to achieve its
renewable energy targets, Surat and New Delhi can also purchase renewable energy certifi
cates (RECs) to compensate for the lack of rooftop solaactiy. New Delhi has been
purchasing RECs in the past to meet its renewable energy obligations. Officials from both
cities interviewed for this study, however,
on RECs to meet their obligations since shpply and price of RECs are variable.

Table 4: Rooftop solar target in New Delhi for three different scenarios

Sector Scenario | Scenario Il Scenario lll
Rooftop solar target in MW

Residential 4.5 70.0 18.2

Commercial 1.2 18.8 89.5

Public - 20.9 2.0

Total 5.7 109.7 109.7

5.3 Assessment of CAPEX costs for different rooftop solar scenarios and cities

To realize the full potenti al of roof
capital Investment will be needed. For example, the total investment required could
high as INR 38,479 million im Surat and INR 5,985 million in Delhi

In this section, we calculate the capital needs fdewdiht rooftop solar scenarios and market
segments in Surat and New Delhi. This as&lallows us to compare the cost for CAPEX /
businessasusual model to the proposed municipal b&®EX model.

As mentioned previously, in the CAPEX model for rooftop solar, consumers bear the entire
upfront capital costs of the rooftop solar system. Ndee based our calculations on the
current benchmark costs of rooftop solar set by the government (MNRE 2017 a), set at INR
70,000 for up to 10 kW, INR 65,000 for 1000 kw, and INR 60,000 for 1600 kW.

Importantly, our cost estimates are also basethe assumption that individual rooftop solar
systems will in general not exceed 10 kWp and those of institutional, commercial and
industrial customers will on average not exceed 100 kWp. In addition, our calculations also
consider the different typesf mational and statepecific subsidies for rooftop solar
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consumers including the 30% capital subsidy from the Indian Government (see section 2.1).
As part of the Solar City Program, Surat and New Delhi are also eligible for additional
support in the fornof grants?.

CAPEX costs for different scenarios and market segments in Surat

Table 5 shows the estimated CAPEX costs for rooftop solar in Surat for the three different
scenarios and sectors. Based on current prices for rooftop solar and subsidies, our
calculations for Surat suggest that the total cost to achieve 412 MW through rooftop solar by
2022 (Scenario 1) will be around INR 19,767 million. However, on the basis of the national
target of 40 GW allocation among milligglus cities in Gujarat, Surateeds to take the
burden of meeting the target of 727 MW (Scenario Il and Scenario 1), which would result in
total costs of INR 34,873 million and INR 38,479 million respectively. The table below as
well as the following subsections present more detailests estimates per sector and
scenario. It is important to note that the proposed hybrid solar bond model in this report is
most suitable (at | east i n the initial st age
municipal corporation is sucssful in aggregating these two sectors they can achieve 210
MW, 368 MW, and 595 MW capacity for the three scenarios respectively. Based on these
figures if the city wants to raise a bond, its size will be in the range of INR 11,730 to 33,290
million. Thus,our analysis suggests that raising a bond based on Scenario Il is more realistic
given the size of other municipal bonds raised in the recent past.

Table 5: Estimated capex costs for rooftop solar in Surat for different scenarios and
sectors

Sector ‘ Scenaio | Scenario |l Scenario lll
Net cost of rooftop solar in INR Million

Residential 6,981 12,235 4,764

Commercial 2,795 4,917 4,441

Industrial 8,944 15,693 28,858

Public? 1,047 2,028 416

Total 19,767 34,873 38,479

a Includesbuildings for governmental, education, health, social, recreational and religious services

14 Under the Central Financial Assistance (CFA), up to INR 25 million will be provided to each pilot solar
city for any renewable energy project or device installation. This is a conditional fund and is only provided
if the same amount can be made available by the city administration or by the state. Additionally, up to INR
95 million will be provided through CFA to the solar city again with the condition that same amount must
be arranged by the city administration/ digfistate on their own or other sources including PPP. Besides
these hard grants, the central government is willing to commit up to INR 4 lakh for seminars/ workshops
trainings, awareness campaigns and a city can conduct up to 50 such events and maxiomiffoathese
activities is restricted to INR 10 million.
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Residential sector

In Scenario | and Scenario I, we expect the residential sector to make up the largest share of
the rooftop solar capacity in Surat by 2022. iBestial buildings make up approximately

81% of the total built space. Table 6 shows the CAPEX costs for rooftop solar installations
on residential buildings in Surat for the three different scenarios. These costs include the 30%
capital subsidy that resdtial rooftop solar owners can accrue from the central government,

in addition to the INR 10,000 per kW subsidy from thedgalj state government (GoG 2015
2016).

Table 6: Estimated capex costs for rooftop solar residential buildings in Surat

Cost for residential sector

Scenario | | Scenario Il | Scenario lll | Unit
Total solar installation 179 313.72 122.15 MW
Cost of 1 kW 70,000.0 70,000.0 70,000.0 INR
Total cost 12,530 21,961 8,550 INR Million
Central subsidy @ 30% 3,759 6,588 2,565 INR Million
State subsidy (capacity < 1 kW) | 1,790 3,137 1,221 INR Million
Total subsidy 5,549 9,725 3,787 INR Million
Net cost for rooftop solar 6,981 12,235 4,764 INR Million

Public sector

Like residential consumers, publiwildings such as municipal offices, religious structures,
school and hospitals also enjoy subsidies from the central government. Compared te residen
tial buildings, however, public buildings have the advantage of having large and continuous
rooftop areasBased on the benchmark price set by the government, the cost to install 1 kW
of rooftop solar capacity is INR 65,000 on which the applicant gets 30% subsidy from the
national government. As Table 7 shows, estimated CAPEX costs expectedly differ between
the different scenarios. When we compare Scenario | and Il with Scenario 1l it is clear that
the costs for rooftop solar on public buildings will be higher if we set this market segment to
install more capacity.

Table 7: Estimated capex costs for rooftopaar on public buildings in Surat

Costs for public buildings

Scenario | Scenario Il Scenario I Unit
Total solar installation 23,000.0 44 577.0 9,138.2 kW
Cost of 1 kW 65,000.0 65,000.0 65,000.0 INR
Total cost 1,495 2,898 594 INR Million
Central subsidy @ 30% 449 869 178 INR Million
Net cost for rooftop solar 1,047 2,028 416 INR Million
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Commercial sector

Commercial customers currently pay INR 4.50 per kW in addition to monthly fixed costs
(TPL 2016). However, we expethe cost for conventional energy to increase b493

annually (TERI 2016). In order to encourage commercial consumers to move to rooftop solar,
the government of India has a program under which they are eligible to claim tax rebates on

accelerated depcation of 40% for rooftop solar systems. Despite these subsidies, our
calculations indicate (Table 8) that rooftop solar remains well above grid power tariffs, at
least in the shoitierm under a CAPEX model. Table 8 shows by how much CAPEX costs for

rooftopsolar on commercial buildings in Surat differ across scenarios.

Table 8: Estimated capex costs for rooftop solar on commercial buildings in Surat

Costs for commercial buildings

Scenario | | Scenario Il | Scenario lll | Unit
Total solar installation 50,000.0 87,960.0 79,449.2 kW
Cost of 1 kW 65,000.0 65,000.0 65,000.0 INR
Total cost 3,250 5,717 5,164 INR Million
Accelerated depreciation @ 40% | 1,300 2,287 2,065 INR Million
Corporate tax @ 35%
Tax saved through depreciation 455 800 723 INR Million
Net cost of rooftop solar plant 2,795 4917 4,441 INR Million

Industrial sector

Surat is mainly known for its textile and diamond industries. Within the municipality limits,
almost 10% of the area is under industrial use wheredke larger development (Surat

Urban Development Ares&BUDA) area, more than 20% of the area is under industries. Most

of the textile units also depend on power generated from diesel, which costs around INR 16
18 per KW (TERI 2016). Industrial consumegray the same amount of INR 4.90 tariff per

KW, pl us some

addi ti

onal

charges,

but

al

SO

accelerated depreciation of 40% for rooftop solar systems. This can provide significant
saving to industrial consumers, agy pay only 35% tax on the depreciated value of the plant

and machinery. Table 9 shows how the CAPEX costs for rooftop solar on industrial buildings

in Surat differs between the different solar rooftop scenarios.
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Table 9: Estimated capex costs of rooffpsolar on industrial buildings in Surat

Costs for industrial buildings

Scenario | | Scenario Il | Scenario Il | Units

Total solar installation 160.00 280.74 516.26 MW

Cost of 1 kW 65,000.0 65,000.0 65,000.0 INR

Total cost 10,400 18,248 33,557 INR Million
Accelerated depreciation @ 40%| 416 7,299 13,423 INR Million
Corporate tax @ 35%

Tax saved through depreciation | 1,456 2,555 4,698 INR Million
Net cost of rooftop solar plant 8,944 15,693 28,858 INR Million

CAPEX costsfor different scenarios and market segments in New Delhi

Table 10 shows the estimated CAPEX costs for rooftop solar in New Delhi for the three
different scenarios described in section 5.2 and their associated market segments. Based on
the current prices faooftop solar, national and state subsidies, we estimate that the total cost
to achieve the current target of 7.2 MW through rooftop solar by 2022 (Scenario I) will be
around INR 342 million. However, on the basis of the national target of 40 GW ailocati
among millionplus cities in the state of Delhi, New Delhi will have to take the burden of
meeting the target of 109.8 MW (Scenario Il and Scenario 111)) which would result in total
costs of INR 5,431 and INR 5,985 million respectively. Table 10 as agethe following
subsections presents more detailed CAPEX costs estimates per sector and scenario. Note that
due to its miniscule size and share in energysooption, the industrial sector is not
considered in New Delhi. Similar to Surat, if we drawealistic bond model for New Delhi,

its residential and commercial sectors under Scenarios Il and Il provide the best
opportunities. If we combine the capacities of these sectors, we can achieve a total of 89 MW
and 107 MW. Based on these figures, we @sera bond with a size range of INR 447.8 to
589.3 million.

Table 10: Estimated capex costs for rooftop solar in New Delhi for different scenarios
and sectors

Sector Scenario | Scenario |l Scenario lll
Net cost of rooftop solar in INR Million

Residential 219 3,430 893
Commercial 67 1,048 5,000
Public? - 953 92

Total 286 5,431 5,985

a Includes buildings for governmental, education, health, social, recreational and religious services
Residential sector

The
According to

New Del hi consumes
"'s benchmar k <c¢cos't

sector of
gover nment

residenti al
t he
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70,000 per kW. Homeowners who install rooftop solar are eligible f@%& Gpital subsidy

from the central government along with a state level subsidy of INR 2 per kWh. The latter
subsidy is specific to Delhi state, which comes under the Generation Based Incentive (GBI)
(GNCTD 2016). GBI is applicable only for residential tusers with a minimum generation
eligibility criteria of 1,100 kWh per year (capping at 1,500 kWh), and the subsidy is given on
gross solar energy generated. This scheme started on January 1, 2016 and will run for three

years, until the end of 2018.

Table11 shows the costs for rooftop solar on residential buildings in New Delhi for the three

di fferent

scenar.i

0S.

The

esti

mat ed

costs t

(Scenario 1) would be INR 219million. The costs for the residential seaiold increase by

mor e

t han
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target

City Program (Scenario 1l). If the target would be devolved based on the actual electricity
consumption (Scenario 1), the required investment wontitease by more than 4 times

over Scenario |.

Table 11: Estimated capex costs for rooftop solar on residential buildings in New Delhi

Costsfor residential buildings

Scenario | | Scenario Il | Scenario Ill | Units
Total solar installation 4.47 70.00 18.23 MW
Cost of 1 kW 70,000.0 70,000.0 70,000.0 INR
Total cost 313 4,901 1,276 INR Million
Central subsidy @ 30% 94 1470 383 INR Million
State subsidy (INR 2 per kWwh) | 00.01 00.14 00.04 INR Million
Total subsidy 94 1470 383 INR Million
Net cost for rooftop solar 219 3430 893 INR Million

Public sector

In New Delhi, a considerable percentage of land is under government jurisdiction, which
includes government buildings, historic, religious, and community purpose builgings;

parks, and markets. Under the Solar Master Plan (Scenario 1), New Delhi has set a target of
1.5MW for this sector. The latest data shows that the city has already achieved this target.
Here, the CAPEX costs will be between INR 953 million and 92aniffor Scenario Il and

[Il respectively (Table 12); assuming rooftop solar systems on public buildings can benefit

from the same capital subsidy and capacity benchmark.
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Table 12: Estimated capex costs for rooftop solar on public buildings in New Delhi

Costsfor public buildings

Scenariol | Scenario Il | Scenario Il Units
Total solar installation - 20.95 2.01 MW
Cost of 1 kW - 65,000.0 65,000.0 INR
Total cost - 1,362 131 INR Million
Central subsidy @ 30% - 409 39 INR Million
Net cost of rooftop solar plant | - 953 92 INR Million

Commercial buildings

Commercial buildings are one of the doamt features of New Delhi. Given the nature and

purpose of the buildings (service sector firms, corporate offices, and shops3ecdtos

consumes the largest amount of electricity, at almost 80 percent of the total energy in the city.
However, given their small rooftop footprint, there is a limited opportunity to install rooftop

solar systems in this sector. As Table 13 shows, thgataost to install the solar rooftop

capacity outli

ned i

n New

Del hi

s Sol

ar

City

we consider the current energy samption (Scenario lll), the CAPEX costs for the other
Scenarios (I and Il) are considehahigher.

Table 13: Estimated capex costs for rooftop solar on commercial buildings in New Delhi

Costsfor commercial buildings

Scenario | | Scenario Il | Scenario Ill | Unit
Total solar installation 1.20 18.74 89.46 MW
Cost of 1 kW 65,000.0 65,000.0 65,000.0 INR
Total cost 78 1218 5,815 INR Million
Accelerated depreciation @ 40% 31 488 2,326 INR Million
Corporate tax @ 35%
Tax saved through depreciation | 11 17 814 INR Million
Net cost of rooftop solar plant 67 1,048 500 INR Million

5.4 Estimated impact of municipal bonds on indicative

and New Delhi

costs for rooftop solar in Surat

In this section, we estimate the potential savings from municipal bonds for rooftop solar

projects in Surat and New Delhi. The calculatid®ve$ow show that municipal bonds lower
the cost of rooftop solar power. This is primarily because municipalities can raiseadebt

capital at much lower rates than private developers.

Figure 6 and 7 compare existing tariffs for different market segnresrat and New Delhi

with levelzed cost of electricity (LCOE) of INR 5.79 per kW/h of rooftop solar without
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municipal bonds (base case) and LCOE of INR 5.12 per kWh with municipal bonds. The cost

difference between these two LCOEs is due to the difterén the cost of debt capital and

the difference in the debt tenor. We base this on the assumption that municipalities can raise
debtbased capital at a lower rate than commercial rooftop solar developers can and also the

debt raised through bond markebuld be relatively longer than the tradition commercial
loan raised from banks. We base our first LCOE on a repay period of 12 years and a

fixed interest rate of 11.5%. The second LCOE, which is backed by a municipal bond, has a

repayment period of 3L year s
municipal bond).

and

a fixed i nterest

rat e

Municipal bonds can make rooftop solar power less expensive than current commercial and

industrial tariffs in Surat. As figure 6 shows, the municipal bonds can bring the IGEOE

rooftop solar below the existing tariffs for commercial and industrial customers in Surat.
Municipal bonds would also reduce the costs of rooftop solar power for residential and
municipal (public) cosumers in Surat. However, the existing electricayffs for the two

sectors are much lower.

Similarly, municipal bonds can bring down the cost of rooftop solar power in New Delhi

where it is already cheaper than existing tariffs across the consumer categories. As shown in

Figure 7, using municipal bondse finance rooftop solar projects will further the case of

rooftop solar in New Delhi.

Figure 6: Comparison of existing electricity tariffs with rooftop solar LCOE with and
without municipal bonds for Surat
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Figure 7: Comparison of existing electridy tariffs with rooftop solar LCOE with and
without municipal bonds for New Delhi
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Our results clearly indicate that municipal bonds can help lower the LCOE of rooftop solar in
both case studies: Surat and New Delhi. For both cities, costs opselar can go down by

Comparison of Existing Tariffs and
Rooftop Solar ‘Levelized’ Costs in Delhi

with Municipal Bond
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11.5% compared to the base case. In Delhi, the benefits are even moreasignis the

existing tariff levels are much higher than in Surat for all consumer categories. Here LCOE of
rooftop solar even without lower borrowing coftsm municipal bond are already below
existing tariffs across all market segments, and municipal bonds can make the technology

even more attractive to residential, goveamtal, commercial and industrial consumers.

Overall, these results suggest that mipal bonds can be an important alternative step in

promoting the OPEX model of rooftop solar in India across different market segments and

cities.

6. Moving forward with the municipal bond OPEX model for rooftop solar in India

This study has proposed muniaigbond financing to help urban governments and private

developers jointly raise capital and deploy rooftop solar systems at a scale needed to achieve
of

| ndi

s ambi ti

a ous

goal

40 GW instal

ed

measures taddress challenges in using municipal bonds to support the OPEX model for

rooftop solar deployment, and lay out a roadmap for localegmuents and national

authorities to scale up municipal bonds using the OPEX model.

6.1 Recommendations to addreshallenges of Municipal Solar Bonds

For the proposed municipal bond OPEX model to be successful in India, policymakers,
municipal corporations, regulators, and other dialders will need to address the key

challenges of municipal bonds discussed earespite its promise, implementation barriers
remain, and are described below in the order of their criticality:

1 There is no statutory mandate for municipal corporations to promote electricity
generation: The municipal functions listed under the 12th StHe of the 74th
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Constitutional Amendment do not include power generation. Though Municipal
Corporations would play limited roles as financiers in the proposed model, this may prove
to be the most significant barrier.

1 Solar municipal bonds would need to ehieve high credit ratings:l ndi a’ s debt ¢
market is relatively shallow, with credit ratings below AA. Hence, high credit ratings of
the municipal bonds would be critical to the success of the model.

1 Municipalities are required to provide minimum equity contribution of 20% of the
projectcostt Accor di ng t o Se c Rdguwationsl, unitifltieswéuld SEB |
need to provide 20% of project costs as equity. Since most municipalities are struggling
to meet the investment demand for basic infrastructure services, this regulation will be
hard to meet.

1 Absence of supporting regulations will hinder municipal corporations to act as a
financial company: In the proposed transaction structure, proceedlseobond would be
disbursed to projects via capital lease arrangements. Since capital leases are mostly
executed by financial entities, in the absence of any specific regulation, municipalities
might be reluctant to act as the finance aggregators.

1 Reluctance of Municipal Corporation to issue bonds: Raising municipal bonds
requires market based ddeigence of the financial books. This due diligence is difficult
as most of the municipal corporations in India still do not follow transparent accounting
practices.

1 High transaction cost: One potential downside of the proposed model is that transaction
costs could be higher than either salnership or third party financing models, mainly
due to the novelty of the approach.

In Table 14, we focus on the top sadus/recommedations for the most critical barriers, as

wel | as their potenti al i mpact and feasibi
proposed recommendation to address the <chal
implementation for tb proposed recommendation.

The proposed model, though radical and futuristic, is crucial if India wants to achieve its
rooftop solar target by 2022. If we are able to successfully address the barriers highlighted in
the above table, it will not only helmpoftop solar to scale up its growth, but also help
municipal corporations to use the proposed model for other priority infrastructure projects.

Next steps include further analysis in future work, particularly on an appropriate incentive
mechanism to inM@e municipal corporations to act as financiers for private projects, which
this study does not cover.

15 Securities and Exchange Board of India (Issue and Listing of Debt Securities by Municipalities)
Regulations, 2015
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Table 14: Potential Solutions to improve the feasibility of the proposed model

BARRIERS SOLUTIONS/RECOMMENDATIONS KEY PARTICIPANT IMPACT  FEASBBILITY

There is no statutory mandate Introduce amendments in state and national legislation
for municipal corporations to - to allow municipal corporations to facilitate electricity
promote electricity generation. _ generation projects.

Legislative bodies at
 State and Central level

 Institutes such as
 USAID®, IREDAetc.
Use instruments such as Partial Credit Guarantees can provide PCG while
- (PCGY or first-loss funds to enhance the credit ratingof - MNRE can capitalize
 the bond. first-loss fund using

Solar municipal bonds would National Clean Energy

need to achieve high credit SOOI L SO
ti
fatings Select consumers (off-takers) through proper due Municipal Corporation
 diligence, so that only the credit-worthy consumersare  with the help of credit

eligible to install solar rooftop projects.

To address off-taker risk, use property-assessed clean
energy (PACE).

Introduce regulatory changes to waive off this require-
Municioalities are reauired to ment. However, the proposed transaction structure
p au - attempts to overcome this barrier by proposing the

EL(:;::EOT;SQLT;ZU%ZT;Q capital lease mechanism, where project developers will

- make an upfront advance payment. This should help in
., compensating for the equity capital contribution.

Absence of supporting regu- Introduce amendments in regulations to allow municipal
lations will hinder municipal  corporations to act as financiers for clean energy gener-  SEBI and Ministry of

corporations to act as a financial ation projects. Both for its own consumption and for the  Finance
Reluctance of Municipal Build its capacity to overcome this structural issue with Ministry of Finance,
- USAID, World Bank

Corporation to issue bonds - the help of relevant entities.

Pool the solar rooftop projects across the municipal cor- .
High transaction cost porations (cities). This would increase the bond issuance ';m:limm'if}f of
size and hence may bring down the transaction cost.

a We also estimated an indicative size of PCG, which can enhance theatiedif a municipal bond for rooftop solar
project as shown in Appendix 4.

b  United State Agency for International Development (USAID) is the lead U.S. Government agency that works to end
extreme global poverty and enable resilient, democratic societiealize their potential.

¢ Indian Renewable Energy Development Agency Limited (IREDA) is a Government of India backdxdmimy
financing company (NBFC) under the administrative control of Ministry of New and Renewable Energy (MNRE).

6.2 Roadmap for locajovernments and national authorities

In the final section of this report, we propose a roadmap for local governments and national
authorities to use municipal bonds to scale up rooftop solar capacity and to fund OPEX
projects. Some of the below ntemed steps would be performed in parallel rather than
sequentially.
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Step 1: Project Development Plan

To start the processes of using municipal bonds to finance the rooftop solar developers under
the OPEX model, municipalities would be required to developildétgroject plans.
Municipal Corporations can take the help of Solar Energy Corporation of India (SECI)
Limited, which is implementing a larggzale grid conected rooftop solar project and is
already in Phase 4 (SECI 2017). We describe the kegtspisbelow:

1. Assess of the potential solar rooftop capacity. Primary target markets would be municipal,
governmental, commercial, and industrial consumers as most of the savings in electricity
cost would be in these consumer categories.

2. Engage with project del@pers and consumers to understand their requirements.

3. Select developers who can participate in this program based atefimed selection
criteria.

4. Estimate the capital investment requirement based on the solar rooftop potential
assessment.

5. Depending orthe case, develop an investment plan for the project components including
phasing as well as financing approved by the local authority or the agency.

6. Mobilize the capital structure of the projects with proposed funds.

7. Require project developers to submitrojpct feasibility reports to Municipal
Corporations, whi ch can then be used by
Certificate’ fr msttutioe public financi al

8. Select the viable projects that would be eligible to get funding through murhicipdl

9. Require project developers to sign a standardized PPA with consumers. A standardized
PPA would provide more comfort to the bond investors.

The key entities involved in these steps include mpaic administrations, project
management companies (PM@)a Solar Cell Unit if the municipality is part of the Solar
City Program, legal advisors (for capital lease agreement formulation and drafting
standardized PPAS), project developers to create project SPVs, and consumers.

Step 2: Creating a Master SPV

In the next step, municipalities should incorporatepocaite municipal entity (CME) or the
master SPV, which would document its assets, liabilities and equity on its own balance sheet
rather than on the munici pal i thelpsunicpblites ance s

16 As per the regulations on Issue and Listing of Debt Securities by Munia@galitieggulations by the SEBI,
the public issue of debt securities can take place only when the issuer can show evidence of the project
being financially viable. According to Section 7 (
draftofferd cument s with the Board, obtain a “Viability
(DPR) from a scheduled commercial bank or public financial institution, stating that the project is
financially viable, based on the estimates/assumptions bvhilae at t he t i me”
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with their management of assets and liabilities, lower risks, achieve higher credit ratings,
lower funding costs, improve financial flexibility, and lower capital requirements. The key
responsibility of the CME would issue the munaldijpond and enter into the capital lease
obligations with the project SPVs owned by private project developers.

Creation of CME would follow guidelines similar to those proposed by the government for
the Smart City Program. The only difference wouldtlh&t it may not have any nominee
from the central government and focus would be on solar power generation projects only.
The majority of shares in the SPV would be controlled by the municipal government, while
some of the shares would be controlled by stete government. The key functions and
responsibilities of the Master SPV would be similar to a SPV under the Smart Cities Mission.

The key entities involved in this step include municipal governments, state governments
finance commission, and project S®V

Step 3: Credit rating assessment of the bond issuance

Some institutional investors, such as pension funds are not allowed to purchasg¢edon
securities. Credit rating agencies would determine the credit rating of municipal bonds. This
rating will differ from municipali i e s’ credit rating, as the pr
an SPV as a part of structure transaction. The steps for credit rating assessment are as
follows:

1. Preliminary analysis on financial health of projects would be done bgrduht rating
agencies.

2. An exploratory meeting would be conducted during which information is given about the
criteria for assigning a rating and requirements to obtain a final rating.

3. Rating agencies would then develop the credit assessment. The apélgsistracts
stipulated by the Master SPV helps in the credit assessment, and by reviewing the term
sheets, financial models, expected revenues, cashflow models, liabilities, and risks of
CME and project SPVs. Independent advisors would also be requiredsist the
municipalities in this process.

4. After successful completion of the above steps, the credit rating agencies publish the final
credit rating.

The key entities involved with this step include the master SPV, project developers, and
credit ratingagencies.

Step 4: Credit enhancement measures

Credit enhancement measures would be required to reduce repayment risk and to raise the
issuance rating to the required investment grade so that institutional investors are able to
invest in such debt issuanc&ome of the popular measures to do credit enhaeceare

specific revenue pledges or ring fencing cash flows to support the bond service payments to
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the bondholders in addition to the project cash flows; securing credit guarantees from
national or muinational development finance agencies.

The key entities involved in this step include credit rating agencies, development finance
agencies, and state and/or central government.

Step 5: Identifying an underwriter for the bond issuance

The final step befar offering the bond on the market is to find an underwriter of the bond. In
most cases, this would be an investment bank. This step would also finalize the transaction
structure, bond pricing, plasent location (domestic or foreign), and draft offer doeuts.

The key entities involved in this step include unmdéers such as Investment banks,
municipalities, project SPVs and state, and/or governmental if either provides credit
guarantees.

Step 6: Identify the cornerstone investor

The final step is todentify a cornerstone investor (a key private or institutional investor) who

would subscribe the significant portion of the issued bond. Securing a cornerstone investor
such as multilateral banks can add legitimacy and credibility to a municipal bone #Vhil

helps in reducing the credit risk, it also increases innes ' s confi dence i n
municipality’s capacity to manage the projec

The key entity involved in this step is the underwriter
Step 7: Other Stes

1. Identify a loan originator who is ready to provide a stenn loan in the initial phases of
the project. This loan would be then refinanced through the capital raised by municipal
bond. A warehouse line of credit would also be required to holgthiects in their
initial stages.

2. Create an escrow account. This account would be required to hold the PPA payments and
disburse the lease payments to the main SPV and the remaining to the project developers.

3. The escrow account may also be used to hold ctgatal for credit enhancement
measures.

4. Acquire certification from the Climate Bond Initiative or World Bank. This would be
helpful in attracting a certain class of investors, which are either mandated to invest in
climate change or those investors whitnategize their investments with regards to
climate change/sustainable development.

5. Purchase and transfer project assets from the master SPV to project SPVs via capital lease
agreement.
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6.3 Conclusion

While India has been a frontrunner with respect to aoustitargets for rooftop solar, the
probability of India achieving these targets by 2020 remains low, especially because of the
policy hurdles and the current deployment rates.

Our study reveals that even if cities meets theleigl Solar City Programatgets, these set

goals are too modest to add up to what the specific states require in order for India to achieve
the overarching goal of 40 GW by 2020. In our case study cities of Surat and New Delhi,
required investment to reach the national targeldcga as high as INR 38.5 billion and INR

6 billion, respectively at cosdffective termsHence, there is an urgent need for innovative
intervertions to promote and finance rooftop solar deployment.

This study shows that access to cheaper finance wigcipal bonds would go a long way in
promoting renewable energy deployment. In particular, municipal bonds employed for the
OPEX business model can take advantage of lower debt costs, which lowers the levelized
cost of rooftop solar and makes rooftop s@awer cost competitive in many states of India
across market segments. Under the assumption that the observed fall in prices in the solar
sector continues, we expect the rooftop solar power financed by municipal bonds and
managed by private developersachieve grieparity in the residential, public, commercial

and industrial sector across India in the coming years.

However, to fully exploit the potential of the solar municipal bond model and address its
challenges, municipalities, governments, finanesiiutions, and other stakeholders need to

take several measur es. These measures shoul
engagement in electricity generation, improve implementation efne&tring policies, ease

regulatory difficulties formunicipalities to issue bonds and build financial partnerships with

local rooftop solar developers, and enhance municipal credit ratings. These steps would
require a higher level of policy coordination between local and national authorities and
financial nstitutions, with greater financial transparency at the municipal government level.

I f these steps are taken, solar municipal b
goal of 40 GW rooftop solar by 2022. In addition, municipal bond issuance vedieid

municipal governments an opportunity to build capacity in project management and gain
experence in raising capital from the capital markets. Given the steady and assured stream of
revenues expected from the rooftop solar projects, this engagefittemiarkets would open

up doors for future engagements to finance other essential urban services as well (such as
water, sanitation, etc.), which may require even greater debts. Therefore, this model provides

a ‘soft l andi ng’ 0 p tntscseekinfy targe futurenfundimgpsaurces.g o v e 1
Furthermore, successful partnerships between municipalities, state and nationahgot&rn

and private developers also create significant economic and social benefits for sustainable
urban development. Next stepnclude further analysis in future work, particularly on an
appropriate incentive mechanism to involve municipal corporations to act as financiers for
private projects, which this study does not cover.
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Appendix 1: Cost estimates for rooftop solar in India by 2022

Appendix Table 1.1: Cost for Residential Sector

| Total solar installatontarget | 6,445074

Special States 444 710 kW
Rest of India 6,000,364 kW
Cost of 1 kW 70,000 INR
Total cost for special states 3,113 INR Cr
Total cost for special states after 70% subsidy 934 INR Cr
Total cost for rest of India 42,003 INR Cr
Total cost for rest of India after 30% subsidy 29,402 INR Cr
Net rooftop solar cost 30,336 INR Cr

Appendix Table 1.2: Cost for Public Sector

Total solar installation target 3,093,536

Special States 213,454 kW
Rest of India 2,880,082 kW
Cost of 1 kW 65,000 INR
Total cost for special states 1,387 INR
Total cost for special states after 70% subsidy 416 INR
Total cost for rest of India 18,721 INR
Total cost for rest of India after 30% subsidy 13,104 INR
Net rooftop solar cost 13,521 INR Cr

Appendix Table 1.3: Cost for Industrial Sector

Total solar installation target 17,157,876

Cost of 1 kW 65,000 INR
Total cost 1,115,261,941,365 INR
Total cost 111,526 INR Cr
Accelerated depreciation @ 40% 44,610 INR Cr
Corporate tax @ 35%

Tax saved through depreciation 15,613 INR Cr
Net cost of rooftop solar plant 95,912 INR Cr

Appendix Table 1.4: Cost for Commercial Sector

Total solar installation target 12,056,513

Cost of 1 kW 65,000 INR
Total cost 783,673,408,635 INR
Total cost 78,367 INR Cr
Accelerated depreciation @ 40% 31,346 INR Cr
Corporate tax @ 35%

Tax saved through depreciation 10,971 INR Cr
Net cost of rooftop solar plant 67,396 INR Cr




Appendix 2: Assumption for rooftop solar LCOE model

Calculation of Levelized Cost of Electricity: The &ized cost of electricity (LCOE) is the

average cost of electricity that helps to breaken, in terms of the return expected by the
developer. It represents the minimum unit revenue required to meet all the cost including the
return on equity, cia paameaters.tFbllewing talie (&ppendixsTabfei n a n
2.1) highlights the keynput parameters used in a typical project cash flow model to arrive at

the levelized cost of electricity (LCOE) of rooftop solar project.

Drivers of LCOE: Several factors such as return on equity (ROE), interest rate, capital
expenditure (CAPEX), delieror and capacity utilization factor (CUF) influence the LCOE.
Using project level cash flow model, we assessed that the LCOE is highly sensitive to capex
and CUF while other factors moderately impact the LCOE. CAPEX, ROE, interest rate has
the direct prportionate impact on the LCOE while the CUF and the tenor of debt inversely
impact the LCOE.

Appendix Table 2.1: Assumptions for rooftop solar LCOE model

Assumptions for rooftop solar LCOE model

Power Generation

Capacity Utilization Factor (P50 PLF) 19%
Useful Life 25 years
Capital Cost

Average Capital Cost (INR million/MW) 607
Operating Expense

O & M Expenses(1st Year) (INR million/MW) 0.5
Escalation in O & M Expenses 4.0%
Financial Assumptions

Debt to Equity Ratio 70%
Minimum Debt Service Coverage Ratio (DSCR) 1.2
Repayment Period 12 years
Interest Rate (Fixed) 11.50%
Expected Return on Equity (Post tax) 14%
Tax Incentive

Tax Exemption u/s 80 IA (up to first 10 Years) 100%
Minimum Alternative Tax 23.55%

a The capital cost of INR 60 million/MW has been taken under the assumption that the rooftop solar projects would be of
more than 100 kW.
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Appendix 3: Principle component analysis to devolve national and statevise rooftop
solar targets

We use theprincipal component analysis (PCA) to examine and quatitéykey factors for
renewable energy deployment and use those to derive targets at a city level. Principal
component analysis (PCA) is a statistical technique used for data reduction. The leading
eigenvectors from the Eigen decomposition of the correlation or covariance matrix of the
variables describe a series of uncorrelated linear combinations of the variables that contain
most of the variance (STATA, 2014). In addition to data reduction, tlemeggtors from a

PCA are often inspected to learn more about the underlying structure of the data and
generating weights. We used Kainiterion'’ to derive the weights; we calculated the sum

of squared loadings for compents one to three. We thetandardized the specific indicator
values for each of the cities, according to the maximummum formula. A list of factors

used in the PCA, Appendix Table 3.1 details the rationale for their selection. We have
grouped these factors into three types categories: economic, technical and market
acceptance. We took cities with more than one lakh inhabitants in the state of Gujarat and
districts with more than one million inhabitants in Delhi for sample assessment. As the urban
areas contribute the most &ectricity consumption and have higher affluence levels to
absorb the comparatively high costs of renewable technologies, most of the rooftop solar
would be met by urban areas. Supportive urban governance systems would help with greater
diffusion as well

Appendix Table 3.1: Factors determining RE deployment

~ Variables Rationale Data Source
I. Economic Factors
Number of electricity

Central Electricity Authority

L consumers Potential market for RE Electricity Authority, Census 2011
NSSO Consumption expenditure
Per capita electricity survey f(_)r Uliozty Dist[ricts .
2. -do- (alternatively electricity sold in a
consumed L o
district /electricity consumer$rom
state websites)
3 Electricity Cost Willingness to pay NSSO Consumption expenditure
" | (grid) survey, Discom Reports
Il. Technical Factors
5. | City Population Constraint on allocation Census 2011

Power Finance Co

6. | DISCOMfinances Ability of DISCOMs to absorb RE document on DISCOM finances

lll. Market Acceptance Factors

Number of Population receptive to new
7. | households using P . P NSSO Consumption expenditure
. technologies
internet
8. | Governance systemg City Budgets/ Property tax coverage | City documents
9. | -do Service Coverage Census 2011
Affluent households to absorb initial
10. | Affluence high costs (Households with TV, Census 2011

Computer/Laptop, Telgphone/mobile
phone and Scooter/ Car)

17 selecting components that have eigen values greater than 1
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Our results show that built up space, population size, affluence levelstaret usage i.e.
receptiveness to new technologies have been given the highest weights. Appendix Table 3.2
presents the specific figures for index weights. These index weights have been used to
cal cul ate each city’ s pembléenergptargete and

Appendix Table 3.2: Indicator weights according to the PCA analysis

S. No. Variables Index Weights
Surat NDMC
1 Electricity consumption price 12% 14%
2 Per capita elec. consumption 10% 13%
3 Built up urban area 13% 12%
4 Number of households 13% 12%
5 Proportion of affluent households 12% 14%
6 Internet using households 13% 13%
7 City tax collection 10% -
8 Households with treated water in taps 9% 13%
9 Discom revenues 8% 9%

Affluent households

Electricity Consumption

Economic

Electricity prices

Built up area
Number of households
DISCOM financials

=

Technical

Acceptance

Reliability of current governance systems

Acceptance towards new technology (e.g.interr
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Appendix 4: Credit Enhancement Requirements for Solar Municipal Bond

For the illustration purpose, we have also estimated the expected size of the PCG using the
cash flows of a typical solar rooftop project. Note that these numbers are just an estimate and
actual size may ffer based on the actual project cash flow. In this illustration, we have used
the I ndia Rating’s methodology to arrive at
enhance the credit rating of any debt instrument depends on several factors. These facto
usually include the standalone rating of the bond issuer, rating of the guarantor, nature of
cash flows of the issuer, and nature of guaranteed debt. To arrive at the indicative size of
PCG required and in order to lift the credit rating to a certagetdevel i.e. AA in this case,

we used debt service coverage ratio (DSCR) as the control output variable. An indicative
rating of a typical infrastructure project with a minimum DSCR of 1.20 is BBB and to lift the
rating to AA, the DSCR must improve to71 It is importah to mention here that to get a
minimum DSCR of 1.2 without any credit guarantee, we have assumed a LCOE of INR
6.8/kWh for the sample project cash flow. Based on these parameters, we estimated that the
minimum size of the PCG required tfi the credit rating from BBB to AA would be ~31%

of the total debt principal. As per the usual practice and past experiences, we have observed
that PCG underwriters have provided up to 50% of the total debt as PCG. Hence, if we
increase the PCG size 50%, then we can expect even lower LCOESs.
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