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SECTION 1.
Figure 1: Targets and actual
capacity installed across
India’s renewable energy
sector (GW)
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EXECUTIVE SUMMARY
India’s energy system faces the triple challenge of meeting growing demand,
cutting pollution and offering more than 300m people not connected to the power
grid access to modern energy. The government has set the target of building
175GW of renewable energy by 2022, primarily solar and wind, and mandated the
rapid electrification of more than 18,000 villages. If realised, this presents an
investment opportunity of more than $150bn in clean power generation.
•
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•

Installed capacity: at the end of FY2016, the country had 42.6GW of installed renewable energy
capacity (excluding large hydro) – representing 14% of total generation capacity – and 2016 is on
track to become the best year for renewable installations. The sector is not only drawing Indian
firms but also foreign utilities. Power generation companies particularly from Europe and Asia are
increasing their presence through greenfield investments or acquisitions.

0
FY2016

India's renewable energy sector can be divided into four distinct categories, namely utility-scale
projects (>1MW), small and rooftop solar (1kW - 1MW) projects, small energy grids (100W-50kW)
and solar home systems and lanterns (<100W). The current situation and the path forward for
these are summarised below.

FY2022

Source: Bloomberg New Energy
Finance, MNRE

Figure 2: Annual capacity additions in India’s renewable energy sector (MW)
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Source: Bloomberg New Energy Finance, Note: Other renewables include biomass, small hydro and waste to
energy. The size of off-grid market is marginal as compared to utility and rooftop solar. Hence a separate chart has
been drawn for it. FY2016 = financial year, ending March 2016.

•

Renewables versus coal: The share of renewable energy (excluding large hydro) in the total
capacity mix increased from 12.5% in FY2013 to 14.1% in FY2016. We believe that this
percentage will keep on increasing, as India adds renewables, coal and some hydro capacity.
Renewables already have a higher growth rate in the country, with a cumulative CAGR of 15%
which is higher than 12.5% for coal power plants.

•

Growth of solar: PV is rapidly emerging as the king of Indian renewables. The sector has seen
an impressive 59% CAGR in the last four fiscal years to reach 6.8GW installed capacity at the
end of FY2016 (March 2016). While it still represents only 2% of grid-tied generation capacity, it is
growing twice as fast as wind and coal. Driven by federal and state-level auctions, solar power is
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also being installed in almost all states across the country, unlike wind power which is focused in
the south-west of the country. The more distributed nature of solar helps alleviate transmission
bottlenecks and brings generation closer to the point of consumption.
•

Asset finance: Investments in utility-scale projects have increased significantly since the
government announced the target of having 175GW of solar, wind and biomass installed by 2022.
Asset finance has grown from $6.6bn in FY2014 to $10.5bn in FY2016 with solar cornering the
most investment in the last financial year. Based on disclosed transactions, we observe that
Indian government organisations and multilaterals have so far contributed 49% and 66% of the
debt finance for wind and solar respectively.

•

Future funding needs: Despite this strong position, the renewables sector needs to accelerate
its pace even more to meet the government targets. We estimate that around $100bn asset
finance is required during 2016-22, including $30bn in equity capital, to put the nation on the track
to reach 135GW of utility-scale renewable energy by 2022. That is the utility-scale share of the
overall 175GW target. Moreover, India also has the highest cost of capital in the Asia-Pacific
region. Increasing capital flow and reducing financing costs will both be critical to meet targets.

•

Scaling-up investments: Raising the next $100bn of asset finance will require a bigger role for
capital markets. Green bonds, both domestic and offshore ones, are increasingly being used to
raise debt or refinance projects and their issuance is expected to grow further. On the equity side,
progress is slowly being made on Infrastructure investment trusts (InvITs), which are a regulated
version of yieldcos used in the US market. The idea is that investor interest is protected and
developers can quickly recycle equity in large commissioned projects by selling it to long-term
institutional and retail investors seeking lower, but more stable returns. These structures have
started to attract increased interest after a series of regulatory amendments made them more
palatable and could be crucial for the estimated $30bn equity that the utility-scale projects need.

Small and rooftop solar
•

Installed capacity: the government aims to install 40GW of rooftop solar by 2022. We estimate
that cumulative installations grew to 500MW at end of FY2016 at a staggering annual CAGR of
92% in four years. The surge is primarily from commercial and industrial customers although
some residential installations are also taking place. A cumulative CAGR of 108% is required in
the next six years to achieve the 40GW target.

•

Policy support: Most states have recently introduced net-metering regimes and are supporting
the roll-out of projects. These will likely carry the market forward in the immediate future, although
they may not be enough to expand into the still dormant residential market. In the medium-term,
captive projects that consume the solar output directly on site will be better protected from
changes to the regulatory environment.

•

Business models and financing: The rooftop solar industry in India is primarily divided into two
models. The first is captive ownership where the consumer owns the PV system. This segment
accounted for 75% of the projects we surveyed and is driven by commercial & industrial (C&I).
These projects are buoyed by favourable economics due to high power tariffs and cash
availability. Financing is arranged either through their balance sheets or through their existing
banks. The remaining projects are being built and financed by the renewable energy services
companies (rescos) or third-party investors. We estimate that $610m was invested in rooftop
solar segment across the country between FY2013 and FY2016, but the lack of financing for
resco projects raises concern as it is a dominant part of other major solar markets. This is a big
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drawback for a sector that needs almost $50bn of capital to meet the ambitious government
goals.
•

Clearing the path forward: Various international agencies are committing new funding for the
small solar segment to their partner banks/non-banking financial companies in India. But quick
loan disbursement still remains a challenge. The following steps can go a long way towards
ensuring further growth in the sector: educating loan disbursement agencies and creating
standardised loan application review processes, establishing and propagating norms for quality
control of products, pilot studies to measure the technical and commercial impact of high
penetration of rooftop solar on host power distribution companies, creating intermediation
platforms to raise awareness and reduce transaction costs, and time bound clearance of subsidy
applications. Smart grids, which allow for two-way flow of power, upgraded transformers that can
take the added rooftop capacity and smart metering technology with proper IT infrastructure are
needed to make rooftop addition to the existing grid easy and enabling.

Figure 3: Target and actual
small energy grid
installations (MW)

Small energy grids
•

lines to central buildings in villages, but often fails to connect individual residences or provide 24hour electricity. Nonetheless, India’s 73m rural households that are not connected or are underserved by the power grid, are benefitting from solar energy in their own ways.
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•

Installed capacity and reach: Small energy grids (100W-50kW) are now serving over 75,000
households. Our survey indicates that almost 2.9MW of these had been installed by the end of

400

FY2016. The falling cost of solar PV and its modularity have made it the technology of choice for
small energy grids (SEGs), ahead of biomass, which dominated this market until a couple of
years ago. Installations in FY2016 were almost 300% higher than in FY2013 (after a relatively
poor FY2015), and the average size of these grids is rising as well.

300
200
100

0

Potential for off-grid market: The government has ramped up its efforts to extend new power

•
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Even the most advanced companies are still amending their offerings and projects, trying out new
services and improving their technology and taking on projects as and when they find them
feasible. The build-operate-and-maintain business model (where the operator maintains long-term

FY2021

Source: Bloomberg New Energy
Finance, interviews, MNRE –
national policy for renewable
energy based micro and mini
grids. Note: 3MW installed
capacity is based on interviews.

Emerging business models: There is no blue-print business model for a SEG operator yet.

ownership of the asset) is, however, emerging as the most popular way to roll out commercially
viable SEGs.
•

Financing trends: Financing for the SEG segment happens in fits and starts and is tied to the
fortunes of a small number of companies. Bank loans, venture capital and private equity,
occasional funds from corporate social responsibility mandates and crowdfunding are all being
tapped as sources. Still, as per our survey, the 11 leading mini-grid companies raised a mere
$16m equity and $6.26m of debt finance from the beginning of FY2013 to the end of FY2016. The
limited access to capital is significantly constraining the sector’s ability to grow. The long tenures
required for mini-grid financing, bundled with the risk of seeing assets stranded by grid
extensions, remains among one of the largest hurdles.

•

Grid arrival threat and way forward: Due to weaker economies of scale, SEGs face strong
competition on a $/kWh basis when the grid arrives at a location. A few things can help. Firstly,
building mini-grids to the same standards as the AC power distribution grid will make eventual
integration a lot easier and in the interim can also increase revenues from the commercial load.
Secondly, regulation that enables collaboration with local power distribution companies, in the
form of a franchise model, can go a long way towards alleviating investor concerns.
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Figure 4: Annual new households accessing solar home systems and small energy grids (‘000)
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Source: Bloomberg New Energy Finance and Interviews, Note: The annual sales of lanterns (<10W) are not
included. 18 companies were interviewed for this data.

Solar home systems and lanterns
• Current market size: At least 5.5m lanterns and solar home systems had been sold in India by
the end of FY2016 (excluding unbranded products). The majority of these were small portable
lanterns smaller than 5W.

Figure 5: Annual
lantern(<10W) sales
(million)
2.5

• Barriers to scale: This market is lightly regulated, which may be helping growth. However, bad
quality products can cut consumer confidence in technology. Access to debt finance for solar kit
companies is also difficult as the sector is unproven and considered too risky by banks and
investors. Moreover, import duties are currently levied on all electronic items in India, making
some products expensive.
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• Business models and financing: Solar home systems have historically enjoyed significant
government support and more recently, also from profit-driven companies selling solar kits on a
retail basis. The companies surveyed by us in this segment have collectively raised $65m in the
last four financial years. As the market grows, new models like pay-as-you-go are gaining ground.
Reserve Bank of India has given payment bank licences to 11 companies to increase banking
penetration in rural areas. Besides this, a unified payment interface has been launched that will
allow money transfer from a bank account to different merchants, both online and offline, without
the hassle of typing credit card details, IFSC code or net banking passwords.
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Source: Bloomberg New Energy
Finance, interviews, MNRE,
NABARD

• Ensuring future growth: Selling solar home systems requires only limited regulatory support,
but companies are seeking a level playing field, whether by reducing subsidies for kerosene or
ensuring promised product quality is actually delivered. Targeted interventions such as
exemptions from import duties for products aimed at the lowest income segments could also
increase sales.
•

Financial measures to accelerate off-grid: The lack of access to working and consumer
finance capital is an important barrier to growth. This can be tackled by supporting seed stage
companies to build out new distribution channels, specialised funds or cooperation with local
banks to extend corporate loans to solar lantern distributors, as well as harmonised metrics and
risk guarantees for pay-as-you-go providers.
Bloomberg New Energy Finance was supported by The David and Lucile Packard Foundation to
research and write this report. The content and conclusions are those of Bloomberg New Energy
Finance alone, based on its own independent analysis. (A correction has been made to this document,
to reflect the fact that Packard Foundation provided a grant towards the report. It did not commission it.)
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SECTION 2.

INDIA’S TRIPLE ENERGY CHALLENGE
India is one of the fastest growing economies in the world, with a population of 1.2bn people. As the
country grows, it faces different pathways to meet the challenges of growing electricity demand, rising
pollution levels and providing energy access.

2.1.
India’s total electricity
consumption is
projected to increase
fourfold by 2040.

GROWING ENERGY DEMAND
India remains one of the few countries with rapidly growing power demand and its total electricity
consumption is projected to increase fourfold between 2015 and 2040. Demand is expected to grow
with increases in economic output, usage of electricity and with more people connected to the grid
(Figure 6).
Figure 6: Projected electricity demand (TWh)
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Source: Bloomberg New Energy Finance's New Energy Outlook 2016

2.2.
Large power generation
capacity additions give
India the chance to add
more renewables than
fossil fuel capacity.

GREENHOUSE GASES AND LOCAL POLLUTION
India also remains an exception amongst major countries as it will continue to build fossil fuel power
plants to meet its power demand. By 2040, India’s coal and gas power generation emissions will go
from about 1Gt to more than 3Gt even after adding over 470GW of renewables (excluding hydro) over
the period, according to BNEF estimates (Figure 7).
Figure 7: Power sector CO2 emissions (MtCO2e/yr)
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Source: Bloomberg New Energy Finance’s New Energy Outlook 2016
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India’s long-term clean energy push will be spurred on by its Intended Nationally Determined
Contribution (INDC), which aims to reduce emissions intensity of the country’s GDP by 33-35% by
2030 from 2005 levels. India also committed to source 40% of its electricity from non-fossil sources by
2030.

2.3.
India is expected to
become the most
populous nation within a
decade.

ENERGY ACCESS AND ELECTRIFICATION
India’s per-capita power consumption is expected to increase 3.2 times by 2040 (Figure 8) but even
then it would be less than that of the US, China and Japan in 2015. The country is expected to
overtake China as the world’s most populous country in 2021. Around a quarter of its population is
not connected to the grid and those that are connected generally do not have round-the-clock power.
To address this, the government has set an ambitious goal of providing 24x7 'Power for All' by 2019.
Figure 8: India's electricity demand, population, GDP per capita and per capita power
consumption growth
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Source: New Energy Outlook 2016 Note: all numbers are rebased to 100 in 2015.

62 million households in
India do not have access
to grid electricity.

We estimate that there are at least 62m households in India without access to the power grid (Figure
9). Some 11m households live in villages or hamlets that are officially connected to the power grid, but
often remain under-serviced. This may be due to frequent outages or to the definition of village
electrification used by the government – which often neglects the expansion of last-mile distribution
network to all residential houses. There are currently 16m other households that have been identified
for connection under the government’s electrification scheme.

© Bloomberg Finance L.P.2016

No portion of this document may be reproduced, scanned into an electronic system, distributed, publicly
displayed or used as the basis of derivative works without the prior written consent of Bloomberg Finance
L.P. For more information on terms of use, please contact sales.bnef@bloomberg.net. Copyright and
Disclaimer notice on page 53 applies throughout.

Page 6 of 50

FINANCING INDIA'S CLEAN ENERGY TRANSITION
1 NOVEMBER 2016

Figure 9: Number of un-electrified and under-served households (million)
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Source: Census of India 2011, DDG-DDUGJY and Bloomberg New Energy Finance, Note: Deen Dayal
Upadhyay Gram Jyoti Yojana (DDG-DDUGJY) is the government scheme for village electrification. Number of
electrified households is as mentioned in government disclosures1 which may not available for all states.

un-electrified
households.

Most of the off-grid population in India is located in Uttar Pradesh and Bihar. Together, they account
for 50% of the un-electrified households, followed by West Bengal, Odisha and Madhya Pradesh.
Figure 10: Electrification rate across various Indian states

Jammu & Kashmir
85
New Delhi
99

Punjab
97
Haryana
91

Himachal Pradesh
97
Uttarakhand
87

Arunachal Pradesh
66

Sikkim
93

Assam Nagaland
82
37
Meghalaya
Manipur
61
68
Madhya Pradesh
Jharkhand
Gujarat
Tripura Mizoram
70
46
90
68
84
West Bengal
Chhattisgarh
55
75 Odisha
>90
<40
Maharashtra
43
84
90
40 60 80
Telangana
Percentage of households using
92
electricity as their primary source
Goa
of lighting
97
Andhra Pradesh
Karnataka
92
91
Rajasthan
67

Lakshadweep
99

Bihar
16

Tamil Nadu
93
Kerala
94

1

© Bloomberg Finance L.P.2016

Uttar Pradesh
37

Andaman & Nicobar Islands
86

http://garv.gov.in/dashboard

No portion of this document may be reproduced, scanned into an electronic system, distributed, publicly
displayed or used as the basis of derivative works without the prior written consent of Bloomberg Finance
L.P. For more information on terms of use, please contact sales.bnef@bloomberg.net. Copyright and
Disclaimer notice on page 53 applies throughout.

Page 7 of 50

FINANCING INDIA'S CLEAN ENERGY TRANSITION
1 NOVEMBER 2016

Source: Census 2011 and Bloomberg New Energy Finance , Note: For Telangana same electrification rate has been assumed as that of Andhra
Pradesh, All electrification percentages have been rounded to the nearest whole number

States like Uttar Pradesh, Bihar and West Bengal that are doing poorly on electrification rates also
have very high population density (Figure 11). This should make it easier for companies, as the same
distribution network/channel can reach more people and therefore offer better returns.
Figure 11: Population density map of India, by state
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SECTION 3.

THE STATE OF CLEAN ENERGY IN INDIA
India's clean energy sector can be divided into four segments. First would be
utility-scale grid-connected projects, which are mostly supported by feed-in

The total off-grid and
rooftop renewables
market size in FY2013-16
is estimated to be $0.8bn

tariffs (for technologies like wind, biomass and small hydro) or competitive auctions
(in the case of solar). The second category (and the fastest growing) is small and
rooftop solar, which is driven by a combination of factors including rising retail
electricity prices, net metering and feed-in tariff policies. The third segment is small
energy grids (SEGs), which include mini, micro and nano grids to provide reliable
power and energy access to more than one house or individual. The fourth includes
systems targeted for a particular establishment/household and we classify them as
the solar home systems (SHS) and lantern category. Table 1 gives a general
overview of the asset size and investments into each clean energy segment
between FY2013 and FY2016.
Table 1: Market size: various solar categories (FY2013 – FY2016)
Category
Utility-scale solar projects (>1MW)

Total installations

Market size of investments or
revenues

5.8GW

$8.7bn

Rooftop solar (1kW - 1MW)

500MW

$0.6bn

SEGs (100W - 50kW)

2.9MW

$27m

7.3m units

$200m

Solar home systems and lanterns
(<100W)

Source: Interviews and Bloomberg New Energy Finance, Note: Market size refers to asset financing for a
particular category except SHS and lanterns where it represents estimated sector revenues from sales of products.
Average cost of installation for rooftop solar has been estimated from the interviews. For SHS and lanterns the
total revenue has been estimated by assuming an average selling price of $27/unit as per Global Off-Grid Lighting
Association’s solar off grid semi-annual market report.

3.1.
Growth rates of utility
scale renewable projects
have increased since
India announced a target
of having 175GW
capacity till 2022.

© Bloomberg Finance L.P.2016

UTILITY-SCALE, GRID-CONNECTED PROJECTS
The first segment – utility-scale, grid-connected projects have seen some growth in recent past
(Figure 12) – partly due to government's ambitious '175GW renewable energy by 2022' target and
also due to the declining cost of these technologies, particularly solar (Figure 13). While utility-scale
projects are growing in number, multiple challenges exist, including the poor financial health of power
distribution companies (discoms), lack of transmission capacity and the need for innovative
mechanisms to scale up capital flow.

No portion of this document may be reproduced, scanned into an electronic system, distributed, publicly
displayed or used as the basis of derivative works without the prior written consent of Bloomberg Finance
L.P. For more information on terms of use, please contact sales.bnef@bloomberg.net. Copyright and
Disclaimer notice on page 53 applies throughout.

Page 9 of 50

FINANCING INDIA'S CLEAN ENERGY TRANSITION
1 NOVEMBER 2016

Figure 12: India's cumulative utility-scale renewable energy
capacity (GW)
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Figure 13: Breakdown of solar PV benchmark capex (INR/W)
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Source: Bloomberg New Energy Finance, Ministry of New & Renewable
Energy. Note: small hydro sector consists of projects 25MW or below.

Rural households and
agriculture customers
often get electricity at
rates significantly below
the discom’s average
cost of supply.

FY2014

FY2015

FY2016

FY2017

Source: Central Electricity Regulatory Commission (CERC), Bloomberg
New Energy Finance. Note: Indian financial year FY2015-16 represents the
period from 1 April 2015 to 31 March 2016. $1 was on average equal to
INR 60.5 in FY2014, INR 61.2 in FY2015, INR 65.5 in FY2016 and INR
66.9 in FY2017 till June 2016.

In India, commercial and industrial consumers pay higher electricity tariffs than residential consumers.
This is done so that low income residential and agricultural customers can get cross-subsidised cheap
electricity – which is often significantly below the discoms’ average cost of supply.
Part of the utility-scale project development is now being fuelled by demand for clean energy from
large commercial and industrial consumers. Foreign and Indian companies are turning to clean
energy to make their operations less carbon-intensive and in some cases carbon-neutral. Some
drivers for a shift towards renewables would be their declining cost, poor servicing by distribution
companies, the need to curtail expensive diesel back-up power generation, and renewable energy
purchase obligations. Moreover, procurement of clean power through the grid is being helped by
corporate social responsibility mandates, consumer/investor demands, the growing scale of
independent power producers specialising in renewable energy, cash availability in these firms (for
captive projects) and improvements in open access pushed by electricity regulators (and in some
cases the courts) are helping procurement of clean power through the grid.

3.2.

SMALL AND ROOFTOP SOLAR
At a compound annual growth rate of 92% in yearly installations, the rooftop solar segment is growing
the fastest of the four mentioned above (Figure 14). The growth in this area is driven by commercial
and industrial customers at the moment. However, installations in homes are increasing as well.
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Government policies and
new business models

Figure 14: Annual rooftop solar installations in India (MW)
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Source: Bloomberg New Energy Finance. Note: The data has been gathered by both primary and secondary
research. We interviewed 26 rooftop PV installers. Further, data have been captured from BNEF database,
Ministry of New and Renewable Energy, SECI disclosures, company websites and press releases. Most of the
projects taken into account from the MNRE website did not have clear commissioning dates. Hence, the year
of subsidy release has been assumed to be the year of commissioning

The segment will continue to see high growth rates, given ambitious government targets, specific
rooftop solar policy in most states, new business models being tried by entrepreneurial companies
and an increasing availability of debt and equity.

3.3.
Growth in small energy
grids has been uneven
over the past four
financial years.

SMALL ENERGY GRIDS
Growth is a little bit uneven in the SEG segment (Figure 15), with activity concentrated within a small
number of companies. A lack of financing, or slow installation rates by a few companies, can impact
the total annual market size significantly. The SEG market is seeing some innovation in terms of
technical upgrades and business models. The arrival of the centralised grid is, however, the biggest
threat to this business. Regulatory intervention and clarification on this issue is the pressing need in
this sector.
Figure 15: Annual small energy grids (SEGs) capacity additions (kW)
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Source: Bloomberg New Energy Finance. Note: 11 companies were interviewed for this data.
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3.4.
Solar home systems and
lanterns registered an
annual CAGR of 47% in
FY2013-16.

SOLAR HOME SYSTEM AND LANTERNS
The solar home system and lanterns category has seen impressive growth as well (Figure 16) – with
annual CAGR of 47% in terms of annual sales. Historically, this market has been supported by
government subsidies and the efforts of non-government organisations (NGO). New business-driven
distribution models are, however, starting to look promising.
Figure 16: Annual SHS and solar lanterns sold (m units)
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Source: Bloomberg New Energy Finance. Note: The data has been gathered from interviews with leading
players, MNRE, NABARD and press releases. Non-branded products are not included in this estimate.

The advent of pay-as-you-go mechanisms, growth in financing options and penetration of retail
banking are expected to support future growth in this market.
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SECTION 4.

UTILITY-SCALE FINANCING
India has historically accounted for only a small fraction of world’s investment in renewable energy
projects but, as the country chases a target of 175GW renewables by 2022, it has positioned itself as
a serious investment destination.

4.1.
Renewable energy
capacity in India has a
higher growth rate than
coal power plants.

UTILITY-SCALE NEW INSTALLATIONS
At the end of FY2016 (April 2015-March 2016), India’s power sector had an installed capacity of
302GW in which coal projects had a 61% share (Figure 17). Several private IPPs had strategic plans
to build a large pipeline of coal projects, citing India’s power needs. As a result, India added recordbreaking amounts of new coal capacity in the last three financial years. However, many coal power
projects are running at lower than expected capacity factors and some also face uncertainties in
securing captive coal supplies that were previously allocated for running their power plants. Due to
these problems and the government’s large green energy targets, most power producers have now
changed their strategies and are more focussed on adding renewables.
Figure 17: India’s cumulative grid-connected power generation capacity FY2013-16 (GW)
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The share of renewable energy (excluding large hydro) in the total capacity mix increased from 12.5%
in FY2013 to 14.1% in FY2016. We believe that this percentage will keep on increasing, as India
mostly adds renewables, coal and some hydro capacity.

Cost competitiveness of
renewables will overturn
India’s capacity mix by
2040.

According to our New Energy Outlook 2016,2 in order to meet the total projected power demand in a
sustainable and economical way, India’s renewable sector would need to grow nearly 14 times to
reach a cumulative installed capacity of 484GW by 2040 from 35GW installed at the end of 2015
(Figure 18). Cost competitiveness of renewables would flip over India’s capacity mix from fossil fuel
dominated, to one that relies more on solar and wind technologies.

2
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Figure 18: India cumulative installed capacity 2012-40 (GW)
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4.2.
State governments are
implementing favourable
policies to meet their
increased renewable
targets.

UTILITY-SCALE FINANCING
Activity in the renewable energy financing space increased significantly after 2014 after the
announcement of the government’s target of having 175GW green power capacity by 2022. This also
pushed the state governments and government-owned companies to revise their commitments to
renewable energy and led to states implementing favourable policies, especially for rooftop solar
projects.
The wind and solar sectors had similar level of financing in FY2016 (Figure 19). New-built solar
projects are expected to overtake annual wind installations for the first time in 2017, as their target is
steeper than that for wind. As per projections made by BNEF’s New Energy Outlook 2016, we expect
India’s total power sector spend by 2040 to be more than $1 trillion. Nearly 60% of it would be spent
on building renewable power capacity (Figure 20).

Figure 19: India’s utility scale renewable asset financing
FY2013-16 ($bn)
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Figure 20: Five-yearly asset financing projections ($bn,
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Independent power producers are trying new ways to raise finance for their projects and are also
innovating to reduce cost of financing. A sample of 4.8GW wind and solar energy projects suggests
that most wind projects are financed by private lenders, whereas solar projects in the country are
being financed largely by government banks, followed closely by private banks (Figure 20). In order to
meet the goal of 175GW renewable capacity, the lending activities of both private and government
banks need to increase rapidly.
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Figure 21: Sources of debt finance for wind and solar projects FY2013-16 (%)
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Source: Bloomberg New Energy Finance. Note: based on publically disclosed data on 2.7GW wind projects
and 2.1GW of solar PV projects commissioned in FY2013-16

In terms of geographical split, wind projects (Figure 22) are located in the western and southern parts
of India, while solar projects (Figure 23) are being installed in all places due to high solar insolation
throughout the country.
Figure 22: Wind installed capacity and asset financing
FY21013-16 (MW and $m), by state

Figure 23: Solar PV installed capacity and asset financing
FY2013-16 (MW and $m), by state

1
($1)
401
($528)

12
($23)

1,149
($1,358)

1,925
($2,082)
1,062
($1,285)

1,792($
2,144)
1,925
($2,227)

934
($1,046)
4
($4)

78
($85)

Min

667
8
($9) ($795)

143
($165)

776
($989)

368
($466)

5
($80)
16
7
($17) ($13)

5
($6)

90
63
($126)
($73)

528
($916)

139
559
($257) ($993)

1,155
946
($2,067)
($1,269)
Max

13
($15)

7
($8)
41
($44)

Max 1
Min ($1)

1,055
13
($1,361)
($14)

Source: Bloomberg New Energy Finance. Note: first row shows installed capacity in MW and the second row denotes investments in $m.

© Bloomberg Finance L.P.2016

No portion of this document may be reproduced, scanned into an electronic system, distributed, publicly
displayed or used as the basis of derivative works without the prior written consent of Bloomberg Finance
L.P. For more information on terms of use, please contact sales.bnef@bloomberg.net. Copyright and
Disclaimer notice on page 53 applies throughout.

Page 15 of 50

FINANCING INDIA'S CLEAN ENERGY TRANSITION
1 NOVEMBER 2016

SECTION 5.

SCALING-UP FINANCING FOR UTILITYSCALE RENEWABLES

India will need to spend
$100bn to meet the

India has started registering growth in utility-scale clean energy investments in the last few years. But
to meet its 135GW renewable energy target by 2022 (this excludes a figure of 40GW for distributed
solar but includes 60GW utility-scale solar and 60GW of wind capacity), the country needs an
estimated $100bn of asset finance investment in generation over 2016-22 (Figure 24), including
almost $30bn of equity. This requires a massive ramp-up of capital flows from current levels.

target for utility-scale
renewables.

Figure 24: Historical and required asset finance for utility-scale clean energy projects in India ($bn)
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Moreover, India has the highest costs of capital in APAC for clean energy (Figure 25 & Figure 26).
Figure 25: Cost of debt for solar projects (nominal rates for
local currency debt)

Figure 26: Cost of equity for solar projects (nominal rates
for local currency equity)
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Success of renewable
companies in public

To date, private investors and corporates have put equity into utility-scale renewable energy projects,
and both domestic and international banks have provided debt. But public market activity by
renewable energy companies has been modest, with only a few firms listing on the stock exchanges.

markets is crucial to
increase the availability

The huge capital requirement to meet the targets, and the high cost of capital, mean that fundraising

of finance and reduce
cost of capital.

from the public markets, particularly through ways that reduce the cost of debt and equity will be
critically important.
We focus our attention on two specific measures. The first is the Infrastructure investment trust
(InvIT). Like yieldcos, these can help developers combine multiple projects, securitising the cashflows
and offer them to public and private investors. The second is onshore and offshore green bonds.
Growing issuance of these is helping developers raise cheaper debt to retire expensive loans and
build new capacity.

5.1.

INFRASTRUCTURE INVESTMENT TRUSTS
PURPOSE AND SCOPE
The concept of infrastructure investment trusts (InvITs) has been in discussion in India for more than

InvITs are expected to
help inflow of foreign
capital and reduce the
exposure of domestic
banks to the
infrastructure sector.

five years. InvITs, like other publically-traded and yield-providing vehicles, are used to free-up/recycle
developers' capital stuck in operational projects by securitising the revenue streams and offering the
units on the public market. The cash flow of these projects is paid to investors in the form of dividends
against the units they have purchased in the trust.
InvITs are expected to help the inflow of foreign capital and reduce the exposure of domestic banks in
the infrastructure sector. For investors, they will be able to own, indirectly, part of the portfolio of
projects that are rolled-up in the InvIT. Given that an InvIT consists largely of completed assets, it is
expected that the returns required by investors will be lower than the financing costs of the developer,
including the development and construction risk.
The capital market regulator, the Securities and Exchange Board of India (SEBI3), issued final
notifications4 for these platforms on 26 September 2014. Energy sub-sectors classified as
infrastructure and eligible to list InvITs are electricity generation, transmission and distribution, oil/gas
pipelines, oil/gas/liquefied natural gas (LNG) storage facilities, and gas pipelines (including city gas
networks).

STRUCTURE OF INVITS
Several safeguards are
being built into InvITs to
increase investor
protection.

Forming an InvIT will require multiple parties to come together to create the required structure and
operationalise the platform (Figure 27). An InvIT will need to have a minimum asset value of INR 5bn
($74.5m) and an offer size exceeding INR 2.5bn ($37.3m). Two kinds of InvITs can be listed:
•

Public InvITs: minimum 20 investors putting in at least INR 1m each, with more than 80%
investment in commissioned projects

•

Private InvITs: at least five investors putting in minimum of INR 10m each, with more than 10% in
projects under construction

3 http://www.sebi.gov.in/sebiweb/
4 http://www.sebi.gov.in/sebiweb/home/detail/29273/yes/PR-SEBI-Infrastructure-Investment-Trusts-Regulations2014
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Many infrastructure projects in India are created and maintained as part of special-purpose vehicles
(SPVs). This is done to isolate a project/asset/activity from the core business of the company. The
SPV theoretically has a separate management and ownership (with some investors putting equity
directly into the SPV rather than the parent company). An SPV can also hold a stake in another SPV.
An InvIT in India will have to own a minimum 50% stake in an SPV for it to be a part of the investment
trust. The trust can also own projects that are not structured as SPVs.

Figure 27: Operational structure of an InVIT
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Source: SEBI, Bloomberg New Energy Finance

The regulation goes into details of the eligibility criteria and the roles of each player associated with an
InvIT (Table 2).
Table 2: Key players in an InvIT, eligibility criteria and major responsibilities
Player

Eligibility

Responsibilities

Sponsor

 A maximum of five sponsors with each having a net worth
or net tangible assets of INR 1bn.
 At least five years of experience in project development or
fund management.
 Minimum of two completed projects.

 Setting-up of the InvIT and appointment of a trustee.
 Transferring assets and equity interest in SPVs to the InvIT
before listing.
 Holding a minimum of 10% post-IPO units issued in the
InvIT.

Trustee

 Has to be registered with SEBI and cannot be related to
the sponsor or investment manager.

 Protect shareholder interest by ensuring investment
manager pays timely dividends.
 Reviewing transactions between related parties.

Investment
manager

 Have a minimum net worth or net tangible assets of INR
100m.
 At least five years of experience in fund management/
advisory/development in the infrastructure sector.
 More than half of the directors/members of the investment
management firm should be independent. They cannot
serve as directors in other InvITs.

 Ensure assets have proper legal titles and contracts are
binding
 Review project managers’ activities
 Find investment opportunities and make investment
decisions pertaining to underlying assets
 Monitoring key conditions like proper insurance of assets
and auditing

Project manager

 Information not available

 For commissioned projects, ensure proper operations and
maintenance services are delivered
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Player

Eligibility

Responsibilities
 For projects under construction, ensure timely approvals
are taken and development activities are done on time

Source: SEBI, Bloomberg New Energy Finance

Although financial regulations on InvITs were issued in 2014, interest in them has only picked up
recently after the government and SEBI cleared some suggestions given by the industry. These
include exempting dividends paid by SPVs to InvITs from dividend distribution tax, reducing the
mandated minimum post-listing holding of the sponsor from 25% to 10% and allowing InvITs to hold
stakes in an SPV (or holding company) that in turn holds a stake in another SPV.

COMPARING INVITS WITH YIELDCOS
InvITs and yieldcos help
in securitising an illiquid

In essence, InvITs and yieldcos do the same thing – securitising an otherwise illiquid portfolio of
largely commissioned assets to enable investment from retail and institutional investors that perhaps

portfolio of renewable
assets to enable

have a lower return expectation than the original developers. However, the US yieldco model has
been criticised on various grounds. Some of these are discussed below, along with the safeguards
that SEBI is trying to put in InvITs.

investment from retail
and institutional
investors.

1.

Relationship between sponsors and the InvIT/yieldco management

In the yieldco model, even though it is a separate legal and listed entity, the sponsor firm can have
significant management control. This raises the question of how the interest of the yieldco’s
shareholders can be protected. The InvIT regulations have tried to create various safeguards. These
include a requirement for a minimum number of independent directors in the investment management
firm, restrictions on transactions done between related parties and unit-holders’ approval
requirements under certain conditions.
2.

One of the major
problems identified with
US yieldcos was
accumulated liabilities
which ballooned due to
aggressive expansion
plans.

Valuation when transferring assets in and out

Valuation of assets being transferred to the yieldcos has been debated in the past. Given the strong
links between the sponsor and the yieldcos, there could be a tendency to overvalue projects being
transferred. However, the InvIT regulation requires an independent assessor with a minimum required
experience to do asset valuations and seek unit-holder approval under certain conditions. These rules
are intended to provide comfort to investors against low quality (and high-priced) assets entering the
InvIT or high-quality assets being sold-off cheaply.
3.

Dividend pay-out requirements

A key term used in the yieldco structure is CAD – which is the cash available for distribution to the
shareholders after adjusting for cash expenses like interest, tax and capital expenditure. Most of the
US yieldcos had promised 80-90% of CAD to be paid out as dividends. In comparison, the InvIT
regulation mandates at least 90% of the CAD to be distributed with a minimum frequency of six
months.
4.

Composition of projects and checks on completeness

To protect the unit holder, it must be ensured that mostly-completed projects are housed in a public
InvIT. Thus the regulations specify that more than 80% of the value of a public InvIT has to be in
completed and revenue-generating assets. Less than 20% of the value can be in under-construction
projects, listed/unlisted debt of companies in the infrastructure sector, equities of Indian firms having
more than 80% revenue from infrastructure projects or liquid money market instruments.
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5.

Allowed leverage

One of the major problems identified with US yieldcos was accumulated liabilities which ballooned
due to aggressive expansion plans akin to those of growth stocks rather than yield-providing platforms
– even as the firm failed to offload completed projects quickly. InvIT regulations do not place a
restraint on the leverage that a sponsor can have, although each sponsor needs to have a net worth
of INR 1bn. However, the regulations do place a limit on the leverage an InvIT is allowed, by
restricting the net consolidated borrowing and deferred payments to less than 49% of the value of the
InvIT.

POTENTIAL LISTINGS RELATED TO THE ENERGY SECTOR
SEBI is still finalising
some modalities for
InvITs but it has already
received four requests

While SEBI is still finalising some modalities for InvITs, it has received four requests to list, out of
which two have been reportedly approved. Table 3 shows a list of firms that have intentions to list
InvITs with power assets. While both Mytrah Energy and IL&FS have significant wind projects, Sterlite
Power Grid and GMR Infrastructure are power transmission sector players.
Table 3: Power sector companies planning to list InvITs in India

for listings.

Company

Asset that could be part of the InvIT

Mytrah Energy Ltd.  920MW installed wind power
 500MW of solar and 90MW of wind projects under development

Potential
listing size
$400m

IL&FS

 Roads and power projects with over 550MW of commissioned
wind projects

$900m

Sterlite Power Grid
Ventures

 Claims to be India’s largest private sector power transmission
developer with 31 extra high voltage transmission lines and seven
substations with over 7,000 circuit km and 12,750 MVA of
transformation capacity spanning 15 states.

~$372m

GMR Infrastructure  Roads and 366 circuit km of power transmission assets

Not
available

Source: Media reports

5.2.

GREEN BONDS
GLOBAL TRENDS
The term 'green bond' started appearing in 2007-08 when the World Bank and the European
investment Bank issued their first environment-themed bonds. Since the early days, global issuance
of green bonds has been steadily growing (Figure 28) and exceeded $45bn last year (even though
this does not include unlabelled corporate bonds).
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Figure 28: Green bond issuance by year ($bn)
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Source: Bloomberg New Energy Finance, Bloomberg Terminal. Note: Only labelled green bonds, project
bonds and asset backed securities backed by renewable energy and energy efficiency projects are included
here.

Three distinct categories of bonds now exist that can be used to finance activities in the renewable
energy, energy efficiency or other environmentally and sustainable activities. These are:


Labelled green bonds: which are labelled 'green' by issuers using an acceptable standard or
accreditation (for example the Climate Bonds Standard) and are marketed using these
labels.



Project bonds and asset-backed securities (ABS) backed by renewable energy and energy
efficiency assets: bonds that are not labelled or marketed as 'green' but they are clearly
linked to underlying 'green' projects.



Unlabelled corporate bonds: are issued by a company with at least 50% revenue exposure
to the clean energy value chain. Either the partial or full amount of the issue may be used in
clean energy activities.

Indian equipment
manufacturers,

UPTAKE IN INDIA

financiers and power

1.

producers had issued
bonds in the past but did

Indian firms involved in clean energy sector have been issuing bonds for a long time now. However,

not label them as green.

Unlabelled green bonds

most of these have not been labelled 'green'. Three distinct kinds of firms have been involved in such
issues.


Equipment manufacturers
Clean energy equipment providers have tapped the debt capital markets for over five years.
For example, wind turbine maker Suzlon Energy issued foreign currency convertible bonds
(FCCB) in 2007. Similarly, Websol Energy issued FCCBs worth $16.8m in the same year.
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Indian banks and non-banking financial companies have also raised unlabelled bonds to in
turn provide debt to clean energy companies. Two major issuers include government-owned
Indian Renewable Energy Development Agency (Ireda) and Tata Cleantech Capital. Both
have issued bonds as recently as H1 2016.


Project developers
Given the growth in the Indian renewable energy market, some project developers are
starting to have portfolios of 1GW or more. The success of their future plans are dependent
on raising capital quickly as well are reducing the cost of capital. Large developers like
ReNew Power and Tata Power's renewable energy arm have already tapped the bond
markets to refinance existing portfolios and lower the cost of debt.

Rupee- or dollar-

2.

Labelled green bonds
As interest in clean energy rises, green bonds are starting to become a standalone asset class.

denominated issuances
of green bonds in

Indian companies have in-turn started raising labelled green bonds. In February 2015, Yes Bank
issued India's first 'Green Infrastructure Bond', of INR 10bn with a tenor of 10 years and 8.85%
coupon. Since then Export-Import Bank of India, Hero Future Energies and CLP India have all
issued bonds that are labelled as green.

overseas markets have
started to gain traction.
3.

Offshore and masala green bonds
While issuance in Indian markets have increased, offshore bond markets are being tapped as
well, often those in key financial centres. IDBI Bank, for example raised $350m green bonds in
November 2015 under the medium-term note programme listed on the Singapore Exchange.
Similarly, Axis Bank listed $500m green bonds on the London Stock Exchange in May 2016.
Another category that is emerging is the masala bond. These bonds are issued by Indian firms in
the overseas market but the money is raised in Indian rupees and not the currency of that
international market. In such cases, the foreign currency risk is borne by the investors rather than
the issuer. This may require the bond to have higher ratings or offer higher returns to investors. In
August 2015, International Finance Corporation issued the first masala bond on the London
Stock Exchange for INR 3.15bn, the proceeds of which were invested in Yes Bank's domestic
green bond. More recently, Indian thermal power major NTPC issued green masala bonds of INR
20bn in August 2016 on the London Stock Exchange and Singapore Exchange.
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Figure 29: Labelled and unlabelled, onshore and offshore green bond issuance in the
India’s clean energy market ($m)
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THE PATH FORWARD
Labelled and unlabelled green bond issues are undoubtedly on the rise as India's renewable energy
market accelerates. A few important events that have happened recently will provide further
momentum.

Reserve Bank of India
has relaxed its rules
allowing borrowers to
get up to $750m from

First, on 11 January 2016, the securities market regulator, the Securities and Exchanges Board of
India (SEBI) issued disclosure requirements for issuance and listing of green bonds. Some key
requirements are:


Incremental disclosures under the SEBI (Issue and Listing of Debt Securities) Regulations,
2008.



Requirement of independent third party reviewer/certifier/validator, for

overseas entities without
prior approval.

reviewing/certifying/validating the pre-issuance and post-issuance process including project
evaluation and selection criteria. However, this is kept optional.


Issuer to make disclosures including use of proceeds, list of projects to which green bond
proceeds have been allocated etc. in the annual report/periodical filings made to the Stock
Exchanges.

SEBI will also keep updating these norms. These requirements will help create standardised
processes within the country for the issues of bonds.
Second, in September 2015, the Reserve Bank of India issued a notification for issuance of rupeedenominated external commercial borrowings (including masala bonds). These allow eligible
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borrowers including InvITs to borrow upto $750m without seeking an approval for a period of at least
five years.
As Indian companies raise increased amount of bonds in the domestic and international markets,
these initiatives by government agencies are expected to help in the further growth of the green bond
market.
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SECTION 6.

Many commercial and
industrial consumers
purchase grid electricity
at rates comparable or
higher than the LCOE of
rooftop projects.

SMALL AND ROOFTOP SOLAR
India’s power distribution companies (discoms) handle more than 90% of total
electric supply business. Discoms charge a varying range of tariffs for different
categories of consumers, where the largest power consumers are generally billed
at the highest tariff levels. Still, high tariffs have not assured reliable power supply
to commercial and industrial (C&I) consumers and therefore these have been using
diesel generators or other captive power sources to meet the shortfall in power.
However, with progressive decline in costs of solar PV, rooftop solar has created
business opportunities in the C&I segment and has also started to grab the
attention of residential customers.
Most C&I consumers purchase electricity from discoms at prices that are close to, or higher than, the
LCOE of rooftop-scale solar projects (Figure 30). This creates an immediate economic benefit if all or
a part of the total electricity is sourced from solar projects.
Figure 30: Average tariffs for commercial, industrial and domestic consumers, and rooftop
solar LCOE ($/MWh)

180

Rooftop solar
LCOE range

160
140
120

100

Average
industrial tariffs

80
60
40

Average
commercial
tariffs

20
Andhra
Pradesh

Punjab

Tamil Nadu

Haryana

Karnataka

Rajasthan

Gujarat

Maharashtra

Uttar
Pradesh

Delhi

0

Average
residential tariffs

Source: Bloomberg New Energy Finance, Tariff orders. Note: Electricity tariffs shown are for FY2016, Rooftop
solar LCOE has been assessed via interviews.

Several electricity
buyers have reduced
supplies from discoms
by installing captive
renewable generation.

Several electricity consumers in the manufacturing, food, information technology and service
industries have started to partially opt out of buying electricity from the discom’s network by installing
solar power generation equipment within their premises, usually on unused rooftops.
To analyse the market with more detailed information, BNEF interviewed 26 solar PV developers, with
a cumulative capacity of 182MW installed by them in the past four financial years. As per our
interviews, rooftop PV is currently growing with an average annual CAGR of 182% over the past four
financial years (Figure 31).
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Residential users are not
sought as potential
rooftop candidates due
to high cost of realising
government subsidies.

Annual rooftop solar financing by the survey participants crossed $120m in FY2016, up from less than
$53m a year before (Figure 32). However, this is only a part of the market, and the overall installations
have been shown in Section 3.
These projects are generally financed through the equity of the rooftop owner, who also consumes the
power generated (meaning these projects are captive), but there are a few cases in which an investor
wishing to take the benefits of accelerated depreciation would finance the building of a project on the
rooftop of the power purchaser. In this scenario, the ownership of the equipment lies with the investor
(usually a renewable energy services company or a high net-worth individual), and it may be
transferred to the power purchaser after a certain time period.

Figure 31: Capacity installed since FY2013 (MW, n=26), by
year

Figure 32: Investments in rooftop PV ($m, n=26), by year
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Source: Interviews and Bloomberg New Energy Finance. Note: 26 companies were interviewed for this data. Debt and equity numbers were
obtained by assuming a debt to equity ratio of 70:30.

Government-owned firm Solar Energy Corporation of India (SECI) provides a capital subsidy of up to
30% (70% for special category states)5 of the project cost to educational institutions, hospitals and
residential consumers, but not to C&I investors. The rooftop consultancy and engineering,
procurement and construction, or EPC, providers in our survey do not encourage their customers to
apply for the government subsidy, since customers expect the service providers to spend the time and
effort to collect subsidies. More importantly, the lure of subsidies also delays the decision-making
process for the end-customers. Therefore the service providers try to bring out the merits of the
rooftop system on its own rather than through government support.

India’s target for small
solar capacity has
helped create rooftop
solar and net metering
policies in nearly all
states.

One knock-on effect of this is that due to high transaction costs to receive the subsidies, residential
users are not actively being sought as potential candidates for rooftop solar installations. Thus,
awareness becomes one of the key challenges in rapid uptake of rooftop systems.
The federal government’s target is to have 40GW of rooftop and small solar installations. A positive
side-effect of this ambitious target is that it has recently led to the development of rooftop solar and
net-metering policies in nearly all states in India. These policies are expected to create demand for

5
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rooftop solar projects, especially from educational institutions that can now sell surplus power to the
grid on holidays.

Enforcement of
renewable purchase

The power distribution networks in India are not built to handle large two-way flows of electricity, and
this significantly curtails the capacity of projects that could be built under the net metering policy. It is

obligations on obligated

also anticipated that at some point there will be a pushback on this policy from the discoms as they
lose more revenues from their highest paying consumers (the C&I segment). However, captive
rooftop projects will still be able to register high growth, as they do not depend on the government for
any subsidy or special support.

entities can create
demand for rooftop solar
projects.

State Electricity Regulatory Commissions (SERCs) in many states have declared FY2017 solar
renewable purchase obligation targets in the range of 0.2-2.5% of total electricity consumption for
obligated entities – which include discoms and large electricity buyers. If these RPOs are enforced
properly, they will help create a market for rooftop solar installations by commercial and industrial
consumers.

6.1.

BUSINESS MODELS
There are various business models in the rooftop PV category, depending upon the investor’s risk and
return preferences. We have broadly classified these into four categories.
Table 4: Business models
Name

Ownership of
roof

Ownership of
the solar PV

Consumption
of electricity

Provisions
for excess
electricity

Operation
and
maintenance

Captive

Consumer/gov
ernment

Consumer
/government

Onsite
consumer

Can be
injected into
grid

Consumer /
government /
developer

Standard
resco model

Consumer

Developer

Consumer

–

Developer

Resco –
rooftop leasing
model

Third party

Developer

Injected into
grid

Injected into
grid

Developer

Third-party
investment
model

Consumer

Third party
investor

Consumer

–

Developer

Source: Bloomberg New Energy Finance Note: Rescos are renewable energy supply companies.

CAPTIVE INVESTMENT
Under this model the solar rooftop facility is owned by the consumer. The operation and maintenance
can be done by the consumer or by the developer with minimum charges. This model can have either
of these two provisions for metering:


Gross metering: If the entire electricity generated by the solar PV is injected into the grid
then only one-way metering is required.



Net metering: only the excess electricity is injected into the grid and the rest is used by
the consumer. This requires a two-way meter system.

The captive model is suitable for those industrial and commercial players who have the ability to make
upfront investments in building rooftop capacity and are already paying high prices per unit of
electricity.
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RENEWABLE ENERGY SUPPLY COMPANY
Under this model, the project developer owns the solar rooftop facility and provides electricity to
consumers for a fixed tariff. There can be different combinations under this model depending on the
ownership of the roof:

Figure 33: Breakdown of
capacity under captive and
resco business models
(MW, n=26)



Standard resco model: Under this model, the developer implements the solar project on the
roof or within the premise of the consumer, owns the PV system and is also in charge of its
operation and maintenance. The power generated is sold to the consumer according to a
pre-determined power purchase agreement. This model is suitable for residential and those
commercial consumers who do not want to make a large upfront investment.

Total
resco
25%



Total 182MW
Total
captive
75%

Rooftop rental: Under this model the developer implements the solar project by entering into
a lease agreement with a roof owner. The project is entirely owned by the developer. The
power generated is fed into the grid and the roof owner gets a rent. This model is suitable for
residential consumers who are sceptical about solar technology and are not willing to shift
from conventional grid electricity. They can lend their roof and the discom can pay a feed-intariff per unit of electricity generation to the developer.

In FY2014-16, resco business models reached a cumulative capacity of 45.3MW (Figure 35) or about
a quarter of the total capacity observed in our interviews (Figure 33). Since resco capacity starts from
a negligible installed base, it has a higher CAGR than captive projects (Figure 35).

Source: Interviews and
Bloomberg New Energy Finance

Figure 34: Installed capacity under captive model only (MW,
n=21), by year
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The biggest risk that this model carries is the enforceability of PPAs. With the ever-declining costs of
solar PV equipment, the newer installations generally have a lower PPA tariff and this may entice
electricity buyers to break the existing PPA, in favour of a new ones. Another challenge is the ability of
companies to raise the necessary investment. Generally the project developers are small companies
with less than five years of existence and very few assets to offer as collateral to banks when they
apply for a loan.
To ease the concerns of financiers, it is important for policy-makers to ensure that net metering
policies are implemented and there is full utilisation of electricity generated, by having a guaranteed
power off-take.
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THIRD-PARTY INVESTMENT MODEL
This model is mostly used by corporates or high net-worth individuals who want to take the benefits of
accelerated depreciation in partnership with EPC companies. The project developer conducts EPC
and maintenance works and installs the system on the rooftops of the electricity buyer. In this model,
usually the developer finds both the investor and the consumer and acts as the common interface
between them. This model matches the best strengths of the investor, developer and consumer but is
expected to have limited scalability as it needs the coming together of three entities with different
interests.

6.2.

BARRIERS TO SCALE FOR ROOFTOP SOLAR IN INDIA
The interviewees often shared common challenges in up-scaling rooftop solar capacity in various
states. Some of the frequently occurring challenges and their possible remedies are mentioned in
Table 5.

Table 5: Challenges to growth of rooftop solar in India
Type of
challenge

Challenges

Solutions and potential remedies

Lack of
awareness

Retail electricity consumers are not well informed about
the potential benefits and installation process.
Transparent cost estimates for panels, battery, inverters
and civil and electrical works are not easily available.

Intermediate platforms where customers can connect with
developers to get their site assessed and obtain the best market
price.

Subsidy
payments

There are complaints about government subsidies not
being released on time. This is aggravated by the
presence of multiple government agencies and
departments.

Subsidies should automatically be released within a specific time
after achieving pre-agreed milestones.

Financing

India needs an estimated financing of $48bn to meet its
40GW rooftop solar target.

Reserve Bank of India has classified renewable energy loans of
up to INR150m ($2.2m) as one of the sectors in the priority
sector lending scheme. Banks in India are mandated to disburse
40% of their loans to priority sectors including rural activities and
agriculture.

Loans offered to rooftop solar companies generally have
a tenor of 10 years, which is insufficient. Banks also shy
away from projects that rely on PPAs of 25 years.
Fluctuating rupee value and the need for currency
hedging reduces any advantages of low-cost foreign
capital.

To help uptake of rooftop solar projects many International and
multilateral lenders have provided credit lines to Indian lending
institutions such as Ireda ($1bn), State Bank of India ($625m)
and Punjab National Bank ($500m).
Ireda has launched a loan scheme for rooftop aggregators where
they can get loans for portfolios of projects adding up to 1MW or
more. Ireda mentioned an interest rate of 10.05-10.9% for such
projects, which is lower than the rate charged for utility-scale
projects.
Although the commitments are increasing, disbursements are
still slow. Local bank officials in cities and districts across India
will need to be educated and provided with project assessment
techniques to scale up financing. MNRE and various
governmental agencies working with it can collaborate with the
larger banks to establish these processes.

Low
residential
tariffs

Many states subsidise retail supply tariffs for residential
consumers that reduce competitiveness of rooftop solar.

Residential users in metropolitan areas and tier 1 cities with high
electricity consumption (>500kWh/month) are sometimes
charged higher tariffs, which may be close to cost of solar
electricity.
Consumers with low electricity usage levels often have unreliable
supply and can use solar to increase reliability of electricity
supply.
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Type of
challenge

Challenges

Solutions and potential remedies

Sub-standard
solar
products

There are no methods available for standardising solar
products in India. Sales of spurious or low-quality
products lead to consumer disenchantment.

A national policy to set norms for testing, standardisation and
certification of renewable energy related products.

Support of
Discom

Captive solar PV projects reduce the volume of electricity
sales for the discoms. This worsens for the discoms
when the customers installing solar projects are industrial
and commercial consumers who often cross subsidise
residential and agricultural consumers.

Discoms will be allowed to claim REC for rooftop projects that
have no REC claimants. Rooftop solar projects can be allowed a
higher multiplier than utility-scale grid connected projects.

Renewable
purchase
obligations

Poor financial health of discoms has led to poor
enforcement of renewable purchase obligations.

Some states have passed on a part of renewable purchase
obligations to industrial and commercial entities. This could help
create demand for renewable projects from such entities.

Grid
curtailment

The grid connected rooftop projects cannot feed power
into the grid when there is an outage or curtailment.

Combined solar and storage could curtail loss of production due
to power outages.

Goods and
service tax

MNRE estimates cost increase due to GST to be in the
range of 12-16% for a GST of 20%.

MNRE is working to get tax exemptions for the renewable energy
industry in the goods and services tax regime.

Controlled pilots projects done in partnership with discoms to
study and address the technical and commercial impact of
distributed solar can go a long way to avoid future backlash from
them.

Source: Interviews and Bloomberg New Energy Finance

6.3.
Rooftop solar
developers can offer
products combined with
storage systems in the
future.

THE WAY AHEAD
The rooftop segment has emerged as a rapidly growing sub-segment in India’s clean energy sector.
Power is generated at the point of consumption, circumventing complicated land leases, grid
connections and transmission losses that often affect large projects.
Several Indian lenders have been capitalised by international and multilateral lenders to finance
rooftop solar projects, especially the ones owned by C&I consumers. Due to the greater availability of
funds with banks, well-defined policies, increasing awareness amongst consumers and pressure on
discoms to increase electricity rates, we expect the pace of rooftop installations to pick up significantly
in the coming years. Rooftop developers may also start to market combined solar and storage
systems that capitalise on the use of battery-based, back-up power that is already prevalent in
metropolitan areas and other big cities.
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SECTION 7.
Economics of solar
energy are already
advantageous compared
to kerosene lamps and
diesel generators.

OFF-GRID ELECTRIFICATION
Providing electricity to India’s 73m rural households that do not have reliable power
is crucial to unlock the country’s full economic potential. Clean energy, and solar in
particular, is likely to play a game-changing role. The economics of solar are
already advantageous compared to kerosene lamps and diesel generators and
allow consumers or entire villages to work and live independently of an often
irregular grid power supply. Scaling solar will require innovative business and
financing models just as much as new hardware.
Off-grid power is primarily supplied through two main technologies:


SEGs comprising of nano, micro or mini-grids are hamlet or village level micro-utilities
involving installation of a small power plant with distribution system, and billing customers
either by number of days or by kWh. The installed capacity can range from tens of watts (W)
to a few dozen kilowatts (kW) depending on the number of customers served and the
appliances powered.



Solar kits, namely portable solar lanterns and solar home systems. These are small or
even handheld devices combining a solar panel with a rechargeable battery and an LED
light. Combined with multiple lights, a phone charger and small appliances like a radio or a
fan, they can provide the most basic level of modern energy to an individual household or
small business such as a shop. By their nature, they are targeted directly at the individual
household and sold as a product, without any billing per kWh.

Solar kits are sold for

Solar kits have been more successful to date, measured both in terms of sold capacity as well as

cash and therefore carry
lower financial risk for

financing raised (Figure 36, Figure 37 and Figure 38, Figure 39). By the end of March 2016, we
counted almost 10MW of cumulative solar kit sales from just the 11 leading companies, compared
with 3MW of renewable mini-grids built in the past four financial years. Solar kits can be marketed
directly to an individual customer, and are often sold against cash. The financial risk is therefore more
manageable. Consumers are also free to decide to buy a solar lantern whenever they wish. Mini grids
need a critical mass of customers in any given village, making them more complex to finance.

the company.

Solar PV is rapidly emerging as the dominant renewable off-grid power generation source. It is
the only technology that is modular to be packaged into kits small and cheap enough to be affordable
by a typical off-grid household. Biomass power plants were until recently the main generation source
for SEGs. Solar module costs have however dropped by almost 30% since 2014. Because solar is
now not only cheap to manufacture, but can also be installed and scaled much more easily and does
not require a local fuel supply chain, most SEG developers now opt for solar as their main generation
source. SEGs are typically also complemented by diesel generators and batteries (lead acid, although
a shift towards lithium-ion is likely in the medium term).
Solar home systems and SEGs will both contribute to solving India’s electrification challenge.
Home-systems excel in places where consumers have no other option, where grid extensions are
inadequate and low population density or preventive policy frameworks prevent mini-grid operators
from offering services. Mini-grids, in particular those offering grid-like AC power, will be crucial to
enable not just basic residential consumption, but also more powerful small manufacturing and
commercial applications.
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Figure 36: Annual new households accessing SHS systems
(‘000, n=7)

Figure 37: Annual new households accessing SEGs (‘000,
n=11)
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Source: Interviews and Bloomberg New Energy Finance Note: 11
companies were interviewed for this data.

Figure 38: Corporate finance for SHS and small solar kits
($m, n=11)

Figure 39: Corporate finance for SEGs ($m, n=11)
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Data survey: how we calculated market size
Off-grid energy is usually lightly regulated and sold by private companies, creating a very
opaque market. BNEF surveyed a total of 22 companies active in the off-grid energy segment
in India over the course of April to July 2016. The data collected there forms the core of the
data presented in this report. We estimate that there are close to 30 mini-grid companies and
around 70 noticeable companies selling SHS and lanterns in India.
The companies that participated in our survey are leading players in their respective fields and
likely to be indicative of wider industry trends.
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7.1.

Success in operation of
off-grid renewable
companies depends
upon local presence and
ease of doing business.

REGIONAL DIFFERENCES IN OFF-GRID ENERGY UPTAKE
Unsurprisingly, off-grid energy has found the most up-take in states where the majority of India’s offgrid population lives. Uttar Pradesh, which hosts more than 34% of India’s total off-grid households,
leads the pack with a total installed capacity of 3.4MW (see Figure 40). But off-grid companies have
also done well in Karnataka where almost 87% of rural households use electricity as their primary
energy source6. This might reflect the the unreliable electricity supply situation existing in Karnataka.
Bihar, which has the lowest electrification rate of all Indian states, has been far less successful in
attracting off-grid energy investments to date, with almost no private-sector-driven sales of solar home
systems and just 400kW of renewable mini grids installed. The local know-how and ease of doing
business also determines the success of operations in a state.
Figure 40: Installed off-grid capacity as of 31 March 2016, compared to 1 April 2012 (kW)
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7.2.

SMALL ENERGY GRIDS
For simplicity, we have divided SEGs into three groups:
 Nano-grids are about as powerful as large solar home systems, but serve a handful of households
with basic energy. Output is usually restricted to certain hours and to maximum usage, typically
sufficient for lighting and mobile phone charging. These grids have low capital cost and faster
paybacks. They generally include two to four solar panels, two batteries, a battery cabinet, a
charge controller, a current control device, lights, and phone chargers. Engineers can install a
nano system in just one day due to the simplicity of design.
 Micro-grids can power a larger array of appliances for a larger part of the day. These systems are
typically within the 1-10kW range and can power a few dozen households.
 3-phase AC mini-grids are powerful enough to provide for full residential or even commercial load
24/7, for one or several villages. Such systems can serve several hundred households plus small
industrial assets such as water pumps, flour mills and telecom towers. The largest mini-grid in our
survey had a 30kW solar component. Due to the high loads, billing is usually metered per unit.

6
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Renewable grids can
provide power for basic
lighting and small
commercial activities.

Table 6: Classification of mini grids
Specifications

100W to 1kW

1kW to 10kW

10kW and above

Application (per
household)

2 to 4 LEDs and mobile
charging

Multiple LEDs, mobile
charging, TV, fan

Various types of
households and
commercial loads

Time of application

Few hours a day

For some part (if on full
load) or entire duration
of the day

Throughout the day

Business model

Customer oriented

Small business or
customer oriented

Mainly business
oriented with anchor
clients

Payment mechanism

Post-paid fixed
payment (weekly or
monthly)

Pre-paid fixed
deduction or Post-paid
metered billing

Post-paid metered
billing

Type of power

AC or DC

Only AC

Only AC

Examples

Mera Gao Power

Nature Tech Infra ,
Gram Oorja, Boond

OMC Power, Husk
Power

Source: Interviews and Bloomberg New Energy Finance

The majority of renewable energy capacity has been installed in mini-grids of more than 10kW as they
offer better commercial opportunities than smaller grids, which primarily cater to household lighting
(Figure 41).
Figure 41: Percentage share of various grid sizes based on new annual installations
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Source: Interviews and Bloomberg New Energy Finance Note: 11 companies were interviewed for this data.

INSTALLED CAPACITY
SEGs installations more than trebled in FY2016. Our survey of off-grid market participants found
that 11 mini-grid companies built 1.4MW of renewable mini-grids in 2016, up from 400kW a year prior.
However, the trends are driven by the success of very few players, as several firms reported declining
installations.
Solar PV is rapidly becoming the main generation technology in mini-grids. Alternative
renewable power technologies such as biomass and small hydro had played a larger role a few years
ago (Figure 42). Now, they are often not competitive with PV anymore. They are also a lot harder to
incorporate into a scalable business model.
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Figure 42: Renewable power technologies used in SEGs
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Mini-grid developers plan to build hundreds or thousands of sites. They need a technology that can
reliably be installed in hundreds of sites with minimal location-specific adjustments, be remotely
monitored and cuts operational and maintenance expenditure. Solar scores better on the key criteria
of operations and maintenance (see Table 7). Biomass may still play a role in combination with PV
when used as an alternative to diesel, enabling a mini-grid to be run almost entirely on renewables.
Small wind turbines are more suitable for places at higher altitude and hilly regions.
Table 7: Solar and biomass grids: comparison of risks (pro/con/neutral)

Physics

Opex and
reinvestment

Type of risks

Solar

Biomass

Intermittency

Solar plants cannot operate at night.
Therefore they are usually accompanied by
a storage system to ensure evening time
supply

Power can be generated 24*7 as plant operator has
greater control over fuel

Weather

India is sunny for almost eight months. In
the remaining four months when there is
monsoon, solar power generation falls
considerably

Biomass plants are not dependent on weather. In
fact a good rainy season can increase farm output
and availability of biomass

Modularity

Solar panels are readily available and can
be easily added

Biomass generators need to be tailored and can
only be installed in larger increments

Technology

Lead acid batteries have significant
technical challenges such as efficiency
reductions in high ambient temperatures

The gasifier is easily corrupted because of moisture
in the biomass. Moisture clogs the system and
maintenance cost thus becomes high.

Labour

Solar panel maintenance is simple

Sourcing biomass can be costly and requires high
manpower

Battery

Batteries need regular maintenance and
need to be housed in a separate shed.
There is investment cost after every five
years due to battery degradation.

There is no requirement for a battery in biomass
plants

Fuel and
maintenance

Solar power is abundant and available for
free. There is no risk of raw material
shortage.

Raw material procurement is a recurring cost.
Biomass availability is a big issue and many mini
grids were shut down due to erratic supply of the
biomass

Source: Bloomberg New Energy Finance
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THE EMERGING SEG BUSINESS MODELS
Distributed grid
companies are still
evolving their business
models and offerings.

There is no blue-print business model for a SEG operator yet. Even the most advanced
companies are still amending their offerings and projects, trying out new services and improving their
technology and taking on projects as and when they find them feasible.
However, the build-operate-and-maintain business model is emerging as the most popular way
to roll out commercially viable SEGs. In this model, the operator maintains long-term ownership of
the asset. It therefore ties the developers’ long-term interests to the local community, as they only
make a profit when the system remains functional and customers continue to pay. This is the most
important difference of this model from the build-only model, which has also proven popular with other
for-profit companies such as Minda NexGenTech or Grid India. Selling a constructed asset to a third
party or the local community prevents the operator from developing best practices and economies of
scale in the operation and maintenance of the grid. This can lead to higher costs and worse
performance after the mini-grid is built (see Figure 43).
Figure 43: Value chain : mini-grid companies

Engineering,
procurement and
construction

Operation and
maintenance

Mini grid ownership

Source: Bloomberg New Energy Finance

Business models that lead to full or partial community ownership have typically been supported by
not-for-profits.
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Nano-grids generally use
a post-paid fixed billing
system, whereas for
mini-grids the billing is
done on a metered basis.

Remote monitoring mechanisms are crucial to keep costs in check. Successful mini-grid
operators are running dozens, and plan to run thousands, of assets distributed across a state. An
immediate overview of asset and portfolio health is crucial not just to maintain the promised service
levels, but also to assure debt investors that cash flows will live up to the original expectations.
Several companies have therefore developed proprietary low-cost monitoring devices that will be able
to share performance data from remote micro grids for online access anywhere in the world. Similar
offerings are also available from specialised providers catering to the global market.
Payment terms are not a major differentiator between companies, as long as collection
happens in digital form. Nano-grids generally use post-paid fixed billing systems (fixed charges for a
week), as installing meters is costly given the small regular payments. For AC mini-grids, billing is
usually metered, since consumption can differ significantly between consumers. OMC is the most
prominent company billing customers after consumption. Others, such as Husk Power Systems and
Boond use pre-paid meters where customers pay a small fee for the connection and then they buy
credits or recharges by weekly or monthly basis. The meter automatically disconnects power when
the credits are used.

SEG FINANCING
Financing for SEGs has been meagre and taps into whatever source it can. As per our survey,
the 11 leading mini-grid companies raised a mere $16m in equity and $6.26m of debt finance since
the beginning of FY2013. The limited access to capital is significantly constraining the sector’s ability
to grow. Different types of investment have come into the mini-grid sector, such as debt from banks,
venture capital and equity finance, as well as occasional funds from corporate social responsibility
mandates and crowdfunding. The long tenures required for mini-grid financing, bundled with the risk
of seeing assets stranded by grid extensions, represent another high hurdle.

WHAT HAPPENS WHEN THE GRID ARRIVES?
Mini-grids require a long-term investment. The financiers recoup the investment by charging tariffs
that are significantly above those charged by the national grid. This arrangement can work as long as
the mini-grid can offer the cheapest and/or most reliable power. A successful grid extension that
provides 24/7 electricity can quickly make the mini-grid uncompetitive and risks leaving investors
unable to recoup their investment. This risk is among the chief reasons stopping investors from
backing mini-grids.
Addressing the potential of grid arrival requires changes to the regulatory framework. Rules
that determine potential compensation or exit options for mini-grid investors following a grid extension
are one way to address the financial uncertainty. Carving out small concession areas in which a minigrid operator can establish a local monopoly with regulated tariffs, not unlike the distribution
monopolies on the national grid, is another option.

Building renewable grids

Long-term viability of SEGs will also require technical changes. Building mini-grids to the same

with the same standards

standards as the national grid will make eventual integration a lot easier. This will both improve
service levels prior to grid-arrival and ensure that installed equipment can be used to plug directly into
the grid once it arrives. This is only possible with AC grids. Smaller DC grids are far more likely to
become redundant in this scenario – unless the quality of service derived from the national grid is so
poor that off-grid services remain desirable.

as the discom network
will make the eventual
integration a lot easier.
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Table 8: Major differences between AC and DC grids
Major points of
differences

AC grids

DC grids

Size of the grid

Generally it is a bulky system

It is less bulky than the AC grids

Compatibility with national
grid

Compatible with national grid
provided there is standardisation of
components

Not compatible

Village development

Can provide on-demand plug-in
service for any standard
appliances, including industrial
uses

Tend to cater only for a few
residences with basic services (lights,
phone charging).

Added Infrastructure

Inverters are essential for AC grids

Only basic components are required

Distribution network

It can supply power over long
distances

Can only supply power over shorter
distances

Source: Bloomberg New Energy Finance

Table 9: Profiles of selected mini-grid companies

OMC Power was founded in 2011 and has been operating in Uttar Pradesh. The company builds, owns,
operates and maintains solar powered decentralised grids with average installed capacity of around 30kW per
grid. The company had installed 60 solar powered projects by FY2016.
The company supplies power to rural telecom towers which serves as anchor clients. These towers need almost
100% serviceability; hence OMC uses a hybrid of solar PV with battery and diesel powered gensets to provide
round the clock power. On a clear day, around 80% electricity is provided by solar PV systems. This can come
down to 10% or less on rainy days.
Currently OMC Power uses lead acid batteries which come with a five-year performance guarantee. Future
projects can use lithium-ion batteries, but higher capital expenditure (compared to lead acid batteries) remains
the main bottleneck.
Mera Gao Power provides electricity with the help of solar technology sufficient to power two to four LED lights
and charge mobile phones. MGP installs grids smaller than 600W that caters to the basic electricity needs of a
hamlet with at most 20 households. MGP provides DC power which permits the use of cheaper aluminium wiring
rather than copper wiring. MGP generally collects fixed weekly payments of INR 30 (less than 45 cents) per
household and with these small payments they claim to recover their investments in each micro grid system
within 18 months. MGP installs circuit breakers to control overloading. When a customer connects a fan, the
system turns it off and does not resume till the time the fan is removed.

Gram Oorja focuses on developing renewable energy for rural and small-scale applications. The company has
devised a business model that involves communities at the grass-roots level. The plants are owned by trusts and
managed by the local people. Each household has to pay a onetime connection charge of INR 1,000 ($15),
besides a monthly fee of INR 130 ($1.94) for two lamps of 4W and one lamp of 2W. The local village trust also
tackles issues related to non-payment.

Mlinda Foundation operating out of Sunderban area in West Bengal and in Jharkhand operates without equity,
on pay-as-you-go model with a focus on social inclusion. The company promotes use of productive appliances to
augment daily earnings of the villagers. The company has community link workers that operate under field
officers. These community link workers collect the payment, which is used for operation and maintenance.

Decentralised Energy Systems (DESI Power) is running its EmPower model, where power plants, energy
services, local enterprises and farmers work closely together to make each other profitable. Hence investment
decisions are based not only on financial returns but also on the number of jobs created, and on the
improvement to health and emissions reduction.
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Husk Power started as a biomass-based mini grid developer and has installed more than 3MW of mini grid
assets. At present the company is developing hybrid PV-biomass mini grids in the states of Bihar and Uttar
Pradesh. These hybrid systems are usually of 50kW, equally divided between solar and biomass. The biomass
runs between 5pm and midnight. The system also has a battery back-up of 1-2 hours. Almost 350 customers are
getting electricity through each mini-grid besides powering commercial loads such as restaurant refrigerators,
flour mills and welding machines. Husk Power incentivises commercial use during day time by offering rebates
up to 25% on per unit cost of power. The plant load factor of the hybrid plant generally hovers around 80%. The
company employs 3-4 people at every site as maintenance staff from the village itself.
In some cases, the company has been able to compete with the national grid. In fact most of their hybrid minigrids are at places where there are federal grids. It is possible because they provide 24 hours of reliable
electricity that meet quality of supply standards. Due to this uninterrupted supply, small businesses are saving on
their power cost as they are not using diesel generators.
Source: Bloomberg New Energy Finance, company websites and conversations

WHAT’S NEXT FOR SEGS?
SEGs have so far seen less uptake than solar home systems, but it is far too early to dismiss the
Figure 44: Commercial
electricity consumption
after Husk Power Systems
switched to 3-phase AC
power, 2016 (kWh)
857
113%
growth
559

technology. Solar kits can provide access to energy almost on demand, making the customer
completely independent from the decisions of others.
Installing SEGs requires more complex, coordinated action. Several factors need to be aligned.
There needs to be enough demand and ability to pay in a village. Houses need to be close enough
together to keep the distribution grid economic. A willing developer needs to convince a bank that the
asset will provide long-term returns. The bank requires a regulatory framework that ensures the
electricity tariff that can be charged, as well as a guarantee that either the grid will not be extended to
compete with the micro-grid asset, or the developer will be compensated, if it ever is. Therefore clear
transparent and long-term policies are needed to boost the confidence of financiers.

402

All of this makes SEGs more complex to build. But there are indications that solving these
complexities promises rapid economic growth. Anecdotal evidence shows that where grid-like power
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Source: Husk Power Systems

Once people start
getting reliable power,
they often find
innovative ways to put it
to more productive use.

Grants and prize money
are a useful source of
non-dilutive equity
financing.
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is reaching, people often find innovative ways to put it to productive use. Husk Power Systems claims
it has seen a 113% increase in commercial load within two months after upgrading an existing asset
to provide grid-quality power. The increase is most likely driven by small businesses that find it
profitable to add new appliances to serve their own customers (Figure 44).
Instead of SEG companies living under the threat of the grid being extended to the un-electrified
areas and making the business uncompetitive, the discoms and the SEG providers can work together
to electrify remote areas. Power distribution companies can allocate certain rural areas that could be
electrified by SEG companies under a franchisee model. SEG operators would need to follow certain
standards to meet the discom’s technical and service parameters in exchange for permission to
manage the local operations (generation and distribution) in that area under the patronage of the
discoms.
It is expected that use of technology, especially mobile banking and payments, will increase in future.
Therefore it is necessary to partner with telecom companies to power the communication towers with
renewable energy. This has a two-fold benefit. Firstly the presence of a telecom tower improves
mobile penetration and helps in mobile banking. Secondly, the mobile towers act as anchor customer
for renewable energy companies.
Availability of early-stage financing is crucial for the success of the SEG business model. Grants,
prizes and competition money can be useful sources of equity without diluting the ownership of the
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company. More of such financing could increase the number of players willing to take risks in this
sector, and this would improve the rural penetration, awareness and acceptance of SEGs as a viable
alternative to grid power.

7.3.

SOLAR HOME SYSTEMS AND PORTABLE LANTERNS
Solar kits can provide all basic residential energy needs for off-grid customers. Solar lanterns

An estimated 90,000
solar home systems and
at least 5m lamps were
sold in FY2013-16.

and home systems range from handheld single lights with a 0.5W solar panel all the way to systems
with several hundred Watts capable of lighting multiple rooms, charging phones, and powering radios
and even TVs, fans and fridges. The cheapest items can retail for under $5 per unit, providing an
alternative to simple candles or kerosene lights. They can therefore address most off-grid customers.
More advanced solar home systems can cater for customers ‘stepping up’ the energy consumption
ladder towards more powerful appliances, or even provide a back-up for unreliable grid connections.
Solar lanterns have proven the most popular in the market, largely due to their low cost. We estimate
that more than 90,000 SHS have been installed and more than 5m lanterns have been distributed in
the past four financial years, just from our survey.

GOVERNMENT SUPPORT AND NGO-DRIVEN SALES
The National Bank for Agriculture and Rural Development (Nabard) has run a lighting programme
under the Jawahar Lal Nehru National Solar Mission (JNNSM) since November 2010. The subsidy
was discontinued on 31 March 2015, but has been launched again with effect from 29 February
20167. Nabard provides a subsidy of INR 160/Wp ($2.4/Wp) for systems up to 40Wp and INR 100/Wp
($1.5/Wp) for systems of 40Wp to 300Wp. Systems above 300Wp are not eligible for subsidy. The
subsidy is only provided to a pre-determined list of eligible companies.8
Million solar urja lamp programme9
The objective of the programme is to provide lamps for studying to a million unserved or underserved students. Besides this, the programme aims to overcome the following problems :
 Reducing the cost of overheads by assembling the lamps in rural areas itself
 Ensuring after-sales service by training rural people
 Establishing a rural network for selling the lamps
This has been achieved by engaging local people and training them for assembly, distribution
and repair of lamps.
The Indian Institute of Technology Bombay is the central coordinating agency and the
institution has partnered with several NGOs. Generally, assembly cum distribution centres are
operated from within the NGO premises.
A 1W solar panel lamp, costing around $9 is distributed and to date almost 0.8m lamps have
been distributed.
The student has to pay around $1.80 as a onetime payment. The total cost of the lamp is
recovered with the support from philanthropic organisations and the national clean energy fund
(NCEF) established by MNRE.
7
8
9
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BUSINESS-DRIVEN DISTRIBUTION MODELS
It is important to
encourage for-profit
companies to enter the
SHS and lantern
business to scale up
activities.

Government and NGO-driven efforts have not been able to reach all potential customers.
Inadequate after-sales service often meant that systems did not live up to expectations. Delays in the
approval of loans, subsidy applications and system installation have also left potential customers
unserved.
The gap has been filled by for-profit and social enterprises selling off-grid solar kits on a commercial
basis. Developing customer trust is of utmost importance in this business because growth often
depends upon word-of-mouth marketing.
Locally assembled products have historically dominated the market. Most SHS companies in
India procure products from component manufacturers, do the assembly and try to distribute them by
developing networks in the villages. Companies focus on retail and, to successfully do so, they invest
in product customisation and developing customer relationships.
However, there is another category of solar lantern companies that are designing and manufacturing
their own products to have better flexibility to meet customer requirements (Figure 45).

Figure 45: Value chain of SHS and lantern providers (sample)
Product
designers

Manufacturers

Assemblers

Distributors

Retailers

Source: Interviews and Bloomberg New Energy Finance, Note: For few companies we reached out to, we were not able to get their logos.
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Retail distribution is the hardest part of selling solar kits. Off-grid households are mostly in the

Companies establish
dedicated sales
networks or make use of
existing retail channels

remote areas. Hence an effective distribution and retail network is required. Some companies create
their proprietary sales networks while others leverage existing channels (Table 10). Many players
have partnered with micro-finance institutions to distribute lanterns and SHS, often bundled with a
loan. Since they know customers well and are aware of their repayment habits, they can target those
that can make a onetime payment and have a good track record.
Table 10: Sales channels

to sell their products in

Sales channel

Name of the company

rural areas.

Sales through authorised distributor

Barefoot Power, Panasonic

Sales through local agents

SELCO, Simpa, Onergy

Sales via micro finance institution network

Greenlight Planet, d.light

Source: Interviews and Bloomberg New Energy Finance

PAY-AS-YOU-GO SOLAR AND CONSUMER FINANCING
More recently, some solar home system companies have vertically extended their operations and
engaged more directly with micro-finance institutions themselves. By combining a solar home system
with a mobile phone connection, they allow customers to make small payments. If a customer falls
behind, the solar home system is automatically disabled until the balance is settled. This model has
become popular in East Africa, but is used in India by Simpa Networks. Because those firms refinance
the consumer loans themselves, the business model is very capital-intensive. However, it does also
generate potentially valuable data on customer payment patterns, which can later be used to provide
loans for other consumer goods, using the solar home system as collateral. This business model has
attracted the majority of venture and impact-backed financing in off-grid solar companies in Africa. It is
so far gaining less traction in India, where lower mobile money penetration and a more advanced and
cash-based micro-finance system reduce the potential upside of the system.
Figure 46: SIMPA advanced metering system
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Customer pays the down
payment

SIMPA installs the SHS and
assures after sales service

Customer buys energy credits
from the local shop or from the
sales agent .

Customer sends the coupon
code to SIMPA via mobile phone.

SIMPA sends the meter
unlocking code to the customer

The system stays unlocked as
long as the energy credits allow.
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Source: SIMPA and Bloomberg New Energy Finance

BARRIERS TO SCALE FOR SOLAR HOME SYSTEMS
The solar lantern and home system market is generally considered very light on regulation, as kits are
primarily sold as products over the counter, more like consumer electronics than energy. Most
companies seek to maintain that independence, but say they face challenging conditions on the
following fronts:

Consumers are often
unaware of quality
differences amongst
solar products, and no
brand is recognised on a
pan-India basis yet.

Quality standards and truth in advertising: consumers are often unaware of quality differences
among products, and no brand has yet become widely enough recognised that consumers can turn to
it. As a result, products compete on price and some low-quality products break so fast that they may
deter consumers from the category as a whole. Enhancing international efforts at quality verification,
such as IFC’s Lighting Global programme can improve consumer recognition.
Access to debt finance: most solar kit companies require debt capital to maintain inventories and
finance supply chains. As a small and unproven sector, they are often considered too risky by banks
and investors. At the same time, many companies have voiced scepticism over government product
subsidies that are paid late or infrequently. These funds could be converted towards debt facilities that
let companies compete on a level playing field while accelerating access to regular corporate loans.
Import duties are currently levied on all electronic items in India. It has been argued that products
targeting the lowest-income segments should be exempted from such duties, as is the case in several
African markets.

Table 11: Profiles of selected solar kit companies

Greenlight Planet designs, manufactures and assembles solar lanterns, selling them under the Sun King brand.
Their products are portable and can even float on water. The customers can hang it from the wall or ceiling, can
use them as torches while walking or can be used as a desk lamp while studying. The company uses three sales
channels.
 Direct to villages: Greenlight hires sales agents in rural areas. These sales agents build their own sales channel
by hiring micro entrepreneurs in villages
 Micro finance institutes: Greenlight Planet has formed channel partnerships with micro finance institutions (MFI),
which also give loans to the villagers.
 Pay as you go: under this, monthly recharges are done by the customers and corresponding credits are
transferred to their electrification system. Once the credits are used the system stops working until a fresh
recharge is done.
Selco is one of the largest companies providing solar home lighting devices greater than 10W. It has been active
in Karnataka since 1995 and has developed deep rural networks. It is one of the earliest players in the solar
home system space and has sold over 240,000 systems in the last 21 years. Selco’s main role has been to
provide end user financing with the help of banks. Selco helps villagers to get loans from the banks directly. After
getting onetime full payment, Selco installs the solar home system. Customers now have to pay regular monthly
instalments to the banks.
When making purchases customers pay 15% from their pocket and take the remaining amount as loan to be
paid back in monthly instalments. Hence bank loans are generally less than INR 25,000 ($382).
Simpa is a for-profit organisation that provides solar home systems to rural households having either no
electricity or less than 12 hours of electricity. Over the years Simpa has attracted almost $20m equity
investments. Simpa has introduced the pay-as-you-go business model for solar home systems to India.
Since mobile banking has still not started in India, Simpa issues coupons that the user buys from various shops
in their area. The coupon has a code that needs to be sent to Simpa via a SMS.
The coupons are sold via village level entrepreneurs, who are also responsible for promoting and selling the
home systems. The company keeps separate staff for-after sales service who are responsible for cleaning
panels, repairing the worn-out wires and also check for any obstruction such as the growth of trees that could
shade the panels. Therefore, servicing not only includes cleaning of panels every six months but also includes
resolving customer complaints related to product or performance.

© Bloomberg Finance L.P.2016

No portion of this document may be reproduced, scanned into an electronic system, distributed, publicly
displayed or used as the basis of derivative works without the prior written consent of Bloomberg Finance
L.P. For more information on terms of use, please contact sales.bnef@bloomberg.net. Copyright and
Disclaimer notice on page 53 applies throughout.

Page 43 of 50

FINANCING INDIA'S CLEAN ENERGY TRANSITION
1 NOVEMBER 2016

Customers are also given the option to buy out the equipment any time before the end of the 28-month contract
period. At the end of the contract period the ownership is transferred to the customer.
Vayam is the wholesale partner for Panasonic’s solar lanterns in India, selling solar lanterns of 8W, 1.5W and
1.25W. The firm is part of Basix, which is a group of companies engaged in livelihood promotion since 1996.
Through this relationship, Vayam has access to existing distribution network of Basix and two financial services
companies targeted at under-served areas.
Source: Interviews and Bloomberg New Energy Finance

THE WAY FORWARD
SHS and lanterns are
often the first step on the
energy ladder for many

Across several parts of un-electrified India, solar home systems and lanterns are providing lighting
and other small electrical uses for the first time. Thus these will continue to play an important part in

people and will continue
to play an important role

providing basic electricity needs. Government and NGOs have been pivotal in providing electricity
access but they have not been able to reach all potential customers and often their participation halts
after a few years, which may lead to poor customer support. Therefore it is necessary to encourage
for-profit companies to eKonter the SHS and lantern business to scale up activities in this business.

in meeting basic
electricity needs.

The on and off nature of government subsidies and electrification programmes does not bode well for
the off-grid sector as they create market uncertainties for product manufacturers and sellers.
Retail distribution and last mile connectivity are amongst the biggest challenges in the SHS and
lantern business. Most companies sell their products through dedicated sales channels or through
intermediaries. There could be a lesson for these companies from the e-commerce giants in the
country through consolidation of the distribution chain. Connect India is an independent company that
provides product shipments and micro logistics services to e-commerce companies such as Amazon.
If the solar lantern and SHS manufacturers are able to overcome the challenges of faulty deliveries
and product returns through dedicated logistics providers, then it can improve their reach within rural
India.
One of the biggest challenges for SHS and lantern companies is getting access to debt without any
collateral. Till the time this sector gains traction with commercial lenders, the donors to off-grid
companies can help create a fund to minimise collateral requirements. This partial risk guarantee fund
can help off-grid organisations achieve faster growth with better availability of financing.

7.4.

Off-grid solar companies
are usually not able to
access commercial
financing because they
are unproven companies
operating in an unproven
market with little or no
collateral.
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FINANCIAL INNOVATION TO ACCELERATE OFF-GRID
INVESTMENTS IN INDIA
Renewables, and solar in particular, require a lot of upfront capital and little operating costs. For solar
home systems and certainly for mini-grids, the largely self-financed success seen in the rooftop solar
segment will not be replicated because they mainly cater for poor, cash-constrained consumers.
Financing, and in particular debt for consumer or mini-grid loans, is therefore a crucial challenge to
scaling the off-grid business models.
Off-grid solar companies are usually not able to access commercial financing because they are
unproven players operating in an unproven market. Overcoming the first hurdle will likely require
purpose-made financial vehicles that can build the business models, operational skills and teams to
run off-grid companies. Allowing them to raise debt financing to serve a usually unbanked consumer
segment will require new financial products and infrastructure.
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Companies in India have so far turned to a number of sources and structures to establish their
businesses, with varying success.
•

Start-up competitions, challenges and prizes are useful tools to help companies in very early
stages looking for non-dilutive capital to develop their product and business model. Indian off-grid
companies that have benefited from such prize money include Orb Energy, Mera Gao Power and
Frontier Markets.

•

Government development grants aim to provide a similar function as prize money, but can be
more targeted and handed out for future projects rather than reward past achievements. One of
the examples for this category is the PACEsetter fund, an $8m facility shared by the governments
of India and the US and exclusively focused on clean energy access. Another example is the USIndia Clean Energy Finance (USICEF) initiative which will make available $20m in project
preparation support for companies under consideration by OPIC. The initiative is funded by US
foundations (including The David and Lucile Packard Foundation, which commissioned this study)
and the Indian government.

•

Crowdfunding aims to raise money by skipping the financial system and going straight to a large
pool of individuals instead. The method has been applied over websites such as kiva.org, a
development-focused crowdsourcing site that directly finances consumers. Several off-grid
companies such as WakaWaka or Buffalo Grid have also used other crowdfunding sites to launch
products. MyMosambi is another start-up that is focusing exclusively on tapping the Indian
diaspora to finance off-grid solar. The amounts raised on crowdfunding are, however, typically
small or very small, while the competition for the attention of retail investors boosts transaction
costs. We consider it unlikely to be deep enough to finance a meaningful roll-out of off-grid solar
products.

•

Local bank financing has been pioneered by companies like Orb Energy and Selco, which have
developed close partnerships with local banks that understand the risks in extending consumer
loans tied to solar home systems. The success in working with such banks is one of the reasons
why the pay-as-you-go solar model has seen less uptake in India than in East Africa.

•

Development finance loans can play an important role in providing debt capital to off-grid
companies proving their business model in a particular market. For instance, in December 2015
Simpa Networks arranged a $6m loan administered by the Asian Development Bank aimed at
rolling out its solar home systems to 75,000 households, mainly in Uttar Pradesh. The firm
previously also received commercial debt from OPIC and GDF Suez.

Consumer payment data
is important to
communicate that
distributed solar in India

To achieve scale and provide the 46m households currently living without reliable power supply in
India, commercial finance will have to be tapped. Among the most important remaining challenges to
do so are:
•

Foreign exchange risk occurs when foreign currency is lent in India. Any depreciation of the
Indian rupee will directly increase the cost of repayment for debtors, and therefore make the loan
riskier. Any financing provided by foreign funders into Indian off-grid solar companies that remain
unhedged simply transfers the currency risk to the local company. These are often reluctant to
take on the risk.

can deliver returns for
investors and lenders.

•

Tapping corporate social responsibility funds can unlock another source of financing for the
off-grid sector. Several corporates have internal targets or government mandates to make some
spending on CSR initiatives that can include energy access issues. The funds from these

© Bloomberg Finance L.P.2016

No portion of this document may be reproduced, scanned into an electronic system, distributed, publicly
displayed or used as the basis of derivative works without the prior written consent of Bloomberg Finance
L.P. For more information on terms of use, please contact sales.bnef@bloomberg.net. Copyright and
Disclaimer notice on page 53 applies throughout.

Page 45 of 50

FINANCING INDIA'S CLEAN ENERGY TRANSITION
1 NOVEMBER 2016

corporates can be used to subsidise the cost of rural electrification initiatives and provide earlystage risk capital to invite more companies.
•

Consumer payment data and standardised portfolio metrics are important to communicate
that distributed solar in India can deliver returns and to communicate portfolio health on a
continuous basis. Some of the regional banks working with companies like Orb Energy and Selco
in India already have experience in assessing solar-backed consumer receivables. Harmonised
performance indicators are currently under development, under leadership from the World Bank10.

•

Asset structuring, in particular special-purpose vehicles that offload outstanding consumer loans
from the corporate balance sheet are likely to play an important role in expanding the reach of
consumer-financing or bundled mini-grid investments. Such structures are also directly suited to
mix commercial financing with donor-led first-loss tranches for risk mitigation.

10 http://www.financeforresilience.com/priority/developing-harmonized-metrics-for-paygo-solar/
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SECTION 8.

APPENDIX- A

Table 12: Sample models of solar lanterns and home systems
Name of company and
product
Specifications
Solar panel

Equipment

Run time

d.Light S20

Integrated solar panel

LED solar lamp

4-8 hours of light per full
charge

d.Light S100

Solar panel allows direct
charging of phones during
day

Spotlight LED and mobile
charging

4-8 hours of light per full
charge

Sunking PICO

Integrated solar panel

Power LED

72 hours of light

Barefoot Power Connect
2000

20W

2 tube lights, 2 pendant
lights with optional fans,
phone charging and radio

6 hours (fan and lights)

Onergy Griha ON Shakti
Series Home System

20W and above

LED & CFL lights, solar
LED TV, fan, mobile
charging facility , solar
home invertor systems for
AC loads

4 hours bright CFL/LED
room light

SELCO

10W to 60W

LED & CFL lights, mobile
charging, fan with charge
regulator

5 hours
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Name of company and
product
Specifications
SIMPA

40W to 100W

LED & CFL lights along
with mobile charging

5 hours

Source: Bloomberg New Energy Finance
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SECTION 9.

APPENDIX- B
We would like to thank the following organizations for their support during the research phase of this
report.
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Barefoot Power

Godrej Solar

Mahindra Susten

Simpa Energy

Boond Engineering &
Development

Gram Vikas

Mera Gao Power

Staten Solar

Bosch Solar Services

GramOorja

Mlinda

Su-Kam solar

BuffaloGrid

Granzor Engineerings

Naturetech Infra

SunAlpha Energy

CleanMax Solar

Greenlight Planet

OMC Power

SunCraft Energy

D.E.S.I. Power

GreenSol Renewable
Power

Omnivoltaic Energy
Solutions

Sunkalp Energy

d.light

Hero Future Energies

Onergy

Vayam Renewable
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