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At the 2015 Paris Climate Change Conference of  the Parties, 

India’s climate policy has emerged as a top concern, because its 

greenhouse gas emissions are projected to rise far into the future 

and could overtake those of  the United States and China by mid-

century.  Under Prime Minister Modi, India plans to produce more 

power from coal, from both domestic and imported sources, greatly expanding its largest 

source of  carbon emissions. At the same time, the Prime Minister has committed India 

to dramatically increase its deployment of  solar power to 100 gigawatts (GW) by 2022, 

equal to more than half  of  all solar capacity installed world-wide as of  2014.1 And at 

the Paris Conference, the Prime Minister announced the International Solar Alliance, a 

coalition of  121 countries that India will lead to promote worldwide collaboration on 

developing and deploying solar power.  

This study assesses the feasibility of  Prime Minister Modi’s solar ambition and the 

opportunities it presents for India and the world. The study reaches three important 

conclusions. First, for solar power to succeed as a serious climate tool in India, it will 

also need to deliver an array of  domestic co-beneits — from improving power 

reliability and access to electricity to cutting air pollution and energy imports-thereby 

Executive  

Summary

This study assesses the feasibility 

of  Prime Minister Modi’s audacious 

solar ambition and the opportunities it 

presents for India and the world

building signiicant political support and 
investment to dramatically ramp up solar 

deployment. Second, three very different 

segments of  the solar industry—utility-

scale, distributed, and off-grid solar 

—will be required to deliver both climate 

results and domestic co-beneits to India.  

Third, the Indian national and state governments, with the support of  countries and 

institutions around the world, can advance the development of  these diverse segments 

of  solar by pursuing four building blocks of  a successful solar strategy: reform the 

utility sector; harmonize federal and state policies; secure substantial and cost-effective 

inancing; and foster the diffusion of  technology and standards from abroad.  With these 
building blocks in place, India can greatly accelerate the deployment of  solar power and 

with it progress toward the world’s climate imperative.
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This report explains the promise of  solar to address India’s various 

energy challenges in Chapter 1, “Solar: India’s Ultimate Solution?” 

Although the Modi administration has set an ambitious target for 

overall deployment of  solar, this chapter divides solar into three 

essential but very different segments—utility-scale, distributed, and 

off-grid—and makes the case for why all three are needed to advance India’s international 

climate commitments as well as deliver key domestic co-beneits.

Chapter 2, “Climate and Solar Action in the Indian Context,” provides background 

on India’s positions in international climate negotiation, assesses recent progress in 

deploying solar, and describes the different challenges India will face in scaling up all three 

segments of  solar. The chapter lays out four key building blocks that the Indian federal 

and state governments, along with international players, should pursue to accelerate 

solar deployment and have a decent prospect of  meeting the 100 GW target.

Chapter 3, “The Path Forward: Achieving Success in Three Segments of  Solar,” 

takes deep dives into each of  the three solar segments: utility-scale, distributed, and 

off-grid solar. Within each segment, the chapter describes the speciic climate beneits 
and domestic co-beneits that could arise from rapid deployment and details segment-
speciic challenges that could obstruct progress. For each solar segment the chapter 
then discusses how to implement the four building blocks of  a winning solar strategy, 

offering speciic recommendations to enable progress toward the Modi administration’s 
ambitious solar goals.

Finally, Chapter 4, “Conclusion and Future Research Priorities,” highlights areas of  

ongoing policy uncertainty that require further research. This chapter aims to convey 

the magnitude of  the task ahead for India and the importance of  continued analysis to 

help guide the Modi administration toward achievement of  its goals, as well as to raise 

awareness of  international players who can support India in its ambitious solar mission.

Framework of  

 the Report
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Solar: India’s Ultimate Energy Solution?

Woman installs off-grid 

solar in Tinginaput, 

2009  

(UK Department for 

International Development)

1
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In remarks to India’s top scientists in August, 

Prime Minister Narendra Modi hailed solar 

power as the “ultimate solution to India’s energy 

problem,” targeting over 100 Gigawatts (GW) of  

solar connected to the power grid by 2022, up from 

less than 5 GW today and more than half  of  all 

the solar power that was deployed world-wide as 

of  2014.2,3  A bold vision, it has enabled the Modi 

administration to promise greater energy access, 

reliability, and security to domestic audiences as 

well as offer tangible commitments to confronting 

climate change to the international community. 

Indeed, at Paris, India announced that it will 

spearhead an International Solar Alliance of  121 

countries to aggregate demand, improve product 

performance, and reduce the costs of  solar power.4  

Solar could also be crucial to help offset the Modi 

administration’s pledge to simultaneously double 

domestic production of  coal. In addition to 

offsetting substantial coal imports, the expanded 

domestic coal production will fuel a 40 percent 

increase in coal-ired power generation by 2022 to 
meet India’s growing electricity demand and with 

it a serious increase in greenhouse gas emissions.5,6 

How, then, can the international community—at 

the Paris climate negotiations and beyond—help 

India realize the potential of  solar power to curb 

its greenhouse gas (GHG) emissions?

As national leaders assemble in Paris, the question 

of  India’s rising emissions trajectory will represent 

one of  the most unresolved elements of  the 

climate change negotiations. To put this in context, 

China, the world’s top emitter, has pledged 

declining emissions from 2030 onward, and the 

United States, the world’s second largest emitter, 

has committed to reduce emissions substantially 

over the next decade.7,8 India is in third place, but 

it contributes the lowest emissions per capita of  

the top ten national emitters, and its commitments 

do not include a future reduction in aggregate 

emissions, unlike the U.S. and China. Indeed, the 

Modi administration noted in its climate action plan 

ahead of  the Paris conference that increasing per 

capita energy consumption is crucial “to provide 

a digniied life to its population and meet their 
rightful aspirations.”9 The Modi administration 

has pledged instead to reduce India’s “emissions 

intensity”, i.e. its emissions per unit of  economic 

output, while its aggregate emissions will likely rise 

as its economy grows.10  Consequently, India is on 

track to overtake the United States and then China 

by mid-century to become the top GHG emitter in 

the world.11

The Modi administration has maintained that India’s 

climate targets are “ambitious but achievable” in 

the context of  a developing country, estimating 

that the total cost of  climate mitigation and 

adaptation efforts over the next ifteen years will 
total $2.5 trillion.12 Moreover, the administration 

has highlighted its renewable energy efforts to 

demonstrate India’s willingness to lead on climate, 

and its strategy is to increase per capita energy 

consumption while controlling emissions growth.13 

At the center of  this renewable energy push is 

Prime Minister Modi’s strong focus on solar power. 

His administration’s ambitious 100 GW solar target 

could generate over 10 percent of  India’s electricity 

in 2022, up from less than 1 percent today.14 In 

fact, solar accounts for a majority of  India’s total 

renewable energy goal of  175 GW by 2022 (the 

goal also targets 60 GW of  wind energy by 2022, 

up from 25 GW today).15,16,17  Emphasizing the 

audacity of  the 100 GW target, Prime Minister 

Modi highlighted solar in a joint January 2015 

announcement with U.S. President Barack Obama 

on clean energy cooperation, and, most recently, in 

India’s October climate commitment ahead of  the 

Paris summit.18,19,20

India is willing to lead on climate,  

and its strategy is to increase  

per capita energy consumption  

while controlling emissions growth
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Solar’s Potential to Address India’s  

Energy Challenges1.1

The Modi administration’s sustained focus on 
solar as the “ultimate solution” follows from 
the attractive beneits of  solar power in meeting 
India’s critical energy challenges:

Energy access: Over 400 million Indians have 
access to fewer than four hours of  electricity 
per day. This igure has persisted despite long-
standing efforts to extend the electricity grid to 
remote areas. Because of  its modularity, solar 
power could present a rapidly scalable solution 
for both on-grid and off-grid applications.21

Air pollution: Over half  of  India’s population 
lives in urban areas where air pollution cuts life 
expectancy by over three years on average.22 
Solar power is a zero-emission alternative 
to fossil fuels—coal, natural gas, diesel, and 
kerosene—that are burned in India for power, 
heat, and light.

Supply gap: India’s electricity demand exceeds 
the supply of  power by nearly 10 percent, 
according to oficial estimates, and more than 
20 percent based on external analysis, explaining 
India’s chronic rolling blackouts.23,24 Solar is a 
promising resource to close the supply gap 
because of  its vast potential. Thanks to India’s 
plentiful sunlight, the government estimates 
that a small fraction of  underutilized land could 
support 750 GW of  solar, which would generate 
more electricity than India’s entire power plant 

leet at present,25 although doing so would 
require careful land management practices.26

Import reliance: India imports 30 percent of  
its coal, 52 percent of  its natural gas, and 86 
percent of  its oil, with its energy import bill 
increasing from 2 to now 10 percent of  GDP 
over the past decade.27 Solar power presents a 

domestic alternative to imported fuels, with the 
potential to improve energy security.

GHG emissions: India is currently the world’s 
third largest emitter of  GHGs but is on track 
to overtake the United States and China by 
mid-century if  its emissions continue to grow 
alongside its economy.28 Solar is an attractive 
option for policymakers looking to rein  
in emissions.

The Modi administration’s sustained 

focus on solar as the “ultimate 

solution” follows from the attractive 

beneits of  solar power in meeting 
India’s critical energy challenges
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Solar appears to be a silver bullet—a single solution 
to India’s multitude of  challenges—but the 
reality is far more complicated. In fact, three very 
different segments of  solar deployment are needed 
to address India’s energy and climate challenges. 
Pursuing any one segment in isolation will only 
address a subset of  India’s looming problems 
and, importantly, may not garner enough political 
support to sustain the government’s ambitious 
push for more solar deployment.  The Modi 
administration has recognized the importance 
of  all three solar segments, at least on paper, by 
setting individual targets for each:

Utility-scale solar: Solar farms greater than 
1 megawatt (MW) and interconnected to the 
high-voltage transmission grid. The Modi 
administration has targeted 60 GW of  utility-scale 
solar by 2022 and so far has heavily concentrated 
on this segment.

Distributed solar: Solar installations less than 
1 MW that are connected to the low-voltage 
distribution grid and often are on the customer 
side of  the meter, most commonly on a rooftop. 
This category also includes grid-connected 
“microgrids,” which are networks of  generators 
serving multiple homes or businesses. The Modi 
administration has set a target for “rooftop 
solar”—a subset of  distributed solar—at 40 GW 
by 2022.

Off-grid solar: Solar installations that are not 
connected to the grid but rather operate in isolation 
or embedded in an off-grid microgrid. These 
installations range from single home systems rated 
at less than 1 kilowatt (kW) to systems of  100 kW 

or more serving multiple homes and businesses. 
Typically, these systems are deployed in rural areas 
not reached by the electricity grid. The Modi 
administration’s off-grid solar target is 3 GW by 
2022, which while smaller in magnitude than other 
targets, ambitiously entails electrifying tens of  
millions of  Indian households whose power needs 
are typically much less than 1 kW each.

It is worth noting that the Modi administration’s 
100 GW target applies to “grid-interactive” 
projects, referring to utility-scale and distributed 
solar systems, which are connected to the central 
grid. The 3 GW off-grid solar target is separate 
and additional, implying that India’s solar target 
is actually 103 GW of  cumulative capacity.29 
Since most government and media references 
to the 2022 solar target use the round 100 GW 
igure, this report will adopt the same convention, 
recognizing that the sum of  three segment targets 
is actually slightly more ambitious.

To date, total solar deployment in India is roughly 
4.5 GW, compared with 36 GW in Germany, 28 
GW in China, and 18 GW in the U.S. at the end 
of  2014.30 Importantly, India’s deployment has 
come almost exclusively in the form of  utility-
scale installations, composing over 85 percent 
of  the existing installed solar capacity.31 The 
remaining capacity comprises roughly 350 MW 
of  rooftop solar and 200 MW of  off-grid solar.32 
Thanks to economies of  scale, utility-scale solar is 
the least costly of  the three segments, and to date 
centralized administration of  pro-solar policies 
have lent themselves most naturally to supporting 
fewer large projects rather than many smaller ones. 

1.2 Three Complementary Segments of  Solar

Solar appears to be a silver 

bullet—a single solution to India’s 

multitude of  challenges—but the 

reality is far more complicated

For solar to play a signiicant role in 
cutting India’s contribution to climate 

change, it must also deliver other beneits, 
requiring successful deployment of  all 

three segments of  solar



8 Reach for the Sun - How India’s Audacious Solar Ambitions Could Make or Break its Climate Commitments

However, as Figure 1 illustrates, all three segments 

of  solar, not just utility-scale, are necessary to 

address the full range of  India’s energy challenges. 

Off-grid solar could be a crucial resource to 

increase energy access for the more than 400 

million consumers that the electricity grid has 

failed to reach or underserves.33 By contrast, 

utility-scale solar can only improve energy access 

if  its deployment is paired with often-expensive 

expansion of  the electricity grid. A diverse mix 

of  solar deployment is needed to inspire rural 

support for the overall solar vision.

Next, as indicated in Figure 1, each of  the three 

solar segments can help address air pollution. 

By displacing coal power, utility-scale solar can 

reduce concentrations of  sulfur dioxide (SO
2
) 

and nitrous oxides (NO
x
) that cause chronic 

respiratory diseases.34 Distributed solar can 

displace power from back-up diesel generators 

prevalent in urban areas, which also produce 

health-degrading pollutants (e.g., particulate 

matter).35 And off-grid solar, by displacing the 

use of  diesel generators and kerosene lighting in 

rural areas, can also reduce air pollution.36 The 

combined effect of  all three segments on lowering 

air pollution across India, a tangible beneit of  
solar, could build momentum to accelerate solar 

deployment.

Meeting each of  India’s remaining challenges 

requires one of  the three segments to play a 

starring role but depends on support from other 

segments to maximize progress. Distributed solar, 

for example, is often better suited to help close the 

energy supply gap between the power demanded 

by consumers and the quantity that the grid is 

able to deliver. This is counterintuitive, given 

that utility-scale solar capacity is easiest to scale 

up. But shortfalls in delivered energy principally 

arise from problems with the electricity grid and 

the utilities that run it rather than from inadequate 

generation capacity. In other words, even if  there 

is enough centrally generated power to meet on-

grid consumer demand, a signiicant amount of  
that power is lost as it travels through troubled 



9Varun Sivaram | Gireesh Shrimali | Dan Reicher

electricity grids, and in many cases utilities are not 

even able to purchase all of  the power generated by 

power plants.37 This can happen when state utilities 

struggle under high debt burdens, lose revenue by 

subsidizing consumers, and are therefore unable 

to pay for the full supply of  energy for which 

they have contracted.38 So although utility-scale 

solar can increase energy supply, each additional 

unit of  centrally generated energy may still face 

economic and technical obstacles to actually 

reach consumers.39 By contrast, distributed solar 

is generated on-site, bypassing the grid and the 

utilities that operate it. Therefore, it can improve 

the reliability of  a consumer’s power supply by 

supplementing grid power, and it can do more to 

reduce unmet demand, because locally sited solar 

can compensate for shortfalls from the grid. And 

with cost-effective storage, distributed solar could 

further address the supply gap.

To address the inal two energy challenges—
import reliance and GHG emissions—utility-

scale solar is the most effective segment, but 

distributed solar can provide complementary 

beneits. By displacing coal-ired power plants, 
utility-scale solar can reduce expensive imports of  

coal for electricity, reducing India’s dependence 

on imported fuel. Moreover, since coal-ired 
power generation is India’s largest source of  

GHG emissions, utility-scale solar is best poised 

to curb emissions growth by out-competing the 

economics of  new and existing coal power plants. 

At the same time, distributed solar provides the 

complementary beneit of  reducing the use of  
back-up diesel power generators in urban settings, 

reducing emissions and reliance on imported 

diesel. 

Finally, in addition to addressing India’s various 

energy challenges, deploying multiple segments 

of  solar can offer a bonus economic beneit: 
job growth. The employment beneits of  solar 
increase as the degree of  centralization decreases. 

That is, off-grid and distributed solar for residential 

applications can support more jobs per GW of  

solar capacity, compared with larger distributed 

and utility-scale installations. One report estimates 

that per GW, residential solar creates nearly 40,000 

jobs, mostly in construction, compared with fewer 

than 6,000 jobs per GW for the largest solar 

installations.40 Moreover, larger projects mostly 

create construction jobs that are short-lived, 

compared with greater sustained employment per 

MW in both initial installation as well as ongoing 

maintenance for smaller projects.41

Putting this all together, for solar to play a 

signiicant role in cutting India’s contribution to 
climate change, it must also deliver other beneits, 
requiring successful deployment of  all three 

segments of  solar.  Thus, off-grid solar may not 

materially displace fossil fuels or measurably reduce 

GHG emissions, but it can bring considerable 

political beneits by appealing to important rural 
constituencies. Similarly, by improving power 

reliability, helping close the supply gap, and 

reducing local air pollution, widespread distributed 

solar can win urban residents over to the cause 

of  solar. And large utility-scale solar installations, 

generally located out of  sight and with lesser job-

creation beneits, can ride the political coattails 
of  the other two segments while performing the 
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Prime Minister 

Narendra Modi delivers 

his Independence Day 

Address in New Delhi  

on August 15, 2014 

(Flickr)

Climate and Solar Action in the 

Indian Context 2
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Raichur Coal Power 

Plant, which accounts for 

40 percent of  the power 

generated in the Indian 

state of  Karnataka 

(Wikipedia)

Overview of  India’s Climate Posture

Prime Minister Modi’s solar target, the centerpiece of  India’s climate pledge at the Paris Climate 

talks, represents two opposing strains in the Indian climate policy debate. The ambition of  the target 

illustrates the Modi administration’s vision of  India as an international leader on climate action. 

However, the warning that India’s solar efforts will only succeed with the help of  international 

capital echoes India’s historical reluctance to reduce its own emissions unilaterally. Still, India’s 

pledge to accelerate solar represents a welcome shift toward greater engagement in the international 

climate process.

2.1
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India has participated in international climate 

negotiations for over two decades, signing on to 

the United Nations Framework Convention on 

Climate Change (UNFCCC) in 1992 and going 

on to ratify the Kyoto Protocol a decade later in 

2002.42  However, the doctrine of  “common but 

differentiated responsibilities” underpinning the 

Kyoto pact put the onus of  emission reduction on 

developed countries.43  India was a staunch supporter 

of  this doctrine, and successive administrations 

have attributed historical responsibility for climate 

change and its solution to the developed world. 

For years, Indian governments have argued that 

developed countries like the United States have 

spent a century industrializing their economies 

without emission restrictions. Therefore, they 

have contended, fairness dictates that developing 

countries have an opportunity to do the same.44

Prime Minister Modi’s arrival has reduced some 

of  India’s resistance on domestic climate action. 

Growing recognition of  the disproportionate 

share of  climate change impacts that India will 

bear, coupled with the Modi administration’s 

resolve to improve India’s international reputation 

on climate change, have led the administration to 

seriously explore pathways to decouple economic 

growth from carbon emissions. 

The Modi administration clariied its oficial 
position in October 2015 when it announced its 

Intended Nationally Determined Contribution 

(INDC), or climate commitment, ahead of  the 

Paris summit. In the INDC, the government 

committed to three actions to reduce its emissions 

by the year 2030: a 33–35 percent reduction from 

its 2005 emission intensity (GHG emissions per 

unit GDP); 40 percent installed power generation 

capacity from non-fossil fuel sources; and new 

forests to serve as a sink for GHGs equivalent to 

2.5–3 billion tons of  carbon dioxide by 2030.45 

In addition, India announced plans to invest in 

adaptation to climate change and to continue to 

seek inancial and technological assistance from 
developed countries. The nation’s combined 

mitigation and adaptation agenda are projected to 

cost $2.5 trillion over the next ifteen years.46

Of  the three goals, India’s non-fossil fuel power 

goal is by far the most ambitious. Although 

existing nuclear, and hydropower capacity already 

account for roughly 20 percent of  India’s power 

generation capacity today, the Indian government 

forecasts limited growth in those resources, and 

their contribution will decline as a percentage 

of  total power capacity as India builds new coal 

power plants. Therefore, getting to the goal of  40 

percent non-fossil fuel power by 2030 will require 

wind and solar capacity to reach roughly 350 

GW, or four times today’s level of  non-fossil fuel 

power capacity.47 India’s 100 GW target for solar 

by 2022 is a major down-payment on that 2030 

commitment.

Figure 2 disaggregates the GHG reductions 

from new renewable energy deployment from 

the other major initiative in the INDC, known 

as the “Perform Achieve Trade” scheme that is 

aimed at improving industrial energy eficiency. In 
the resulting comparison, India’s 2030 renewable 

energy goal leads to emission cuts nearly double 

those of  both the industrial energy eficiency 
and afforestation goals combined. And because 

the Modi administration’s informal target is for 

solar to compose 250 GW of  its total 350 GW 

goal by 2030, solar is by far India’s largest climate 

commitment.48 Even so, India’s INDC does 

not imply that its aggregate emissions will stop 

growing. To the contrary, the country’s emissions 

are likely to more than double by 2030 compared 

with current levels.49 This irony—that even with 

potentially unprecedented advances in renewable 

energy deployment, coal power will continue to 

dominate the Indian electricity mix—is the crucial 

insight for assessing solar’s central role in India’s 

climate policy. The Modi administration has major 

plans for coal, including a target to double current 

domestic coal production. As the largest source 

of  India’s emissions, the future of  coal will largely 

determine India’s emission trajectory (Figure 3).

Because the Modi administration’s 

informal target is for solar to 

compose 250 GW of  its total 350 GW 

goal by 2030, solar is by far India’s 

largest climate commitment
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 Importantly, one of  the key factors in this 

assessment is the low “capacity factor” of  solar 

(and wind) compared with that of  coal. Thus, 

given two 500 MW power plants, one running 

on coal and the other on solar, the coal plant will 

typically generate over twice as much electricity 

(measured in megawatt-hours) because it is not 

 This irony—that even with potentially 
unprecedented advances in renewable 

energy deployment, coal power will 
continue to dominate the Indian 

electricity mix—is the crucial insight 
for assessing solar’s central role in 

India’s climate policy

tied to an intermittent resource and therefore can 

operate more consistently across a day or month 

or year. This explains why renewables produce 

a disproportionately smaller fraction of  India’s 

electricity, despite their larger share of  generating 

capacity (Figure 4).

Solar power’s largest climate impact could actually 

come from discouraging construction of  new 

coal plants, particularly those not equipped with 

carbon capture and storage technology. The threat 

of  solar’s rise is already giving investors second 

thoughts about the long-term proitability of  new 
coal-ired power plants.50,51 And if  solar deployment 

accelerates according to plan, and prices continue 

to drop, the investment case for new coal could 

further deteriorate. Furthermore, if  large-scale 

electricity storage becomes an economic reality, 

then solar’s intermittency challenge relative to coal 

could be somewhat mitigated.  

As the largest source of  

India’s emissions, the future of  

coal will largely determine 

India’s emission trajectory
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Despite its emission 
trajectory, India is heading 
into the Paris summit more 

willing to act on climate than 
at any point in its history

Its commitment to solar and 

renewable energy broadly is 

commendable and could earn 

India a leading role in determining 

the outcome of  the summit

All of  this comes on top of  other obstacles that 

proposed coal power plant projects, as well as the 

Modi administration’s plans to increase domestic 

coal production, already face. At present, many rail 

lines to carry coal to prospective coal plant sites 

have not yet been built. Additionally, existing coal 

plants are suffering inancially because embattled 
utilities are not purchasing as much power as 

the plants can generate. This helps explain why 

coal plants are now running at 60–70 percent 

“utilization”, i.e., they remain idle about a third of  

the time.52 

Despite its emission trajectory, India is heading into 

the Paris summit more willing to act on climate than 

at any point in its history. Its commitment to solar 

and renewable energy broadly is commendable 

and could earn India a leading role in determining 

the outcome of  the summit. The ideal outcome 

in Paris will be a constructive accord that holds 

countries to their commitments but also facilitates 

signiicant capital lows—public and private—
from wealthier nations and major investors to help 

developing countries like India accomplish their 

climate ambitions.
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Solar Deployment Progress to Date and 

Lessons Learned2.2 

Canal Top Solar Power 

Plant in Gujarat, India; 

inaugurated by United 

Nations Secretary-

General Ban Ki-Moon 

in January 2015 (UN/

Mark Garten)

Meeting Prime Minister Modi’s 100GW solar target would be a tall order in any country, but it is 

particularly dificult in India, given stalled infrastructure projects, insolvent utilities, and political 
obstacles to decisive reforms. Nevertheless, India has made surprisingly good progress to date on 

ramping up utility-scale solar. The installed cost of  completed Indian solar projects has plunged, 

and developers in some regions have recently made bids to construct new projects that would 

be among the cheapest in the world.  While not all bids turn into reality, India has learned from 

its recent experience, positioning policymakers to enact critical reforms as India ramps up solar.
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Over the last ive years, India has made considerable 
progress in deploying utility-scale solar. In 2010, 
the previous Indian federal administration took 
a big step toward large-scale solar deployment in 
India with the Jawaharlal Nehru National Solar 
Mission (JNNSM).54 Originally, this program 
set a target of  20GW of  federally installed solar 
by 2022, and it divided progress toward that 
goal into three phases.55 In the irst phase, from 
2010–2013, the federal government deployed 
500 MW of  projects, largely through national-
level procurement of  utility-scale solar. When 
Prime Minister Modi came to power in 2014, his 
administration revised the JNNSM targets upward. 
Under the revised schedule, India is now in phase 
two of  the JNNSM, with a target of  14 GW by 
2017. By 2022, JNNSM phase three is intended to 
culminate in 100 GW of  installed solar capacity 
that is tied to the grid (Figure 5).56  Importantly, 
in both phases two and three, the revised JNNSM 
envisions a much larger role for state governments 
in deploying solar.

Under the JNNSM, the federal government 
has used a range of  incentives to encourage 
adoption of  solar power. For projects procured 
centrally, the federal government offers a 25-year 
power purchase agreement (PPA) that eliminates 
the risk of  electricity market price volatility to 
solar owners. The government also provides 

preferential tax treatment for solar assets, allowing 
owners to accelerate the depreciation schedule to 
more rapidly realize tax beneits. These JNNSM 
policies build on the federal government’s prior 
directive that each state enact a renewable portfolio 
obligation (RPO) that sets out the percentage of  
its power that should come from solar energy, with 
the ability to trade renewable energy certiicates 
(RECs) for excess power to other states.

The progress from 2010, when installed solar 
capacity in India was a mere 18 MW, to 2015, 
when installed capacity is around 4.5 GW (as of  
August 2015) and growing, has demonstrated 
the viability of  India as a major solar market.57 
As India’s installed solar capacity has grown, the 
cost of  solar has plummeted, falling on average 
by 10 percent each year over the past ive years, 
from approximately 30 cents per kWh in 2010 to 
roughly 11 cents per kWh for projects that were 
bid in 2014 and are now operating.58 In 2015, 
developers of  utility-scale solar have placed bids as 
low as 8 cents per kWh, below the global average 
solar cost in 2014 of  10 cents per kWh. 59,60,61 
Some of  this improvement in cost has come 
from the plummeting cost of  solar panels, largely 
manufactured in China. However, on top of  
cheaper panels, the “balance of  systems” cost of  
solar, which encompasses the permitting, land 
acquisition, installation, and inancing of  a solar 
project, has also declined sharply in India as solar 
players gain project development experience.62



18 Reach for the Sun - How India’s Audacious Solar Ambitions Could Make or Break its Climate Commitments

The past ive years have also enabled India to 
discover, via trial and error, which policies do 
and do not work. Initially the JNNSM speciied 
strict “domestic content” requirements, 
prohibiting imports of  crystalline silicon solar 
panels (the dominant variety in the solar market 
and predominantly manufactured by Chinese 
producers) in a bid to encourage domestic 
manufacturing. However, instead of  catalyzing 
domestic manufacturing of  crystalline silicon 
solar panels, this policy mostly enabled U.S. irms 
that use alternative “thin-ilm” solar materials to 
corner the Indian market.63 Recently, the federal 
government reduced the domestic content 
restrictions, allowing imports of  all types of  solar 
panels except for a small carve-out of  12.5 percent 
reserved for domestically produced panels.64 
This effectively removed a major barrier to rapid 
deployment of  solar, since an integral element of  
the falling cost of  solar has been the availability of  
cheaper foreign panels.

Another useful lesson learned from India’s solar 
experience to date is the difference between 
commitments made and solar actually deployed. 
Early on, some state programs experienced low 
conversion rates from an initial memorandum of  
understanding between a solar developer and the 
state to a completed project.65 Developers would 
often provide winning bids for reverse auctions 
but fail to secure inancing to move forward with 
their projects. For example, in 2011, the state of  
Karnataka had to cancel 18 projects totaling 120 
MW owing to lack of  inancing.66 

In many cases, state inexperience with running 
effective auction schemes has contributed to these 
problems.67 Some have alleged that state programs 
have fallen victim to graft, corruption, and money 
laundering schemes.68 Given the steep ramp-

up of  solar deployment targets, in which state 
procurement will have to account for the majority 
of  installed capacity, closing the gap between 
initial commitments to solar projects and actual 
deployment is essential. Some states have begun to 
reform their procurement processes accordingly. 
For example, Karnataka has recently adopted 
a straightforward reverse auction system which 
awards a predetermined amount of  capacity to 
the lowest-bidding developers, who can then sign 
PPAs at the rate that they bid. This has improved 
the rate of  project completion compared with less 
successful schemes that neighboring states have 
tried, which force any bidder to accept the tariff  
of  the lowest bidder in the auction in order to 
conclude a PPA with the state.69    

Closing the gap between initial 

commitments to solar projects 

and actual deployment is essential

By contrast, federal solar procurement has been 
reasonably effective in translating commitments 
into installed capacity in a cost-effective manner.70 
This is because federal procurement is centrally 
administered by credit-worthy national power 
companies—the National Thermal Power 
Corporation (NTPC), its subsidiary Vidyut 
Vyapar Nigam Limited (NVVN), and the Solar 
Energy Corporation of  India (SECI)—that 
enforce stricter timelines for project completion 
and penalize reneging developers, attracting more 
credible bids.71 
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Four Building Blocks for Solar to Succeed 

in India2.3 

Although recent progress is promising, solar remains a marginal contributor to India’s electricity mix, 

and utility-scale solar has dominated deployment to date. The ramp-up necessary to meet the Modi 

administration’s 100 GW target will require a well-coordinated effort to deploy solar as a mainstream 

power source. To meet the target and make progress on deploying all three segments of  solar, Indian 

policymakers, with help from governments and institutions around the world, should pursue four key 

building blocks of  a winning solar strategy.

Tangled wires that 

are part of  an Indian 

distribution grid 

(Source: Flickr)
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Deploying all three segments of  solar at a scale 
matching the Modi administration’s ambition is 
a tall order. Fortunately, Indian policymakers at 
both the federal and state levels are poised to act 
in an unprecedented fashion. First, a conluence 
of  new revenue sources over the past year has 
left the Indian government with a iscal windfall 
that can do much to advance the massive solar 
target.  This includes $2 billion in savings from 
new taxes on coal, over $5 billion from the Modi 
administration’s reform of  diesel subsidies, and 
over $60 billion from successful coal and telecom 
spectrum auctions.72,73,74 Second, Prime Minister 
Modi has demonstrated early success in attracting 
the attention of  international investors—who 
have made promising but still largely unfulilled f

inancial pledges—and launching partnerships with 
countries like the United States and institutions 
like the World Bank to enable massive solar 
deployment.75

With all this momentum and iscal headroom, now 
is the time for India to deliver on its solar ambition. 
The task ahead—to ramp solar to over 100 GW 
in seven years and achieve a diverse mix of  the 
three different solar segments—is substantially 
different from the progress it has already achieved 
over the last ive years, ramping from virtually 
zero to nearly 5 GW of  largely utility-scale solar. 
Indian federal and state governments, supported 
by international actors, should embark on a wide-
ranging solar strategy to tackle this new task. The 
four building blocks that compose such a strategy 
are introduced below, particularly in the context of  
the barriers that must be surmounted for solar to 
succeed. Later, in Chapter 3, these building blocks 
are applied to each of  the three solar segments to 
derive speciic recommendations.

Building Block 1: Reform the utility sector

The effectiveness of  solar at scale is limited by the 
health of  the Indian power grid and the utilities 
that run it. Today, in many states, utilities operate 
a grid beset with many problems that discourage 
solar investment.76 There are near-term solutions 

to help all three segments of  solar surmount 
some of  the obstacles posed by an embattled state 
utility sector. Over the long run, India will need 
to pursue a transformation of  its utility sector to 
increase renewable generation while also keeping 
power affordable and reliable. Further research 
and international assistance is needed to guide 
such a transformation.

For over a decade, utility reform has been a policy 
priority in India. Under the 2003 Electricity Act, 
the federal government attempted to liberalize the 
power sector through “unbundling”—splitting 
up electricity generation, transmission, and 
distribution functions into different entities—and 
weakening the political inluence of  the state over 
utility operations.77 State utilities exist in various 
stages of  unbundling—some states retain bundled 
utilities, or vertically integrated State Electricity 
Boards (SEBs), whereas other states have replaced 
SEBs by creating separate distribution companies 
(Discoms) that are formally distinct from power 
generation and transmission companies and in 
theory operate at arm’s length from the state.78,79

In many Indian states, however, electricity sector 
liberalization has not delivered the expected 
improvements in independent and eficient 
operations, regardless of  whether unbundling 
has happened or not on paper. Often, Discoms 
operate poorly managed and maintained power 
delivery infrastructure.80 As a result, the average 
Indian utility loses 26 percent of  its electricity to 
“Aggregate Technical and Commercial” (AT&C) 
losses, which include power theft.81 These kinds 
of  losses are negligible in the developed world.82  
Moreover, in some cases, political involvement 
in the nominally independent Discom regulatory 
process has preserved heavily subsidized rates for 
some customers, for example in the agricultural 
and residential sectors.83 In 2014, after roughly 
three quarters of  generated power actually made 
it to customers, heavily subsidized rates resulted in 
aggregate state utility losses of  over $45 billion.84 
These ongoing losses can trap Discoms in a 
vicious cycle of  inancing operational losses by 
issuing debt and then suffering under the burden 
of  servicing their ballooning debt, which now 
exceeds $65 billion in total. 

This is not to say that all state utilities are facing 
these challenges. .Five states—including Prime 
Minister Modi’s home state Gujarat— have 
recently recorded net proits for their utility sectors.  
However, the troubles faced by the majority of  
the state utilities present serious counterparty risks 
for prospective investors, especially international 
ones. 

A conluence of  new 
revenue sources over the 

past year has left the Indian 

government with a iscal 
windfall
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The effectiveness of  solar at 

scale is limited by the health of  

the Indian power grid and the 

utilities that run it

Further complicating matters, many utilities need 
to construct new transmission lines to interconnect 
remotely sited solar installations.  And if  solar does 
achieve substantial penetration on the electricity 
grid, state utilities will have to contend with the 
challenges of  intermittent solar (and wind) 

production which aging grid infrastructure could 
worsen.88 Because India lacks a robust market for 
“ancillary services”—resources that help maintain 
the quality of  power on the grid—and there are 
few quick-ramping “peaker” natural gas power 
plants that can buffer the variability of  wind and 
solar, increasing the amount of  renewable energy 
on the grid could increase existing power quality 
and reliability challenges.89

Building Block 2: Harmonize federal and 

state policies

The structure of  Indian federalism enables 
lexibility in sharing responsibility between the 
federal and state governments. Under the Indian 
Constitution, federal and state governments 
share “concurrent” jurisdiction over several 
spheres of  policy.  The fulillment of  the Modi 
administration’s solar targets are an example of  
such shared responsibility.90  For example, in the 
irst phase of  the JNNSM, the government focused 
on federal procurement of  solar. As such, not 
much policy coordination was necessary between 
the federal and state governments. However, to 
ramp up solar, India will now need to implement 
an eficient division of  labor between the federal 
government, which sets overall targets, and state 
governments, that implement the targets and 
oversee most of  the deployment of  the targeted 
capacity.  Therefore, it is essential that federal and 
state governments coordinate their policies to 
ramp up all three types of  solar.91

A prominent example of  the federal/state policy 
model breaking down is the ineffectiveness of  
the linked Renewable Portfolio Obligation (RPO) 
and Renewable Energy Credit (REC) programs.92 
Under the 2003 Electricity Act, the federal 
government delegated to state governments the 
authority to set an RPO target for the percentage 

of  power to be sourced from renewable 
generators and, in particular, for solar power. 
States set different targets based on the inancial 
health of  their utilities and the technical potential 
for renewable energy within their borders. For 
example, Rajasthan has plentiful sunlight but 
inadequate transmission infrastructure to export 
solar power to other states.93 To increase the 
ambition of  states and leverage the untapped 
renewable resources in some states, the federal 
government created the REC program in 2011 
to enable states to trade renewable energy credits 
and achieve RPO compliance.94 In the case of  
Rajasthan, the arrival of  the REC market led the 
state to increase its RPO target from 7.5 to 9.5 
percent, anticipating compensation from the sale 
of  RECs to other states.95

However, to date this trading program has not 
been very successful as a result of  both state 
and federal implementation problems. State 
governments have failed to enforce RPOs that 
would create demand for tradable credits. And 
although some states like Rajasthan increased their 
RPOs in anticipation of  the REC market, other 
states have lowered RPOs. For example, Madhya 
Pradesh’s RPO fell from 11 percent to 0.8 percent 
in 2010.96 Finally, the federal government’s design 
of  the marketplace, including choices of  the loor 
price of  credits and the length of  time that credits 
can be banked, is often ill-suited to support a 
REC price high enough to stimulate substantial 
investment in renewable energy and credit trading 
across state borders.97 

The federal-state coordination challenge 
exempliied by the RPO/REC issue extends 
to a broader constellation of  problems. These 
include limited standardization of  state-level solar 
auctions, uneven land and permitting policies, 
and inconsistent compensation for distributed 
solar.98,99,100

Building Block 3: Secure substantial and cost-

effective inancing

Looking ahead, India will have to close the gap 
between initial development commitments and 
deployed capital to rapidly ramp up installed 
solar capacity at utility scale. And the distributed 
and off-grid solar segments start from an even 
less mature stage. To ensure that suficient 
inancing, on attractive terms, exists to meet the 
Modi administration’s target, India will have to 
improve the viability of  domestic inancing and 
also mitigate risks confronting foreign investors. 
Federal inancial incentives, innovative state and 
local schemes, and the support of  the international 
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community—both public and private—can all 
improve the inancial viability of  solar in all three 
segments in India.

India expects over $160 billion of  investment 
inlows from international developers and banks 
to inance renewable energy over the next ive 
years.101 Japan’s Softbank, for example, announced 
a joint venture with Taiwan’s Foxconn and India’s 
Bharti Enterprises to invest $20 billion in 20GW 
worth of  solar capacity.  U.S. solar developer 
SunEdison committed in early 2015 to a $4 billion 
venture with India’s Adani Power to manufacture 
and deploy solar panels in India (recent press 
reports, however, suggest that the deal may be 
unraveling).102,103,104

These and other commitments are for the most 
part not yet reality, and expectations of  foreign 
investment must not lead to complacency at 
home. India suffers from a dearth of  domestic 
debt capital available to inance infrastructure, 
and so long as India’s banking sector remains 
largely unable and unwilling to support solar 
deployment, foreign investors will hesitate before 
locking their capital in a country whose own banks 
do not participate.105 Domestic debt in India is 
primarily provided by banks, due to shallow bond 
markets.106 But the domestic banking sector’s woes 
are profound. Bank balance sheets are weighed 
down by an estimated $100 billion in loans to 
just ten large power and infrastructure irms.107 
Indian infrastructure projects are plagued by low 
completion rates and signiicant delays, preventing 
many project developers from repaying their 
loans. This fuels a vicious cycle of  debt extensions 
and repayment schedule slippage. Indeed, in 2015 
alone, aggregate debt in the power sector grew by 
10 percent.108 

Further compounding the problem is that the cost 
of  domestic debt capital is high. Banks like the State 
Bank of  India offer debt at interest rates between 
11 and 13 percent, roughly double the cost of  
project debt in the United States or Europe.109,110 

These rates largely result from macroeconomic 

issues, such as high inlation and high government 
borrowing. And as a result of  these challenges, 
typical debt tenors are relatively short (around 10 
years), and debt tends to have a variable interest 
rate rather than a ixed one, increasing risk to the 
borrower. The higher cost of  capital erodes the 
natural advantage that solar should have in India, 
adding about 30 percent to the price tag of  a solar 
installation. Absent this burden of  higher-cost 
debt, solar in India could be far cheaper than in 
the United States or Europe (at present solar is 
still cheaper in India, but only by a small margin) 
because of  India’s comparatively plentiful sunlight 
and low labor and installation costs.111

For this reason, Indian policymakers correctly 
recognize that foreign capital, which often comes 
with more attractive inancing terms, is crucial to 
supplement inadequate domestic capital. But what 
has worked in the past may not work at the scale 
of  solar deployment that India is targeting for the 
near future. Whereas in the past U.S. export and 
development inance institutions have supported 
hundreds of  millions of  dollars in project inance 
for U.S. irms to deploy solar in India, the $100 
billion or more in future capital called for by the 
Modi administration to meet India’s 2022 target far 
exceeds the investment capacity of  development 
banks.112 Despite existing pledges of  $1 billion 
each from the German development bank KfW, 
the Asian Development Bank, and the U.S. Export-
Import Bank (which has since shut down pending 
Congressional reauthorization), the vast majority 
of  the capital for Indian solar deployment will 
have to come from private investors.113 

Foreign investors, however, are wary of  investing 
in India due to substantial off-take and currency 

risk in inancing Indian infrastructure. The off-
take risk refers to the risk that a utility, which 
has contracted to purchase power from a solar 
developer, fails to honor that contract and pay for 
the generated power.  The currency risk is associated 
with changes in the exchange rate between the 
rupee, in which PPAs are denominated, and the 

To ensure that suficient inancing, 
on attractive terms, exists to meet the 

Modi administration’s target, India 

will have to improve the viability of  

domestic inancing and also mitigate 
risks confronting foreign investors

Foreign investors, however, 

are wary of  investing in India 

due to substantial off-take and 

currency risk in inancing Indian 
infrastructure
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Respect for IPR actually encourages 

the diffusion of  low-carbon 

technology from developed countries

international investor’s home currency. Hedging 
this risk can be expensive—typically adding over 
seven percentage points to the cost of  capital—
and can make the hedged foreign debt as expensive 
as domestic debt.114 

Building Block 4: Foster diffusion of  

technology and standards from abroad

Finally, as India ramps up solar, it may want to 
examine its reliance on foreign technology and 
modest domestic technical know-how in the solar 
area to adapt and deploy these technologies in 
the Indian context. Governments and institutions 
around the world are well placed to undertake 
collaborations with India to ensure access to 
foreign products, modify technologies for use in 
the Indian climate, and train a workforce capable 
of  deploying reliable installations. 

India lacks enterprises developing advanced 
batteries to store excess energy from grid-
connected or off-grid solar, and power electronics 
to strengthen the grid’s ability to integrate renewable 
energy.115 Moreover, although some Indian state 
utilities have made progress in deploying remote 
control and monitoring systems that provide real-
time information about the health of  the grid, 

further technology can enable a smarter grid. 
For example, developed countries like the United 
States are deploying more powerful software and 
monitoring devices like “synchrophasors” that 
provide detailed measurements to more effectively 
manage the unpredictability of  high penetrations 
of  solar on the grid.116 In the medium and long-
term, such technologies could especially help India 
ramp up solar.

India also needs to develop technical standards 
to deploy solar safely and reliably, and leverage 
robust standards used by early solar adopter 
countries like Germany and the United States. 
Especially for distributed solar, India needs 
to promulgate standards for the speciication, 
installation, maintenance, and interconnection of  
grid-tied systems to ensure that the systems are 

safe, reliable, and high-quality.117 Although some 
aspects of  the standards need to be customized 
to the Indian context—for example, to account 
for frequent usage of  distributed systems for 
back-up power when the power grid goes down—
India can make substantial progress in standards 
development by collaborating with international 
standards bodies that have already grappled with 
these technical challenges.118 

A potential roadblock to technology diffusion 
is the tension between the Indian government’s 
aspiration for affordable technology access and 
potential costs arising from intellectual property 
rights (IPR) held by foreign companies. India’s 
climate INDC for the Paris talks emphasizes 
“technology transfer” as a condition of  its climate 
commitments. Speciically, discussing clean 
technologies, the Modi administration advocates 
“enabling their transfer, free of  Intellectual 
Property Rights (IPR) costs, to developing 
countries.”119 

The appeal in India’s INDC to transfer clean 
energy technology free of  IPR costs echoes 
India’s position on making pharmaceuticals widely 
available to its population, which has led to trade 
disagreements with the United States.120 However, 
India’s recent experiences with clean energy 
technology IPR have been largely positive and 
lay the groundwork for a collaborative licensing 
model for technology diffusion. For example, 
to encourage adoption of  energy-eficient 
lighting, the Indian government has pursued 
bulk procurement programs for LEDs. In doing 
so, the government has been able to encourage 
international LED manufacturers like Philips 
to pursue joint ventures with Indian companies 

If  India can demonstrate that it is a safe 

investment destination for companies 

that value intellectual property and an 

eager partner in technical collaboration, 

the country can accelerate incoming 

technology diffusion

and license patents for their technology for 
indigenous production of  products that are suited 
for operation in the Indian context.121 Indeed, 
recent analysis demonstrates that respect for IPR 
actually encourages the diffusion of  low-carbon 
technology from developed countries via credible 
commercial ventures, often to manufacture 
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technology locally. This diffusion can also lead 
to lourishing domestic innovation in a virtuous 
feedback cycle.122

Around the world, countries, multilateral 
institutions, technical bodies, and companies 
have developed solutions to accommodate large 

Achieving even a substantial 

fraction of  India’s solar goal will 

be a daunting challenge, but the 

planet’s third largest carbon emitter 

should not have to tackle it alone

The Paris summit presents an 

ideal opportunity for national 

governments, international 

institutions, and civil society actors 

to offer their support to India

amounts of  solar on the electricity grid, standardize 
the coniguration of  distributed solar assets, deploy 
self-suficient microgrids, and develop new storage 
technologies. If  India can demonstrate that it is 
a safe investment destination for companies that 
value intellectual property and an eager partner in 
technical collaboration, the country can accelerate 
incoming technology diffusion.

The Paris summit presents an ideal opportunity for 
national governments, international institutions, 
and civil society actors to offer their support to 
India as it begins to pursue ambitious renewable 
energy targets and execute against the four 
building blocks we describe above. Achieving 
even a substantial fraction of  India’s solar goal 
will be a daunting challenge, but the planet’s third 
largest carbon emitter should not have to tackle 

it alone. If  Indian negotiators in Paris encounter 
international support to achieve the nation’s 
commitments rather than criticism of  its climate 
plan, India is much more likely to make progress 
on renewable energy and engage constructively in 
future international climate discussions.
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The Path Forward: Achieving Success in 

Three Segments of  Solar3 

Solar panels connected 

to a microgrid in 

India (Flickr/Hiroo 

Yamagata)
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Utility-Scale Solar3.1 

Dhursar 40 MW solar 

power plant, Rajasthan, 

India, employing U.S. 

“thin-ilm” panels 
(Reliance Power) 

Utility-scale solar is the largest piece of  the Modi administration’s solar target, accounting for 60 GW of  the 

100 GW target for grid-tied solar, and it already composes the vast proportion of  installed solar capacity.123 

Thanks to economies of  scale, utility-scale solar is the cheapest of  the three segments of  solar and holds the 

greatest potential to compete in bulk with coal-ired power plants, the biggest source of  India’s emissions. 
Indeed, if  India’s federal and state policies can quickly accelerate the ramp-up utility-scale deployment, it 

may reduce construction of  new coal-ired power plants without carbon capture and storage technology that 
would lock in decades of  rising emissions.
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In many cases, the cost of  utility-scale solar power 
is already below that of  electricity generated from 
imported coal, the marginal power source that solar 
is likely to replace irst. Moreover, projections 
vary, but some contend that utility-scale solar 
power could become cheaper than power from 
domestic coal in the next ive years.124,125 For 
those projections to come to fruition, India must 
continue to construct new utility-scale solar plants. 

Some of  the cost decreases will arrive exogenously 
thanks to global price declines of  imported 
panels, but the costs associated with permitting, 
construction, land acquisition, and inancing will 
only decline with strong domestic efforts and 
increasing scale of  Indian deployment. Therefore, 
continuing to advance federal and state utility-
scale deployment is important to improving solar’s 
competitiveness with coal.

If  utility-scale solar can remain on its current 
trajectory of  cost declines, it will exert pressure 
on existing coal power plants and may slow 
construction of  new ones, especially those 
without carbon capture and storage. As the 
cost of  solar declines, existing fossil fuel 
plants will face competition in power auctions, 
and developers with prospective plants in the 

pipeline may reevaluate their proitability. Aging 
plants may also shut down, unable to compete 
with solar in a race to reduce power tariffs, 
especially where solar intermittency issues can 
be cost-effectively addressed. 

The prospect of  utility-scale solar confronting 
India’s largest source of  emissions head-on will 
only develop if  utility-scale solar can surmount 
serious challenges. As discussed in Section 

2.3 above, domestic financing for projects is 
scarce, and international investors are skittish 
about the various risks involved in investing in 
capital projects in India and selling power to 
utilities that may not be able to honor long-
term contracts. Additionally, there are other 
challenges that only utility-scale solar faces by 
virtue of  its size and remoteness.

If  utility-scale solar can remain on its 

current trajectory of  cost declines, it 

will exert pressure on existing coal 

power plants and may slow construction 

of  new ones, especially those without 

carbon capture and storage 
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First, developers of  large-scale solar projects face 
challenges known as “completion risks.” Among 
these, land acquisition will become increasingly 
dificult, hampered not only by existing regulatory 
challenges but also because prime territory near 
grid substations will no longer be available as 
more utility-solar is installed.126 A 20 MW project 
in India that requires 100 acres may require a 
developer to consolidate land currently owned 
by tens of  farmers, which can be costly and 
time-intensive.127,128 A recent land acquisition 
bill proposed by the Modi administration would 
speed the process, but thorny politics have so far 
prevented its enactment.129

In addition to land acquisition, other project 
completion risks include permitting and 
interconnection uncertainties. Dificulties in 
obtaining regulatory permits and delays in 
transmission line construction to connect solar 
to the grid can lead to cost overruns for utility-
scale solar projects and sometimes prevent their 
completion.130 Indeed, although the cost of  
utility-scale solar at the point of  generation has 
fallen rapidly, as more projects are built farther 
away from existing grid infrastructure the cost of  
transmission lines—currently estimated at nearly a 
quarter of  a million dollars per MW—to connect 
solar to the grid could undermine its economic 
competitiveness with coal.131 To head off  this 
problem, the federal government, with inancial 
pledges from the U.S. and German governments, 
has announced a $6 billion “Green Corridor” 
project to build transmission capacity from states 
rich in solar potential—like Madhya Pradesh and 
Rajasthan—to major consumption centers, like 
Delhi and Maharashtra.132

Second, the disparity between federal and 
state eficacy at commissioning utility-scale 
solar threatens to limit solar deployment. The 
federal government has lirted with increasing 
the renewable purchase obligations of  states 
to a uniform 8 percent across the country, but 
analysts warn that if  state regulatory boards do 
not enforce the regulations, then states could fall 
behind their targets.133

To surmount these obstacles to utility-scale solar, 
India will need to make progress on each of  the 
four building blocks of  a winning strategy for 
solar described above, via actions by both federal 
and state governments, with international actors 
providing much needed support:

1) Reform the utility sector

In the short-term, a solution to insulate utility-
scale solar targets against the insolvency of  the 

utilities could be a payment security mechanism 
(PSM) along the lines of  one offered under Phase 
1 of  JNNSM.134 This PSM, created as a standalone 
fund, would be provided to a federal procurement 
agency, such as the NVVN or the SECI, which 
would buy power from developers and sell to 
distribution companies. The main idea would be 
to cover the pooled credit risk of  distribution 
companies by offering to pay generators in case 
of  payment default by one (or more) of  the 
distribution companies.135

Over the longer term, the Indian state utility 
sector must also undergo broad reform to enable 
renewable energy to achieve an even higher share 
of  power generation and facilitate a transition to 
a low-carbon, affordable, reliable power system. 
The Indian federal government has previously 
tried to help reform state utilities but despite 
some incremental successes, these schemes have 
largely failed to achieve major change. To improve 
inancial eficiencies, the recent Chaturvedi report 
outlined a plan to restructure the current utility 
debt burden with federal and state support. 136 
However, while eight states, representing 80 
percent of  accumulated Discom debt, signed up 
for the program, so far none of  them have met the 
prerequisites for securing federal debt relief, such 
as reducing subsidies and grid power losses.137 
Similarly, to improve operational eficiencies, the 
federal government launched the Accelerated 
Power Development and Reform Program 
(APDRP) scheme in 2002, but the scheme has yet 
to show results.138 In light of  these challenges, the 
Modi administration acknowledges the importance 
of  reforming the power sector, and the Power 
Minister has described utility reform as a top 
priority.139 Further research is needed to provide 
fresh recommendations to reform utilities. 

2) Harmonize federal and state policies

This building block will require action by both the 
federal and state governments. At present, federal 
procurement of  utility-scale solar is more eficient 
and effective than state programs, largely because 
of  the diversity of  state approaches. Whereas 
some policies beneit from customization to a 
state’s particular context, best practices for utility-
scale contracting should be reasonably consistent 
across state boundaries, because of  the similarities 
among utility-scale projects.140

Some states, like Tamil Nadu, have begun to 
follow the federal government’s lead in penalizing 
developers for incomplete projects and increasing 
the size of  utility-scale projects to 10 MW or 
greater, deterring less credible developers from 
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competing in auctions.141 The remaining states will 
need to follow suit if  they are to meet their targets, 
but fortunately both the federal government and 
states like Karnataka have already demonstrated an 
effective auction mechanism that reveals the most 
competitive prices and ensures project completion 
when the auction is well designed.142

The federal government can do its part to 
streamline state efforts to support utility-scale 
solar by facilitating uniform permitting and 
land acquisition policies across state boundaries 
and providing payment guarantees to offset 
regulatory risks. And national transmission 
system planning, if  coordinated with state-level 
solar auctions, can ensure that winning project 
bids are only awarded for areas on track to 
receive access to the power grid.

Finally, ixing the problematic RPO/REC system, as 
introduced in Section 2.3 above, is an exceptionally 
important priority. To achieve reform, the federal 
government and state governments need to irst 
coordinate to strictly enforce RPO obligations and 
signal to markets that RECs are here to stay for 
the long-term.  This will improve the bankability 
of  RECs in private markets and increase the value 
of  credits. The federal government can condition 
the inancial incentives introduced below in the 
inancing building block to incentivize states to 
enforce RPOs. Finally, voluntary credit set-asides 
are a design feature of  REC markets elsewhere 
that support additional clean energy deployment 
by private entities. Such a scheme could succeed 
in India as well.143 International experts with 
experience in renewable energy credit systems, 
like European countries or U.S. states, can offer 
technical assistance to India to ix the RPO and 
REC systems.144

3) Secure substantial and cost-effective 
inancing

Thanks to the recent iscal windfall from fuel 
subsidy reform, coal and telecom auctions, and 
new coal taxes, as described in Section 2.3 above, 
the Indian federal government has some of  the 
resources to provide inancing support to unlock 
domestic capital as well as motivate international 
capital inlows. Currently, federal support for 
utility-scale solar projects includes two incentives. 
First, a project developer can receive “viability-gap 
funding,” under which the federal government 
uses a reverse auction to award a capital grant of  up 
to 30% of  the project cost to a winning project.145 
Second, the owner of  a solar project can apply an 
“accelerated depreciation” rate of  80% in the irst 
year of  operation to the project to increase near-
term tax beneits.146

However, these existing policies are not the 
optimal way for the federal government to 
incentivize utility-scale solar deployment. A 
more cost-effective policy would be to directly 
provide reduced-cost, longer tenor debt for 
projects.147 The federal government can leverage its 
creditworthiness to mobilize funds to provide loans 
to project developers at lower interest rates and for 
longer maturities than the domestic banking sector 
can offer. Over the long run, the government 
would recover much of  its subsidy compared with 
existing policies—mobilizing low-cost debt could 
cost the government far less than disbursing capital 
subsidies or providing tax write-offs—lowering the 
total subsidy cost by up to 75 percent.148

However, directly providing low-cost long-term 
loans, due to their high capital outlay requirements 
in the short-term, may pose challenges given 
the government’s competing iscal priorities.149 
Therefore, they should be paired with a short-
term inancing strategy of  subsidizing the interest 
rates of  commercial loans, where the government 
would reduce the effective interest rate by paying 
part of  the interest payments. For example, 
compared with viability-gap funding, a comparable 
interest subsidy would reduce the required subsidy 
outlay by more than 10 percent and would support 
30 percent more solar deployment. Together, 
the federal government could leverage both 
strategies—providing interest subsidies in the 
short-term and low-cost, longer tenor debt in 
the long-term—to reduce its subsidy bill while 
accelerating solar deployment.150

Beyond directly providing or subsidizing loans, 
the government could adopt regulations that make 
it easier for both domestic and foreign investors 
to provide cheaper debt capital, and thus act as a 
facilitator as opposed to a provider. To mobilize 
attractive domestic capital, the federal government 
should encourage the development of  partial 
credit guarantees (PCGs) for project bonds as well 
as infrastructure debt funds (IDFs).151 PCGs are 
provided by a highly credit worthy guarantor to back 
the cash lows in case of  default. IDFs, on the other 
hand, are pooled instruments that combine multiple 
cash lows. Both of  these have the ability to improve 
credit ratings of  underlying renewable projects, so 
as to attract domestic institutional investors and, in 
the process, improve the cost of  debt by up to 3 
percentage points and increase tenors by up to 5 
years. To better enable the private banking sector 
to utilize such instruments, the federal government 
can modify existing regulations, for example to 
raise the 10 percent ceiling limiting any individual 
investor’s contribution to fund a renewable energy 
bond offering.152
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To mobilize foreign capital, the federal government 
can offer a foreign-exchange hedging facility 
that reduces currency risk from movements in 
the exchange rate between rupees and dollars 
(in addition to the Payment Security Mechanism, 
described above).153 The government has already 
begun exploring such a policy, and by correctly 
designing a hedging facility, it can pass on the 
expected hedging costs as a fee to developers. 
Even with the fee, developers who once faced a 
7 percentage point increase in the cost of  capital 
from currency risk would now face a net 3.5 
percentage point increase, reducing both the cost 
of  the utility-scale solar project as well as the cost 
of  government support.154 International inancial 
institutions with extensive experience designing 
currency hedges, like the International Finance 
Corporation, can provide technical assistance 
to accelerate India’s development of  a sound 
currency hedging facility to support inlows of  
international capital to solar projects.155

4) Foster diffusion of  technology and 

standards from abroad 

International actors can support utility-scale 
solar in India by focusing on this fourth building 
block. India needs to upgrade its electricity grid to 
transmit and host large amounts of  intermittent 
solar energy. Developed countries can provide 
technical assistance to India to install advanced 
transmission infrastructure, like high-voltage 
direct-current (HVDC) lines that could compose 
the backbone of  India’s Green Corridors. Such 
HVDC lines are found across Europe, North 
America and China and are used to transmit 
current over very long distances for which normal 

To mobilize foreign capital, the 
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a foreign-exchange hedging 

facility that reduces currency risk 

from movements in the exchange 

rate between rupees and dollars 

alternating current (AC) transmission lines are 
less well suited because of  high transmission 
losses. India is seeking to install similar lines to 
move surplus solar energy from sunny states like 
Rajasthan to electricity demand centers elsewhere 
in the country.156

Second, for solar (and other renewable) energy 
to become a signiicant contributor in terms of  
generation, key supporting technologies will 
be needed to buffer solar’s intermittency. In the 
developed world, natural gas “peaker” power 
plants can quickly change their output to offset the 
variability of  renewable generators, and equipment 
such as “capacitor banks” can help integrate power 
lows from large solar plants into the rest of  the 
grid. In the Indian context, such equipment is less 
necessary in the near-term. However, as India 
prepares for a grid with a higher penetration of  
solar, it will need to invest in a power grid that can 
handle solar (and wind) variability. To help India 
prepare, developed countries with experience 
in integrating large-scale renewables can offer 
technical assistance to Indian electricity system 
planners to integrate storage and smart grid 
solutions, as discussed in Section 2.3 above.
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Distributed Solar3.2 

5 kW solar rooftop 

project in Chennai 

(Consul Neowatt)

Whereas utility-scale solar has received the most attention from domestic policymakers and international 

investors, distributed solar must also succeed for India to fully capture the domestic beneits of  solar. 
Decentralization brings trade-offs. By bypassing the problematic grid, distributed solar in India can 

improve access to and reliability of  power. However, it is not amenable to massive economies of  scale and 

central planning the same way utility-scale solar is. Still, the same four building blocks anchor the policy 

prescriptions for success in distributed solar.
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Distributed solar offers fewer direct climate 
beneits, compared with utility-scale solar, for 
two reasons. First, the government’s 40 GW 
rooftop solar target by 2022 is extremely ambi-
tious, requiring annualized growth of  roughly 100 
percent, so deployment of  distributed solar is 
very likely to lag that of  utility-scale solar in terms 

of  bulk energy generation (Figure 7). Second, 
although distributed solar can help displace emis-
sions from diesel, which powers small generators 
used for back-up power, distributed solar will 
continue to supplement, rather than fully replace, 
back-up fossil fuel generation until cost-effective 
energy storage is available.157

Still, widespread deployment of  distributed 
solar could offer a badly needed alternative 
to problematic state grids. Viable markets are 
numerous—indeed, a recent model suggests that 
there is potential for 22 GW of  rooftop solar by 
2022 if policy support is ramped up.158 Sensitive 
facilities for which reliable power is especially 
valuable, like hospitals, ofices, data centers, and 
factories, would beneit from solar microgrids-
self-contained electricity grids powered by solar 
and batteries that can supply power even when 
the central grid fails. Other customers, across 
residential, commercial, and industrial sectors, 
could beneit from just the solar panels without 
the microgrid to improve reliability during the 
daytime.

In fact, these are not new distributed generation 
markets. The Indian federal electricity regulator 
estimates that non-utility diesel generator capacity 
amounts to about one-third of  the central power 

plant leet’s capacity (Figure 4). Many of  these 
back-up systems are already equipped with the 
associated electrical equipment needed for solar 
to supplement diesel power.159 On paper, the 
economics vastly favor solar over diesel.  Diesel 
generators produce power that costs roughly $0.27 
per kWh, more than double the cost of  solar in 
many locations in India.160 However, the difference 
is that solar’s costs are frontloaded—that is, nearly 
all of  the costs of  solar are an initial capital outlay, 
followed by decades of  zero fuel-cost operation. 
By contrast, diesel generators themselves are 
relatively cheap, but ongoing fuel costs are high. 
Because of  the low domestic availability of  capital, 
especially for residential consumers, to inance 
solar systems, distributed solar has yet to take off  
to a signiicant extent. But the opportunity clearly 
exists for consumers to realize substantial savings 
if  offered a route to repackaging their existing 
expenditures on diesel to inance solar.161
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Distributed solar offers other domestic co-
beneits that could help sustain public support 
for aggressive renewable energy targets. Even 
though displacing diesel generators used for back-
up power may have limited climate beneits, diesel 
generators are contributors to urban air pollution, 

which distributed solar could ameliorate.162 
Moreover, compared with utility-scale solar, 
distributed solar can support over double the 
number of  short-term construction jobs and 
its long-term job creation potential is one third 
greater per MW of  installed capacity.163  As a highly 
visible manifestation of  solar, compared with 
remote utility-scale installations, distributed solar 
can be much better at winning over public opinion 
to back further efforts in support of  renewable 
energy, especially with tangible economic and 
environmental beneits.

At present, distributed solar makes the most sense 
for industrial and commercial customers.164 These 
customers, especially large industrial buildings, 
often have underutilized roof  space available for 
solar, sidestepping the land problem facing utility-
scale solar deployment. For example, in Delhi, 40 
percent of  industrial rooftops are sturdy enough 
to host solar versus only 20 percent of  residential 
rooftops.165 Additionally, these customers face 
electricity rates from the utility of  $0.12–0.18 per 
kWh, higher than the “levelized cost” of  solar 
power, a metric that spreads out the up-front 
capital cost of  solar over several years of  asset 
use to enable a per-kWh comparison with other 
sources of  power.166

However, because of  inconsistent public policy 
support for distributed solar, progress has 
been limited in most states. Of  the 350 MW of  
distributed solar capacity installed so far (less than 
one-tenth the deployment of  utility-scale solar), 
over 30 percent is concentrated in just three of  
India’s twenty-nine states: Maharashtra, Tamil 
Nadu, and Gujarat. Federal capital subsidies have 
proven unsuccessful at stimulating distributed 
solar deployment across India, in part because of  
erratic delivery of  subsidy payments. Moreover, 

not all states offer “net metering,” under which 
customers can use self-generated solar power 
to offset purchases of  energy from the grid and 
receive compensation for excess solar energy sold 
back to the grid. And some states that do offer 
net metering cap the penetration of  solar that is 
allowed to interconnect to the grid and further 
restrict the number of  solar systems eligible for 
compensation. Finally, across India, utilities offer 
subsidized electricity rates for residential and 
agricultural customers, reducing the savings that 
distributed solar can offer for those customer 
segments. As a result of  these barriers, the Bridge 
to India consultancy projects that, absent policy 
changes, only 4 GW of  rooftop solar will be 
installed between 2015 and 2019, compared with 
24 GW of  utility-scale solar.167

Technical challenges also obstruct progress 
in deploying distributed solar.  For example, 
because of  safety features built into foreign-
made inverters, which serve as the interface 
between the solar panels and the grid, minor 
luctuations in the quality of  grid power can 
force the solar system to shut down.168 As a result, 
when the grid goes ofline, the solar system 
will not work as a backup power source, and 
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often even a licker in the quality of  grid power 
will also trip off  the solar system. Although 
such inverter behavior makes sense on safety 
grounds in developed countries, for which the 
inverters were designed and where blackouts are 
rare, in India these features erode the usefulness 
of  distributed solar. India lacks inverters with 
customized operating standards that still 
ensure safety but also enable the equipment 
to continue operating despite poor grid power 
quality.  Moreover, distribution utilities often 
have not installed adequate infrastructure to 
handle the bidirectional power low that occurs 
when distributed solar provides excess power to 
the grid.169 This lack of  infrastructure can make 
it dificult to integrate substantial amounts 
of  solar and maintain the reliability of  Indian 
distribution grids. 
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Finally, since the distributed solar industry is still 
nascent, inancing and business challenges abound. 
Although federal capital subsidies offer support 
in theory, they have not been suficiently funded 
or disbursed.170 Commercial banks are hesitant to 
inance projects, especially for residential customers, 

resulting in a high cost of  debt. Unlike in developed 
countries, where established distributed solar players 
offer third-party inancing to help customers avoid 
up-front capital investments, the Indian distributed 
solar industry is new and fragmented, and third-
party inancing is rare.171 However, recent policy 
developments are promising. For example, the 
federal government has announced a scheme to 
work with international development banks to offer 
reduced interest rate loans for distributed solar.172

To enable distributed solar to succeed, Indian 
policymakers and the international community can 
collaborate in advancing the four building blocks 
of  a winning Indian solar strategy.

1) Reform the utility sector 

There are two important utility reforms that Indian 

states can undertake, with the help of  the federal 

government. First, if  states reduce subsidies on 

electricity rates, they will improve the iscal health 
of  utilities, which can collect payment more closely 

related to the cost of  electricity service. And 

reducing subsidies will improve the economics 

of  distributed solar under net metering, especially 

for residential customers, by increasing the rate at 

which distributed solar systems are compensated 

for delivering power to the grid. These subsidies 

are substantial and result in residential rates 

for grid power that, depending on the state, are 

between one third and two thirds of  the levelized 

cost of  solar, artiicially making distributed solar 
uncompetitive.173 Importantly, however, subsidies 

are a politically sensitive issue, so further research 

may be needed to suggest innovative mechanisms 

for subsidy reforms that address the energy needs 

of  a developing country. 

Second, if  state regulators push utilities to invest in 
distribution grid infrastructure, utilities will be able 
to host more grid-connected distributed solar. The 
federal government has already demonstrated its 
willingness to fund such infrastructure, including a 
$4 billion smart meter initiative.174 Further funding 
can be conditioned upon state utility reform to 
support distributed solar. This would weaken the 
justiication for existing utility practices in many 
states that limit grid access and net metering 
compensation for rooftop solar.

2) Harmonize federal and state policies 

For distributed solar to take off  across India, 
policy support at both the federal and state levels 
is necessary. At present, policies are inconsistent on 
a state-by-state basis, and federal policies tend to 
ignore distributed solar instead of  helping to level 
the uneven state playing ield. 

Net metering policies, which are determined at 
the state level, are crucial for the economics of  
distributed solar, because compensation for power 
exports to the grid can provide steady revenue to 
inance the installations. However, compensation 
schemes for distributed solar differ across state 
boundaries. Although 25 states have announced 

some form of  net metering policy, each state 
differs on the eligibility criteria, penetration limit 
of  distributed solar on the grid, allowed quantity of  
electricity exports, and most importantly, the level 
of  the electricity tariff. 175 

This heterogeneity has contributed to vastly different 
rates of  deployment of  distributed solar across state 
lines. However, swinging to the other extreme—
strict uniformity of  solar compensation policies—is 
not the solution either. The prudent solution would 
be for all states in India to adopt basic guidelines for 
integrating distributed solar on the grid, enabling 
each state to tailor further ambition to its local 
context. The Forum of  Regulators, an organization 
that combines federal and state regulators in 
India, is ideally poised to harmonize baseline solar 
compensation regulations and has already issued 
some guidance to standardize state policy.176 
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A nuanced approach to designing net metering 
policies is necessary to both support solar 
deployment and also to avoid imposing further 
inancial strain on utilities. In the United States, net 
metering has come under ire from utilities, which 
contend that it poorly relects the cost of  service 
for solar customers who take advantage of  net 
metering to underpay for grid services.177 Applied 
to India, this argument might carry extra weight 
because utilities are already so cash-strapped that 
a further revenue blow via net metering might 
preclude badly needed grid investments. Therefore, 
Indian regulators, guided by coordinating bodies 
like the Forum of  Regulators, need to carefully 
design compensation mechanisms that encourage 
distributed solar but do not cause utilities further 
inancial distress, especially as many commercial 
and industrial Indian utility consumers consider 
switching to solar. In some parts of  the United 
States, utility rates for commercial and industrial 
customers are tuned so that the utility is largely 
indifferent whether a customer chooses to generate 
power on-site or draw power from the grid. The 
United States can share this experience with rate 
design so that Indian regulators can accomplish 
the same goals.178

3) Secure substantial and cost-effective 

inancing 

Across developed countries, inancing costs 
for distributed solar have fallen as the industry 
matures and gains experience. In India, similar cost 
reductions should occur with time as the presently 
nascent and fragmented industry consolidates and 
the business models evolve. However there are 
some policy interventions by the Indian federal 
and state governments that can accelerate this 
process. 

First, federal policy reform can help accelerate 
third-party inancing, which has advanced the 
deployment of  distributed solar across much 
of  the developed world. Existing tax incentives, 
like accelerated depreciation for solar systems, in 
many cases do not pass through to third party 
investors who might inance the high capital costs 
that put distributed solar out of  reach for many 
consumers.179 Rewriting federal tax incentives 
could enable companies to structure inancing 
models that attract third-party tax equity investors, 
a model that has proven successful in the United 
States despite some challenges, including a limited 
number of  tax equity investors.180 Moreover, third 
party investors fear default risks if  their property 
rights to solar systems leased to consumers are not 
clear.181 Therefore, increasing the reach of  federal 

tax incentives and enhancing federally enforced 
property protections could offer third party 
investors a more attractive route to inance and 
lease distributed solar systems.

Second, municipalities and state governments 
can issue bonds to provide lower-cost loans to 
customers to install distributed solar, leveraging 
experience from abroad. In developed economies, 
local governments have devised several innovative 
approaches to inancing clean energy. For example, 
across the United States, states and municipalities 
are ramping up Property-Assessed Clean Energy 
(PACE) inancing schemes, under which property 
owners, especially on the commercial side, can 
pay for renewable energy and energy eficiency 
via an assessment on their property tax bills.  The 
additional tax assessment is secured by a senior 
lien on the property, which confers strong debt 
collateral. The property owner often does not have 
to make any down payment and immediately sees 
monthly savings from lower energy bills.182,183,184 

Foreign and domestic nonproit organizations can 
also improve the availability of  attractive inancing 
by increasing the quantity and availability of  data. 
Accelerating deployment of  solar around the 
world is helped by greater investor conidence 
in assets that are well understood.  Increasing 
amounts of  data are available quantifying the 
performance of  solar installations over multiple 
years and sometime decades of  operation. In India, 
more data is needed, especially for distributed and 
off-grid solar, to increase investor conidence 
and drive down the cost of  capital. Nonproit 
organizations supporting solar deployment in 
India can help state and federal governments set 
up robust databases to capture the performance 
data of  solar systems within each segment. The 
availability of  such data will be a key enabler of  
innovative inancing approaches like issuing asset-
backed securities, which are inancial instruments 
comprising several renewable energy assets that 
can then be traded on inancial markets, increasing 
the potential pool of  investors and lowering the 
cost of  capital. In developed countries like the 
United States, this strategy is increasingly popular 
in inancing distributed solar.185 But in a country 
like India, a proven track record of  performance 
from carefully collected data is essential to enable 
investors to correctly value and invest in solar.186

4) Foster diffusion of  technology and 

standards from abroad 

International actors can offer assistance not just 
in improving the availability of  inancing, but 
also in sharing technical expertise on designing 
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and deploying distributed solar systems. Local 
developers and installers have not coalesced 
around a standard system design, set of  installation 
equipment, or interconnection standards. Solar 
installers often lack requisite training to ensure 
project quality. And there are no standard 
protocols for designing and installing microgrids 
to serve sensitive loads.187

Moreover, the industry needs guidance on how 
to customize distributed solar installations to the 
Indian context. For example, inverters need to 
be conigured to continue operating even if  the 
grid lickers, assuming an adequate safety margin 
can be maintained. Additionally, many inverters 
can actually be used to bolster the grid (e.g., 
reactive power support), adding further value to 
distributed solar, especially in the context of  a 
struggling grid.188

International technical bodies, like the U.S. IEEE 
(Institute of  Electrical and Electronics Engineers), 
should work with Indian standard-setting bodies 
to develop guidelines for interconnection, 
islanding operation (when a solar installation or 
microgrid supplies power even when the grid goes 
down), low-voltage ride-through (the ability to 
keep working during episodes of  grid instability), 
and provision of  voltage and frequency regulation 
support (which helps the grid deliver reliable and 
high-quality power).189 International distributed 
solar developers and research laboratories (like the 
U.S. National Renewable Energy Laboratory) can 
help specify standard system designs for use across 
India. By supporting the adoption of  technology 
and standards in India, international actors can 
help India ramp up its young but promising 
distributed solar sector.
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Off-Grid Solar3.3

Electric lamps powered by a 

solar microgrid enable rural 

Orissa children to read at 

night (UK Department for 

International Development)

The 3 GW target for off-grid solar contrasts with the multibillion dollar investment push for utility-scale 

solar, and the ambitious ramp-up that the Modi administration plans for distributed solar. But even though 

off-grid solar cannot compete with the other two segments of  solar on a megawatt basis, achieving the Modi 

administration goal will reach tens of  millions of  homes and raise the proile of  solar power by helping 
increase energy access for a substantial segment of  India’s population.
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Off-grid solar refers to solar power systems that 
serve customers without a utility electricity grid 
connection. Broadly, there are two categories of  
off-grid solar. First, some vendors offer solar 
home systems (SHS), which generally include solar 
panels and a battery to power a limited number of  
appliances (e.g., lighting and a cell phone charger) 
in a single home. The second business model for 
off-grid solar is to build a microgrid (also known 
as a decentralized renewable energy system or 
DRE) that serves multiple customers.190

Because of  its ability to change an underserved 
customer’s life, off-grid solar is an ideal tool to 
elevate the proile of  the Modi administration’s 
solar plans among a large and politically signiicant 
segment of  the population. In India, over 360 
million people have no access to the grid, and a 
further 95 million are severely underserved by the 
grid, receiving fewer than four hours of  electricity 
service per day. These igures are the highest of  
any country in the world in absolute terms.191

Nevertheless, the Modi administration has not 
paid adequate attention to this solar segment, 
and its 2022 target for off-grid solar is only 3 
GW. Progress has been halting, with only 234 
MW of  off-grid solar capacity installed to date.192 
Federal support for off-grid solar dates back 
to the Electricity Act of  2003, which set a goal 
of  electrifying every village and household by 
2012. Although the government reports having 
electriied over 90 percent of  villages, that oficial 
statistic likely overstates gains in energy access, 
conlating construction progress on building 
distribution outposts with rural consumers actually 
connecting to the grid.193 A more telling statistic is 
that just over half  of  rural households have access 
to electricity, whereas the remaining households 
use kerosene for lighting and heat.194,195

In speciic cases, both the government and 
private enterprises can point to successes. Where 
successfully implemented, federal capital subsidies 
of  up to 90 percent and loan reinancing assistance 
through the Ministry of  New and Renewable 
Energy’s investment arm have funded off-grid 
solar projects, notably in Karnataka and Uttar 
Pradesh.196 And private entities, both homegrown 
and foreign, have devised innovative ways to make 
off-grid solar a inancially sustainable proposition, 
as described in a 2015 Goldman Sachs review of  
the diversity of  off-grid business models.197 Some 
vendors—like Simpa Networks—have successfully 
monetized latent demand for electricity through 
pay-as-you-go models, in which customers use a 
cellphone to view their remaining electricity balance 
and purchase more power via text message for a 
remotely controlled SHS or DRE power source. 
198 Similarly, Selco helps households obtain loans 
from rural banks to inance SHS systems, which 
can include a diverse range of  energy services 
and products, like electric sewing machines, 
developed by Selco’s innovation lab. Others—like 
Mera Gao power—have harnessed the power of  
microinance to enable community ownership of  
solar systems. Finally, some DRE enterprises—
like OMC Power—have built a microgrid around 
an anchor client, like a cell tower, which guarantees 
the majority of  the revenue segment and enables 
the vendor to serve nearby village customers who 
also purchase power from the solar system. Given 
the low penetration of  off-grid solar and the vast 
potential market, the various business models for 
off-grid solar could collectively drive 60 percent 
annual market growth (Figure 8).199
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Still, despite individual successes, off-grid solar 
overall faces several challenges for the government 
to meet its 3 GW deployment target to say nothing 
of  larger-scale deployment. Financing is the main 
challenge, for three reasons: the lack of  availability 
of  domestic capital; kerosene fuel subsidies that 
artiicially alter its competitiveness with solar; and 
the diversity of  actors seeking inancing for off-
grid projects. Commercial banks, often unfamiliar 
with off-grid projects, are unwilling to lend capital 
to construct them.200 Although federal subsidies are 
generous on paper, they are disbursed unpredictably 
and often exclude smaller, entrepreneurial 
vendors.201 And the customers who seek off-grid 
solar often cannot afford the capital costs of  even a 
$100 SHS setup, which also come with equipment 
maintenance and replacement costs.202 

Moreover, off-grid solar faces a range of  technical 
challenges. Reliably earning revenue from 
rural customers entails considerable collection 
costs. Despite some cases where vendors have 
successfully deployed remote mobile payment 
systems, most vendors have relied on door-to-
door collection. One reason is that Indian federal 
regulation requires mobile network operators 
to partner with banks to offer mobile money 
services, and banks are often unwilling to extend 
their services to remote areas.203 

Similar to the obstacles facing distributed solar, 
off-grid solar also suffers a lack of  trained 
technicians to install the solar systems.204 Since 
there are several competing conigurations for 
SHS and DRE setups, the lack of  standardization 
results in widely differing reliability outcomes. 
And solar equipment is often not customized to 
India’s context, which involves high temperatures, 
humidity, dust, and low precipitation, further 
reducing equipment reliability.205

It is imperative that the Modi administration, with 
the support of  international actors, overcomes the 
challenges facing off-grid solar in order to advance 
it as an energy solution for all. Again, the four 
building blocks can facilitate such success:

1) Reform the utility sector

Although off-grid solar is, by deinition, not connected 
to the grid operated by state utilities, modiications 
to the state utility model can alleviate serious risks 
impeding widespread off-grid solar deployment. At 
present, state plans for extending the grid threaten the 
long-term viability of  a signiicant number of  off-grid 
SHS and DRE models. Even though extension of  the 
power grid is an important national priority, off-grid 
solar developers are afraid to build systems that may 
become obsolete if  the grid arrives, often offering 
subsidized power, and puts them out of  business.206 
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There is a way to coordinate efforts to extend 
the grid and to deploy off-grid solar, so that both 
approaches can constructively advance the goal 
of  energy access rather than impede each other. 
State utilities can treat off-grid developers as 
“franchisees,” offering the developers a guaranteed 
10-year contract to collect power revenues from 
designated off-grid areas without the risk of  
competing with the grid.207 

This approach has worked elsewhere, for example 
in Tanzania, and the Forum of  Regulators has 
proposed federal legislation to expand this 
approach across India.208,209 If  a grid extension 
project were to intrude on an off-grid solar 
developer’s service territory, under the new 
legislation the franchisee would be entitled to 
remedies, including the possibility of  operating 
the new distribution grid to continue providing 
power within the service territory. Such legislation 
could enable off-grid solar microgrid business 
models, which are increasingly attractive across the 
developing world, to attract capital from investors 
who need not fear competition from the grid. 

2) Harmonize federal and state policies 

Federal and state policy coordination could advance 
off-grid solar deployment by phasing out kerosene 
subsidies that make off-grid solar uncompetitive. 
Indeed, nonproit groups that operate off-grid 
solar microgrids across the developing world 
report that customers in India are only willing 
to pay one fourth the price paid by Haitian off-
grid solar customers, because in India subsidized 
kerosene provides an artiicially cheap alternative 
to electricity.  At a deregulated price, the cost of  
kerosene far exceeds that of  off-grid solar, even 
before accounting for other beneits of  solar like 
avoided air pollution.210 The Modi administration 
has already expressed its willingness to tackle 
consumer fuel subsidies, deregulating the price 
of  diesel last year.211 However, kerosene subsidies 
are an even more politically inlammatory subject, 
so a nationwide reform to the subsidies is likely 
a political non-starter for the administration. But 

targeted subsidy reform to enable off-grid solar to 
displace kerosene in selected areas can provide a 
beachhead of  reform for the Modi administration 
to build on. 

Such a targeted scheme would require careful 
coordination between the federal and state 
governments. The federal government sets the level 
of  kerosene subsidy at a nationwide level. Then 
state governments are responsible for allocating 
the subsidized kerosene to local districts.212 To set 
up a subsidy reform demonstration project, a state 
government could select one or more off-grid 
villages and decrease the allocation of  subsidized 
kerosene to the demonstration area. The federal 
government could repurpose the savings from 
subsidy payments to inancial incentives for off-
grid solar developers to set up microgrid projects 
to electrify the target rural area.213 Replicated across 
different states, such demonstration projects could 
help build momentum to roll back one of  India’s 
most intractable subsidy programs. Nevertheless, 
such a program must be carefully staged to ensure 
that subsidized kerosene does not disappear 
before an operational off-grid solar system can 
be deployed, among other design considerations. 
Indeed, the politically sensitive nature of  subsidy 
reform suggests that further research is necessary 
to design and implement a revenue-neutral, 
politically palatable scheme to wean rural residents 
off  subsidized kerosene.

3) Secure substantial and cost-effective 

effective inancing

The fundamental business case for off-grid solar 
exists, but it will take tailored policy support to 
create a self-sustaining ecosystem of  suppliers, 
distributors, and customers. Current federal policy 
may offer generous inancial support on paper, 
but the policies are not customized to the speciic 
dificulties that off-grid solar faces. For example, 
rather than only provide capital subsidies for 
up front construction costs, federal generation 
incentives would encourage vendors to ensure that 
the solar systems continue generating electricity. 

Private entities, both 

homegrown and foreign, 

have devised innovative 

ways to make off-grid solar 

a inancially sustainable 
proposition

The various business models for 

off-grid solar could collectively 

drive 60 percent annual market 

growth
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This could address the current challenge of  
developers using substandard equipment to seek 
capital subsidies for solar systems that fail soon 
after deployment.214

Additionally, the federal government can step in 
to guarantee loans to off-grid entrepreneurs and 
other emerging developers that commercial banks 
are presently unwilling to back.215 This would help 
alleviate the shortage of  working capital and low-
cost debt inance to deploy off-grid systems. There 
are existing energy access funds supported by 
international institutions like the World Bank and 
corporate foundations like the Shell Foundation 
that already aim to provide working capital for 
off-grid solar developers in Asia.216 The Indian 
government should welcome these efforts and 
can accelerate them by contributing risk capital to 
these funds. And, if  the federal government can 
partner with off-grid developers to route power 
payments through bank accounts linked to the 
government’s new national identiication system 
(Aadhar), this can alleviate investor fears about 
collection risks and unlock private capital to own 
and operate off-grid solar systems.217 

International actors can also help. For example, 
the United Nations Environment Program Solar 
Loan Initiative, launched in 2003, has subsidized 
interest payments and coordinated market 
entry of  international microinance investors.218 
Expanding these kinds of  initiatives outside of  
the few states that have received such support can 
expand the reach of  off-grid solar. And as was the 
case for distributed solar, international nonproit 
organizations can help compile and disseminate 
data on off-grid solar performance to further de-
risk investments in this segment.

4) Foster diffusion of  technology and 

standards from abroad 

Off-grid solar is still a nascent market in India, 
and there is a pressing need to standardize 
equipment, conigurations, and business models 
to achieve widespread deployment. International 
collaborations between U.S. and Indian research 
laboratories, like the Solar Energy Research 
Institute for India and the United States 
(SERIIUS), can investigate new solar materials 
and equipment modiications to enable long-lived 
deployments in the Indian climate.219 And similar 
to the distributed solar sector, the off-grid solar 
sector would beneit from the transfer of  technical 
standards from international standards bodies, for 
example for the operation of  micro-grids.220 

Finally, low-voltage direct-current (DC) microgrids 

that leverage off-grid solar are increasingly popular 
as a potential cost-effective solution to achieve 
widespread energy access, but they require greater 
availability of  associated DC appliances to realize 
their cost-saving potential.221 DC microgrids 
avoid the losses that would otherwise result 

from converting solar power (which is DC) into 

alternating current (AC). For some applications, 
like mobile charging, there are further losses in 
another conversion back into DC. Moreover, 
many DC appliances use less energy than AC 
appliances.222 To date, some private companies 
have demonstrated successful pilot programs in 
Bihar and Uttar Pradesh to deploy DC microgrids 
along with eficient DC appliances.223,224 To help 
these and other companies achieve scale, the 
Indian government can partner with foreign 
multinational irms to pursue bulk procurement 
of  energy-eficient DC appliances, like televisions 
and fans.225 Indeed, India has already had success 
in bulk procurement of  light-emitting diodes 
(LEDs), another energy-eficient DC appliance, 
through which it was able to encourage licensing 
deals and joint ventures with foreign multinationals 
like Philips to develop domestic manufacturing.226 
A similar strategy can help create a thriving 
ecosystem of  DC appliances to encourage the 
development of  off-grid DC microgrids.

Low-voltage direct current 

microgrids that leverage off-grid 

solar can provide cost-effective 

and energy-eficient access to 
power
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4 Conclusion and Future Research Priorities

Woman trains to 

install off-grid solar 

microgrids at Barefoot 

College, Rajasthan 

(Knut-Erik Helle)
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From a climate perspective, India’s solar ambition 

is the bright spot in an energy landscape that will 

likely be dominated by carbon-heavy fuels for 

the foreseeable future. But to play a meaningful 

role in curbing the projected rise in India’s 

GHG emissions, solar must attract broad and 

durable political support. A range of  co-beneits-
improving power reliability, expanding access to 

energy, reducing air pollution-could help in this 

regard. India has long opposed reducing emissions 

for climate reasons alone, but emission reduction 

could be a happy collateral outcome of  a solar 

strategy aimed at solving an array of  domestic 

problems. However, the overwhelming focus of  

the Indian government to date on utility-scale 

solar projects cannot produce the diverse range 

of  beneits that solar must deliver.  Attention 
from the Modi Administration and international 

support are badly needed to accelerate deployment 

of  the two other solar segments-distributed and 

off-grid solar. 

Four building blocks-reforming the utility sector 

harmonizing state and federal policy, securing 

substantial and cost-effective inancing, and 
fostering the diffusion of  technology and standards 

from abroad-compose a winning strategy that 

state and federal governments, along with public 

and private players from abroad can pursue in each 

of  the three segments of  solar.

Further analytical work by academics, consultants, 

NGOs, government researchers, etc. can also 

support India’s solar progress by investigating 

ive unresolved questions. The answers to these 
questions could guide policymakers to further 

reine their approach thereby accelerating solar 
deployment in India:

 India’s solar ambition is the bright 

spot in an energy landscape that will 

likely be dominated by carbon-heavy 

fuels for the foreseeable future

 Emission reduction could be a 
happy collateral outcome of  a 
solar strategy aimed at solving 
an array of  domestic problems

How do the three segments of  solar compare 

with respect to their climate beneits and 
domestic co-beneits? This study provides 

a coarse rank-ordering of  the three segments 

and their respective strengths (Figure 1), but 

further quantitative study can better guide the 

relative weight that each segment deserves. The 

Modi administration’s target of  over 100 GW is 

highly ambitious and perhaps at this point only 

aspirational. Armed with better knowledge of  

the marginal beneits of  each GW from the three 
segments of  solar, the administration can more 

accurately prioritize its resources as it pursues its 

challenging solar goals.

What are the right performance metrics to 

track the progress of  each segment of  solar? 

Measuring progress is as important as setting 

appropriate targets. This study has compiled a 

variety of  secondary research to take a snapshot 

of  each of  the three segments of  solar but the 

data is limited in content and availability. What if  

policymakers in India could automatically update a 

dashboard of  performance metrics from regularly 

collected data, transforming such snapshots into 

a moving picture illustrating India’s trajectory and 

the course corrections required? Further research 

to inform such an effort could be very useful.

How can inance be mobilized on attractive 
terms? Another recurring theme in this report 

has been the lack of  large quantities of  low-

cost capital for reaching India’s renewable 

targets. Future scholarship should explore the 

development of  new inancial instruments that 
de-risk investments in solar, such as payment 

security mechanisms to reduce the risk of  utilities 

failing to honor PPA contracts. Moreover, future 

research should analyze reinement of  existing 
inancial instruments, like partial credit guarantees 
and infrastructure debt funds. Since these 
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instruments have been deployed successfully to 

inance assets in other sectors, a priority should be 
to customize their application to the solar context. 

In addition, other pooled inancing vehicles, such 
as YieldCos and Infrastructure Investment Trusts 

(INVITs), should be explored. Together, existing 

and new inancing tools can enable solar and other 
renewable energy types in India to tap into new 

sources of  capital, both domestic and foreign.

What new business models should be 

developed? Beyond inance, India’s unique 
structure and needs also require development of  

new business models. The solar-as-a-lease business 

model, though offering tremendous potential, 

needs to be developed and reined in the context 
of  Indian rooftop and off-grid solar systems. 

Additionally, a potential path for rooftop systems 

could be to target large segments that already use 

diesel to provide electricity. And with respect to off-

grid systems, new models are needed to improve 

revenue collection, perhaps by offering a wider 

range of  energy services for which customers will 

be willing to continue paying, like electric sewing 

machines or lighting for storefronts.

How should the power sector in India be 

reformed? A major theme in this study has been 

the barriers to solar that exist in the Indian power 

sector. Insolvent state utilities present counterparty 

risk to utility-scale solar inanciers; net metering 
policy uncertainty chills the distributed solar 

sector; and the halting progress of  grid expansion 

leaves off-grid solar developers unsure of  whether 

they are supplementing or competing with the 

grid. For solar to succeed in India, it is clear that 

broader power reform is necessary. 

Achieving broader reforms must be a priority for 

future research. Such research should examine 

the recent efforts by the Indian government to 

accomplish reforms and make recommendations 

for what to do differently. For example, the World 

Bank has recently proposed reforms to increase 

private sector participation in the distribution 

system, through licensing and franchising 

models.  Future work should also investigate how 

foreign governments can help convey utility best 

practices to Indian state regulators and utilities. 

Utility transformations in the developed world 

have involved creating a set of  best practices, 

which include risk-based capital prioritization, 

lean procurement practices, granular customer 

segmentation along with proitability analyses, 
effective partner management, and human capital 

development. To help developing countries 

undertake power sector transformations, 

the United States Agency for International 

Development (USAID) has created a suite of  

instructional materials.  Institutions like USAID 

can spearhead exchanges in which utility planners 

and regulators from developed countries-where 

system-wide losses are often an order of  magnitude 

smaller than in India-interact with and impart best 

practices to Indian counterparts.

Clearly, there are considerable challenges to 

deploying India’s three distinct types of  solar-

utility, distributed and off-grid. But that should not 

diminish the tremendous potential that solar has in 

solving India’s varied energy challenges. If  serious 

progress can be made over the next several years, 

solar could well live up to Prime Minister Modi’s 

conviction that India, in reaching for the sun, can 

ind its “ultimate” energy solution.
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