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A B S T R A C T

In late 2014, India announced plans to increase the deployment of solar technology from 20 GW to 100 GW by
2022 and followed this up by putting in place a set of robust policies to achieve this target. What explains India's
strong push to adopt solar electricity? Conventional wisdom mostly credits techno-economic factors, such as
falling module prices and competitive bidding to explain this embrace. Though these factors undoubtedly aided
the scale-up, solar power was substantially more expensive than domestic coal in the 2014–17 period under
study. We conducted 23 elite interviews with former and current Indian government officials, think-tank re-
searchers, consultants, private sector executives, Indian media, and two U.S. officials. We evaluated nine possible
drivers behind the Indian government's policy push on solar going beyond the techno-economic emphasis on
declining panel prices. Based on the interviews and a review of other observable implications of the various
drivers, four chiefly political drivers clearly stood out: domestic politics, global pressure and partnerships, attracting
investment, and energy sovereignty. Prime Minister Modi embraced solar to bolster his domestic image as a
modernizing reformer and to boost India's reputation internationally. Solar also aimed to leverage investment
and dampen India's dependence on energy imports.

1. Introduction

In late 2014, India announced plans to increase the deployment of
solar technology from 20 GW to 100 GW by 2022. This pledge was not
mere words. Between 2014 and 2017, the country increased its installed
solar capacity from 2.4 GW to 19.6 GW (Prateek, 2018a; World
Resources Institute, 2017). While still only about 6% of the net gen-
eration capacity (and 2% of final electricity consumption), a close to
10-fold increase in this figure in four years was dramatic (Bridge to
India, 2018).

At the same time, the country sought to reposition itself as a global
leader on solar energy. In the midst of the 2015 Paris climate nego-
tiations, India announced that, with the help of the government of
France, it would serve as host for the International Solar Alliance, an
effort to boost the diffusion of solar technology around the world
(Modi, 2015). The scale up of solar electricity represents about half of
India's estimated emissions reductions under the Paris climate agree-
ment, and the country has made major progress in meeting these goals
(Sivaram et al., 2015; Safi, 2016). The country's 2018 National Elec-
tricity Plan set a goal of achieving 275 GW of renewables capacity by
2027, with solar accounting for two-thirds of this figure. What explains
the Indian government's push to adopt solar electricity?

Conventional wisdom mostly credits techno-economic factors, such
as falling module prices and the adoption of competitive bidding.
However, as we argue, solar power was substantially more expensive
than domestic coal (the country's main fuel source for the electricity
sector) in the 2014–17 period under study, and remains so. Some nar-
ratives also credit policy initiatives such as solar parks and payment
guarantee mechanisms, but they rarely probe into what drove this
policy focus in the first place. If, as we argue, techno-economic factors
do not alone or even primarily explain the Indian government's em-
brace of pro-solar policies, what then does? This question animates this
article.

Answering this question is important as the United States' intended
withdrawal from the Paris agreement has called into question the
durability of country commitments to mitigation targets. India is key to
whether these targets will be met (Sivaram et al., 2015). A better un-
derstanding of Indian motivations is therefore important.

This research is also relevant to examine a commonly-held view that
market dynamics will alone or mostly enable the solar revolution. If
policy was an essential factor that drove India's solar rise, then the
direction of policy may be critical for other countries, and a metho-
dology for detection of these shifts through isolation of its drivers could
empower policymakers and researchers.
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We conducted two rounds of elite interviews in India between
October and December 2017 with 23 former and current Indian gov-
ernment officials, think-tank researchers, consultants, private sector
executives, and energy experts in the Indian media. Interviews with two
U.S. officials were carried out in 2018 (see Appendix A for a list of
anonymized interviewees).1 We sought to ascertain the primary and
secondary drivers behind the Indian government's decision in late
2014/early 2015 to target 100 GW capacity of solar power and put in
place policies to implement this target. Four drivers stood out from the
rest (Fig. 4). These include domestic politics, global pressure and part-
nerships, energy sovereignty, and attracting investment.

The paper is structured as follows. Section 2 lays out the theoretical
framework that informs our work. It is centered on the less-emphasized
lens of politics in explaining India's energy transition push. Section 3
explains our methods. Section 4 provides details of India's solar take-
off. Section 5 demonstrates the adverse techno-economic factors at play
for Indian solar in the 2014–17 time frame. Section 6 lays out our key
findings of the four drivers that we argue were responsible for policy
prioritization of solar in India. The final section discusses the implica-
tions for the sustainability of India's solar plans and ties our findings
back to the theoretical framework.

2. Theoretical framework

Energy transitions have been the focus of much research in past
years. In a comprehensive summary, Cherp et al. identified three major
theoretical frameworks in the energy transitions literature – energy
flows and markets, socio-technical, and political (Cherp et al., 2018).
For the energy flows approach, energy transitions are a function of the
emergence of new energy sources that become more competitive on
global markets with new discoveries. For the related socio-technical
approach, energy flows are facilitated by innovations in new technol-
ogies, management strategies, and infrastructure (Kern and Markard,
2016). While policy choices may be relevant in socio-technical ex-
planations (Wu et al., 2018; Horbach and Rammer, 2018; Vazquez and
Hallack, 2018; Rogge et al., 2017), political approaches emphasize the
role of interest groups, electoral considerations, ideology, moral con-
cerns, and other factors (Healy and Barry, 2017; Jenkins et al., 2018;
Frei et al., 2018; Della Bosca and Gillespie, 2018; Pollitt, 2012).

Each of these frameworks has its origins in different fields of study –
energy flows and markets in economics and engineering, socio-tech-
nical frameworks in innovation studies, and political frameworks in
political science. The three frameworks rarely engage with each other
and focus on different aspects of what is in fact a unified phenomenon
of energy transitions. We accept Cherp's argument of the need to bridge
the three theoretical frameworks in energy transitions research.

Our study contributes to the energy transitions literature in three
ways. Our first is to bridge the political with the techno-economic to
explain India's solar push more fully.2 Energy transition studies have
only recently engaged with political frameworks (Breetz et al., 2018).
We agree with Meadowcroft on emphasizing the “everyday politics that
stand behind everyday policy” (Meadowcroft, 2009). Given that re-
newable technologies are still governed to some extent by support
mechanisms such as subsidies, quotas, and standards, understanding
the political drivers behind the formulation of pro-renewables policies
is vital for understanding their longer-term sustainability. This is
especially important in energy transitions, as historically they have
taken anything from 25 to 50 years or more (Fouquet, 2016; Smil,
2016, 2017; Fouquet and Pearson, 2012), though the speed of a possible

clean energy transition remains highly contested (Sovacool, 2016;
Sovacool and Geels, 2016; Grubler, 2012; Allen, 2012; Madureira,
2012).3 When it comes to goods deemed private but with strong im-
plications for the public interest such as healthcare and energy, states in
coalition with advocates (such as civil society actors) have often been
market-makers (Kapstein and Busby, 2013). In existing political ex-
planations for the rise of renewables, crises like the 1973 oil embargo
created an opening for renewables' entry in to the market and provided
a rationale for diversification from fossil fuels, aided by strong support
from national leadership and domestic environmental lobbies. Over
time, the rise of renewables industries created a built-in constituency
for their continuation (Breetz et al., 2018; Aklin and Urpelainen, 2018;
Fouquet, 2012). In the Indian experience, there was no crisis triggering
the 2014 decision to scale-up solar, nor was there an environmental
lobby with significant clout in favor of scale-up. We thus have to look
for other explanations.

Second, we extend past researchers' focus on national politics to
include international political factors by incorporating insights from an
international relations understanding of India's priorities. Such factors
turn out to be important in a developing country with global aspirations
such as India, engaged in a major shift in its geopolitical orientation
from the 1990s onwards. As we show, global factors – specifically
global pressures on India on climate action and an Indian desire for
enhanced partnerships with major powers such as the US and France –
were a key motivator of India's solar ambitions.

Third, existing analyses and case studies in the energy transitions
literature overwhelmingly focus on advanced economies. But, given
their latent energy demand and imperative to catch-up economically
with advanced countries, large developing economies such as India and
China are sites of the more important energy transitions. We hope that
our approach on analyzing India's energy transition can be extended to
other developing countries.

The lens of political science provides a useful complement in un-
derstanding India's solar scale-up for several reasons. Electricity is a
major political issue in India due to the fact that around 250 million
Indians lack access, and many others receive only a limited supply.
“Bijli-sadak-pani” (electricity-roads-water) is often a staple slogan in
election campaigns. Indian electricity consumers are highly tariff-sen-
sitive, and farmers get free or low-cost electricity in most states,
creating barriers to reform. India's electricity sector has evolved in a
hugely path-dependent manner, linked deeply to regional evolution of
its politics, with its roots before independence (Kale, 2012). Currently,
it has significant private sector participation – solar generation, for
example, is predominantly in private hands, and new coal plants have
been mainly private-sector driven. However, due to legacy effects, a
majority of power generation still remains state-owned, as does the
entirety of transmission and practically all distribution. Thus the state
turns out to be both a critical enabler and potential deterrent in shaping
solar's rise. We show that enhanced solar policies executed since 2014
by the central government have a strong political logic, without which
the scale-up would have been much more modest.

Two theories of the modern state exist (Hall, 1993). A pluralist
model sees it as essentially an algebraic sum of the competing influ-
ences of various domestic interest groups (Hess, 2014; Breetz et al.,
2018). In this largely bottom-up model, policy outcomes are the result
of the relative power and efficacy of these interest groups. An alter-
native top-down theory of state-led development frames the state as a
chiefly autonomous actor driven by its own preferences and national
goals. Theories of developing countries also distinguish between pre-
datory and developmental states (Johnson, 1982; Kohli, 2004). A pre-
datory state is a rent-seeking entity that undermines development by

1 Seven interviewees were repeated as the second author participated in a
second round of fieldwork.

2 The socio-technical framework is less relevant to India's energy transition, as
the country is largely an “innovation-taker” rather than “innovation-maker” in
the solar space, importing 90% of its panels from China.

3 Fouquet himself did not see public support as necessary in every energy
transition, notably the steam engine. We thank an anonymous reviewer for this
point.
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diverting national resources to narrow, private interest groups. A de-
velopmental state however aims to fulfill certain national goals, often
led by a political and/or bureaucratic class that has some autonomy. We
can identify examples of predatory and developmental varieties for
both plural and autonomous states, generating the typology below (see
Fig. 1 above).

High-growth East Asian economies most closely fit the autonomous,
developmental state category. States can, of course, also lie between
these ideal types in both dimensions (Evans, 1995). In “semi-autono-
mous” states, spaces of autonomy in some sectors can co-exist with
spaces of pluralism. Some sectors may be more developmental with
others more predatory. India is both semi-autonomous and semi-de-
velopmental, but major subnational variations in institutions compli-
cate this characterization (Sinha, 2003).

If, as we argue in section 4, that declining market prices alone are
not responsible for the solar take-off in India in and after 2014, then
political factors must be part of the equation, helping explain the
100 GW target and subsequent policy push. While elements of pluralism
exist in India, there was no bottom-up demand for solar from estab-
lished interest groups.4 Indeed, the most powerful interest groups in the
energy space, namely coal lobbies and electricity distribution compa-
nies (Discoms), have interests that conflict with the growth of solar.

That leaves us with a semi-autonomous state, neither fully pluralist nor
fully autonomous, to understand the solar scale-up. At the level of the
central government, we see more of an autonomous state operative with
pluralist dynamics around solar policy more evident in Indian states. This
paper is focused on governance at the national level in India. In the con-
clusion, we come back to what evidence might suggest whether develop-
mental or predatory best describes the national state in the solar space.

To the extent India's solar scale-up was a process led by a semi-
autonomous Indian state, we need to understand the motivations that
factored in to decision-making. Before beginning the research process,
we hypothesized possible drivers of the scale-up – (1) to address air
pollution and enhance efficiency, (2) to attract foreign investment, (3)
to shore up the security of energy supplies, (4) to guarantee energy
sovereignty, (5) to enhance the governing party's political fortunes, (6)
to lower generation costs, (7) to boost the country's international re-
putation, (8) to extend energy access, and (9) to address climate
change. Some of these like energy access, efficiency, and security have
been mooted by others (Ghosh, 2015). Attracting foreign investment
and energy sovereignty were either long-standing goals of previous
Indian governments, stated priorities of Prime Minister Modi, or both.
We also considered electoral calculations as a plausible driver as well as
ideational and reputational explanations from international relations
(Downs and Jones, 2002; Erickson, 2014).

3. Methods

Having established possible drivers of the India's government's
scale-up of solar electricity, we then collected evidence on the drivers
through elite interviews, government documents, and news reports. We
also identified observable implications to assess the supporting

evidence for each driver (King et al., 1994) (Appendix B). Observable
implications answer the question, “If this argument is right, what
should I expect to see?” The absence of supporting evidence – that is,
where we find no find no or limited evidence of the observable im-
plication – suggests a driver was not important.

Our interview goals were to capture a cross-section of people with
knowledge of the Indian central government's solar policies and the moti-
vations behind the Modi government's announcement of ambitious solar
goals. Thus, our interviewees included government officials, solar analysts
and think-tank experts, solar sector consultants and investors, senior offi-
cials in industry associations, energy journalists, foreign diplomats and India
watchers. Though we did not interview Prime Minister Modi or his inner-
most circle, we are confident we were as thorough as we could be. There
still may be limitations or biases based on those we interviewed, but we
sought to cover a wide range of different perspectives.

In our interviews, we asked an open-ended question on the origins
of the solar scale-up decision in 2014/2015 and the policies that fol-
lowed. This was an attempt to elicit people's sense of the drivers
without leading them to a particular answer.5 We often asked follow up
questions about drivers not mentioned, careful to frame these questions
neutrally. Interviewees would dispute a factor's importance if they felt
it was unimportant or add texture to the factor. The interview process
enriched our understanding of the drivers and led to more nuanced
perspectives for each of them.

We coded what each interviewee identified as the factor or factors
most important in the scale-up as well as any secondary factors. In
response to our question about the origins of solar scale-up, an inter-
viewee would usually mention the sequence and a number of factors
that they thought most relevant in the decision and why. If someone in
their initial response mentioned several drivers unprompted, we did not
try to assess the relative importance between them but coded them as
primary drivers. Over the course of the conversation, they would
sometimes mention other secondary factors. We would follow-up and
ask them the relative hierarchy of those new factors compared to the
ones they first mentioned, noting any discrepancies between the ones
they first mentioned in our interview notes. While we counted the
number of mentions for each driver, those were used to summarize their
relative salience - our explanation goes beyond their quantitative
rankings. From the evidence, we inductively developed a narrative
linking our major drivers to theories on state autonomy and devel-
opmentalism.

4. India's solar take-off

Although solar emerged in India as a source of electricity around
2010, it expanded rapidly only since 2014, soon after the coming to
power of a new Indian government headed by Prime Minister Modi. The
previous government had kicked off a national initiative for solar
electricity, known as the National Solar Mission (NSM), in 2010.6 The

Fig. 1. Typology of state types.

4 This imbalance in interest groups is evolving as a significant private solar
industry develops in India. But it still remains much smaller than that of
Discoms and coal-linked entities.

5 In the case of interview #20, we additionally provided a list of potential
drivers and asked that person to rank order their importance but after the open-
ended conversation was completed.

6 The NSM was outlined as one of the eight national missions in the 2008
National Action Plan for Climate Change (NAPCC), India's first-ever compre-
hensive plan for tackling climate change.
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NSM initially targeted a 20 GW solar capacity by 2022, which was re-
vised to 100 GW by the Modi government after coming to power in
2014. This was to be achieved through a number of policy tools, some
of which had been initiated by the previous government, including
solar parks, competitive bidding, a payment guarantee mechanism,
renewable purchase obligations, capital subsidies, a coal tax, and a
“must-run” preference for solar (see Appendix C for more detail)
(Ministry of New and Renewable Energy, 2017c).

To ensure lower costs and minimize rent-seeking, India adopted
competitive bidding from the beginning, with the first auctions held in
2011. The winning bids were in the range of Rs. 10–12 ($0.22 to $0.27)
per kWh.7 As NSM added greater capacities, solar bids fell dramatically
starting later in 2015 (Fig. 2).8 Overall, tariffs have fallen 73% since
2010 (Prabhu, 2017).

Net solar capacity in India at the end of 2017 stood at 19.6 GW, with
Andhra Pradesh, Rajasthan, and Tamil Nadu the leading states in gen-
eration and Karnataka seeing a major ramp-up (Business Standard
News, 2017). About half this figure was added in 2017 alone. India
added 14.14 GW in renewables capacity in FY 2016–17, nearly 40% of
which was solar, while it added only 6.99 GW in coal (Mahapatra,
2017).9 While there have been major plans for expansion of coal power
for several years, we have recently seen a number of project cancella-
tions, suggesting a preference for non-coal based sources of electricity
generally and solar specifically (Hill, 2017).

Conventional explanations for large solar capacity additions in India
since 2014 have emphasized techno-economic drivers (Bridge to India,
2016; Upadhyay, 2017; Gopal, 2017). The consultancy Bridge to India
cited “falling costs” as being instrumental in boosting demand, and
cited aggressive bidding, mergers and acquisitions activity, and the
Paris climate agreement. Bloomberg cited “plummeting panel prices”
and “competition among developers” (Upadhyay, 2017). The Interna-
tional Renewable Energy Agency (IRENA) cited “dramatic cost reduc-
tion” as the “primary driver for the solar revolution” worldwide, in-
cluding in India (IRENA, 2016). Policy factors figured in some of these
analyses (chiefly solar parks, innovative financing, and competitive
bidding) (Chandrasekaran, 2017), but there has been little exploration
of the deeper causal factors that drove the Indian government's prior-
itization of solar.

5. Adverse techno-economic factors for solar electricity

The rapid increase of installed solar capacity in India in the 2014–17
period took place under adverse techno-economic circumstances. While
major module price reductions brought down the cost of solar elec-
tricity late in this period to make solar cost competitive with new coal
plants, solar electricity remained more expensive than use of existing
domestic coal-fired electricity, particularly for Indian states located
near domestic coal pitheads.

Electricity from coal-fired power remained considerably cheaper
than solar electricity. The Average Power Purchase Cost (APPC), or
average wholesale price, of electricity from non-renewable sources (i.e
predominantly coal) was Rs. 3.40 ($0.05) per kWh in December 2015
(Central Electricity Regulatory Commission, 2015). All solar bids in this
time period were well above this value, except a bid at Rs 3.30 ($0.049)
per kWh at the very end of this time period (Ghoshal, 2017).

However, even the comparison with the APPC is misleading as
India's coal plants were running at well below capacity during the
2014–17 period (Fig. 3), as indicated by a falling plant load factor

(PLF).10 Thus an equivalent amount of electricity could have been
generated simply by running existing coal plants at their normal, rated
capacities. This in turn boils down mainly to the average cost of addi-
tional fuel, in the range of Rs. 1.75–2.0 ($0.026–0.030) per kWh which
is well below all solar bids seen thus far in India (Financial Express,
2016).11

The fall in coal plant PLFs was due to an overcapacity in supply.
India's electricity capacity additions (mostly coal) averaged about 10%
growth annually, while demand growth has averaged only around 4%
(Bridge to India, 2017b). PLFs under healthy operating conditions are
typically in the range of 75–85%. Thus about a fifth of existing coal
capacity is under-utilized. This works out to the equivalent of ap-
proximately 38 GW of unutilized generation capacity at the marginal
cost12 – which, if utilized fully, would generate more electricity than
the entire 100 GW solar target slated to be achieved by 2022. Thus the
generation from this unused coal capacity would have been cheaper
and much greater than that from solar (and wind) deployments in the
2014–17 period. However, India chose not to ramp up its coal plant
utilization and focused on adding solar (and wind) power instead.
Moreover, bid prices do not reflect the true cost of solar electricity, the
variable nature of which imposes an additional requirement of grid
integration. This is a “hidden” cost, currently not reflected in the solar
bids.

To be sure, coal prices do not include their negative externalities
such as impacts on the health and the environment, but Indian pol-
icymakers have not considered these social costs formally, except for a
modest coal “cess” (or tax) already priced into the APPC (Tongia and
Gross, 2018, 5). In short, as Tongia and Gross argue: “The political
economy of RE [renewables] development matters because the market,
left to itself, would likely continue to focus on coal-fired power”
(Tongia and Gross, 2018, 12).

6. Explaining the solar push

Despite its dramatic cost declines, solar energy was not cost com-
petitive with electricity produced from domestic coal in the period
2014–17. Yet, the Indian government made a concerted effort to bring
about a dramatic growth in solar energy. This suggests that while
techno-economic factors certainly facilitated the solar scale-up, they do
not fully explain it. This also implies that political drivers were im-
portant. As we suggested in Section 2, there was no clamor for solar
from below by interest groups as a pluralist model would suggest. Ra-
ther, a top-down decision was taken by the Indian government to ra-
pidly scale-up solar, conforming more to theories of an autonomous
state. The question is why?

It could be argued that an anticipation of major cost reductions
drove India to front-load its solar push in 2014. After all, module prices
had been dropping since 2010. Could expectations of quickly reaching
“grid parity” (i.e. the same wholesale cost as conventional sources)
driven the rush to solar target expansions? Practically all of our inter-
viewees said that the government in 2014 anticipated continuing falls
in solar costs. However, the interviewees were split on whether grid
parity was anticipated in the near future (Not fully anticipated: Interview
#20 senior executive in energy consulting firm, Interview #9 senior energy
analyst in Indian think-tank, Interview #3 senior former Indian government
official; Anticipated: Interview #14 senior energy analyst in international

7 About 25 cents per kWh at the then prevailing exchange rates.
8 Prices continued to fall reaching Rs. 4.63 ($0.07) in the state of Andhra

Pradesh in November 2015, Rs. 4.34 ($0.066) in January 2016 in Rajasthan, Rs.
3.3 ($0.05) in Madhya Pradesh and then in May 2017 Rs. 2.44 ($0.036) in
Rajasthan.

9 Note that India's fiscal year (FY) runs from April 1 to March 31.

10 PLF is the fraction of energy actually generated from a plant as compared to
its theoretical maximum. Since shutdowns for maintenance etc. are inevitable,
the practical maximum PLFs are around 85% in India.

11 The average cost of fuel is calculated using a representative energy charge
number from late 2015 (the approximate mid-point of the 2014–17 time
period) from the National Thermal Power Corporation, India's largest thermal
generator.

12 Calculated as 20% of nationwide coal-fired capacity of 189 GW as of
February 28, 2017.
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think-tank, Interview #1 senior Indian government official).
Perhaps the strongest indicator that rapid emergence of grid parity

did not drive Modi and his team in 2014 was Modi's approach to solar in
Gujarat well before 2014, when solar was far more expensive and cost
reductions were even less expected. He was the earliest among all
Indian politicians to embrace solar, by unveiling an ambitious feed-in-
tariff scheme with a rate of about Rs. 16/kWh in 2009 before the NSM
was launched nationally. Among his initiatives were solar projects atop
irrigation canals, which he routinely pitched as one of his achievements
(Carrington, 2014) which were even more expensive at more than Rs.
20/kWh (Interview #10 former senior official in international institution).
By the end of his tenure in 2014, Gujarat was responsible for 900MW of
solar generating capacity, about 1/3 of the country's total (Ramesh,
2014), but this had been achieved at a cost many times greater than
electricity from conventional sources. Clearly, these moves were not
primarily driven by techno-economic considerations.

By all accounts, the 100 GW decision came from the Prime
Minister's office and built upon his prior experience with solar in
Gujarat (Interview # 10 former senior official in international organization,
Interview #11 senior Indian government official). Our interviews however
yielded some differing details on the genesis of the 100 GW target. The
decision caught many observers by surprise (Interview #14 senior energy
analyst in international think-tank). A government official said though
the Ministry of New and Renewable Energy was consulted, the prime

minister was personally involved and critical to the decision (Interview
#11 senior Indian government official).

One Indian solar analyst said the 100 GW number was pulled from
the air without much study or analysis (Interview #20 senior executive in
energy consulting firm). Another observer from an Indian think-tank
argued, by contrast, that an analytical process was commissioned and
began in September 2014, but the target ultimately adopted was sub-
stantially above what the analytical process yielded (Interview #8 senior
energy analyst in Indian think-tank).

Four major drivers emerged from our analysis of interviews and
policy trends – namely domestic politics, global pressure and partnerships,
attracting investment, and energy sovereignty. In addition to these four
potential causal factors, we considered a wider set of possible ex-
planations including air pollution, climate change, energy access, en-
ergy security, and generation costs and assessed whether government
actions supported any of these arguments (we found they did not).

Fig. 4 lists how each interviewee mentioned the drivers under
consideration as primary or secondary in importance; blank fields in-
dicate the driver was not seen as important by that interviewee. The
total number of mentions is also listed in the right-most column but
only serves to highlight the top four drivers (which stood out from the
rest) and not to indicate any particular ranking within this subset.

Fig. 2. Indian solar bids have dropped substantially source: (Ramesh, 2017; Ministry of New and Renewable Energy, 2017a).

Fig. 3. Plant Load Factors are falling in Indian coal plants Source: (Government of India, Ministry of Power, 2018).
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6.1. Domestic politics

Domestic politics implies factors that enhance the political power of
the ruling party and the Prime Minister. In their most general form,
such factors can be classified as material (winning support by providing
enhanced material benefits to voters) or ideational (defining and pro-
jecting an idea or image of the government for electoral gain).

10 of our interviewees placed domestic politics as a primary driver,
while 2 ranked it as a secondary driver. According to these inter-
viewees, Modi saw solar as a way to project an image of a future-or-
iented modern reformer (Interview #7 senior energy analyst in interna-
tional aid organization, Interview #5 senior energy analyst in international
think-tank, Interview #3 senior former Indian government official).
Embracing solar also allowed Modi to showcase leadership by being a
first mover (Interview #10 former senior official in international institu-
tion) and demonstrate vision and ambition (Interview #6 senior energy
analyst in international think-tank, Interview #20 senior executive in energy
consulting firm, Interview #9 senior energy analyst in Indian think-tank).

Prior to becoming Prime Minister, Modi was Chief Minister (highest
elected official) of Gujarat, where he developed a reputation for effi-
cient, if highly centralized, governance. This helped burnish Modi's
image as a modern leader who could deliver the nation's development
goals. Modi's emphasis on promoting solar power in Gujarat has already
been detailed.

The BJP led the national election campaign of 2014 projecting Modi
as a can-do modernizer. The “Gujarat development model” was held up
as a standard that the country would achieve under his leadership. The
model emphasized a build-up of modern infrastructure and industry
through state-facilitated private investment (Pathak, 2014).13 This
pitch was strongly linked to technology. For example, Modi's campaign
speeches were projected as holograms to many Indian small towns and
villages (Nelson, 2014) and had a major impact on rural, less educated
voters. Solar energy was thus a part of the general message of moder-
nization and development.

However, most mass voters want reliable electricity supply - the
specific source of electricity is not so significant for them. Thus, it is

unclear that the solar targets themselves were all that politically at-
tractive to the wider public.

Nevertheless, what we heard from interviewees is that more en-
vironmentally-conscious urban elites do and did respond to whether the
added capacity is renewable. Modi's political payoffs in pushing solar
were in creating a favorable impression among the elite, with intended
trickle-down effects, as elites have a disproportionate influence in
shaping the national political discourse (Interview #4 senior energy
analyst in Indian think-tank, Interview #15 senior official at national energy
exchange). Since his election victory, Modi continued to position solar
as being synonymous with a future modernity to both elite and mass
audiences (Firstpost, 2015; Mohan, 2015). He has also showcased other
symbolic projects that burnish his image as a modernizer, such as the
Mumbai-Ahmedabad “bullet train” (BBC, 2017).

While we found strong support for the symbolic value of solar for
elite audiences, we did not hear or read about strong evidence of po-
litical favoritism for key regions, voter segments or entities in solar
projects as might have been expected from a domestic politics ex-
planation.

6.2. Global pressure and partnerships

A second leading driver that emerged from our interviews was a re-
orientation in India's approach to the outside world. The Modi gov-
ernment brought significant changes in Indian foreign policy. One of
the new government's goals was to position India as a global leader.
Building a closer relationship with the US was seen as a primary
pathway to achieving this goal. India and the US had grown steadily
closer since the late 1990s. However, the two sides remained apart on
some issues such as trade, burden-sharing for Asian maritime security,
and climate action.

After Modi took charge in May 2014, he announced in June that he
would expand the National Solar Mission (E. King, 2014). In July, the
Fifth India-U.S. Strategic Dialogue featured a climate change working
group for the first time. Among other things, the July working group
helped move discussions forward between the India and the US on ef-
forts to phase out hydrofluorocarbons (HFCs), a refrigerant and im-
portant contributor to climate change.

The meeting also put broader climate concerns on the agenda in
advance of Prime Minister Modi's visit to the United States in late

Fig. 4. Interviewee citations of drivers for India's solar push.

13 Critics pointed to its neglect of basic education, health, and the environ-
ment.
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September 2014. Modi took part in the UN General Assembly meetings
in New York before heading to Washington for his first bilateral
meeting with President Obama. In line with our expectations that India
would try to generate goodwill for its actions in the lead up to major
events, India's minister of power and energy, Piyush Goyal, told the
press in August 2014 that the government's solar goals would be more
ambitious than the previous government (Ravindran, 2014).

The UN General Assembly was preceded by a high-level summit on
climate change. Though Modi did not attend, his environment minister,
Prakash Javadekar, did. While Javdekar said India's emissions would
not peak in the near future (Davenport, 2014), he signaled that India
would do more to scale up renewables (Javadekar, 2014).

In his September 2014 visit to Washington, Modi agreed to engage
in formal discussions on HFC phasedown. The meeting also encouraged
India's push for renewables (Warrick, 2014). In a joint op-ed in the
Washington Post, Obama and Modi touted the potential for cooperation
on renewables (Modi and Obama, 2014).

Consistent with our expectations, the solar target was announced in
November 2014 just prior to global climate negotiations in Lima, Peru
(Business Standard India, 2014). In early January 2015, Secretary of
State John Kerry traveled to Delhi in advance of a visit by President
Obama, with clean energy part of the discussion (Gordon and Harris,
2015). Modi and Obama discussed the upcoming Paris climate nego-
tiations and signed a memorandum of understanding on clean energy
cooperation, which opened with praise for the 100 GW solar goal
(White House, 2015).

In October 2015, India released its pledge for the Paris summit, a
commitment to increase its non-fossil electricity target to 40% by 2030.
Though the solar target was not an explicit part of India's pledge or
“nationally determined contribution,” it implicitly envisaged a large
role for solar. At the Paris climate talks in December 2015, India and
the US bridged remaining differences, allowing the historic agreement
to be signed. Indo-US convergence accelerated on other strategic fronts,
including diplomatic and military coordination on the balance of power
in Asia and greater defense ties (Joshi, 2015).

Another focus of India's global partnership efforts was France. As
the host of the Paris climate talks, France advocated major dec-
arbonization commitments by India. India was already in talks with
France on critical defense acquisitions.14 Additionally, at Paris, India
and France together founded the International Solar Alliance (ISA), the
first international organization headquartered in India. The ISA has
ambitious goals of reducing solar costs for developing countries through
financial and technical innovation.

Global pressure and partnerships were validated as a major driver by
most of our interviewees. 18 of them saw it as a primary driver, and four as
a secondary driver. However, there were differences in how interviewees
emphasized this driver. Some focused on a global push for leadership and
goodwill specifically on the climate/energy issue, citing India's desire to
match the US and France on climate leadership (Interview #3 senior former
Indian government official). Others thought supporting solar helped eliminate
global criticism on its coal usage and growing emissions (Interview #1 senior
Indian government official, Interview # 4 senior energy analyst in Indian think-
tank, Interview #6 senior energy analyst in international think-tank, Interview
#18 senior official in industry body, Interview #21 former senior Indian gov-
ernment official, Interview #19 senior executive in renewable energy firm).
Embracing solar also allowed the prime minister to go on the offensive on
climate action in global fora (Interview #3 senior former Indian government
official, Interview #4 senior energy analyst in Indian think-tank) and
emerge as a global solar leader given its high solar resources (Interview # 10
former senior official in international organization, Interview # 22 former ex-
ecutive at US think-tank).

Others highlighted India's desire to bolster its global status and

enhance strategic relationships with the US and France (Interview #8
senior energy analyst in Indian think-tank, Interview #13 senior executive in
renewable energy firm, Interview #14 senior energy analyst in international
think-tank, Interview #20 senior executive in energy consulting firm,
Interview #21 former senior Indian government official, Interview #9 senior
analyst in Indian think-tank). Reaching a climate deal as one former US
diplomat noted would have payoffs in terms of enhancing the broader
relationship with both countries (Interview #23 former senior US gov-
ernment official). Thus there are two components to this driver - de-
fensive (India trying to stave off criticism from its partners on doing too
little to combat climate change) and offensive (positioning India as a
global leader in climate action with partnership payoffs.)

6.3. Attracting investment

Another driver that emerged from our interviews was the im-
portance of attracting investment. All Indian governments have placed
a high priority on attracting investment, both domestic and foreign. As
a globally rising sector, solar was seen as a key pathway for realizing
this objective, In January 2015, the Modi government announced it
would seek $100 billion from investors from Germany, the United
States, China, and Japan to meet its ambitious solar goals (Das and
Gopinath, 2015).

Twelve of our interviewees mentioned attracting investment as a
major driver for the solar scale-up. Four others saw it as a secondary
driver. Seven specifically mentioned foreign investment, others spoke
of it in general terms or saw both domestic and foreign investors as
targets.

The push to attract investors through solar began even when Modi
was governing Gujarat (Interview # 10 former senior official in interna-
tional organization). On coming to office, solar was prioritized as in-
vestment prospects in many infrastructure sectors such as ports, roads,
and coal power had dried up (Interview #17 senior energy journalist).
Renewable capital is mostly private internationally, and green invest-
ment funds were entering the scene (Interview #14 senior energy analyst
in international think-tank).

Consistent with our expectations, the Indian government strongly
positioned solar as an opportunity for investors. For example, it in-
itiated a high-profile event in February 2015 called RE-Invest aimed to
attract investors into the renewables market (Ministry of New and
Renewable Energy, 2014). Major corporations such as Adani En-
terprises, SunEdison, and Welspun announced investments, each for
more than 10 GW of renewables capacity.15 Other events showcasing
India's potential to investors were also held (KPMG, 2016).

After a slow start, solar investment grew rapidly in India (Tripathy,
2017). For instance, 28% of all global project finance in the solar sector
went to India in 2017. This amounted to $3.6 billion out of a total solar
investment in India of $6.4 billion during that year (Mercom India,
2018).16 The International Solar Alliance initiative led by India and
France aims to mobilize $1 trillion of foreign investment in the solar
sector, with India presumably garnering some of this share (Stothard,
2015).

6.4. Energy sovereignty (independence)

Energy sovereignty (or energy independence) aims to achieve do-
mestic self-sufficiency in energy production.17 In India, increased

14 An agreement for the sale of 36 Rafale combat aircraft was eventually
signed in September 2016 by the two governments.

15 However, most of these commitments were from domestic companies, and
many of these announcements have not translated into actual projects as yet.

16 UNEP reports $6.7 billion. See (UNEP, Frankfurt School-UNEP
Collaborating Centre, and Bloomberg New Energy Finance, 2018).

17 The concept of energy sovereignty is in some tension with that of energy
supply security, which is about sourcing lowest cost energy irrespective of its
geographic origin.
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energy sovereignty can also reduce import bills, and therefore India's
persistent current account deficit (CAD). Though 100% energy in-
dependence is not achievable, reducing dependence is possible, as the
country does possess coal, hydropower, wind, and sunshine.

Energy independence was a focus of discussions at the central
government policy think-tank NITI Aayog (Interview #2 senior analyst at
energy consulting firm). The expectation that India's coal stocks will run
out in 40–50 years drove the push toward energy sovereignty (Interview
# 11 senior Indian government official, Interview # 15 senior official at
national energy exchange), as did reducing fuel import bills from coal
(Interview #7 senior energy analyst in international aid organization), but
especially crude oil used to make diesel (Interview # 13 senior executive
in renewable energy firm).18 However, two did not consider this driver to
be important, contending that thermal coal is only a small fraction of
total fuel imports (Interview #1 senior Indian government official, Inter-
view #5 senior energy analyst in international think-tank).

Indian government officials and Modi himself have repeatedly use
the sovereignty argument, both to rely less on other countries and for
reducing India's current account deficit (NITI Aayog, 2015; Business
Standard, 2015). If India is pursuing energy sovereignty rather than
security, we would expect it to manifest itself most clearly in the
electricity sector,19 by stressing domestic fuel sources over imports,
which for India are coal, sunshine, wind, rivers, and nuclear.20 We
would also expect it to reduce existing imports of coal and natural gas.

This is indeed what was mostly observed in the 2014–17 time
period. On coming to power, the Modi government initiated a major
expansion in both coal and solar. By ramping up domestic coal pro-
duction from the state-owned monopoly coal mines, coal shortages in
power plants turned into surpluses by the middle of 2015 (Jai, 2015).
The government also abandoned the previous Congress-led govern-
ment's initiatives on allowing massive coal plants designed to be run on
higher-quality imported coal, by demanding that such plants blend in
domestic coal (ETEnergyworld, 2016).

However, India's high solar imports – 89% sourced from China in
2017–18 – appear to weaken the energy sovereignty argument (Prateek,
2018b), especially as India and China have had difficult relations in
recent years (Bridge to India, 2017a). That said, capital imports (such as
solar modules) are an upfront, one-time cost while fuel charges are
recurring and frequent. Moreover, creating a domestic solar manu-
facturing industry has been a long-standing Indian goal. India put in
place Domestic Content Requirements (DCR) for its early solar auc-
tions.21 But China emerged as the biggest source of solar modules in
India, not by design, but due to the low costs of Chinese modules in a
globalized market. In July 2018, the Modi government also sought to
reduce its dependence on imported panels (and boost domestic manu-
facturing) through a new 25% tariff levied on imported solar panels
from China and Malaysia (Upadhyay, 2018).

6.5. The drivers that didn't drive

It is helpful to review the drivers that were plausible but for which
little evidence was found. Candidates include energy supply security,
energy access, environmental threats (air pollution and climate
change), and reducing generation costs. However, these were either not
cited by interviewees or mentioned as low priorities. Moreover, outside
of the interviews and thinking about the observable implications in

Appendix B, little to no evidence suggests these were important drivers
of policy change.

Supply security reflects concerns about shortages as a result of de-
mand exceeding available supplies. In 2014, forecasts of Indian energy
demand projected large increases in demand. However, given the ramp-
up of domestic coal production under the Modi government and lower-
than-expected demand increases, supply shortages as an incentive for
solar scale-up did not loom large in our interviewees' accounts (Shroff,
2017). The supply deficit also decreased steadily after 2014. None-
theless, India persisted in its scale-up of solar even as supply deficits
waned. While this is consistent with an energy sovereignty logic (using
domestic resources where possible), this does not support a energy
supply security logic (since the supply shortage concerns were de-
creasing during this period).

Some analysts have suggested energy access, that is extending
electricity to the hundreds of millions of Indians lacking it, was an
important driver of solar scale-up (Ghosh, 2015). This lack of access is
predominantly concentrated in remote, rural areas where the Indian
government's solar policy should have emphasized offgrid solar. In-
stead, the policy has almost exclusively focused on utility scale solar
plants. As several interviewees noted, the collective demand of house-
holds that lack access to electricity is likely to be small in aggregate.
Additional gigawatts of electricity production would more likely serve
business customers and manufacturing (Interview #14 senior energy
analyst in international think-tank, Interview #20 senior executive in energy
consulting firm). Energy access, though ever-present in Indian rhetoric,
has never been a high priority for Indian governments, with household
electrification far from being universal more than 70 years after in-
dependence. This is also reflected in the solar sector, with its minimal
budgets and low installed capacity for offgrid solar. Net offgrid and
grid-integrated rooftop capacity at the end of 2017 amounted to just
above 3% of the total solar capacity, with most of this representing grid-
connected rooftop installations by businesses (Ministry of New and
Renewable Energy, 2017b).

Two environmental drivers are relevant to this study – air pollution
and climate change, but both failed to resonate with our interviewees.
Had air pollution been a significant driver of solar scale-up, we should
have seen accompanying actions to address other contributors to the
problem22. Air pollution was not yet a significant electoral or policy
issue for the period of study however.

Interviewees did mention climate change as a driver of policy – but
almost always as an international issue, rather than as a response to the
scientific phenomenon itself. Therefore “climate change” is subsumed
within the “global pressure and partnerships” driver as detailed above.
This is also consistent with the observable implications test – had the
actual phenomenon of climate change been a driver of the solar scale-
up, there would have been more done on adaptation, on “proofing”
agriculture and scaling back coal. But the focus was primarily renew-
ables targets which as we argue above, had other reasons for prior-
itization. In general, the environmental record of the Modi government
has not been stellar, with a prominent environmental monitoring or-
ganization labeling it as “mixed” (Center for Science and Environment,
2016).

The last plausible driver, generation costs, is easy to dismiss since as
we already discussed, electricity from solar was still more expensive
than coal-based power at the time of the 2014/2015 solar scale-up
decision and until 2017.

7. Conclusions and policy implications

The solar push has both a domestic facing and international com-
ponent. Domestically, solar enhanced the Modi and the ruling party

18 Diesel is often used in residential and commercial electricity generation to
make up for supply unreliability.

19 In the short-to-medium term, there is no alternative to transport fuels other
than (mostly imported) oil in India, but India has announced an ambitious
electric vehicles target.

20 Nuclear energy relies on imported fuel, but the technology greatly reduces
the frequency and volume of fuel supplies.

21 These were however struck down by a World Trade Organization (WTO)
ruling in September 2016.

22 Note that urban air pollution in India is driven by causes other than coal
plants, including crop burning, transportation, and construction dust.
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brand and helped shape elite and mass opinion of Modi as a modern
development-oriented leader. Internationally, solar was seen as a way
to win plaudits in Washington, connect India to Obama's ambitious
climate goals, and an easier area for gains compared to trade, where
concessions are harder. Commitments on solar reduced global pressures
for more action from India in the lead up to Paris (for a similar view, see
Tongia and Gross, 2018).

The solar push served two other goals for the government, to attract
investment and to shore up energy sovereignty. The investment drive is
one that any Indian government would likely have embraced, given the
country's development needs. However, solar, as a new technology with
international appeal, served as a good platform to mobilize domestic
capital and attract foreign investment. Energy sovereignty has been a
perennial concern in India, though the more liberalizing tendencies of
previous governments led to an increase in imported coal. In this, the
Modi government's energy nationalism is a return to an earlier suspi-
cion of interdependence.

India's solar story provides some insights that may enrich theories of
the developmental state. A constitutionally “concurrent” legislative
subject – i.e. with legislative powers shared between the central gov-
ernment and states – electricity demonstrates fragmented governance
due to the push and pull of federalism as well as the increasing role of
private sector interests (Busby and Shidore, 2017). In our own work, we
find that incumbent players such as distribution companies (mostly in
the hands of federal states) are key influencers of solar scale-up, as they
overwhelmingly control the demand side.

However, the national state has also exhibited a strong autonomous
instinct that has its origins in the agency of the Prime Minister and
India's own distinctive developmental nationalism and desire to rise in
the global system. Although interest groups are important barriers in
the solar scale-up, the central government has demonstrated significant
autonomy from some of these interests in its developmental push for
solar in India.

Thus, three of our major drivers (global pressure and partnerships,
attracting investment, and energy sovereignty) indicate that, at the
level of the central government at least, India's solar policy is devel-
opmental, that is aimed to enhance the country's long-run welfare and
global standing. However the fourth driver, domestic politics, indicates
that this conclusion may only be part of the story. For instance, India
has ample history of corruption, including in the electricity space,
which would potentially provide one indicator of predatory state be-
havior – though competitive bidding presumably limits opportunities
for rent-seeking. If the political rewards from solar in terms of influ-
encing elite opinion diminish, the government may focus less attention
on the scale-up. Further study of the implementation track record of the
solar scale-up will be revealing about whether the process is subject to
any predatory dynamics.

As suggested above, the central government is conditioned by
Indian states in important respects, not just due to federalism but also
due to different motivating factors at work. While the central govern-
ment is driven by factors such as energy security, energy independence,
climate change, global factors, and a broad understanding of domestic
(national) politics, Indian states have their own distinct concerns such
as electricity tariffs, interests of distribution companies, and regional
politics centered on local constituencies such as farmers (who tend to
organize regionally rather than nationally).

It is at the level of Indian states where we believe pluralist dynamics
are more likely operative. In Indian states, incumbent resistance is
manifested most clearly, in the form of mostly state-owned Discoms and
resistance by state-level regulators to implement tariff reform but also
adequately scrutinize high generation costs from fossil-fuel plants. This
is because electricity has traditionally been seen in India as a public
good, which is to be made available universally as something akin to a
right rather than a market good. State governments are the face of
electricity supply for the Indian citizen through their ownership of
Discoms, which levy tariffs, engage in billing, and supply electricity.

Much of the upstream generation and transmission structure is essen-
tially invisible to the voter. Thus paradoxically, sites of entrenched
incumbent behavior have often been those institutions that have the
most direct contact with citizens, putting in tension the imperatives of
democracy with those of clean energy.23 It is these patterns of differ-
ential support for solar among Indian states that we will turn to in our
next research project.

As we noted, India's developmental nationalism also has an out-
ward-facing aspect. Since its independence in 1947, India has tried to
make a mark as a major global influencer commensurate with its self-
image as one of the world's greatest civilizations. In the post-Cold War
era, this took the form of global economic integration and partnering
with major global powers, particularly the United States. The solar push
is a contemporary aspect of this grand strategy. While addressing clear
material needs, it furthers the goal of creating a narrative of moder-
nization and development at home and raising the country's global
profile abroad. Both are essentially political or ideational aims. The
agency of Prime Minister Modi was crucial in centering solar in his push
to sharpen and deepen this narrative.

The sustainability of India’ solar story will depend on the persis-
tence of favorable techno-economic conditions, but equally if not more,
the largely political drivers we have identified. Two remain potent
while the other two appear to have weakened. The Trump presidency in
the United States implies that furthering India's rise in the global system
through climate leadership is no longer as relevant as it was in the
Obama era.24 The symbolic value of solar in the domestic narrative of
modernization is also somewhat weaker compared to its novelty in
2014.

The motivations of attracting investment and energy sovereignty,
however, remain relevant. Meanwhile, techno-economic factors in-
dicate a mixed picture for solar, with protectionism in the air, limited
flexibility for balancing variable renewables generation, and open ac-
cess (where consumers can purchase electricity from generators outside
their states), failing to take off. Distributed generation holds promise,
but large centralized projects will remain a key feature of the solar story
with a commitment to about 40 large solar parks, making grid in-
tegration a continued focus. India's domestic coal production has lagged
demand, and the supply security driver could make a comeback. On
balance, this indicates a weaker, but still favorable prognosis for solar
in the years ahead. It is possible however that escalating detrimental
effects of either air pollution or climate change or both could make
environmental issues an electoral issue in India and emerge as a major
driver for solar within a decade.25

Our work suggests a number of future research questions. India is
not alone in being an “intermediate” state with elements of autonomy
and pluralism. Federalism is not unique to India, nor are challenges
associated with development and corruption. How would an analysis of
political or ideational drivers in other major developing economies such
as Brazil, Mexico, China, and others yield insights on their pathways in
embracing renewable energy? How does governance in large federal
systems enable or constrain the renewables scale-up? Questions such as
these call for further research.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.enpol.2019.02.032.
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