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Abstract
This thesis examines the effect of a series of policies enacted in individual Indian states since
2012 that aim to incentivize and increase the production of solar energy. I used a fixed effects
event study approach and find that the policies have had positive effects on solar production over
time. I also find that states with more natural solar resources perform better than other states, that
the results do not systematically vary by average state income, and that more ambitious
production targets are correlated with higher production. Overall, there is evidence that state-

level solar policies have been effective in addition to national policies.
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I Introduction

Since 2010, India has passed many policies, both nationally and at a state level, that aim to
increase solar production. India has become one of the top solar producing countries in the
world. However, there is considerable heterogeneity in production across states; as of 2020,
Sikkim, Meghalaya, Lakshadweep, and Nagaland have installed no more than 1 megawatt (MW)
of solar capacity each, while Tamil Nadu, Rajasthan, and Karnataka have each installed well
over 4,000 MW. This paper will evaluate the effectiveness of several state level solar incentive
policies that have been passed across India in the past ten years. This is important to evaluate
because a number of states have put significant money and effort into enacting and enforcing
solar incentivizing policies, but the causal impact of these policies has not been evaluated.

To answer the question of how effective India’s state level solar policies have been at
increasing solar production, I use state level data on installed solar capacity and data on state
level solar and renewable energy policies. I use a state and year fixed effects model with a series
of binary variables representing the years before and after policies were passed in each state in
order to evaluate the average effect of solar policies on production over time. I also group states
based on characteristics (income levels, natural solar resources, and policy goals) in order to test
if policy outcomes vary systematically.

I find that on average, state solar policies do not have an immediate effect, but they do have
increasingly positive effects in the years after policies are passed. These results do not vary
systematically by state income. Policies appear to be more effective for states with high solar
potential. The results also suggest that states which specified higher solar production targets in
their policies did not see different effects from states which set low targets or did not set them at

all.



Section II presents necessary background information. Section III discusses relevant
literature. Section IV describes the data. Section V presents the empirical model used in the

analysis. Section VI shows empirical results and analysis. Section VII concludes.

I1. Background/Overview

India’s political structure makes it well-suited for analyses of the determinants of its
renewable energy capacity. It contains 28 states and 8 union territories (U.T.s), which have their
own governments but are still subject to national laws. Renewable energy of all types has
increased significantly in India over the past decade, with solar power a main focus because of
India’s climate. India currently has the fifth highest installed solar capacity of any country.

In 2008, the Indian government launched the National Action Plan on Climate Change
(NAPCC). The plan outlined several steps to address sustainability, climate change, and
renewable energy, the first of which was the implementation of the National Solar Mission. In
2010, the national and state governments launched the Jawaharlal Nehru National Solar Mission
(JNNSM), a national program intended to promote solar power in India. The program introduced
a series of capacity targets for grid connected and off-grid solar applications. The program is in
its third phase as of 2021, with Phase I spanning 2010 through 2013 and Phase II spanning 2014
through 2017. Although JNNSM itself primarily aims to increase solar production rather than
reduce reliance on fossil fuels, NAPCC’s other programs aim to reduce emissions.

Although India’s cumulative solar capacity has increased dramatically since Phase I of
JNNSM, there is significant variation between states. For instance, from 2007 to 2019, the state
of Maharashtra went from 0 megawatts of installed solar capacity to 1,663.42 MW, Odisha went

from 0 MW to 397.84 MW, and Mizoram went from 0 MW to 1.52 MW. Solar power is overall



a small share of India’s overall power supply at 4% (IEA 2021), but this figure is comparable to
other countries that produce large amounts of solar such as China with 3.9% and the United
States with 2.8%.

In addition to the national JINNSM program, many states and territories have
implemented their own policies in various years, with state-level features such as tax incentives,
purchasing agreements, and higher capacity targets than those required by JNNSM. Thus,
although the entire country is subject to JINNSM, in practice many states have distinct policies
that were implemented in different years. A majority of state policies only target solar energy,
but a few addressed multiple types of renewable energy in addition to solar. An overview of
these policies is shown in Table 1. The policies vary in scope and specific actions, but the
methods are similar across states. For example, Gujarat’s 2015 solar policy allowed producers to
sell surplus solar energy to distribution companies (DisComs) at minimum cost higher than the
usual electricity tariffs, provided exemption from electricity duties, cross-subsidy surcharges,
additional surcharges, intra-state availability based tariffs, and parallel operation charges. The

goal of every policy is to make solar production cheaper and easier for potential producers.

III.  Literature Review
Helpful background on the economics of renewable energy policies can be found in
Borenstein (2012). This paper explains the disconnect between the theoretically ideal energy
policies and those that are implemented, attributing the gap to political popularity and the
difficulty in measuring both the negative externalities of non-renewable energy and the positive
externalities from switching to renewable energy. The article pointed out that many policies

designed to increase renewable energy use and reduce reliance on fossil fuels have been



unsuccessful because they do not target sectors and levels of production that have been
empirically shown to be effective. Legislators often choose policies that will not be maximally
effective because the ideal policies would be objectionable to constituents. Policies can fail either
because they are not written effectively or because they are theoretically correct but implemented
poorly. To fully understand why succeed (or do not) for India’s solar energy production, political
economy questions need to be considered in addition to purely economic factors.

Carley et al. (2017) uses a sample of 164 countries from 1990 through 2010 to analyze
the effect of feed-in tariffs (FiT) and renewable portfolio standard (RPS) policies on RE
generation. The authors use binary variables for the presence of these policies in a given country
in a given year. They also include country fixed effects along with variables that measure
political freedom, political ideology, financial sector strength, and a number of energy market
characteristics. Carley et al. also use a difference in difference model, and they show the
robustness tests and assumptions that they use in order to deal with policy endogeneity issues.
Particularly they lagged their dependent and control variables to test for exogeneity. Their
methodology is instructive for understanding causal estimation for a number of entities that have
implemented similar RE policies.

Hairat and Ghosh (2017) is very helpful for qualitative information on India’s energy
climate. Their paper evaluates the feasibility of India’s stated goal of increasing solar production
to 100 GW by 2022 (total capacity was below 1 GW in 2010). They analyze the technological,
bureaucratic, and economic issues that they believe make India’s target unrealistic; specifically,
they argue that India is overly reliant on inefficient technology imported mainly from China and
puts too much focus on large-scale solar plants over smaller, decentralized grids that can increase

reliability and rely on domestic manufacturing. They also include an empirical analysis of state-



level solar energy potential, and find that it would be most efficient for the national government
to install solar power primarily in states with the highest potential, but this has not been the case
in practice. This indicates that the success of state solar policies is likely to depend not only on
political will and economic capability but also on natural resources, so it is important to consider
solar potential in states that have implemented solar policies.

Pandve (2009) outlines India’s structure of national climate change policies prior to 2009.
There were eight missions set out in the National Action Plan on Climate Change, and the article
explains the goal of each mission and how India aimed to achieve its solar goals. This paper
provides useful detail on the national-level solar policies India implemented in the years before
individual state policies. It also covers some criticisms of the policies by various experts, mainly
that the government failed to outline an explicit plan for achieving its goals. This indicates that
state-level policies with the same goals are likely to differ in success based on how state
governments planned to implement them, so looking at the goals of a policy may not be as
important as the strategy behind them.

Dawn et al. (2016) is another paper with an overview of India’s solar sector, containing a
wealth of state-level information on current solar projects, policies, potential availability, and
technology. The paper seeks to cover all factors that have significant effects on India’s solar
development, and is useful for understanding the different sectors that influence renewable
energy in India. Its state-level data is also informative, for instance showing that India’s energy
supply and demand vary significantly by geographic region (India’s power sector consists of five
regions). This demonstrates that India’s geographic diversity needs to be considered when

analyzing the effect of energy policies.



Sen and Jamasb (2010) show the effect of India’s electricity reform policies on several
economic variables. Looking at non-renewable energy, the paper uses dynamic panel data for 19
states between 1991 and 2007, and its results show that political economy factors influence how
effective state policies have been. This highlights the need to include variables measuring
bureaucratic efficiency and economic growth in any analysis of energy policies.

Schmid (2012) tests the effect of a variety of energy policies on the renewable energy
production in nine Indian states from 2001-2009. The paper uses binary indicators for policies
and state fixed effects to evaluate the effect both of the individual policies and the effect of
having multiple policies at a time in a given state. To my knowledge, this is the only empirical
analysis of Indian state-level renewable energy policies. However, my work is distinct from this
paper because I intend to cover a later time period, different policies, more states, and additional
explanatory variables (my data spans 2007 through 2019 for 22 states and 2 union territories and
examines only states’ broad solar policies). Schmid’s results show that quotas on renewable
energy had a positive impact on RE development and that private investment has driven
development, but feed-in tariffs have had no effect. I will make a distinct contribution to the
literature because I evaluate state-level solar policies implemented after India began national
solar initiatives, while Schmid’s work examines general renewable policies that came into effect
before India’s national efforts.

India’s geographic diversity makes it necessary to include geographic data in any analysis
of several state policies. Specifically, state level solar irradiance data is helpful for comparing
theoretical state solar potential to actual outcomes. It makes sense for states with more natural
solar resources to be leaders in solar energy production. I found this data using sources from

Vyas et al. (2016), which discussed the use of meteorological satellite data in finding areas with



the highest solar concentrations in India. The article highlighted the states with the highest solar
energy potential, and I use their referenced Indian Space Research Organisation data to obtain
state totals. The data shows that solar energy varies across the country because of differences in
cloud cover and altitude, in addition to variation by geographic latitude. This contradicts the
conventional wisdom that states closest to the Equator would always have the highest
concentrations of solar energy, and serves to explain the uneven solar distribution shown in

Figure 2 of this paper.

IV.  Data Description

As of early 2022, India consists of 28 states and 8 Union Territories. The data I use spans
2008 to 2020, so it is necessary to consider territory changes that took place during that time.
The state of Telangana was created in 2014 in a split from Andhra Pradesh, so I drop both states
from my analysis because the first half of my data for Andhra Pradesh includes the area that is
now Telangana. This is not ideal because both are among the top solar producing states in India,
but unfortunately the yearly data does not exist for Telangana at all and was included in Andhra
Pradesh prior to but not after 2014, so I drop both for accuracy. The union territory Dadra and
Nagar Haveli and Daman and Diu was formed in 2020 when former territory Dadra and Nagar
Haveli merged with another territory, Daman and Diu. In 2019, the state of Jammu and Kashmir
was broken into two union territories, one still called Jammu and Kashmir and the other called
Ladakh. Neither of these changes should have much of an impact on my analysis. Dadra and
Nagar Haveli and Daman and Diu are small in geography and population and Dadra and Nagar
Haveli had no recorded solar production as of 2020. I drop both because they are not included in
yearly population estimates, so it is not possible to obtain any information in per capita terms,

which will be shown to be essential for my analysis. Ladakh is not included in most of my data



sources because it is so newly formed. It is very sparsely populated despite being larger in area
than Jammu and Kashmir. In the years before 2019, it was included in data for Jammu and
Kashmir, so I do not include Ladakh in my analysis, but I do include Jammu and Kashmir
because it was divided so recently. There are 444 observations in total (31 locations that include
one observation per year from 2007 through 2020, and Lakshadweep, which includes
observations from 2011 through 2020).

Information on when state solar policies took effect and the policies’ installations targets
(if applicable) was obtained from the Central Board of Irrigation and Power. In this paper, solar
policies are treated as homogeneous across states, varying only by date of implementation and
stated production target. This is an oversimplification because each policy has its own language
and detail, but overall, each state or union territory’s policy contained incentives aiming to
increase solar production, such as land grants and tax breaks. The policies are similar enough to
be analyzed as homogeneous, despite some differences that will be addressed in later stages of
analysis. The policies are all aimed at the production side, and do not address incentivizing
customers to use solar energy rather than non-renewable sources. A majority of states passed
policies specifically for solar, but a few target renewable energy more broadly (Bihar,
Mabharashtra, Odisha, and Punjab all passed solar incentives, but they were included alongside
non-solar renewable energy policies). As of 2021, 23 states and union territories had passed
some sort of policies aimed at increasing the production of renewable energy. A full list of states
included in my analysis, along with the year they implemented policies (if applicable), is shown
in Table 1. In my main analysis, Bihar, Maharashtra, Odisha, and Punjab are excluded as

treatment locations because their policies were not solely focused on solar energy.



Prior to 2010, data on installed solar capacity was contained in yearly Economic Statistics
reports published by the Ministry of Statistics and Programme Implementation, and afterwards
was obtained from reports published by the Ministry of New and Renewable Energy.

Population is officially counted every ten years through the Census of India, but yearly
population projections are estimated by the Unique Identification Authority of India (UIDALI).

Data on estimated gross state domestic product was obtained from the Ministry of
Statistics and Programme Implementation (MOSPI). This data spans 2011-2020 for every state,
using a base year of 2011-2012. This paper uses the data on per capita net state domestic product
at constant prices. Data on older net state domestic product (2004-2010) was obtained from the
Reserve Bank of India (RBI), which calculates data the same way as MOSPI, but with a base
year of 2004-2005.

Potential solar reserves were obtained from the Visualization of Earth Observation Data
and Archival System solar potential map produced by the Space Applications Centre of the
Indian Space Research Organisation, and confirmed through GIS solar irradiance data for India
from the Global Solar Atlas. These are constant values that vary across states but not over time.
Solar energy can be measured in several different ways, commonly Direct Normal Irradiance
(DNI) and Diffuse Horizontal Irradiance (DIF). DNI measures solar radiation that follows a
straight line path from the sun to the ground, while DIF measures scattered solar radiation from
all directions. The sum of DNI and DIF is the total amount of solar radiation that reaches the
ground, and is known as Global Horizontal Irradiance (GHI). GHI will be used to measure the
solar potential of a given state because it is commonly used for solar panel calculations.

Because GHI is measured as a total over a certain area, state area is strongly correlated

with state solar reserves, even though it may not accurately reflect how effective a solar plant



would be. Table 2 shows the solar reserves for 23 states and union territories (U.T.s), the
geographic area of each location, and the reserves normalized by area. Figure 1 shows the total
reserves on a map, and Figure 2 shows the normalized reserves. The map shows that the states
with the highest normalized solar reserves are not exclusively concentrated in the south, which
would have been expected. Accounting for area also offsets the fact that the southern states are
overall larger in area than the northern states. The differences in normalized GHI do not appear
to be strictly regional, so it is reasonable to categorize states by the size of their reserves, as will
be shown later. States with similar reserve levels may differ systematically in other ways, so
differences in solar capacity should not necessarily be attributed to differences in solar reserves;
however, the map and normalization indicate that the differences are not purely geographic.
The first state solar policies were passed in 2012 by Chhattisgarh and Madhya Pradesh.
As 0f 2021, 23 states have passed policies incentivizing solar or renewable production of some
kind. The most common years for policy passages were 2016 and 2017; ten states/U.T.s passed
policies during the two year period. Figure 3 shows the average installation (measured with the
inverse hyperbolic sine transformation, as justified later in this section) for states that passed
state policies in each year since 2012, compared to the states that still have not adopted state
policies. The figure shows that states without policies have lower total installations than every
other group of states as of 2020, regardless of when the policies were passed, and growth since
2010 was lower for non-policy states than every other group of states except the 2018 cohort.
The amount of total solar production in a given state in a given year varies widely across
the data. As shown in Figure 4, many observations are zero or close to it, but some large outliers

result in an initial dataset that is highly skewed right. Across all observations (538 total), the
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average total installed solar capacity is around 206 MW, but the standard deviation is nearly 770
MW and the maximum is 7328.86 MW.

There are several possible solutions to the distribution issue. The first option is to simply
take the log of the value of solar capacity. This results in a more manageable distribution of the
data and allows for straightforward interpretation of regression coefficients; however, it also
excludes 125 observations where the installed solar capacity is 0 MW. This can be solved by
adding 1 MW to every solar capacity observation and then taking the log of that value; this
allows every observation to be included. However, elasticities can not be easily calculated and
interpreted with this specification. Another solution is to take the inverse hyperbolic sine (IHS)
of the solar capacity values, and use those values as the dependent variables. This approximates
the log distribution without dropping zero values. The elasticity values can be derived with the
methodology described in Bellemare and Wichman (2020), in this case using the [HS-linear
specification with dummy independent variables.

Using IHS is the least problematic specification of the solar capacity variable, so the IHS
of solar capacity will be used in the analysis that follows. The mean of the data becomes 2.44
with a standard deviation of 2.82, minimum of 0, and maximum value of 9.59. The distribution

of the IHS of solar capacity of shown in Figure 5.

V. Model

The equation to be estimated is as follows:

IHS(solar capacity) = Bj1(years postyy = j) + a; + 8 + €4
j==9,3#~1 (D)

As explained in Section III, the dependent variable is the IHS of installed solar capacity,

where solar capacity is measured in MW, for state i in year t. The independent variables are a
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series of binary time dummies that range from nine years before to seven years after a state
policy was passed (variables outside of these ranges had too few observations to be included in a
regression). For example, Gujarat enacted a state policy in 2015. The variable for one year post-
policy is equal to 1 in 2016 and equal to O in all other years for Gujarat. Likewise, variable for
two years pre-policy is equal to 1 in 2013 and equal to 0 in all other years for Gujarat. This
enables causal analysis of the policies over time, even though they were implemented over the
course of several years. The year before the policy’s passage has been omitted so that the
variable coefficients show the effect of policies relative to that year. In the Gujarat example, the
coefficient on the one year post-policy variable (2016) indicates a difference in solar capacity
compared to the capacity in 2014. The model also includes state and year fixed effects. The full
dataset regression use standard errors clustered by state/U.T., and the smaller group regressions

use bootstrapped standard errors.

VI.  Empirical Analysis

Table 3 shows the results of the state and year fixed effects initial regression shown in
Section V, using the entire dataset of 444 observations. The semi-elasticities for the coefficients
in Table 3 are shown in Table 4. The elasticities are calculated using the method suggested in
Bellemare and Wichman (2020). The regression omits the year before a policy passed, so every
coefficient and elasticity is measured relative to the solar capacity in the year before the policy.
The elasticities show that overall, on average and ceteris paribus, installed solar capacity
increased over time after policies were passed, with the cumulative effects growing at a generally
increasing rate. For example, the 7 years post-policy variable has a coefficient equal to 1.919,
with an elasticity of 8.683, which indicates that on average, installed capacity increased by 868%

since the year before the policy was passed, eight years earlier. The high percent changes are
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explained by noting that many states had very low installed capacity immediately pre-policy.
Chhattisgarh’s policy was passed in 2012. Its total installed capacity was 4 MW in 2011 and
231.35 MW in 2019, an increase of over 5,000% seven years post-policy.

The pre-policy coefficients in Table 3 are, for the most part, not significantly different
from zero, while the post-policy coefficients are significantly positive at the 10% level starting
two years post-policy, the 5% level three years post-policy, and the 1% level four years post-
policy. Therefore, if there is a pre-trend, it is not significant compared to the post-policy growth.
The year dummies are mostly larger in magnitude than the policy time variables, particularly
increasing after 2010, which implies that much of the progress individual states have made has
not been due to state policies, but because of national policies or other factors.

Figure 6 shows the event study plot of solar capacity over time for the entire dataset
(Table 3 column 2). It is clear that capacity increases over time, and the rate of increase appears
to increase after the policies were implemented. There also appears to be a positive trend prior to
the passage of the policies, but the regression results show it is not statistically significant.

Table 5 uses the same model as Table 3, but it divides the data into three groups based on
state per capita income levels. The states are first ranked using the MOSPI per capita income
data mentioned in Section III, then divided into three tiers (low, middle, and high income, as
listed in Table 6). Of the 32 locations in the dataset, Lakshadweep is the only one missing
income data, so it is excluded from the regressions in Table 5. When the data is divided in this
way with state and year fixed effects, none of the policy year variables are significantly different
from zero. This is a different result than what was found in the whole dataset, and it implies that
policy outcomes do not systematically differ by income. This is an unexpected result and has

helpful policy implications, because it contradicts the idea that renewable energy production is
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more successful in places with greater financial resources to enforce policies and incentivize
producers.

Table 7 shows the results of regressions splitting the states into three groups based on
solar reserves per square kilometer. As discussed earlier, Table 2 shows the data and groups
used. Unlike with the income groups, the outcomes vary significantly across reserve sizes. Low
reserve states have heterogeneous effects in the years after policies were passed, and the average
effect is not significantly different from zero in any of the post-policy years. Additionally, there
are significantly positive coefficients in several pre-policy years, which implies that policies may
have reduced solar production progress for states with low solar reserves. States with moderate
levels of solar reserves have significantly negative coefficients in most pre-policy years, and
coefficients are not significantly different from zero in the post-policy years, implying that
production did improve somewhat after policies, but the effects varied across states and did not
increase over time. High reserve states, on the other hand, saw significant positive effects from
solar policies, with the effects increasing over time. Figure 7 is the event study plot for the
production outcomes of high reserve states, which shows there was not a clear positive trend in
the pre-policy years, and that the policies appear to have accelerated production growth. Overall,
the table and plot imply that states with higher solar reserves per square kilometer have had more
success from solar policies than states with lower reserves. This is not to say that higher reserves
themselves cause greater policy effects; states with high reserves may differ from lower reserve
states in other ways besides solar reserves, and these differences could drive the results seen in
Table 7. Nonetheless, this is a potential area for future research.

Table 8 splits the data into three groups based on the production targets given in each

state’s policy, if applicable. This regression includes three groups of six states based on their
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target size, as shown in Table 9. States that did not specify target sizes are counted as having 0
MW targets. The results in Table 8 show that states with no production target or a low target had
the most positive effects of the three groups. In each group, there is heterogeneity between states
and the outcome can be difficult to determine because of the small sample size of each group;
however, it is clear that states with high production targets did not perform better than states with
smaller targets, and in fact it appears that states with higher targets actually saw worse outcomes
after they passed policies. The event study plot of results for states with high targets is shown in
Figure 8. It shows that standard errors increased in the years after policies were passed, but that
policies did not have a positive effect on production. Again, this may not actually be the result of
the target size, but rather other differences between states that may not be related to the policies
at all, but the results do differ across groups. One possible explanation could be that some states
set ambitious production goals without a clear plan for achieving them, and therefore had less

success than states with more realistic goals and more concrete implementation plans.

VII. Conclusion

This paper has sought to answer the question of how effective India’s state solar incentive
policies have been at increasing solar production in the past ten years. Clearly, production has
increased over time, and analysis of the data shows that this was in part driven by state-level
incentives. On average, in the years immediately following a policy, there is no effect (this is not
to say that policies have no effect, but rather that the effects vary widely across states). Starting
around four years after policies have been passed, effects are more consistently positive, and
these effects increase over time relative to the pre-policy period. Secondary analysis finds that

outcomes do not systematically differ by average state income and that policy targets do not

15



appear to be correlated with higher production. On the other hand, states with higher natural
solar resources to have better outcomes overall than states with less concentrated GHI.

To my knowledge, there have not been any papers analyzing the causal effect of India’s
state solar policies; previous discussion of these policies has been mostly descriptive or observed
a correlation between policies and increased production. This paper attempts to identify and
quantify the direct effect of the policies. It also contributes to the literature on renewable energy
policies in developing countries more generally, as energy policy analyses generally focus on
higher income countries.

The results of this paper have important policy implications; they show that India’s state
solar incentives have been effective overall at increasing production, irrespective of state income.
Because India implemented both national and state solar policies, this is particularly useful for
policymakers both in India and elsewhere because it shows that more localized programs can
successfully increase solar production. The result finding only small differences between states
with high production targets and states with low targets or no targets at all indicates that
ambitious quantitative goals may not be an effective component of solar policies. Policies may
be more effective in states with more natural solar resources, but there appears to be positive
effects regardless of resource endowment.

One issue with this analysis, and with policy analysis generally, is endogeneitys; it is
likely that when states enacted solar incentives, they also possessed the political will to increase
solar production, so production may have increased after policies were passed, but not because of
the actual financial incentives. This concern is alleviated somewhat because there are over thirty
states included in the primary analysis, and both state and fixed effects are used. However, this is

still a potential problem with the results. Another issue is that this analysis treats each state
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policy as identical, differing only by year of implementation, when in reality there are
differences in the content of the policies between states. This was an oversimplification made in
order to test the overall effect of policies, but it is clearly possible that differences in the state
policies could lead to different outcomes. This is an area worth exploring in future work;
identifying which policy aspects have been most effective and explaining the heterogeneous
outcomes across states would involve treating each policy as distinct and breaking each into its
policy components rather than as a uniform policy passed in different years in different states.
Additionally, this paper only addresses energy supply, with the outcome variable measuring
installed solar capacity. Equally important is work on energy demand; have India’s solar
incentives encouraged consumers to switch to solar from non-renewable energy sources, or is
solar not acting as a replacement for traditional energy sources? These issues are important to

address, although they are outside the scope of this paper and data.
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VIII. Appendix

Table 1: Overview of States and Policies

State/U.T. Policy type Year
passed

Andaman &

Nicobar

Arunachal Pradesh

Assam Solar 2018

Bihar Renewables 2017

Chandigarh

Chhattisgarh Solar 2012

Delhi Solar 2017

Goa Solar 2019

Gujarat Solar 2015

Haryana Solar 2016

Himachal Pradesh Solar 2016

Jammu & Kashmir

Jharkhand Solar 2016

Karnataka Solar 2014

Kerala Solar 2014

Lakshadweep

Madhya Pradesh Solar 2012

Maharashtra Renewables 2016

Manipur Solar 2015

Meghalaya

Mizoram Solar 2017

Nagaland

Odisha Renewables 2017

Puducherry Solar 2016

Punjab Net metering | 2017

Rajasthan Solar 2015

Sikkim

Tamil Nadu Solar 2019

Tripura

Uttar Pradesh Solar 2017

Uttarakhand Solar 2013

West Bengal

Notes: Blank cells indicate states/U.T.s that did not formally adopt solar policies since 2010.
Andhra Pradesh and Telangana have both passed solar policies as of 2020, but are not included
in this paper because they split in 2014. Damen & Diu and Darar & Nagar Haveli are also
dropped due to lack of population data, although neither passed solar policies.
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Table 2: State Solar Reserves

State Reserves (MW) | Area (km?) Reserves per Group
km?

Punjab 2,810 50,362 0.055796 Low
Uttar Pradesh 22,830 240,928 0.094759 Low
Haryana 4,560 44212 0.103139 Low
Bihar 11,200 94,164 0.118941 Low
Karnataka 24,700 191,791 0.128786 Low
Chhattisgarh 18,270 135,191 0.135142 Low
Tamil Nadu 17,670 130,058 0.135862 Low
Kerala 6,110 38,863 0.157219 Low
Odisha 25,780 155,707 0.165567 Moderate
Assam 13,760 78,438 0.175425 Moderate
Gujarat 35,770 196,024 0.182478 Moderate
Madhya Pradesh 61,660 308,245 0.200036 Moderate
Mabharashtra 64,320 307,713 0.209026 Moderate
Jharkhand 18,180 79,714 0.228065 Moderate
Goa 880 3,702 0.237709 Moderate
Meghalaya 5,860 22,429 0.261269 High
Uttarakhand 16,800 53,483 0.314119 High
Rajasthan 142,310 342,239 0.415821 High
Mizoram 9,090 21,081 0.431194 High
Manipur 10,630 22,327 0.476105 High
Himachal Pradesh | 33,840 55,673 0.607835 High
Delhi 2,050 1,483 1.382333 High

Notes: The reserves shown above were measured from satellite data from the Indian Space
Research Organisation. The results did not cover every state/U.T., but all data from ISRO are
shown here. The low/moderate/high groups are arbitrary but based on reserves per km?, not total
reserves.
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Table 3: Policy Effects of State Solar Policies

POLICY VARIABLES IHS of solar capacity YEAR DUMMIES IHS of solar capacity
9 years pre-policy 0.211 2008 0.0308

(0.618) (0.0599)
8 years pre-policy -0.381 2009 0.207

(0.716) (0.126)
7 years pre-policy -0.802 2010 0.530%**

(0.677) (0.181)
6 years pre-policy -0.567 2011 1.491***

(0.666) (0.344)
5 years pre-policy -0.528 2012 1.734%**

(0.543) (0.397)
4 years pre-policy -0.284 2013 2.034%**

(0.502) (0.451)
3 years pre-policy -0.210 2014 2.251%**

(0.453) (0.497)
2 years pre-policy -0.0749 2015 2.780%**

(0.378) (0.538)
1 year post-policy 0.209 2016 3.040%**

(0.316) (0.570)
2 years post-policy 0.732%* 2017 3.5]15%**

(0.368) (0.599)
3 years post-policy 0.939%* 2018 3.94***

(0.379) (0.638)
4 years post-policy 1.346%** 2019 4.000%**

(0.452) (0.663)
5 years post-policy 1.557*** 2020 4.099%**

(0.554) (0.678)
6 years post-policy 1.815%**

(0.561)
7 years post-policy 1.919%**

(0.490)
Constant 0.221

(0.405)

Observations 444
Number of locations 32
R-squared 0.682

Robust standard errors in parentheses
*H% p<0.01, ** p<0.05, * p<0.1

Notes: Bihar, Maharashtra, Odisha, and Punjab are omitted from the treatment group because
they passed broad RE policies that did not primarily target solar producers.
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Table 4: Semi-Elasticities

Variable Coefficient Elasticity
9 years pre-policy 0.211 0.855
8 years pre-policy -0.381 -1.724
7 years pre-policy -802 -3.629
6 years pre-policy -0.567 -2.566
5 years pre-policy -0.528 -2.389
4 years pre-policy -0.284 -1.285
3 years pre-policy -0.210 -0.950
2 years pre-policy -0.0749 -0.339
1 year post-policy 0.209 0.946
2 years post-policy 0.732 3.312
3 years post-policy 0.939 4.249
4 years post-policy 1.346 6.090
5 years post-policy 1.557 7.045
6 years post-policy 1.815 8.213
7 years post-policy 1.919 8.683

Notes: The coefficients shown above are taken from the results in Table 3. Elasticities are
calculated using the method in Bellemare and Wichman (2020) recommended for binary
independent variables and IHS of dependent variables. The elasticity values multiplied by 100
are the average percent change in total installed capacity relative to one year pre-policy.
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Table 5: Per Capita Income Tiers

Low income Middle income High income
Bihar West Bengal Gujarat
Uttar Pradesh Rajasthan Uttarakhand
Manipur Tripura Kerala
Jharkhand Nagaland Tamil Nadu
Assam Arunachal Pradesh Karnataka
Meghalaya Punjab Puducherry
Madhya Pradesh Mizoram Haryana
Jammu & Kashmir Andaman & Nicobar Chandigarh
Odisha Himachal Pradesh Sikkim
Chhattisgarh Mabharashtra Delhi

Goa

Notes: Average income amounts are taken from the 2020 State Domestic Product report
(MOSPI). Dadra and Nagar Haveli, Daman and Diu, and Ladakh are omitted from the original
data, and thus are not represented here. Within each tier, states are listed in ascending order by
income.
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Table 6: Regression Results by Income

(D 2 3)
VARIABLES Low income Middle income High income
9 years pre-policy -0.606 4.302%** 0.845
(1.270) (0.832) (1.5306)
8 years pre-policy -0.604 4.2]15%** -0.292
(0.987) (0.798) (1.938)
7 years pre-policy -0.318 1.717 -0.536
(1.116) (1.874) (1.609)
6 years pre-policy -0.0459 0.874 -0.144
(1.120) (1.326) (1.758)
5 years pre-policy -0.658 0.388 0.157
(0.956) (1.063) (1.578)
4 years pre-policy -0.522 0.356 0.467
(0.962) (0.876) (1.356)
3 years pre-policy -0.477 0.167 0.227
(0.944) (0.611) (1.197)
2 years pre-policy -0.138 -0.162 0.0414
(0.753) (0.687) (0.794)
1 year post-policy 0.412 -0.851 0.0333
(0.752) (0.469) (0.596)
2 years post-policy 0.260 0.125 0.360
(0.978) (0.813) (0.944)
3 years post-policy 0.338 0.259 0.708
(1.130) (0.699) (1.251)
4 years post-policy -0.00690 1.036 1.207
(1.366) (0.604) (1.624)
5 years post-policy -0.0130 0.757 1.892
(1.420) (0.447) (1.914)
6 years post-policy 0.400 0.625 2.373
(1.546) (0.448) (2.234)
7 years post-policy 1.499 0.414 2.024

Notes: Continued on next page.
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Table 6: Regression Results by Income (continued)

(1) () 3)
VARIABLES Low income Middle income High income
2008 -0.0109 -0.408 0.261
(0.224) (0.669) (0.400)
2009 0.101 0.174 0.602
(0.237) (0.960) (0.526)
2010 0.0826 1.412 1.039
(0.185) (0.796) (0.621)
2011 1.171%* 3.216%* 2.472%
(0.592) (0.964) (1.075)
2012 1.732%* 3.691%* 2.404%*
(0.858) (1.205) (0.966)
2013 2.090* 4.156** 2.869*
(1.063) (1.236) (1.262)
2014 2.286%* 4.652%** 3.070*
(1.119) (1.220) (1.473)
2015 2.691* 5.682%** 3.853*
(1.191) (1.252) (1.845)
2016 3.501** 5.357*** 4.292%*
(1.264) (1.406) (2.087)
2017 3.879%** 6.043*** 4.946%*
(1.292) (1.520) (2.425)
2018 4.377** 6.613%*** 5.474*
(1.428) (1.458) (2.727)
2019 4.422%* 6.770%** 5.356
(1.557) (1.539) (2.947)
2020 4.651%* 6.829%*** 5.185
(1.459) (1.594) (3.318)
Constant 0.256 -0.967 -0.124
(0.794) (1.258) (1.616)
Observations 112 98 110
R-squared 0.696 0.848 0.762
Number of locations 8 7 8

Standard errors in parentheses
% n<(.01, ** p<0.05, * p<0.1

Notes: States are grouped by income as shown in Table 5.
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Table 7: Regression Results by Average Reserves per Square Kilometer

(D 2 3)
VARIABLES Low reserves Moderate reserves High reserves
9 years pre-policy 0.731 1.139 -0.203
(0.593) (1.031) (0.589)
8 years pre-policy 0.621 -0.963 -0.315
(0.601) (1.2806) (0.554)
7 years pre-policy 0.0675 -1.798 -1.597
(0.786) (1.359) (1.185)
6 years pre-policy 1.014 -2.248 -1.716
(0.754) (1.322) (0.979)
5 years pre-policy 1.914%** -1.993* -1.963
(0.437) (0.899) (1.219)
4 years pre-policy 1.584%* -1.337 -1.725
(0.467) (0.979) (1.014)
3 years pre-policy 1.253* -1.620 -1.232%*
(0.575) (1.031) (0.468)
2 years pre-policy 0.770* -1.385%** -0.660
(0.377) (0.530) (0.358)
1 year post-policy 0.0636 -0.705 0.456
(0.512) (0.601) (0.328)
2 years post-policy 0.171 -0.131 1.920**
(0.296) (0.7406) (0.737)
3 years post-policy 0.198 0.0338 2.199%*
(0.310) (1.197) (0.724)
4 years post-policy 0.643 -0.429 3.199%*
(0.4806) (1.162) (0.994)
5 years post-policy 1.131 -0.276 3.378%*
(0.630) (1.228) (1.285)
6 years post-policy 1.086 1.121 3.882%*
(0.748) (1.085) (1.300)
7 years post-policy 0.538 0.913 4.693**x*
(0.588) (1.067) (1.079)

Notes: Continued on next page.
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Table 7: Regression Results by Average Reserves per Square Kilometer (continued)

(1) () 3)
VARIABLES Low reserves Moderate reserves High reserves
2008 -0.352 0.145 0.133
(0.232) (0.205) (0.129)
2009 0.130 0.151 0.223
(0.245) (0.263) (0.579)
2010 0.458 0.812 0.823
(0.416) (0.605) (0.850)
2011 1.743%* 2.721%* 1.554
(0.561) (1.034) (1.229)
2012 1.835%* 3.865%** 1.412
(0.648) (0.790) (1.291)
2013 2.419%* 4.506%*** 1.184
(0.856) (0.832) (1.055)
2014 3.128%* 4.037*** 0.929
(1.067) (0.900) (0.976)
2015 4.740%*** 4.141%%* 1.018
(0.819) (0.985) (0.848)
2016 5.790%** 4.931%%* 0.469
(0.537) (0.869) (0.633)
2017 6.729%** 4.808%** 0.796
(0.513) (1.096) (0.475)
2018 7.064%** 5.197** 0.739%*
(0.684) (1.415) (0.288)
2019 7.106%** 5.644%** 0.613
(0.754) (1.317) (0.451)
2020 7.184%** 5.830%** 0.149
(0.777) (1.159) (0.582)
Constant -0.151 0.574 1.092
(0.548) (0.797) (0.612)
Observations 98 98 96
R-squared 0.948 0.834 0.734
Number of locations 7 7 7

Standard errors in parentheses
*EE p<0.01, ** p<0.05, * p<0.1
Notes: States are grouped by reserves as shown in Table 2.
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Table 8: Solar Production Policy Targets by State

Place Policy target Group
Uttarakhand not specified Small
Gujarat not specified Small
Rajasthan not specified Small
Puducherry not specified Small
Goa not specified Small
Manipur 5 Small
Mizoram 80 Medium
Bihar 100 Medium
Madhya Pradesh 495 Medium
Assam 590 Medium
Himachal Pradesh 700 Medium
Chhattisgarh 1,000 Medium
Punjab 1,000 Medium
Delhi 1,000 Medium
Odisha 2,200 Medium
Kerala 2,500 Large
Jharkhand 2,500 Large
Haryana 3,200 Large
Uttar Pradesh 4,300 Large
Karnataka 6,000 Large
Maharashtra 7,500 Large
Tamil Nadu 9,000 Large

Note: Policy targets are given in MW and are comprised of output from both large solar projects
and rooftop solar installations.
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Table 9: Regression Results by Solar Production Target

(D 2 3)
VARIABLES Low target Moderate target High target
9 years pre-policy -0.0230 1.162 1.365**
(0.625) (0.792) (0.525)
8 years pre-policy -2.217 1.208 1.275%*
(1.859) (0.874) (0.447)
7 years pre-policy -1.890 0.526 0.787
(1.531) (0.916) (0.601)
6 years pre-policy -1.767 0.325 1.311*
(1.175) (0.800) (0.561)
5 years pre-policy -1.869 -0.928 1.913**
(1.092) (0.572) (0.481)
4 years pre-policy -1.169 -1.292%* 1.675%**
(0.917) (0.618) (0.382)
3 years pre-policy -1.008* -1.354* 1.515%*
(0.402) (0.583) (0.569)
2 years pre-policy -0.533 -0.966 0.808*
(0.300) (0.619) (0.360)
1 year post-policy 0.327 0.118 -0.576
(0.383) (0.540) (0.361)
2 years post-policy 1.398* 0.583 -0.720
(0.684) (0.564) (0.438)
3 years post-policy 1.777* 1.029 -0.820
(0.798) (0.780) (0.598)
4 years post-policy 2.404* 1.379 -0.754
(1.160) (0.758) (0.878)
5 years post-policy 2.931* 2.24 8% -0.824
(1.439) (0.520) (1.285)
6 years post-policy 3.268 1.762* -0.142
(1.653) (0.714) (0.946)
7 years post-policy 4.005%* 1.775% -0.817
(1.447) (0.750) (0.829)

Notes: Continued on next page.

28



Table 9: Regression Results by Solar Production Target (continued)

(1) () 3)
VARIABLES Low target Moderate target High target
2008 0.287 -0.0959 -0.319
(0.652) (0.361) (0.330)
2009 0.131 -0.425 0.0465
(1.100) (0.564) (0.479)
2010 0.738 -0.139 0.158
(1.226) (0.417) (0.574)
2011 2.538* 0.710 1.94 7%
(1.118) (0.585) (0.422)
2012 2.322 1.547 2.377**
(1.203) (0.815) (0.597)
2013 2.075 2.375% 3.110%*
(1.054) (1.081) (0.862)
2014 1.926 2.262 3.838%**
(0.982) (1.221) (0.730)
2015 2.059* 2.418* 5.379%**
(0.809) (1.077) (0.519)
2016 1.386%* 2.856* 6.217%%*
(0.620) (1.225) (0.440)
2017 1.54 1% 2.709%* 7.463%%*
(0.294) (0.846) (0.467)
2018 1.774%%** 3.532%* 8.248#**
(0.431) (1.056) (0.431)
2019 1.638%* 3.639%** 8.320%**
(0.679) (0.714) (0.556)
2020 1.340 4.049%* 8.504#**
(0.880) (1.434) (0.709)
Constant 1.334* 0.310 -0.716
(0.661) (0.823) (0.457)
Observations 84 82 84
R-squared 0.703 0.828 0.937
Number of locations 6 6 6

Standard errors in parentheses
*EE p<0.01, ** p<0.05, * p<0.1
Notes: States are grouped by policy targets as shown in Table 8.
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Figure 1: State Solar Reserves: Total

Natural Solar Potential
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Notes: Figure 1 is a geographical version of the information from the second column of Table 2.
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Figure 2: State Solar Reserves Normalized by Area

Average GHI (MW) per
km

P
$ .
» :
v

)

Powered by Bing
© GeoNames, Microsoft, TomTom

Notes: Figure 2 is a geographical version of the information from the fourth column of Table 2.
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Figure 3: IHS of Average Installed Capacity by Year of Policy Passage
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Notes: Each line represents the average yearly solar capacity of states that passed solar policies
in the years shown in the legend. The lines are bold beginning in the year of passage. The “No
policy” line is the average production level over time of states that did not pass solar policies as
0f 2020 (Andaman & Nicobar, Arunachal Pradesh, Jammu & Kashmir, Lakshadweep,
Meghalaya, Mizoram, Nagaland, Sikkim, Tripura, West Bengal, Bihar, Maharashtra, Odisha,
Punjab).
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Figure 4: Distribution of Installed Solar Capacity (MW)
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Notes: Includes all observations across all years.
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Figure 5: Distribution of IHS of Installed Solar Capacity
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Notes: IHS of installed solar capacity measured in MW.
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Figure 6: Average Installed Solar Capacity Before and After State Solar Policies

Notes: The vertical axis is measured in IHS of total installed solar capacity, and each coefficient
is measured relative to the one year pre-policy variable.
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Figure 7: Production in States with High Solar Reserves
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Note: States grouped by reserve levels as shown in Table 2. High reserve states/U.T.s are
Haryana, Uttarakhand, Rajasthan, Mizoram, Manipur, Himachal Pradesh, and Delhi.
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Figure 8: Production in States with High Production Targets
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Notes: States’ production targets are shown in Table 8. States with high production targets are

Kerala, Jharkhand, Haryana, Uttar Pradesh, Karnataka, Maharashtra, and Tamil Nadu.
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