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Abstract
Emerging markets are the home of more than 80% of the world population. Economic growth is a complex process influenced by the structure of the economy, natural resources, technology and many other characteristics of the local economy. These markets, due to their profound changes, experience rapid urbanization and massive migrations from rural areas to cities and to a more industrial economy with rapid increase in electricity demand. Significant reductions in the price of solar power make it affordable and available for quick-to-build solutions for on or off grid energy in countries with growing need for additional electricity generation. Yet many emerging markets face difficulties in developing solar energy projects. This article focuses on the implementation of solar power in the emerging market of India as a case study. India is the second largest emerging economy in the world with more than 1.2 billion people, fast economic growth, and low electricity consumption. In 2014, the Government of India has set an extremely ambitious goal of 100 GW solar power capacity installed by 2022 that would make India a global leader in renewable energy. This study analyzes the effect of the policy and other socio-economic variables on the solar market in India. It unveils a robust correlation between solar market proliferation, state rooftop solar regulation and economic freedom. Beyond the in-depth scrutiny of the case itself, this paper offers new insights on how policy and other variables impact the development of emerging renewable energy markets.	Comment by Author: While true, this is not something that you spend time arguing for in the paper, so I wonder if you need to include it.

Keywords	Comment by Author: Consider adding regulation to your keywords.
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Highlights
· Solar power is an attractive energy solution for eEmerging markets are the most growing and influencing on future economy
· Economic Freedom index has strong correlation to solar PV capacity in India
· States announced with roof top solar regulations have better chance to reach goals
· India can reach 100 GW solar in 2022 with imbalanced distribution between states. 
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[bookmark: _Toc20989885]Introduction 
Douglass C. North describes the development of economic markets and the process in which human societiesy changes from primitive societiesorganizations of, villages and individuals to urban societiesunits w, with structural institutions and organization, as a complex path influenced by beliefs, social and political structures, religion, technology and more ([1] North 1994, 393). The speed of economic change is a result of the learning curve of the population. 	Comment by Author: This is the required format for the journal.
Developing and eEmerging mMarkets is are the home for more than 5 billion people ([2] Lagarde 2016), mostly in developing countries that have access only to unreliable or poor quality electricity ([3] UN 2018). Lack of electricity, fuel, or gas inhibits the provision of basic energy-dependent services, such as water (desalination and purification), sanitation, health, and education. The UN has placed "“energy for all" ” as a central goal for the next few years. A continuous and stable supply of electricity and energy has a direct positive impact on a wide range of areas that contribute to improving the health quality and standard of living in countries around the world. Many studies have found and confirmed the existence of the positive relationship between energy consumption and traditional human development index, as well as a long-run connection between electricity consumption and economic growth in developed and developing countries ([4] Chen, Kuo, and Chen 2007; [5] Raza, Jawaid, and Siddiqui 2016; [6] Roy, Jayaraj, and Gupta 2016).
To this end, the UN has promoted the MDG and SE4ALL programs that have been implemented in recent decades, and more recently the SDG as part of the agreement signed in 2015 with to achieve the a challenging goal of (SDG No. 7) to bringing  available electricity to the world's entire population by 2030 (SDG No. 7). This goal must be connected to the COP21 climate agreement in Paris in December of 2015 that sought to reduce the carbon footprint on the planet and produce cleaner energy for all. The growth in greenhouse-gas emissions is expected to come mainly from emerging markets ([7] IFC 2016), which require $4 trillion per year to build and maintain energy infrastructure. Hence The questions about the public services, experience, education, regulation, economy and other aspects needed to promote bring electricity to in developing countries is a major issue worldwide.	Comment by Author: Spell these out and then put the acronyms in parentheses.
Renewable energy, a fast and rapidly growing emerging sector that includes solar energy, wind and biomass, is constantly dropping in costs and has a shorter time to market compared to fossil or hydro projects. The combined effect of the Paris agreement and, reduced costs of energy production from renewable sources as well as the economic incentives and a commitment to satisfy energy needs in emerging markets offers a greatpresents an unparalleled  opportunity for theis renewable energy industry in the next decade due to the high economic incentives in emerging markets ([7] IFC 2016).
As of 2016, India was the third largest producer and consumer of electricity in the world after China, and the US ([8] IEA Beta 2019), yet it Many studies have found and confirmed the existence of the positive relationship between energy consumption and traditional human development index, as well as a long-run connection between electricity consumption and economic growth in developed and developing countries (Chen, Kuo, and Chen 2007; Raza, Jawaid, and Siddiqui 2016; Roy, Jayaraj, and Gupta 2016).
India, for example, one of two most populated country, has the biggest proportion of residents who are not yet connected to the electricity grid. Moreover, a significant portion of the Indian population that is connected to the electricity grid does not receive stable and reliable electricity. Over the past few years, the government has invested heavily in projects linking poor and remote rural areas to the electricity grid, but to date a quarter of India's population (about 311 million people) live in rural areas and that are still not connected to an electricity grid ([9] Banerjee et al. 2015). Moreover, a significant portion of the Indian population that is connected to the electricity grid does not receive stable and reliable electricity. As of 2016, India was the third largest producer and consumer of electricity in the world after China, and the US (IEA Beta 2019). The process that combines inexpensive and efficient renewable energy implementation in India is of great significance for the quality of life of the people in India, but considering the need to preserve our planet and reduce the level of air pollution, for humankind in general.
[bookmark: _Toc20989886]Economic Freedom of the World 
The Economic Freedom of the World project (EFW) project begaun in the 1980s by the Fraser Institute ([10] Hall and Lawson 2014) and produces an . index that measures the degree to which policies and institutions of countries support economic freedom. The cornerstones of economic freedom measured by the index are personal choices, voluntary exchange, freedom to enter markets and compete, and security of person and privately-owned property. The index shows an enduring empirical relationship between economic freedom and prosperity, growth and improvements in human well-being. The index measures the degree to which policies and institutions of countries support economic freedom. The cornerstones of economic freedom are personal choices, voluntary exchange, freedom to enter markets and compete, and security of person and privately-owned property. Forty-two indicators are used to construct the index to measure the degree of economic freedom in five broad areas:
1. Size of government: expenditures, taxes, and enterprises; 
2. Legal structure and security of property rights; 
3. Access to sound money; 
4. Freedom to trade internationally; and 
5. Regulation of credit, labor, and business.
[bookmark: _Hlk22720321]The index reveals an enduring empirical relationship between economic freedom and prosperity, growth, and improvements in human well-being. The index measures economic freedom with the thought that it would lead to better economic and social outcomes. Over the years, the EFW index has been cited in hundreds of academic articles and has become an important contribution to the international policy debate. In 2014, a special report ([11] Economic Freedom of the World: An Accounting of the Literature) examined 402 articles that had cited the EFW and found that in over two-thirds of the studies, economic freedom corresponded to “good” outcomes such as faster growth, better living standards, more happiness, etc. 
Economic Freedom of the States of India
The Economic Freedom of the States of India Index (EFSI) ([12] Bhandari, Debroy, and Swaminathan 2013) was published by the Cato Institute based on the Fraser Institute’s Economic Freedom of the World. The report brings out the significant differences in economic governance between the states of India. It has thus focused the attention on state-level reforms to improve inclusive economic growth. 
The Indian Index is based on three major indicators: 
· Size of the government; 
· Legal structure and security of property rights; 
· Regulation of business and labor. 
The EFSI 2013 estimates economic freedom in the 20 biggest Indian states. Data availability prevented scoring the other states and union territories, and . variables that would be suitable for inclusion in this index could not be included as data was not available for many states. Ultimately 21 variables covering diverse aspects of economic freedom were utilized to construct a composite freedom index with The scores ranging are between 0- and 1 (with 1 equaling the =most freedom). States with higher scores are expected to be wealthier, more educated, secured, etc. The indicator of Solar RTS regulation is complementary in its effect with economic freedom scores and both confirm that better structured and regulated markets foster solar energy maturation.
Furthermore, variables that would be suitable of inclusion in this index could not be included as data was not available for many states. Eventually, 21 variables covering diverse aspects of economic freedom were utilized to construct a composite freedom index.
[bookmark: _Toc20989887]Emerging markets
Emerging markets or emerging economies are countries that are considered to be in a transitional phase between developing and developed status due to their size and growth rate. The impact of emerging markets on the world’s economy has grown dramatically in the last decades. In fact, without the influence of emerging markets, the present rate of world economic growth would be much lower than it currently is. In the years leading upup to 2016, emerging market countries collectively accounted for 60% of global GDP. According to the World Bank, the importance of emerging economies for the growth of both developed countries and the worldwide and developed countries economy is likely to increase further over time ([13] World B-bank 2019). 

Analysts and researchers view India ais a major emerging market, as observed by analysts and researchers, due to its immature market structure, rapid growth, large population, economic reforms, political transformation, regional economics and increasing local and foreign investments ([14] Asha 2013; [15] Hale 2012; [16] Luce 2016).	Comment by Author: It’s not clear to me the value of including the subsequent paragraph as it does no work in the paper and feels like a holdover from a background request for a different work, so I’m suggesting cutting it here.
[bookmark: _Hlk495573951]Mokyr (1988) calls the economic growth phase during the Industrial Revolution in Britain between 1760 and 1830 as a "growing-up" phase due to the annual rate of change in many fields that were far higher than in any period before. The Industrial Revolution, according to Mokyr, had three phases. First, a small sector experienced rapid and dramatic technological change. Second, this sector grew consequently at a rate much faster than the traditional sectors so that its share in the market increased rapidly. Third, the technological changes in the up-to-date sector gradually penetrated the membrane of the traditional sector and modernized its elements.
[bookmark: _Toc20989888]Renewable Energy in Emerging Markets
Increased economic growth and demand for energy in emerging economies generate opportunities to increase usage of renewable energy. Renewable energy commerce is an emerging industry. According to the International Finance Corporation, a World Bank Member (IFC 2016), the global clean energy marketplace is shifting to the emerging markets. . 2015 was the first year that renewable energy investments in emerging economies ($156 billion) surpassed those in developed countries ($130 billion) ([17] IFC 2016).. China (36%) and India (22%) account for more than half of these investments (36% - China and 22% - India).
 Renewable energy like solar can play a strategic role in meeting an emerging country's growing energy demands. However, large scale funding of solar power is one of the major problems in emerging markets and in emerging industries due to the risk and the fact that the business market in these countries and industries is not yet mature ([18] Shrimali 2015).
[bookmark: _Toc20989889]Research question
Due to global importance of renewable energy in general and solar power, it is an imperative to increase their its utilization in emerging countries, such as India. That requires a clear understanding of various factors affecting the application of renewable energy like solar power and creation of effective policies to generate accessible and affordable electricity through photovoltaic cells. Unfortunately, since this is a young, fast growing, changing and immature market, very little is known about specific influences on the implementation of solar power and how public policy can affect its application in developing countries. 
The premise is that the great vast differences in the process of adoption of solar power technology between the India’s states originate from differences in geographical, economic, educational and population parameters, as well as from different public policies. These factors may affect the ability to invest and implement as well as, build new amenities infrastructure and maintain themit, which is essential for the development of solar market. 	Comment by Author: is this what you meant by amenities?
The main research question of this thesis is: 
Do better structured and regulated markets foster solar energy maturation?
The emergence of regulatory policies to promote improved directive has been an important development for public governance in developed and developing countries ([19] OECD 2010). Many theories have examined the importance of pPolicy and regulations to promote the development, expansion and adoption of emerging technologiesy and industriesy. This These policies ought to work in tandemshould go along with education and its benefits and to positively impact the development of in our ability to learn new methods and systems, economic growth influencinge on prosperity and investments, and the proper use of naturale resources to bring progressiveness.   	Comment by Author: It’s just unclear what you mean by this term in this context. “Expansion of solar power”? 	Comment by Author: Many researchers? Theories are not actors and can’t examine.  They explain if that’s what you mean... 	Comment by Author: This was a particularly tangled sentence. Please check that I’ve captured the correct sense intended.
The specific hypotheses in this thesis were:
H1: Higher GDP and better economic status is important tied to for investments in new clean technology.	Comment by Author: I think you can measure “tied to” but not “importance”
H2: Regulation and supporting policy is vital to make a change ininfluences solar energy adoption on the state level.    	Comment by Author: again, a more measurable term than “vital”
As a representative industry in an emerging country, India’'s solar market , as a representative emerging country & industry, will be examined to determine the variables that affect and push the implementation of renewable energythe new sector.

[bookmark: _Toc20989890]The case of India
[bookmark: _Toc20989891]Background 
In 2015, India was the third largest electricity producer after China and the USA ([20] Enerdata 2016). India lies in the high solar insolation region, gifted with huge solar energy potential. Most of the country has about 300 days of sunshine per year with annual mean daily global solar radiation in the range of 4 - 6 kWh/m2/day ([21] MNRE 2016b). As a developing country with average GDP growth rate above 7% during the last decade ([22] World B-bank 2016), electricity market growth rate of 6.21% (5 year average) ([23] ibef 2016), a population of more than 1.2 billion and a rapidly growing economy, India needs access to clean, cheap and reliable sources of energy. 
The growth of India’s clean-energy market has caused significant price drops in power costs ([17] IFC 2017). Ias in recent years, the solar energy sector is has undergone having phenomenal growth due to technological improvements, price reductions and government policies that supportive of renewable energy development and utilization ([24] Timilsina, Kurdgelashvili, and Narbel 2012). This fact has inspired investors, inspires customers and creatinges the right conditions for the country to meet its target of raising the installed capacity for solar energy to 100 GW by 2022. To do so, India will needs an estimated $250 billion in new investments, with m. Most of the funding will have to cominge from the private sector.
[bookmark: _Toc20989892]Central Ggovernment Iinitiatives to Ppromote Ssolar Eenergy
The power sector is essential for India’s economic growth. The world energy outlook forecasts strong growth in manufacturing to satisfy match the demand for a reliable electricity supply and fuel the ambition to bring electricity to entire population. Installed capacity demand will grow by 4.9% per year, surging increasing from around 300 GW in mid-2016 to a forecasted nearly 1,100 GW in 2040 ([25] IEA 2015).
During the last 15 years, India has promoted several electricity policies to encourage renewable energy ([26] Sharma, Tiwari, and Sood 2012). Foremost amongst them is the 2003 Electricity Act  ([27] GOI 2003) which regulates stand-alone systems (including those based on renewable sources generation) and the distribution of grid-free systems in rural areas. Also highly influential is the 2005 new National Rural Electrification plan and policy ([28] Ministry of Power 2005) that stresseds the need for electrification as a part of the fight against poverty and the 2006 Tariff Policy ([29] Ministry of Power, 2006) which specified the minimum percentage of energy to be purchased from such sources. The Government of India ([GOI)] understood that a crucial part of developing the energy sector is the ability to develop in-house manufacturers. A 2007 semiconductor pPolicy encouraged semiconductor and ecosystem manufacturing, of which solar thermos and PVs are essential components ([30] Adviser 2010). The 2010 National Solar Mission policy initiative, setting a goal of solar power generation capacity of 20 GW by end of 2022, and , is a major act that was revised upward in 2015 to a target of 100 GW. India has 29 States and 6 Union territories such as Chandigarh and Delhi. The territories are taken into consideration in the analysis but are not very meaningful due to their small size and minor influence.
Roof Top Solar regulations	Comment by Author: I moved this here as a (positive) example of GOI regulatory incentives.
An example of the influence of GOI policies on India's solar program is the Rooftop Solar project (RTS). The government of India committed to the development of 40 GW of RTS power as part of its commitment to the UN Framework Convention on Climate Change (UNFCCC). The Government has been stressing undertaking RTS projects of all building and creating state policy and regulations, including tariff for grid connected rooftop systems ([31] MNRE 2016a). 
In 2014, the Ministry of New and Renewable Energy (MNRE) published a new program for Grid Connected Rooftop and Small Solar Power Plants with the objective of promoting grid connected SPV rooftop and small solar PV power generating plants among residential, community, institutional, industrial and commercial establishments. The program was intended to be implemented in both urban and rural areas to mitigate the dependence on fossil fuel-based electricity generation and thus encourage environmentally friendly solar electricity generation. Furthermore, the program encouraged installation of rooftop solar photovoltaic power generation plants for self-consumption as well as supply/sale of electricity to the grid. The result has been to create a better environment for investment in the solar energy sector by both the private sector and state governments. Some states had grid connected RTS regulations before the new program was published, whereas others came out with new policies as a result of the 2014 MNRE report. As of mid-2015, about half of India's states and union territories (UTS) had regulations supporting RTS ([31] MNRE 2016a).
[bookmark: _Toc20989893]State Government Impediments to Ssolar Eenergy Ggrowth 
The GOI focus on development of renewable energy is apparent, but the constitutional framework prevents the GOI from realizing its vision without the support of the states. Issues related to inter-state connections are in the domain of the GOI, while states are responsible for intra-state electricity policy. The GOI can facilitate and incentivize states to achieve renewable energy targets but cannot overstep the bounds of the state autonomy to implement projects or penalize for non-compliance. States often use this constitutional authority to push back on GOI reforms that do not correspond with their political agenda. Therefore, the issue of electricity sector reform, which has a significant impact on the renewable energy sector, is a complex one due to constitutional and legal perspectives as well as its political implications. 
The Center for Policy Research in India (CPRINDIA) analyzed the different actors in India’s Electricity Sector (Kaladharan 2016), mapping the balance of power between the GOI and states. Namely, the subjects related to inter-state connections are in the Center's domain, while states are responsible for intra-state electricity policy. 
States often use this constitutional authority to push back on GOI reforms that do not correspond with their political agenda. Therefore, the issue of electricity sector reform, which has a significant impact on the renewable energy sector, is a complex one due to constitutional and legal perspectives as well as its political implications.
The International Energy Agency (IEA) 2015 special report on India 2015 special report ([25] IEA 2015) emphasizeds that while the provision of electricity is a shared responsibility between the central and state authorities in India, states have significant independence in electricity prices, the average subsidy level, and the control over beneficiaries. The report stresseds a the large differences in conditions between the various states and a wide range of performance results across various indicators. Part of the explanation for these results is related to variations in income levels and population density, where low-income, densely populated states tend to perform worse than average. States also differ in their attitude to renewable or other energy sources, due to their geographical proximity to fossil fuels like coal mining areas and ports. Policy initiatives like the 2003 Electricity Act that are milestones in India's power regulation and effectiveness of implementation is are also an important variable. 
The Center for Policy Research in India (CPRINDIA) analyzed the different actors in India’s electricity sector, mapping the balance of power between the GOI and states ([32] Kaladharan 2016). Pargal ([33] Pargal 2014) measured outcome-based indicators for different states in India in comparison to the activities taken by the states governments, such as regulatory commissions and utilities to implement electricity sector reforms. 	Comment by Author: This potentially could be interesting, but I don’t see how it functions to advance your thesis.
Roof Top Solar regulations
Part of India's Solar program is the Rooftop Solar (RTS) project. The government of India committed to the development of 40 GW of RTS power as part of its commitment to the UN Framework Convention on Climate Change (UNFCCC). The Government has been stressing undertaking RTS projects of all building and creating state policy and regulations, including tariff for grid connected rooftop systems (MNRE 2016a). 
In 2014, The MNRE published a new program for Grid Connected Rooftop and Small Solar Power Plants with the objective to promote the grid connected SPV rooftop and small solar PV power generating plants among the residential, community, institutional, industrial and commercial establishments. The program is intended to be implemented in Urban and Rural Areas to mitigate the dependence on fossil fuel-based electricity generation and, thus, encourage environment-friendly, Solar electricity generation. Furthermore, the program encourages installation of rooftop solar photovoltaic power generation plant for self-consumption, as well as supply/sale of electricity to the grid.  The result has been to create better environment for investment in the solar energy sector by both private sector and state government. Some states had grid connected RTS regulations before the new program was published, whereas others came out with a new policy. As of mid-2015, about half of India's states and union territories (UTS) had regulations supporting RTS (MNRE 2016a).
State- Specificwise Solar RPO targets	Comment by Author: to match the table below.	Comment by Author: Overall more could be done in this paragraph to argue that states overall are getting in the way of meeting the GOI RPO targets.
The National Tariff Policy was amended in January 2011 to prescribe that solar-specific Renewable Purchase Obligations (RPO) be increased from a minimum of 0.25% in 2012 to 3% by 2022. Central Electricity Regulatory Commissions (CERC) and State Electricity Regulatory Commissions (SERC) have issued various regulations including solar RPOs, REC framework, tariff, grid connectivity, forecasting, etc., for promoting solar energy ([34] MNRE, 2017). Along with the demand to promote Renewable Energy growth in India (in view of the ongoing efforts of the Central Government for promoting solar energy), various states have come up with their own state solar policies to provide an enabling framework for growth of solar energy in India.	Comment by Author: You could, for instance, follow with an analysis that says x% have policies that are less than what’s called for by GOI.	Comment by Author: What the chart to the right is measuring is unclear – are these 2014 targets for 2022 for each state as the label suggests? Where did this information come from? Did each state come up with them? Does it show how the state governments are impediments to the adoption of solar? It’s meaning and function in your argument is simply unclear. [bookmark: _Ref495645073][bookmark: _Toc20989936]Table 2 1. 2010 solar targets for India’s Sstates solar targets and the new 2014 solar targets for 2022. 



In 2011, Rajasthan published a policy for developing the state as a global hub of solar power for the next 10 years to meet energy requirements of Rajasthan and India. In contrast, States like Mizuram and Manipur established only very modest targets of Solar penetration, and two states – Sikkim and Arunachai Pradesh did not issue any at all.	Comment by Author: This analysis of the chart to the left (?) is just odd in the sense that the information in these sentence isn’t derived from the chart. Where is your information about Rajasthan coming from? Can we know that Mizuram and Manipur established modest targets when the data for them is so incomplete? Why focus on them in particular?
This section is supposed to be an example of “State Government Impediments to Solor Energy Growth” so it should be framed with that in mind (much like the rooftop section was an example of pro-GOI solar policies).
Opportunities and Barriers to Investments in Ssolar Eenergy in India
In 2015, India invested $10.2 billion of public and private money in renewable energy ([35] Shah Shreya 2017). Most of it came from private and local investments, while government financing accounted for only a small part of the total. Overall, India’s green and renewable business investment potential is estimated to $2.1 trillion in the next decades. Out of it, IFC ([7] IFC 2016) estimates that investment in renewable energy will accounts for more than $320 billion, with nearly two-thirds of this sum ($201 billion) going to solar PV projects.	Comment by Author: decade or plural? how many (two decades? three?)


[bookmark: _Toc20989894]Method
[bookmark: _Toc20989895]Case Study
The case study technique is a well-known research method ([36] Stake 1995; [37] Yin 2003), that examines a human, group, event, process or other subjects of analysis to extrapolate key themes and results that can predict future trends. Case study research explores issues that can be applied to practice and provides tools for understanding the research problem. In this case, India's solar energy policy and the variables affecting the penetration pace of solar PV and process in the different states were examined to study the effectiveness and .applicability of policies to other emerging economies. 
The aim of this study of implementation of solar projects in India states is to understand the reasons for the variance in the implementation pace in different states. The case of India is important in light of the challenging targets for solar energy assigned by the government of India and the huge investments needed to achieve this target. The methods used to study this case were quantitative.   Data was gathered from a variety of sources and the analysis is using linear regression and related statistical methods. 
[bookmark: _Toc20989896]Data collection
This study is designed to identify the causes for why some Indian states reach RE implementation targets and others do not.   To find correlations between the amount of solar power capacity and independent variables, this study investigated the impact of various geographical, economic, educational and population parameters upon RE implementation. The independent variable data was gathered from a variety of sources, including databases and formal reports, using . The study uses the most updated data found in reliable sources . All data is distributed between the years 2011 (e.g. census, education) and 2014 (of e.g. GDP).[footnoteRef:2] The latest data used regarding solar energy (is updated quarterly) is from 31.10/2016.	Comment by Author: ?  I just have no idea what is being said here. [2:  The state of Telangana split from Andhra Pradesh and was awarded separate statehood in 2014. Telangana is very significant in the field of solar energy (845MW in July 2016). Telangana’s GDP, population and some other indicators were available, but some others such as Economic Freedom and Literacy were missing.
] 

The variables considered in the quantitative analyses are listed below with comments on the rationale for including each of them in the analyses (see Appendix for data). 
1. State renewable solar energy potential (MNRE 2016c) (MW) – tThe higher the solar energy potential might lead to higher implementation ([38] MNRE 2016c).
2. Indian states by India’s GDP share 2014 (StatisticsTimes 2015a) (%) – the Share of the state’s GDP in India's global GDP in 2014. The richest states should have more capital for investment ([39] StatisticsTimes 2015a).
3. State population by India’s population share 2014 (StatisticsTimes 2015a) (%) – State population as a proportion of India's global population. A a larger population needs more electricity ([39] StatisticsTimes 2015a).
4. State economic freedom - State grade (Bhandari, Debroy, and Swaminathan 2013), between 0-1 (between 0 and 1 with 1= most freedom) –. tThis index generally correlates with growth, development and prosperity ([12] Bhandari, Debroy, and Swaminathan 2013).[footnoteRef:3] Economic Freedom Index contains information on only 20 states in India due to lack of information about the others. States and territories (except Telangana mentioned above) that are not listed in this index are contributing together approximately 2% of Solar capacity, 6.5% of GDP, 3% of the population and occupy 7% of the land.   [3:  Economic Freedom Index contains information on only 20 states in India due to lack of information about the others. States and territories (except Telangana mentioned above) that are not listed in this index are contributing together approximately 2% of Solar capacity, 6.5% of GDP, 3% of the population and occupy 7% of the land. India has 29 States and 6 Union territories such as Chandigarh and Delhi. The territories are taken into consideration in the analysis but are not very meaningful due to their small size and minor influence.
 ] 

5. State area by India’s land mass share 2014 (StatisticsTimes 2015a) (%) –- Share of the state land size as a proportion of the total area of India t. This can be a predictor since solar plants need space ([39] StatisticsTimes 2015a).
6. Indian states Nominal NSDP (National State Domestic Product) (NSDP) per capita income in US dollars 2014 (StatisticsTimes 2015b)($) – h- Per capita income of states in US dollars during 2014. Higher income leads to better life conditions and higher electricity consumption ([40] StatisticsTimes 2015b).   
7. State Urban\Rural population share (StatisticsTimes 2015d)(%) – uUrban areas use more electricity, while on the other hand, rural areas use more off-grid energy ([41] StatisticsTimes 2015d).
8. State literacy rate 2011 (GOI 2011b, 2011a)(%) – - The 2011 census data on total literacy rate in different states. eEducation can lead to adoption of new technologies ([42] GOI 2011b, [43] GOI 2011a).
9. Indian states NSDP growth rate 2013-2014 (StatisticsTimes 2015c)(%) – State’s average growth rate during 2013-2014. Ccapital growth needs industry and more energy. ([44] StatisticsTimes 2015c).
These variables were tested as potential predictors of the sState solar capacity installed ([45] MNRE 2016d) (i.e. installed solar capacity in MW as of July 2016 was considered as dependent variable). Since the solar market in India is growing very fast, this study examined the variables compared to the solar data during 2015 – 2016 quarterly reports.[footnoteRef:5]. [5: 



] 

The State Solar Policy support indicator relate to  State’s announced regulations and policy for grid connected rooftop systems. This regulations should have influence on the market. This variable was examined separately
State Solar Policy support indicator relates to the State’s announced regulations and policy for grid connected rooftop systems. These regulations should influence on the market. This variable was examined separately.

[bookmark: _Toc20989897]Multiple & Linear & Multiple Regression 
Linear regression is a quantitative method to investigate correlations among dependent and independent variables, when a study requires analysis of more than two variables. This study investigates the connection between a number of variables related to GDP, population, education, demography and radiation (as independent variables) and implementation of solar energy in states of India (as the dependent variable). 
The basic form of regression models[endnoteRef:1] includes unknown parameters (β), independent variables (X), and the dependent variable (Y). The regression model Y ≈ f (X, β) specifies the variation of the dependent variable or variables (Y) or variables as a function of independent variables (X) and unknown parameters (β) ([46] http://research-methodology.net/research-methods/quantitative-research/regression-analysis/ -  )Y ≈ f (X, β). [1: ] 

The regression equation utilizes a best fit straight (regression) line to predict the values of ‘y’, if the value of ‘x’ is given, and both ‘y’ and ‘x’ are the two sets of measures of a sample size of ‘n’. The formulae for regression equation would be in the form: y = a + bx. The significance level that was considered statistically is 0.05.   
T-test method is a statistical test used to compare the means of two populations. A t-test for two independent samples is commonly used with small sample sizes, testing the difference between the samples when the variances of two normal distributions are not known ([47] http://www.investopedia.com/terms/t/t-test.asp).[endnoteRef:2]. A t-test was used in this work to find the difference between the states that announced Rooftop solar policy and the ones that did not. Then, Cohen's d test was then used to examine the standardized difference between two means as it reports . Cohen's d finds the effect size for the comparison between two means.  [2: ] 
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One inherent problem with any research is the examination of compiled variables that we expect to have a causal relationship with the dependent variable. However, there might be other variables that can better predict the implementation of solar energy in India. By failure to include such variables in the statistical analysis, their effects on the solar energy implementation will not be revealed. This work contains the relevant variables that can be found to the state level in India.
In addition, the major conceptual limitation of the regression technique is that one can only determine relationships, but never be sure in regarding the causal nature of the relationship. 
Standing Solar PRO Targets
Since the publication of the Solar PRO targets in 2010, new regulations were introduced and the field of solar energy has changed, due to reduction in cost, improvement in production and knowledge accumulation. Up By to mid-2016, only five out of 27 states reached or surpassed the target values, with t: Rajasthan (268% of 2016-2017 target), Gujarat (132%), Tamil Nadu (132%), Andhra Pradesh (99%) and Punjab (88%). The other 22 states lagging far behind the original goals. Table 4 Table 2 shows the percentage of the target defined by the Ministry of New & Renewable Energy MNRE and Jawaharlal Nehru National Solar Mission, Dec. 2012.(MNRE 2012a, 48) that each state achieved in by July 2016 ([48] MNRE 2012a, 48). For example, Gujarat’s target was 849.62MW, while its installed capacity in July 2016 was 1123.36MW, meaning that it achieved 1123.36/849.62 = 132% of the target. [bookmark: _Ref495628604][bookmark: _Toc20989937]Table 4 2. 2016 Renewable energy reach of 2010 goals

The effects of variables upon solar implementation
While Table Table 42 shows that India is certainly heading in the direction for high solar implementation, a significant variance is evident among the states. Further statistical analysis was performed to explain the reasons for the observed variance. 
Table 5 Table 3 shows the results of bivariate between solar implementation and each of the nine variables. The highly significant correlation with solar implementation was revealed especially for economic freedom (r=0.697, p<0.01). Solar energy potential, GDP share, state area share and literacy rate showed lower but significant correlation. The other indicators clearly have less influence on solar implementation. 
[image: ]
[bookmark: _Ref7160459][bookmark: _Toc20989938]Table 53. Regression correlation with solar implementation
It should be noted that mMultivariate linear regression including many variables and only 20-35 observations is risky due to the small number of observations. Table 6 Table 4 demonstrates the dependence of installed solar capacity on five variables (pP<0.05). The Correlation coefficient (Multiple R=0.818) is high and shows strong dependence of the installed solar capacity on the chosen variables. The adjusted R-square is comparatively low (0.551) because there were five variables in this regression and only 20 observations. Due to the small number of observations, the significance level for correlation of pP<0.1 is accepted. Diffusion of data as shown in the attached graphs shows uneven distribution resulting from the fact that many countries are not significant in the field of solar energy. However, ANOVA test shows a clear and significant correlation.	Comment by Author: attached graphs?  Can you explain what you mean?  	Comment by Author: Where is this shown?
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[bookmark: _Ref7160393][bookmark: _Toc20989939]Table 6 4. Mmultivariate linear regression
  
The Economic Ffreedom Iindex   
The Economic Freedom Index [EFI] is built from 21 variables. The next step we took was to try and figure out which are the variables that have a major effect on solar implementation. The result we got found was a strong correlation (R-Square of 0.77 and p=0.0013) between the variable “"Inverse of Violent Crimes as a Share of Total Crimes”" to solar capacity in July 2016. This variable belongs to the Legal Structure and Security of Property Rights category in the index. This category measures the efficiency of the government in protecting human life and property measured by the availability of judges, completion rate of court cases and police investigations. The level of safety in the region is measured by the recovery rate of stolen property, and by the rate of violent and economic crimes. The variable measures the ratio of violent crimes, including murder, attempt to murder, etc., to total crimes under the Indian Penal Code (IPC). The inverse of this ratio relates higher economic freedom to lower incidence of violent crimes.
[bookmark: _Toc20989900]Regulation effect
The data about Solar Policy ([49] MNRE 2015) supporting grid connected RTS systems (data from July 2015) are available for 36 states and UT's of India. Since solar capacity data are available only for 30 of them, the analysis was performed only in those states. 
Table 7 Table 5 compares implemented solar PV between 15 states that implemented and 15 states that did not announce RTS regulations. It shows that RTS states produce, on average, 4.8 times more solar energy. A t-test found this difference to be significant (t (19) = 2.44, p = 0.012, Cohen's d=0.95).   The 15 states with RTS produce, on average, (July 2016) 439 MW.   The other 15 states have only 92MW capacity. 9 of the 15 states with RTS policy, have more than 100 MW. Seven states do not have data. 
	Solar Policy supporting grid connected rooftop systems

	

	YES
	NO
	 State announced RTS policy

	15
	15
	No. of States

	439
	92
	Average solar capacity installed [MW]

	9
	2
	States Above 100 MW


[bookmark: _Ref468559906][bookmark: _Toc20989940]    Table 75. - Solar policy and average MW production
Table 8 Table 6 shows that the 15 states with RTS policy fulfilled (, on average), 61% of the targets set in 2012 with, while six of them were above the level of 50%. The other 12 states reached average of 26.2% of the solar PRO target and only one state reached 50% of the target. This result shows significant differencest between the groups.
	2012 solar target for 2016-2017

	

	YES
	NO
	State announced RTS policy

	15
	12
	No. of States

	61
	26.2
	Average Target Completed [%]

	6
	1
	Above 50% of target fulfilled


[bookmark: _Ref468566423][bookmark: _Toc20989941]     Table 8 6.- State policy and solar PRO 2016-17 targets
[bookmark: _Toc20989901]Regulation and economic freedom
The economic freedom index and the state rooftop solar regulation are two different variables that are not mutually related. However, looking at the correlation between them reveals that there is a link between the states that have RTS and the ones with high economic freedom score.
	No RTS Policy
	Have RTS Policy
	Economic Freedom

	1
	8
	High (Top 10)

	5
	6
	Low 

	14
	2
	No rank


[bookmark: _Ref469298654][bookmark: _Toc20989942]          Table 97. - Economic freedom and RTS policy
Table 9 Table 7 shows that states with high rank in economic freedom are more likely to have RTS policy, considering thatas among 9 states with high economic freedom score 8 had RTS policy. Most of the states that do not appear in the economic freedom index do not have policy (14 against 2). Among the states ranked with as having a low economic freedom grade, almost same number have an RTS policy as those who and do not have the RTS policy. States with low economic freedom and no RTS policy are at high risk of failure to reach their solar targets. 	Comment by Author: The final sentence here (deleted) is a claim rather than a finding.

[bookmark: _Toc20989902]Conclusions - India
The main conclusion that can be drawn is that the case of India shows that a determined state government can make significant steps in short time and use the clean-energy market as a major accelerator to empower their economy. Promoting regulations and policy tools such as RTS policy have specially aided the transformation towards large scale renewable energy generation, enabling higher efficiency and lower costs of generation. States with high economic freedom and with RTS policy lie at the center of the solar revolution in India. This study specifically revealed a strong relationship between a state's economic freedom, GDP share, solar potential, area, literacy and RTS policy and the fulfillment of the Jawaharlal Nehru National Solar Mission targets. These variables are important factors in a state’s development and promotion of new technologies and economic accelerators like green and low-priced energy. States with rooftop regulations have greater growth with respect to solar power than compared to ones that have not implemented RTS regulations. This indicator of Solar RTS regulation is complementary in its effect with economic freedom scores and confirm that better structured and regulated markets foster solar energy maturation. The central government of India, on the other hand, should pay more attention to these states to achieve the 2022 targets with more unified dispersion. In contrast, the states with high economic freedom and with RTS policy are the locomotive that promotes the solar revolution in India. 	Comment by Author: I’m sorry but I’m unable to parse what you are trying to suggest here. Based GOI has few levers it can pull to influence states (much less achieve unified dispersion), so the claim that it should “pay more attention” to certain states is a bit confusing (what does “pay more attention” actually mean for a government?)
Specifically, this study revealed a strong relationship between a state's economic freedom, GDP share, solar potential, area, literacy and RTS policy to the fulfillment of the Jawaharlal Nehru National Solar Mission targets. Hence, these variables are an important factor in state’s development, promotion of new technologies and economic accelerators like green and low-priced energy. The four hypothesis questions were confirmed in this study. Specifically, it was found that literacy has a positive effect on solar energy adoption, so that better educated states had more matured solar markets. Better economic status and a higher GDP per capita are essential for larger investments, and high sSolar energy potential is important for the promotion and implementation of solar projects in the different states of India. Regulation and supporting policy were showned to be major and vital toinfluential in reaching the central government’s goals and makinge a change on the state level.  HenceS, states with rooftop regulations stay aheadhave greater growth with respect to solar power than  compared to ones that have not implemented RTS regulations. This indicator of Solar RTS regulation is complementary in its effect with economic freedom scores and both confirm that better structured and regulated markets foster solar energy maturation. States with low scores on economic freedom therefore appear to be unlikely to achieve the 2022 targets related to solar energy implementation.	Comment by Author: Because they were changed above I’m unsure how to rework this section for you. Indeed, a close review of this paragraph shows that a lot of it is either (a) irrelevant to the revised research questions or (b) already covered above.  You could cut it as a result without loss.	Comment by Author: but in relation to solar adoption? It’s unclear without that connection the importance of this otherwise.	Comment by Author: This was one of your sub-questions, but I think you already answered it above in the sentence that begins “This study specifically revealed a strong relationship between a state's economic freedom, GDP share...”	Comment by Author: This was your second subquestion, but it seems like you already addressed it in the second sentence above: “Promoting regulations and policy tools such as...”	Comment by Author: If you decide to cut this paragraph, you could move this sentence and the next to the paragraph above (highlighted above) since it seems to say something slightly different than “RTS policy have specially aided the transformation towards large scale renewable energy generation, enabling higher efficiency and lower costs of generation.”


[bookmark: _Toc20989903]	Conclusion
One of the key conclusions of this study is that central government goal setting and resource allocation is insufficient to reach those goals and that local predisposition and local policy have a significant impact on goal attainment. This conclusion is reflected most clearly in the observation that local education, economic status and economic freedom scores affect solar energy utilization. 
The main contribution of this research is the understanding that 
emerging industries, the key for future prosperity due to their high growth rates, 
in order to support emerging industries as of renewables, states ought to build structured policy based on clear regulations, strong economy and good education along with utilizing natural resources.
One of the key conclusions of this study is that central government goals setting, and resource allocation is insufficient to reach those goals and that local predisposition and local policy have a significant impact on goal attainment. This conclusion is reflected most clearly in the observation that local education, economic status and economic freedom scores affect solar energy utilization. 
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3	Emerging markets, industries and renewable energy
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Variable Units Observation R P-Value significance

State solar energy potential MW 29 0.4874 0.0060 ***

GDP share  % 32 0.5224 0.0018 ***

State population share % 32 0.3155 0.0740 *

State Economic Freedom 0-1 20 0.6974 0.0006 ***

State area share % 32 0.4829 0.0044 ***

States Nominal NSDP per cap. $ 32 0.0254 0.8880

State Rural population share  % 32 0.0964 0.5940

Literacy Rate % 35 0.3410 0.0420 **

NSDP Cap Growth (Current)  %

32 0.1578 0.3800
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Regression of State economic freedom, GDP share, area share, literacy, solar potential

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.818

R Square 0.669

Adjusted R Square 0.551

Standard Error 306.642

Observations 20

Coefficients Standard Error t Stat P-value significance

Intercept 761.3523 963.6714 0.7901 0.4427

State Economic Freedom 3656.5947 961.4514 3.8032 0.0019

***

GDP share 82.8267 32.4791 2.5502 0.0231

**

State area share -114.2263 63.3247 -1.8038 0.0928

*

Literacy -28.5905 13.1696 -2.1710 0.0476

**

Solar Potential 0.0073 0.0039 1.8799 0.0811

*


image9.emf
GDP share % population 
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State Potential 
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(MW)

 Policy 

supporting 

Solar rooftop 

sys.

Solar 

capacity 

(MW)

state

2013-14 2011 2011

2015 2015 2013

2013-14 2014 2011 2016 Jul-15 31-Jul-16

A. & N. Islands 0.07 0.03 0.25 380,581               62.3 9.96 2349.65 86.27 0 0 5.1

Andhra Pradesh 4.94 4.08 4.87 84,580,777          66.64 0.5 12.58 1780.47 67.4 38440 1 935.8

Arunachal Pradesh 0.14 0.11 2.55 1,383,727            77.06 11.91 1869.52 66.95 8650 0 0.3

Assam 1.7 2.58 2.39 31,205,576          85.9 0.32 13.66 968.21 73.18 13760 0 0.1

Bihar 3.66 8.6 2.86 104,099,452         88.71 0.31 15.78 682.44 63.82 11200 0 80.1

Chandigarh 0.31 0.09 0 25,545,198          76.76 8.79 3433.13 86.43 0 0 6.8

Chhattisgarh 1.98 2.11 4.11 25,545,198          76.76 0.44 8.79 1280.65 71.04 18270 1 123.8

Delhi 4.31 1.39 0.05 16,787,941          2.5 14.45 4811.8 86.34 2050 0 23.9

Goa 0.52 0.12 0.11 1,458,545            37.83 11.78 4902.78 87.4 880 0 0.1

Gujarat 8.15 4.99 5.97 60,439,692          57.4 0.65 14.82 2336.81 79.31 35770 1 1123.4

Haryana 4.14 2.09 1.34 25,351,462          65.12 0.49 11.34 2918.57 76.64 4560 1 15.4

Himachal Pradesh 0.88 0.57 1.69 6,864,602            89.97 0.47 10.01 2018.96 83.78 33840 1 0.3

Jammu & Kashmir 0.93 1.04 6.76 12,541,302          72.62 0.41 13.16 1281.66 68.74 111050 0 1.0

Jharkhand 1.84 2.72 2.42 32,988,134          75.95 0.33 14.65 1009.07 67.63 18180 1 16.2

Karnataka 6.21 5.05 5.83 61,095,297          61.33 0.43 16.04 1852.92 75.6 24700 1 238.3

Kerala 4.22 2.76 1.18 33,406,061          52.3 0.42 13.38 2270.95 93.91 6110 1 13.1

Madhya Pradesh 4.63 6 9.38 72,626,809          72.37 0.47 19.28 1133.03 70.63 61660 0 0.1

Maharashtra 15.72 9.28 9.36 112,374,333         54.78 0.42 12.74 2502.2 82.91 64320 0 385.8

Manipur 0.15 0.24 0.68 2,855,794            70.79 10.4 909.36 79.85 10630 0 0.1

Meghalaya 0.23 0.25 0.68 2,966,889            79.93 13.65 1346.3 75.48 5860 0 0.1

Mizoram 0.11 0.09 0.64 1,097,206            47.89 20.04 1665.04 91.58 9090 0 0.1

Nagaland 0.19 0.16 0.5 1,978,502            71.14 10.32 1695.86 80.11 7290 0 0.1

Odisha 2.91 3.47 4.74 41,974,218          83.31 0.36 6.77 1149.67 73.45 25780 0 66.9

Puducherry 0.22 0.1 0.01 1,247,953            31.67 25.75 3142.78 86.55 0 0 0.2

Punjab 3.38 2.29 1.53 27,743,338          62.52 0.4 9.27 2026.36 76.68 2810 1 520.7

Rajasthan 5.51 5.66 10.41 68,548,437          75.13 0.46 8.43 1443.11 67.06 142310 1 1294.6

Sikkim 0.13 0.05 0.22 610,577               74.85 16.58 3860.55 82.2 4940 0 0.1

Tamil Nadu 9.1 5.96 3.96 72,147,030          51.6 0.54 14.23 2464.4 80.33 17670 1 1267.4

Telangana 4.17 2.91 3.49 35,200,000          61 11.97 2085.92 66.5 20410 1 845.8

Tripura 0.29 0.3 0.32 3,673,917            73.83 21.43 1524.72 87.75 2080 0 5.0

Uttar Pradesh 9.19 16.5 7.33 199,812,341         77.73 0.36 8.27 792.93 69.72 22830 1 143.5

Uttarakhand 1.31 0.83 1.63 10,086,292          69.77 0.39 12.05 2268.68 79.63 16800 1 41.2

West Bengal 7.53 7.54 2.7 91,276,115          68.13 0.35 16.15 1532.46 77.08 6260 1 11.8


