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1. Executive Summary

Solar is the source of energy on the planet including coal, oil and hydro. Coal and oil are exhaustible fossil fuels; hydro is limited by seasonality and location specificity. Usage of coal and oil (traded commercial energy), create collateral damages of green house gas emissions, global warming and environmental pollution. Oil and gas, the most globally traded commodities, due to skewed distribution and demand pattern, reflect their criticality and ubiquitous demand.  Global commercial energy market is volatile in terms of price, availability and movement, and become victim of international strife, making it imperative for energy dependent countries, to plan for their energy security, through self sufficiency.
Sun is the most environmental friendly, non exhaustible, dependable, freely available, well distributed, openly accessible and sustainable source of energy (EAI 2013). Solar energy derived directly from the sun, is considered an inexhaustible and clean source of energy.  Solar is gaining competitive advantage over power generated through fossil fuels: coal and natural gas (Economist 4/28/2012).
India has an abundance of Solar energy due to its tropical location and provide conditions to exploit this natural resource due to: shortage of conventional forms of energy, growth in demand, distributed nature and low intensity of demand, high imports of oil, forex issues, and government incentives making it an ideal business proposition.
A great investment opportunity to be exploited by investors. Actions needed from government include remove pricing distortions, institutional framework to market surplus solar power, standardization, land availability and technical capacity building
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2. Overview Of Topic
Energy consumption is directly related to population growth, standard of living and economic growth, leading to unsustainable growth in energy demand.  India has moved from 7th to the 4th position in energy consumption during 2000 - 2010 (EY 2013). Per capital consumption is expected to increase to 1900 kWh by 2032 from the current 660 kWh (Tejas).
Growth in demand and limited long term supply,  in conjunction with undesirable consequences of fossil fuel consumption and limitations of hydro sources, led governments and international organizations, to explore alternate clean sources for long term energy security, and to reduce green house gases (Kyoto Protocol). This has led to Solar gaining attention and interest, during the past more than half a century, globally.   
With increasing global economic growth rates, demand for energy is expected to increase, even at the current pace of emerging new technologies to reduce energy needs and enhance utilization efficiency. Solar is the undisputed solution for long term, sustainable and clean energy to move towards energy security, for nations depending on imported fossil fuels, such as India (EAI). 
With clear sunny weather in most parts of India for 250 to 300 days a year, the annual energy value of solar radiation is between 1600 to 2200 kWh/m2, the total energy value being more than the total annual energy needs (EAI) (Tejas).
The estimated potential of solar power in India is 5,000 trillion kWh per year while the installed capacity is only 9.84 MW, less than 0.1 percent of the total installed capacity of all forms of renewable energy (13,242.41 MW) which is 8% of total energy capacity (MNRE). Unexploited potential is huge.
Solar energy can be used to meet different forms of energy needs: Solar Photovoltaic (PV) System (converting solar energy to electricity directly), Solar Thermal Systems (using solar energy in its native form for thermal applications) or to generate electricity.  In both scenarios diffused solar energy is collected, concentrated / converted to electricity, using solar absorption panels: Photo voltaic or thermal, and put to appropriate use. More common solar energy products in India are (EAI 2013) (Rncos)  

· Solar Street Lighting System
· Solar Home Lighting System
· Solar Lantern
· Solar Photovoltaic Pumps
· Solar Water Heating System
· Solar Cookers
· Solar power plants
· Many more 
Recognising the need for shifting to renewable, clean and self dependent sources of energy, Government of India (GoI) has taken measures to encourage solar development (not very attractive at current levels of technology due to low efficiency, volumes and pricing distortions of substitutes). This has led to the fast growth of solar energy in India, in recent decades, through central and state government incentives such as tax exemptions, subsidies, market development and preferential treatments for environment clearance, technology promotion, awareness creation, mandatory substitution of conventional sources of energy (Renewable Purchase Obligations - RPOs) (Researchandmarkets) (MNRE) . For State wise capacity of RE projects see Appendix A & for product wise capacity see Appendix B

3. Key Findings, Project Definition, Development Of The Idea And Justification
India suffers from energy shortage (11%  in energy and 15% in peak capacity).  Solar power cost ranges from INR 15 to 20 per unit compared to INR 2 to 5 per unit, for non solar electricity (due to distorted input costs and non internalisation of cost of externalities).  Volume expansion in Solar is expected to bridge this gap by 2030.

Solar has growth potential due to concerns on energy security, policy support from Governments, awareness on climate issues, international obligations, rising competitiveness of renewable energy and gradual removal of distortions in pricing of conventional energy, dispersed nature of electricity demand, increasing cost of centralized grid power and making distributed solar energy cheaper, favorable foreign investment policy attracting foreign capital in solar energy projects, favourable locational advantages and vast untapped solar potential. Share of renewable energy grew from 7.8% in 2008 to 12.3% in 2013, solar (1.7GW) contributing only 6% of total RE (EY 2013).
Growth of solar has picked up due to poor connectivity of remote villages through grid power, needing low intensity energy, for which solar would suffice, considering low overall cost, loss in transmission and distribution of grid power, high solar insolation levels for maximum no.  of days, large no. of pumps for irrigation that can be energized using solar  (EY 2013) 
GoI launched the National Solar Mission to promote Solar, including regulations for Renewable energy Purchase Obligations (RPO).  RPO is enhanced from 0.25% in 2012 to 3% in 2022, with supporting policies on tariffs and grid connectivity. Many states have announced favourable policies for Solar in their states (MNRE) and many businesses are entering this high growth sector. 

For major companies in organized sector in solar business see Appendix C. For iconic solar projects funded by governments, international agencies in India see Appendix D
The business potential for Solar is demonstrated in the investments and commitments by Indian and global organizations in Indian Solar sector
1. With entry of private sector, solar market is estimated to grow at 25% annually in India, GoI has budgeted US$20 billion over a 30 year period.
2. Welspun energy commissioned the largest single owner solar project of 130 MW solar photovoltaic power plant in Asia, in the state of Madhya Pradesh, at an investment of USD 177 (Cleantechnica 2014). 
3. Solar Energy Corporation of India (SECI) is working on ultra mega solar power project of 4000 MW, to be online by 2016 (Cleantechnica 2014).
4. Export Import bank of USA investment in a 11.6 MW DC power project in Rajastan, through an Indian partner,  under the JNNSM  (PR Newswire 03/26/2013) 
5. GoI subsidy policy for solar to benefit Moser Baer India Ltd. and Tata BP Solar India Ltd. (Sharma 11/16/2009) 
6. U.S.-based Clinton Foundation collaborates with the government of Gujarat to develop an Integrated Solar City,  for  manufacturing raw materials for solar-based power generation, and the same State has engaged  public policy professor John Byrne of the University of Delaware, to assist in developing a solar energy roadmap for the State, with an estimated investment of  $12 billion for  green energy initiatives (Krishnadas 8/18/2008) 
7. Virginia Tech India Center to Launch Solar, Windmill Research Project  to develop an engineering team to improve and implement windmills and solar panels  in Tamil Nadu (PR Newswire 10/01/2012) 
8. MiaSole of US, leading manufacturer of copper indium gallium selenide (CIGS) thin-film photovoltaic solar panels, opening country office in India (PR Newswire 04/16/2012) 

9. US Ex-IM bank to extend loan for Solar Field Energy Two Pvt. Ltd and Mahindra Surya Prakash Pvt. Ltd, to finance export of American solar panels and technical services to India (Trade Finance 2012) 
10. Lauren-Jyoti: JV  between Lauren Engineers & Constructors, a U.S. EPC company, and Jyoti Power Structures, the  Indian partner; awarding a $1.9M order to Rockwell Automation (NYSE: ROK) and its Global Solutions team, for Godawari Green Energy in Rajasthan  and setting technical standards in solar  (Business Wire 08/01/2012) 
11. State such as Chhattisgarh and Andhra Pradesh  are taking up major initiatives to develop energy (Business Wire 01/03/2013) 

Solar for rural domestic use is the fastest growing market for solar in India with 45% Households not having access to grid power. The market for solar lanterns is expected to grow by over 40%   (M2 PressWIRE, May 21, 2009). Solar focus is derived from concerns on sustainability to conserve resource as well as environmental concerns to reduce carbon emission (Shukla and Chaturvedi 2013).
4. Reflective Analysis And Concluding Remarks
Locational advantages of mid-low latitude, one of the most sunny regions of the world, receiving 4-7 kWh/m2 of solar radiations a day for 250-300 days in a year, equal to 5,000 Trillion kWh, exceeding the annual power consumption of India, makes India one of the most clean energy resource base in the world.  Supply side advantages in conjunction with favourable demand side characteristics of high demand growth, low reach of electricity, dispersed consumers over vast area, low intensity use, low paying capacity, high need for substitution to reduce foreign exchange outgo and long term energy security, make India the prized global destination for large scale deployment of solar energy for multiple applications. The favourable supply and demand scenario is aided by governmental promotional schemes like subsidy, lower import duty on raw material, low cost loan, zero excise duty on devices/systems etc. to enhance growth of solar energy development and use with a target of 10 Million square meter solar collector area by the end of 2022, is great business opportunity (M2PressWIRE, May 14, 2009.

The GoI support for solar is unprecedented, with a plan under the National Solar Energy Mission, with an investment between INR 85,000 to 105,000 Crore (1 Crore equals 10 million) for developing solar energy in the next 30 years, install solar generation capacity of 20,000 MW by 2020, of 100,000 MW by 2030 and of 200,000 MW by 2050; to make India the global leader in solar energy. 
Thus there is a favourable ecosystem for investment in solar industry growth with large companies such as PV Technologies India (a subsidiary of Moser Baer), Titan Energy Systems, Reliance Industries Ltd, Tata BP Solar Power combined investment of INR Rs 76,500 Crores in the next 10 years. (M2PressWIRE, Jun 12, 2009) .  Some gaps that need to be capped are
· Remove pricing distortions in substitutes such as coal, oil and grid electricity to remove barriers for solar energy penetration

· Create institutional and technical mechanism for feeding distributed electricity generated using solar on roof tops, to the grid

· Remove barriers for solar power generators to find a ready market to sell surplus generation

· Bring about reforms in gaining access to vast land area, in high solar incidence geographies, to motivate large producers commit large long term capital
· Create technical capacity to implement, manage and service solar energy projects and devices used in dispersed geographies for the households and unorganized user segments 
Recommendation to investors
· Investors should exploit this windfall opportunity from a favourable ecosystem for solar and benefit from early bird entry to capture the market

· Use the opportunity to build bridges with governments in the formative stage, as long term returns will accrue to those who have understood the market and the system, and gained acceptance

· Early birds can set standards for other to follow and create barriers to competition
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6. Appendix A Statewise capacity

Current Projects (includes both- installed and under installation projects)
	S.No
	State
	PhotovoltaicCapacity (MW)
	Solar ThermalCapacity (MW)

	1.
	Rajasthan
	43
	400

	2.
	Gujarat
	722
	45

	3.
	Maharashtra
	133
	-

	4.
	Karnataka
	10
	-

	5.
	Andhra Pradesh
	20.5
	-

	6.
	Uttarakhand
	4
	-

	7.
	Punjab
	5
	-

	8.
	Haryana
	7.8
	-

	9.
	Uttar Pradesh
	11
	-

	10.
	Jharkhand
	16
	-

	11.
	Chhattisgarh
	4
	-

	12.
	Madhya Pradesh
	7.25
	-

	13.
	Odisha
	11
	-

	14.
	Tamil Nadu
	12
	-

	TOTAL
	1006.55
	445


7. Appendix B product wise Capacity Installed

	SOURCE
	CUMULATIVE CAPACITY (numbers)

	Rural / Semi Urban Biogas Plants
	42,77,000

	SPV Street Lighting System
	1,21,634

	SPV Home Lighting System
	6,19,428

	SPV Lanterns
	8,13,380

	SPV Pumps
	7,495

	Solar Cookers
	6,64,000


8. Appendix C - Major Companies in the solar business in India (EY 2013) 

1. Moser Baer Photovoltaic Limited

2. Tata BP Solar

3. Photon Solar Energy Systems, 

4. HHV Solar Technologies Private Limited

5. Titan Energy Systems Limited

6. Sun Energy Systems

7. Applied Materials

8. Signet Solar,  

9. Bharat Heavy Electricals Limited

10. Central Electronics Limited

11. Renewable Energy Systems Limited,

12. Waaree Energies Private Limited

13. Micro Sun Tech Private Limited

14. E to E Energy

15. Punj Lloyd Delta Renewables

16. TRA International

17. Reliance Industries Limited  solar Limited

18. Solar Limited & XL Telecom & Energy Limited

9. Appendix D Major Solar Energy Projects in India are (EY 2013) 
1. The Clinton Foundation Solar Project in Gujarat

2. Punj Lloyd Renewable’s Project with Bihar Government

3. Moser Baer Project with Tamil Nadu for Solar PV cells

4. Moser Baer Thin Film Solar Farm in Chandrapur

5. Solar Energy Park in Purulia, West Bengal

6. ACME Tele Power sets up Reverse Auction

7. Omax Autos commissions Rooftop Solar PV Projects

8. Azure Power and Sun Edison Partner on 15MW PV System

9. Aston field and Belectric Teamup to realize Solar Power Plant

10. Photon Energy Systems commissions Solar Energy Project in Belgaum

11. Conergy Erects PV Plant in Itnal, Karnataka

12. Reliance Solar Group commissions project for Common Wealth Games
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