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Abstract

Concerning power supply it is very important for the Indian government to cover increasing demand on electricity. Problems like environmental or ecological consequences do not yet play a role in decision making. This attitude is very typical for developing or threshold countries.

With high rates of economic growth and more than 15 % of the world’s population, India has become a major consumer of energy resources.. The power generation sector absorbs the largest part of resources invested in the Indian economy, and also 24 % of total electricity consumed must be imported. The global financial crisis has slowed India’s economic growth especially in the manufacturing sector, and GDP growth rates have declined. Despite a recent slower growing economy, India’s electricity demand continues to increase. In terms of end-use, energy demand in the transportation-sector is expected to be particularly high, as vehicle ownership, is forecast to increase rapidly once the global economic crisis abates and domestic spending levels restart.
Motivation
The reason, why I chose this topic is that India is becoming a more and more important state concerning population and therefore also consumption. Energy policies in particular countries are in most of the cases under the control of government.  When deciding which energy-source to use following areas need to be taken into consideration: capital intensity, benefits and negatives, availability of that particular energy sources, sustainability and ecology. Within this paper I try to want to find out what Indian main priorities in energy policy are, and how sustainable this policy is. Also, I try to demonstrate a future outlook of power generation sector in India. 
Preface 
India is a developing country which aspires to be the leader of economic growth and rising wealth of its nation among the developing countries. This country represents a nation of more than 1 trillion people with GDP overcoming 1 trillion USD. 
Indeed, India deserves attention, because 20 years ago, this country almost went bankrupt and there were serious doubts whether India will ever see brighter days and a light in the end of the tunnel called economic crisis. After 1990 India chose to go its own way towards global economy and nowadays this country represent a place of plenty options to invest but also represents a country full of contradictions.

This paper is aimed at Indian power generation sector, which is pivotal for each economy in the world. Power generation and electricity mean for developing countries like India very much and further development of this sector represents a great challenge for India.  Indian power generation sector is indeed in the state of shaping. Indian government wants to satisfy the economy´s needs and tries to solve problems with insufficient power supply, obsolete power plants and transmission grid, getting resources so much needed to cover increasing demand on electricity. 
In the first chapter called India in numbers, a present position of Indian economy is mentioned. Indian population is the fastest growing one in the world. This fact underlines the growing interest in power sector. 

The second chapter is dedicated to current situation, which Indian power generation sector is located in. Main problems and challenges are briefly described.
The last chapter describes plans and solutions of Indian government how it is going to cope with current unsatisfactory situation that rules in India. Position of nuclear and renewable energy is mentioned, as they represent low environmental impacts from the regional consequences and climate change perpespective.

1. India in figures
India was on the brink of bankruptcy in the beginning of 1990´s. Indian economy was characterized by very few free market economy´s features mainly due to the social- democratic ideology and social system that ruled this country. That time, India was still considered to be a very restrictive country regarding the foreign trade and outer openness to the global economy. 
From 1990 to presence, India made significant progress on the way from central planning to free market economy. Trade liberalization took place and India became an attractive place for trade and investments. 

1.1. Economy of India 

India joined the lucrative club of trillion dollar economy several years ago and became the 12th member of trillion dollar economy club. Nominal GDP of India amounted to 1.265 bl. USD which still is a figure slightly over 1/3 of nominal GDP of China. 
 

Interesting results can be found, when nominal GDP is recounted to PPP GDP. PPP GDP of India was 3 times bigger than the nominal one. This shows us that inside the Indian economy, the buying power of population is bigger that on the international markets.  

Indian economy has been growing steadily since the 1990´s liberalization reforms. With GDP growth around 5 % in the first decade, and from 6 to 9 % in the last decade is India the fastest growing economy in its region together with China. Since 2000 to 2008, Indian GDP grew from 400 bl. USD to 1200 bl. USD, a threefold increase during 8 years. 
The biggest share on GDP makes the 3rd sector of economy with 63 % of GDP followed by industrial sector with a figure hitting 20 % in 2009. Agriculture amounts to 17.5 % of GDP. 
 This growth was caused mainly due to sector of services. India is very attractive for following service sectors
:
· Informative services – each third informative technician is Indian 

· Telecommunication services – this sector grows 13 % annually in India
· Financial services – increasing income of domestic population attracts foreign financial companies
These results show that India is slowly turning to developed market economy, taking into account the changing structure of its economy. For everything says the growing share of services in the structure of the economy at the expense of the agriculture sector. In 2004, the sector of services amounted to 55 % of GDP. Nowadays it makes 63 %. 

Indian economy can be described as a free market economy with certain governmental interventions. Government and planning commission are very active and intervene in economy through 5 year planning system. Till now, the 11th national plan has been taking place. This plan will expire in 2012. This plan is divided into main sections – social sector, agriculture, rural developments, industry, services and physical infrastructure. 

1.2. Demographic development in India 

Demographic development of Indian society is coupled with growing population, increasing scale of urbanization, large appearance of poverty and still remaining illiteracy. But on the other hand, achievements have been made and progress is on the way. 

India has been facing massive inflow of people to the cities recently, resulting in growing urbanization, which cities had not been prepared for. The urbanization grew from 11 % in 1991 to around 30 % in 2009 and overcoming the 40 percentage margin in 2030. 

Indian rising population is correlated with birth rate and ageing the Indian population thanks to improving health care system. Birth rate plays a significant role and since 2001 it amounted to 1.4 %. Population in India is around 1.15 bl. and estimates say that till 2030, India will be the largest country in the world with more than 1.5 bl. people.
   
India is often being compared with China, when talking about demographic development. Both of these countries shared the similar development in this area, till the governmental interventions. Nowadays, the contrary is true. 
China has decided to go the way of interventions into the demographic structures of its society resulting in dropping the fertility rate (number of children per one woman) from 6 children in 1960 to 1.6 in 2005. This means that from the long-term perspective, China will face decline of work-age population and increasing numbers of older groups. Presently, China still harvests the benefits of high fertility rate from 1960´s to 1980´s and thanks to this fact too, China was the fastest growing developing economy in the world. 

On the other hand India decided not to intervene and let the society develop on its own. This approach resulted into fast growing population, a young population. Present fertility rate in India is 3 children per one woman and will meet the China´s one in 2030. This means, that India will be provided with enormous number of age-working population long after 2030.

Figure 1: Fertility Trends in India, China, Europe and US, 1950-2030
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Source: United Nations, World population prospects 2006 
It is reasonable to think, that India, indeed, will outran China  in economic growth and taking into account the more favorable structure of Indian economy, the service sector will serve as a buffer to accept that big share of work capable population. 
2. Current situation in Indian power generation sector 
Current situation of Indian power generation sector is alarming. Indeed, Indian government can not show off with the results made in power sector as it does with boosting economy. Indian power generation sector had not been getting as much attention until foreign investors started to pick other countries, where energy supply is more stable and sufficient. 
Indian power sector has been chosen to be the main constraint for further economic growth. Power sector is dominated by the government, which controls power generation and distribution. In Indian sector, there are several main insufficient features that are threatening economic growth. Main issues are insufficient power production capacities, transportation and transformation losses on the grid and last but not least ecology. This chapter is dedicated to these three main issues. 
In the first subchapter, current capacities, energy mix and main energy sources are analyzed. In the second subchapter, the problem of transmission and distribution losses is mentioned. And in the third subchapter, ecology, mainly the area of GHG emissions due to the ultimately high share of fossil based power generation in India.    
2.1. Energy mix 
Energy mix of Indian power generation sector is mainly influenced by the availability of fossil fuels in India. India disposes of the 4th biggest world´s coal reserves. There are some extraordinary features of Indian coal reserves
:

· India is the 3rd largest producer of coal 

· Coal accounts for about 67 % of Indian power generation

· Indian coal contents 15-40 % of ash 

· Totally (coking and non coking coal) 200 bl. tonnes 

Despite the fact that Indian fossil fuels´ quality is poor, given the availability and the amount, India relies on this type of source, nowadays and to the future.  
Next table shows Indian energy mix (capacity installed) in 2006, in the end of the 10th plan. 
	Table 1: All-India Cumulative Generating Capacity in MW

	Hydro
	Hydro
	Thermal
	Nuclear
	Total

	Centre
	7562.00
	33658.99
	3900.00
	45120.99

	State
	25785.62
	43334.33
	0.00
	69119.95

	Private
	1306.15
	9021.52
	0.00
	11327.67

	Total
	34653.77
	86014.84
	3900.00
	124568.61

	Note: excludes 7760.60 Mw from renewable energy sources, Source: CEA


If we take a closer look at this table, we can see the enormous share of thermal energy, interesting share of utilization of hydro energy and small level of nuclear energy. Even, the renewable energy (solar, wind, biomass) accounts for more generated power than the nuclear. Future planned shares of particular energy sources are being described in the 3rd chapter. Nowadays, the total installed capacity is around 150 MW, but the ratios of particular sources on total power generation did not change. It is estimated that coal still will account for around 70 %. 
2.2. Transmission and distribution losses
If a country wants to have a good working and reliable power generation sector, it is important not just to build new capacities, but also to build efficient transmission grid in the country. In India, transmission grid is in poor state. It is often overloaded or under loaded. This is mainly due to uneven location of power plants with different supply. 
For India, it is inevitable to connect its regions with transmission grid that could transfer hydro energy from the northwest to other regions and thermal energy from the eastern regions of the country. Also, additional utilization of hydro energy is about to take off in northeast regions, Bhutan and Sikkim region. For this purpose, in the 11th plan, building of  HVDC bi-pole lines of 800 kV and four or five double-circuit lines of 400 kV—a total of 12 high-capacity transmission corridors passing through the chicken neck.
 The construction of the first 800 kV transmission line is planned between years 2011-2012.
India has the highest transmission and distribution losses in the world – 27 %.
 Transmission losses are caused by the insufficiency of national grid and distribution losses by pilferage and theft. Almost 44 % of electricity is stolen in Delhi. Annually, electricity companies lose 4.5 bl. USD due to theft of the electricity.

2.3. GHG emissions and Indian power sector 
India is the 5th biggest CO2 emitter in the world. It is anticipated that till 2015, India will pass Russia in the amount of CO2 produced and take the place behind the European Union. India produces 10 % of global CO2 emissions and to the future, this share is about to grow rapidly. 
Indian power generation sector produces more than 700 Mt. of CO2 annually with annual grow 4.4 %. It is estimated that India will emit from 1 Gt. in 2009 to 4-7 Gt. of CO2 in 2030.
 Anyway, Indian CO2 emissions per capita are among the lowest in the world. This is given the size of Indian population. Following graph shows Indian CO2 emissions with comparison of developing countries´ average and OECD countries value.  


    Figure1: Per capita CO2 emissions of India, developing and OECD countries
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      Source: WEO 2007

Any restriction or measure to slow the building of additional power capacities would mean slowing down the economy and thus, this is not a solution for Indian government. Almost 2/3 of total CO2 produced in India come from coal burning power plants.  Indian power generation is very inefficient. Indian power sector produces 950 gCO2/kWh. For example, the EU countries produce less than 450gCO2/kWh. Indian emissions are twice as much higher than in the OECD countries. 

Together with CO2, Indian power plants produce large amount of SO2, which is not only GHG, but also belongs to the group of pollutant gases which can cause health diseases of human respiration system. Annually, SO2 emissions from Indian power sector grew by 6.5% pace. Indian coal power plants are not equipped with clean coal technology, which is common in developed countries and can catch SO2 emissions. 
 
2.4. India and decreasing of GHG emissions 
After negotiating of Kyoto protocol in 1993, developed countries pledged to lower their GHG emissions, but developing countries were excluded from this pledge. Despite the ratification of Kyoto protocol, India did not have to do anything for decreasing of GHG emissions. 
In the Kyoto mechanism, there were certain measures for developing countries to benefit from multilateral cooperation. CDM – clean development mechanism enables the developed countries to decrease their emissions through the investment in sustainable development projects carried out in developing countries. 

India during the Kyoto period benefited from transfer of technologies and additional investment in sector like renewable energy, power generation and afforestation. After Copenhagen conference, it remains unknown, what position developing countries should take. Indian representatives argue that it is mainly the problem of developed countries, as the produced the most of all anthropogenic GHG located in the atmosphere. 
 Indian Prime minister promised to maintain per capita CO2 emissions below the global average, but this average is far away to be exceeded.

3. Future outlook of Indian power generation sector 
This chapter will be focused on possible future challenges of India that will have to be solved in order to meet power generation requirements, and thus to satisfy demand on the rise. Indian economy has been experiencing massive growth from 2000 to 2008, and is expected to grow 7-9 % annually in the next decade.
 This is also the main goal of Indian government, to join economic growth with investment in Indian energy sector and its further upgrade. 

Goals are set really high. Still, it remains unknown, whether India is capable of such an improvement that could be described as total change of current system, which Indian power generation sector is functioning under. 
The set increase of power generation would also help to wipe out the poverty in India. Still, there are tens of thousands of villages which need to be electrified in order to raise the standard of living among the rural population in India. 

The following subchapters should give the answers on how the Indian government is going to tackle with the problems in front of it during the next decade. A short conclusion, which will include a possible future shape of Indian power generation sector, will be given in the end of this chapter. 
3.1. Government´s announcements to power generation sector 
Indian economy is likely to continue its boost during the following decade. Increasing growth of GDP combined with increasing population, and thus with growing demand on electricity consumption from all sectors of Indian economy mean a great challenge for India. 

Agriculture is going to become less and less important consumer of electricity, but on the other hand, service and industry sectors are going to rapidly hit the electricity generation sector in order to meet their production needs. 
The main challenge is to cover those needs. During the last decade demand outranged the supply by more than 12 %, leaving Indian economy dependant on electricity imports. Black-outs are unfortunately very usual because of the overload of Indian power generation sector. 
Indian government is very active in this area. In order to solve this situation smoothly, several steps are needed to be made, starting from installing new capacity, following reconstruction of distribution grid, enabling the foreign investors to enter, and of course, massive state expenditures which can top 1.2 trillion USD during next 25 years. 

3.2. Installation of new capacities 

Current installation capacity in power generation is neither satisfactory for present Indian needs neither for future requirements. At this time, India has capacity of 150 GW installed and still 24 % of total electricity consumption must be imported. 

Indian economy still shows some planning features, which have been inherited after the socialism regime. That means, that Indian government still announces 5-years plans for economic development. Certain goals and milestones are set in those plans. Power generation has been getting more and more attention by the government, but still privatization did not occur, and sector is still managed by central bodies. 

Anyway, government decided in its 10th plan to build additional capacity of 79 GW till 2012. According to International Energy Agency, this goal is likely to be achieved till the end of 2012. 

In 11th plan, there is even more ambitious goal. Electricity capacity should be increased by additional 90 GW. Such a huge increase represents massive investment with combination of private and public sector. Following steps are needed to be made
:
· Retreat of governmental influence in the energy sector

· Cooperation with other countries – France, Russia, China

· Creation of a proper energy mix
The following figure shows future look of Indian power generation sector. 


Figure 2: Power generation in India by type of source in 2006 and in 2020
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Source: IEA: World Energy outlook 2009
It is reasonable, that despite the development of nuclear, hydro and wind energy, coal-based power generation still remains the main source, accounting for more than 67 percent totally. This portion is given by the huge coal reserves of India. Even if this coal is considered a very low-quality source of energy, the reserves are so huge that they can provide India with sufficient amount of heat energy with good performance ratio.

Nuclear energy does not create a huge portion of power generation, but belongs to one of the most important areas, which Indian government wants to develop further. Cooperation with Russia, a BRIC coalition member, has been established. Russia signed with India a contract to provide India with nuclear power stations for 10 bl. USD. Totally, 16 Russian made nuclear reactors are about to be built in following years.

3.3. Focusing on nuclear and renewable energy   
India´s main power generation source are fossil fuels and given the environmental impact of Indian massive combustion of coal from regional, but also global point of view, I decided to describe more nuclear and renewable energy and its position in the future of Indian power generation sector. Both of these sectors produce minimal GHG emissions. 

Also, foreign direct investments can not be excluded from shaping Indian future power generation sector. FDI became for India pivotal in the early 1990s, when liberalization program was introduced. Indian government decided to remove restriction in many sectors of Indian economy, from industry and service sector to power generation sector. 

As regards power generation sector, bigger liberalization came in the second half of 1990s, when power generation sector was allowed to accept foreign investment under automatic procedure. This meant that foreign investors could purchase up to 100 % of capital stock in Indian power generation companies. Such approval will be will be applied to generation and distribution from hydroelectric, coal, lignite, oil or gas power plants.
 
3.3.1. Nuclear power generation sector

India, as a nuclear superpower, represents a country which has been for almost 30 years working alone at its nuclear program in order to invent sufficient nuclear power technology which could satisfy Indian demand. Nevertheless, India achieved some progress in its nuclear research, but India did not join the Non-Nuclear Proliferation Treaty, and thus was excluded from commercial trade with nuclear equipment. 

This fact has been for a long time the main braking factor, why India could not improve its nuclear power generation sector. Also, nuclear power generation was excluded from the list of upper mentioned liberalized sectors in 1998 and waited for another 10 years, till nuclear sector was liberalized and it was enabled for the foreign investors to enter Indian nuclear power generation sector. 

A change came in 2006, when India and USA signed a treaty concerning mutual cooperation in peaceful usage of nuclear technology. This fact gave the international community an impetus to revise its attitude towards India. India was granted the waiver and since 2008 India has been able to participate on nuclear research, usage, duties and benefits from this ensuing. 

The main problem for India represented insufficient resources of nuclear fuel. Recently, India signed with Russia an agreement to deliver 2000 tones of Russian uranium for 700 ml. USD. This is a first step to provide India with fuel so much needed to manage goals by 2020.
 

In 2009 a contract between Nuclear Power Corp. of India and Areva – a French nuclear group was signed. Areva will build in India 2 nuclear reactors till 2016.
  
There are main goals which India set in the area of nuclear power generation
:

· To build  60 000 MW of additional nuclear capacity till 2030

· To cover ¼ of total electricity demand increase with nuclear power 

· To supply 25 % of electricity from nuclear power in 2050

· An eightfold increase of nuclear power generation till 2022
Goals are set high but according to recent events, India is able to internationalize its power generation sector, to cooperate with international associations and to secure safety of non-proliferation of nuclear material. 

3.3.2. Renewable power generation
In the area of renewable, India tries to attract foreign investors, because of the lack of technology level in this realm. Indian government allowed foreign capital to enter renewable power generation sector. This fact enables foreign investors to invest up to 100 % of total project value. FDI inflow has been on the rise during last years. From 2006to 2009 the total
inflow rose from 2.11 ml. USD do 85 ml. USD – an enormous increase.
  
According to the estimation, it is expected that India will receive FDI inflows of almost 200 ml. USD during this year. This means that FDIs have been on the rise by 200% pace. 
 
Main renewable sectors in India, which are about to boost by FDI, are:

· Solar energy 
· Wind energy
· Hydro energy 
According to Indian government, solar energy will be the main area to develop. Solar energy in India attracts foreign investors the most. Recently, India announced building of 34 solar cities. Japan, Spain, U.S. are keen on participation in these projects. 

20 000 MW capacity of solar energy is governmental goal by 2022. For achieving this goal, interconnection of private and public sector is needed. Government announces program for subsidizing of electricity produced by renewable energy. Recently, eSolar, a producer of modular solar panels has announced that it will provide Indian India´s ACME Group with licensing for production of solar technology for 1000 MW.

Concerning the wind power generation, India relies on its domestic producers of wind turbines. The Ministry of New and Renewable Energy (MNRE) has fixed a target of 10,500 MW between 2007- 12. 
Hydro power in India has great potential, but in comparison with coal power plants, hydro power plants are too expensive for India to build. General possible capacity of hydro power in India is more than 150 000 MW. Currently, only 7 % of this potential is utilized.

Conclusion 
From the knowledge and experience obtained during studying and writing my paper, I can answer on the question how Indian power generation is going to look like in the future and what main developments can be found in India in the realm of this pivotal sector of economy.
India is a developing country coping with many problems. Present GDP growth coupled with rapidly growing energy requirements represent an enormous burden. India will rely on thermal power generation based on coal combustion which is for India the most economic way how to satisfy growing energy demand. Projects like ultra mega power plants, power plants of more than 4000 MW capacity represent just the top of an iceberg.  

It is more than clear that India will not give up thermal energy. On the on side, it is cheap, technology not intensive energy source. On the other side, this source represent main problem for increasing GHG emissions. 

Nuclear energy is gaining on more attention, but even in the future nuclear energy will make only a small portion of total energy mix. India has initiated actions on multilateral level to persuade international community that it is reliable to harvest advantages of nuclear energy without suspicions. 

Renewable sources represent for India great potential, but they are not about to be developed in a massive way like in Europe. India needs big power supply and renewable sources are not designed to do so. Hydro power could represent an exception, but unfortunately, growing share of hydro power is not going to take place due to non satisfactory transmission grid, capital intensity of building and projecting hydro power plants and unequal power production of hydro power plants. 
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