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ABSTRACT 

Energy is important for the survival of human being. With the increase in urbanization there is more demand of energy and due to pressure on conventional sources, these are to be conserved and renewable sources need to be utilized, as these are sustainable sources. India has a large potential of these sources of energy. The majority of population of India is living in rural settlements and is dependent on these sources, which are not properly used. To increase the efficiency of various sources and use them in environment friendly manner there is need to identify the area specific energy sources and use them for their full potential. In majority of the cases there are problems of maintenance of systems like biogas plants, biomass improved chullas, solar lanterns, solar water heaters and biomass co-generators and gasifires etc. A proper setup of trained personals backed by strong R&D is required to exploit the full potential of renewable sources. 

INTRODUCTORY 

Humanity for its survival has to use energy, even as a food which is consumed to be alive, energy is needed. The use of energy is increasing with the increase in industrialization of societies. Before the industrial revolution of the eighteenth century most of the energy used relied on two main sources: human and animal muscles, and the energy of wind & water available in nature. The chemical energy in firewood was the main source of heat & light. With industrialization the use of coal & oil got increased as commercial energy. Which is further becoming beyond affordable limits and getting depleted also, and need to be conserved.  Further, it pollutes the environment by green gasses. 

The non-conventional sources of energy in the country are available in abundance and their potential is need to be utilized particularly in a country like India where the basic economy of the majority of the people about 73 percent is based on agriculture and the demand of energy of rural population is less as compared to urban settlements. In a scenario of increasing urbanization and increasing demands on commercial energy there is an urgent need to utilize the non-conventional source of energy which have a large potential in the country. Our coastal areas have a large potential of wind energy while the potential of solar energy in the country is of 20 MW / Km2. “Bio-gas” is another source of energy which also has a big potential as we have a bulk of live stock. Majority of our rural population still depend upon the locally available non-conventional sources of energy based on animal dung, crop waste and full wood etc. In order to ensure the efficient use of conventional energy in an environment friendly manner, it is important to promote the programmes for use of non-conventional energy sources. So far, our national effort in development and application of renewable energy have not yielded it any result of significance. 
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In the wind energy some progress is made but in the national context it is negligible. Solar street lights, water heaters and cookers are still curiosities. Biogas use is also not pricking up as per its potential. The paper is an attempt to discuss the potential of renewable sources of energy and cover proposals for harnessing the potential of non-conventional sources of energy like solar, wind, biogas, photovoltaic etc as viable alternatives for remote & rural areas of the country. 

RENEWABLE ENERGY AND SUSTAINABLE FUTURE 

Today the “Sustainable Development” is a buzz word, with the increase in the world population which is already 8.4 billion at the end of twenty century, the nations are worried that how to provide adequate supply of energy, clearly, safety and sustainably. There is a growing consensus about the use of renewable sources of energy as an answer to the increasing demand. In Stockholm conference, 1984 the Burndtland Commission identified the energy issues. As a follow up action of the Stockholm conference, the world commission the environment (the Borundtland commission) was established by UN General Assembly in 1984 with an objective to propose long-term environmental strategies for sustainable development. The commission in its final report “our common futures” identified following energy issues, inter alia as a threat and urged for a concerted effort. 

· Review of governmental programmes on forestry agriculture. 

· Promotion of energy efficiency 

· More investment in renewable energy. 

As a consequence, scientists of 71 countries met and a declaration was released in November 1992 entitled “World Scientists Warning to Humanity” identified five inextricably linked areas which are to be addressed simultaneously. 

The first point of this declaration urged the control of the ‘environmentally damaging activities’ so as ‘to restore and protect the integrity of earth’s systems we depend on’ ‘we must for example, move away from fossil fuels to more benign, inexhaustible pollution of our air and water. Priority must be given to the development of energy sources matched to Third World needs’.

The Union of Concerned Scientists launched another warning on the eve of the international meeting on climate change held in Kyoto in December, 1997. The warning addressed directly the subject of the meeting into the atmosphere. The scientists and technocrats have identified two major sources of atmospheric pollution by fossil fuels, namely, 

i) Power generation and

ii) Transport, 

Alongwith countries like US, China, Japan, Brazil, Indonesia and South Africa, India is not an exception to this pollution and recorded a 67% increase of carbon dioxide emission during last decade due to 54% rise in use of coal. India by utilizing the large potential of renewable sources of the country in its rural areas which are housing large portion of population can have a lead towards sustainable goals. 

RENEWABLE / NON – CONVENTIONAL SOURCES OF ENERGY IN INDIA 

The scientists and technocrats all over the glob, today, are engaged in developing sustainable energy sources. Being a tropical country, India is abundantly endowed with renewable energy sources. In the area of power generation about three percent of power generating capacity based on renewable energy sources has already been installed. Efforts are also being made to make the existing renewable sources cheaper and more efficient. In India particularly in rural areas population is already dependent upon local available non – conventional renewable sources of energy like animal dung, crop waste and fuel wood etc. The various sources of non – conventional energy available in the nation and their potential and exploited potential is reflected in the following table. 

Table: Energy Sources Potential & Achievements

	Sources/technology
	Units
	Approximate potential
	Achievements

	
	
	
	Feb 2000
	March 2003

	· Wind power 
	MW
	45000
	1736.0
	1870.0

	· Small hydro power (upto 25 MW)
	MW
	15000
	1475.0
	1509.0

	· Biomass power / cogeneration 
	MW
	19500
	478.0
	483.0

	· Bio mass gas fires 
	-
	17000
	53.0
	53.4

	· Urban & industrial waste based power 
	MW
	1700
	17.1
	25.8

	· Solar photovoltaic 
	MW/Km2
	20.0
	107.0
	121.0

	· Solar water heating 
	Million m2 collector area 
	140
	0.6
	0.7

	· Bio gas plants 
	Million 
	12
	3.5
	3.5

	· Improved biomass chulhas, (cook stoves)
	Million 
	120
	35.2
	35.2


Source: Ministry of non – conventional sources (MNES) & Planning Commission. 

Wind Power 

Wind power programmes in India was initiated in 1983-84 and has attained a commercial stage upto Nineties. Estimates of the programme aimed to achieve a target of 2000 MW during Ninth Plan mostly under private sector. The fiscal incentives are provided by the govt. to encourage private participation. India in terms of currently installed wind turbine capacity ranks fifth in the world behind Germany, USA, Denmark and Spain. The installed capacity had already grown to 1870 MW. India’s potential is estimated to 4500 MW, which may be increased with development of technologies & by increasing the high of towers to 80,000 MW equivalent to nearly 75.1 percent of the country’s current generating capacity. 

Small Hydro Power 

It is a source of renewable source of energy and government propagate this programme which requires identification of sites in advance. During eighth plan the programme could not be picked up due to administrative & other reasons. The structure of the programme is need to be modified. A target in ninth plan was set up to produce 175 MW capacity projects. 

Biomass Power

Biomass is a living matter or its residue and is therefore renewable. Worldwide synthesis activity is estimated to store 17 times as much energy as is annually consumed by all the nations of the world. Biomass can assure a bright future from energy point of view.

In India biomass power programme comprises the biomass combustion programme, biomass gasifires and cogeneration programmes. Beginning was made for different mechanical & electrical applications. More than 20 MW equivalent capacity projects have been installed. The cogeneration programme, especially in sugar mills a major rural industry using bagasse as the fuel, is yet to pick up in a major way. The programme for power generation through biomass aimed at achieving a minimum target of 500 MW during the Ninth Plan. By March 2003 already 483 MW power generation was achieved and this programme includes the contribution from the private sector specially in the areas of cogeneration of power in sugar mills and power generation through biomass contribution. 

Tata Energy Research Institute (TERI) in a study in 1993 estimated the potential of cogeneration of 300 industrial units in the country based on a questionnaire survey of various categories of industry of the total estimated potential of 7953 MW, the sugar industry alone accounted for about 65% of the total cogeneration potential which is in rural sector. This potential is also significant (500-600 MW) in textile and paper industries as shown in the table.

Table : Cogeneration Potential Estimated by TERI (1993)

	Industry
	Potential MW
	Industry
	Potential MW

	Alumina 
	59
	Man made fiber 
	523

	Castic Soda 
	394
	Paper
	594

	Cement 
	78
	Refineries 
	232

	Cotton Textile 
	506
	Sugar 
	5131

	Iron & Steel 
	362
	Sulphuric acid 
	74

	
	
	Total 
	7953


Biomass Gasifires 

In gasifires, a solid fuel is converted to gaseous fuel by a series of thermo-chemical processes. Several studies undertaken in recent years to estimate the potential of biomass gasification in the country. The potential can optimistically support electrical power plants aggregating to a total of 17000 MW. The table gives a countrywide availability of some agro and mill residues. 

Table: Agro and Mill Residues and Available Quantities

	Residue
	Availability

(Million tones / year)

	Rice husk 
	29.32

	Maize cabs 
	2.51

	Groundnut shells 
	2.23

	Bagasse
	57.31

	Coconut shells 
	0.88

	Coconut husk 
	1.07

	Cotton sticks 
	2.73


Biomass from wood can be gasified without any major problems. The ministry of non – conventional energy sources has installed more than 400 small wood gasifires systems, mainly in Gujarat and in Karnataka in the early years of last decade. All were 3.75 KW (5 HP) irrigation-pumping systems installed in rural areas. Larger systems of 100 KW capacity have also been installed in Arunachal Pradesh and Port Blair. The states like Arunachal Pradesh, J&K, Madhya Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, Orrissa, Sikkim and UT of Andaman and Nicobar Islands, where wood is in excess of local consumption can propagate this system as an alternative. 

Studies of small would gasifires systems for irrigation pumping show that these are not economical due to

· Cost of wood 

· Number of operating hours

· Capital cost of gasifires systems and cost of diesel

While on other hand, the use of biomass gasifires for thermal applications and electricity generation seems to be promising. In favourable locations where biomass is available at no or negligible cost, the cost of generation could be even lower than that of conventional electricity. The costs per million K cal of heat delivered for some fuels, including producer gas, are given in table. 

Table : Cost per million K Cal of heat delivered for some fuels.

	Fuels 
	Calorific value 
	Unit cost 
	Cost per capita 

	Diesel 
	10700 K Cal/kg.
	Rs. 7.26 / kg.
	Rs. 678.50

	LPG
	11642 K Cal/Kg
	Rs. 6.55/kg.
	Rs. 562.60

	Producer gas 
	1100 K Cal/Nm3
	Rs. 0.52/Nm3
	Rs. 472.70

	Assuming a firewood cost of Rs. 1.2/kg and a specific gas production of 2.3 Nm3 / kg. 


It seems from the table that producer gas is the lowest cost option but there are hurdles related to technology in realizing a large national programme. Major hurdle is operational reliability. For continuous operation there has to be a continuous flow of gases & biomass, but it has found to be hindered due to clinker formulation and bridging of fuel. 

Energy from Urban and Industrial Wastes 

At present there are no successful large-scale operation of plants to utilize urban waste for production of energy in the country. Several technology options are available to produce electricity from different sources like wastes from industrial effluents, tannery waste, vegetable / market yard waste, sewage, pulp & paper waste etc. The wastes from pulp & paper industry which is mainly in the rural sector may be a good alternative for rural areas. Necessary legislation, where required, to dispose of the waste and to generate energy from such waste etc should be enacted and incentives should be given to encourage private participation. 

Solar Power 

Solar Power is another important source of energy. The generation of electricity is technically feasible but yet to reach a stage of commercial viability. The global attention is also directed to make it cheaper and more efficient alongwith other renewable sources of wind and hydrogen fuel cell by the scientists & technologists of the world. The prevailing costs of solar cells, the cost of installations as well as the cost of production of electricity from solar energy is very high compared to the costs electricity produced from other conventional sources. As such, there are no large solar power plants operating in the country and it is used for decentralized applications like lighting, water pumping passive heating, water heating, cooking and other applications. Once the cost of photovoltaic are reduced it could be a boon for rural areas particularly the remote areas like N-Eastern states, Laddhak and other areas of the country where it is too costly to provide even the electricity produced by conventional sources. 

Solar Energy Programs

Government of India has the program which consists of installing solar systems like solar thermal water heaters, solar cookers, solar dryers, solar desalination systems and solar photovoltaic streets light solar domestic light, solar lanterns etc. The solar energy center personally functioning under administrative control of the ministry of non – conventional energy sources, is carrying out the activities of testing the solar thermal and conventional energy sources. The ongoing activities under the solar energy programme are proposed to be continued with enhanced layout specially of rural applications like solar cookers, solar water heaters, solar lanterns, solar PV domestic lighting systems etc. Though the system is picking up but there are problems of maintaining these systems. 

In the Ninth plan a target of 5000 KW (peak) capacity of solar power packs, 5 lakh domestic solar PV lighting systems. 10 lakh solar lanterns, 10,000 solar PV water pumping systems, 13 lakh sq. meter collector area of solar thermal water heating systems, 5 lakh solar cookers has been kept. The majority of these will be used in rural areas of the nation and a interest & capital subsidy has been provided for these programmes. 

Biogas Plants 

There has been a noticeable development in the National Project on Biogas development by setting up of more than 9.6 lakh family size biogas plants during eight plan but it has not picked up as expected later on. Low cost design and improved working of plants through new R&D initiatives is an effecting mechanism to deal with the maintenance of the plants. It is necessary to quantify the benefits through this programme for fuel wood saving. 

Fuel Wood 

The majority of the rural poor are not able to afford the domestic energy needs from sources like kerosene, LPG etc. With the increase of rural population also, the dependence on fuel wood consumption is also on increase. The major source of energy for domesting sector continues to be fuel wood and total requirement of fuel wood per year is estimated to be 200 million tons of which 120 million tons is expected to be obtained from forest areas and balance 98 million tons is obtained from the farm forestry. 

The availability of wood from forest in terms of fuel wood is increasing on an average by 21 million tons per year but for sustainable basis an additional 18 million tons per year is available. The excess removal of forest areas brings the question of conservation. The proposed solution is to develop the degraded forestlands. The development of about 60 million hectors of the degraded forestland in a phased manner would help in meeting the fuel wood needs. 

The other programmes of integrated rural energy are useful as these may help in meeting the fuel wood requirements in rural areas. These programmes aim at conservation / promotion of energy efficient chullas, biogas, biomass and other solar energy devices. Out of total rural energy consumption 65% is met by fuel wood. In this context, expansion of biomass energy programmes comprising biomass production, biogas, improved chullas, gasifires, solar energy etc are important and needs attention. 

Improved Chullas 

It is also a ongoing programme since sixth plan with a provision of sizeable investments in the form of subsidy, at both central & state level. The physical forgets exceeded the fixed targets of early plans but as per survey the majority of chullas are not functioning or in use. A study by NCAER for the period 1992 – 95 shows that one fourth of chullas installed went out of order within a year. Also the beneficiaries are not showing interest in the maintenance of chullas. It is also revealed that the competence of self employed workers in this field is short of requirements. A structural change is required for this programme. 

INTEGRATED RURAL ENERGY PROGRAMMES 

Sixth plan onwards the government of India through centrally sponsored schemes, provides grants to the states for developing capabilities in the states and UTs and for preparing and implementing integrated rural energy programme and projects. 

For proper keep up and maintenance of the energy devices technical backup units are setup at both state & district level. A National Training Centre has been setup in Delhi and Regional Training cum R&D center at Lucknow (U.P.) and other centres at Bangalore, Kheda (Gujarat) and Shillong (Mangalore) are being setup. There has been institutional & financial constraints as per a sample evaluation of 12 blocks.

CONCLUSIONS & SUGGESTIONS 

The discussions above reveals that to conserve the conventional sources of energy and to meet the increasing demand of energy the renewable sources of energy are to be utilized which in turn provide a sustainable development as well. This has been realized internationally and more investment in renewable energy is advocated. 

In India we are blessed with abundance sources of energy being a tropical country. The rural population still dependent on these sources of energy like animal dung cake, fuel wood etc. The other sources utilized are wind power, small hydro, Biomass co-generation, Biomass gasifires, solar photovoltaic, biogas plants and improved biomass chullas. The government has launched so many programmes but the real potential available in the country which can be used is still a dream. 

There are problems of costs, administrative, technology and maintenance of systems. Solar voltaic is a too costly system which need a strong R&D. In the hilly states, for the propagation of small hydro a strong administrative will and structural change is desired. While in the case of wind power, biomass gasifires, and co-generation suitable technologies need to be identified and private participation is to be encouraged. For the other technologies biogas plants, solar lanterns improved chullas etc. there is a need of a proper training setup for the rural areas so that trained are available for day-to-day maintenance. The training centres should be available at district headquarters to train the youth on the systems like solar lantern, solar water heaters, biogas plants, improved chullas in all the states. Further R&D is needed on biogas technology to reduce the costs. In the states rich in forests the emphasing should be on the use & improvement of gasifires technology and forestation programmes. 
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