EXTENDED LECTURE OUTLINE

REE6 221                                   Renewable Energy Sources                                          (2+1)

	Sl No
	Syllabus
	Extended Lecture outline
	No of Theory Classes to be engaged 

	1
	Different sources of renewable energy: Concepts and limitations of different renewable energy sources (RES) as solar, wind, geothermal, biomass, ocean energy sources; Criteria for assessing the potential of RES; Comparison of renewable energy sources with non-renewable sources.

	Introduction, classification and different sources of renewable energy. Primary and secondary energy sources, conventional & non-conventional energy sources, renewable and non-renewable energy sources. Comparison of renewable energy sources with non-renewable energy sources. Criteria for assessing the potential of renewable energy sources.   

Introduction to solar, wind, geothermal, biomass, ocean energy sources – advantages and disadvantages. 
 
	6

	2
	Solar energy: Energy available from sun, solar radiation data, solar energy conversion into heat through flat plate and concentrating collectors, different solar thermal devices, principle of natural and forced convection solar drying system; Solar photovoltaics- basics and applications, p-n junctions;
Solar cells, PV systems, stand alone, grid connected solar power station; Calculation of energy through photovoltaic power generation and cost economics

	Introduction to solar energy, scope and importance. Energy available from sun solar radiation and its measurement. Solar energy conversion for heat application. Classification of solar collectors – Non-concentrating and concentrating solar collectors. Difference between non-concentrating and concentrating solar collectors. Study of different solar thermal devices – solar cooker, solar dryer, solar pond, solar distillation. Solar - flat plate collectors and evacuated tube solar water heater. Study on principle of natural and forced convection of solar drying system. 

Solar Photovoltaics - basics and applications, p-n junctions – solar cells, PV systems – Grid connected solar power generation and off grid power generation. Applications of solar energy – solar lighting, solar lanterns, solar street lights, solar fencing and solar water pumping systems. Calculation of 1-3 kw photovoltaic power generation and cost economics. 

	8

	3
	Wind Energy 
	Wind Energy – Advantages and Disadvantages of Wind Energy, Energy availability, general formula, lift and drag; Basics of wind energy conversion, effect of density, frequency variances, angle of attack, wind speed, types of windmill rotors – Horizontal axis rotor (Multiblade and Sail type rotor), vertical axis rotor (Savonius type and Darrieus type). Determination of torque coefficient. Factors affecting wind mill installation, Parameters consideration for selection of site for a wind mill, characteristics of a good wind power site. Working principle of wind power plant; Wind farms, aero-generators, wind power generation system. Application of wind mill. 
	3

	4
	Biogas Energy – 
Basics of anaerobic digestion, types and constructional details of biogas plants, biogas generation and its properties, factors affecting biogas generation and usages, design considerations, advantages and disadvantages of biogas spent slurry; Generation of power from biogas; Design and use of different commercial biogas plants.

	Basics of anaerobic digestion - Definition, composition, stages of biogas production; Hydrolysis- Acidogenesis- methanogenesis. Factors affecting biogas generation: pH, temp, HRT, CN ratio, loading rate, particle size, solid content. 
Criteria for selection of site and beneficiary, 
[bookmark: _GoBack]Biogas plant-, components of biogas plant, Types of biogas plants- Deenabandhu (Fixed dome) and KVIC (Floating drum), difference between fixed dome and floating drum, construction of deenabandhu and floating drum, operation and maintenance of biogas plants, applications of biogas, utilization of biogas spent slurry – advantages and disadvantages - digested slurry in Agriculture.
Generation of Power from Biogas, Design and use of different commercial biogas plant. 
	10

	5
	Power generation from urban, municipal and industrial waste.
	Power Generation from urban, municipal and industrial waste through biomethanation process utilizing Vegetable waste, Kitchen waste and food waste. Industrial waste - like pulp, fruit waste and other organic waste.  
	3

	6
	Ocean thermal and electrical power generation, wave and tidal power.  
	Ocean thermal electric power generation - merits and demerits. Wave and tidal power generation – Advantages and disadvantages. 
	1

	7
	Mini and Micro hydel plants. 
	Mini and Micro hydel plants – Introduction, advantages and limitations of hydel plants, introduction to fuel cells and its associated parameters.  
	1

	8
	Revision 
	
	2
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