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UNIT I 

Chapter 1 : Solar Thermal Systems 1-1 to 1-34 

Syllabus :  

1.1 Alternative energy sources : Primary, secondary and tertiary 

energy  

1.2 Classification of solar thermal systems  

1.3 Concentrated Solar Power (CSP) Systems : Flat plate 

collectors, parabolic collectors, parabolic dish collector, solar 

tower. 

1.4 Domestic : Water heating systems. Commercial heating 

systems used for process heating installation-standard 

procedure, precautions, plumbing-piping, valves. 

1.5 Maintenance : Routine maintenance procedure for domestic 

and commercial water heater systems. Failure maintenance-

major causes, remedies. 

1.6 Solar dryers : Classification, construction, working and 

applications-commercial, agro-products, domestic. 

1.7 Choice of a system for a given applications-technical and 

financial criteria used for selection 

1.1 Energy and Power ....................................................... 1-1 

1.2 Alternate or Renewable or Non-conventional  

Energy Sources and Conventional or  

Non Renewable Energy Sources ................................. 1-1 

1.3 Classification of Alternate Sources of  

Energy : Primary, Secondary and  

Tertiary Energy Sources .............................................. 1-2 

1.4 Need to Develop Alternate Sources of Energy ............. 1-2 

1.4.1 Merits and Demerits of Renewable  

Sources of Energy ....................................................... 1-2 

1.4.2 Capacity of Renewable Energy Installed in India  ........ 1-3 

1.5 Classification of Solar Thermal Systems ..................... 1-3 

1.6 Introduction to Solar Collectors .................................... 1-3 

1.6.1 Types of Solar Collectors ............................................ 1-3 

1.7 The Liquid Flat Plate Collector ..................................... 1-4 

1.7.1 Flat Plate Solar Air Heater ........................................... 1-5 

1.7.2 Advantages of Flat Plate Collectors ............................. 1-5 

1.7.3 Evacuated Tube Solar Heater or  

Evacuated Tube Collector (ETC) ................................. 1-5 

1.8 Construction and Materials  

for Flat Plate Collectors ............................................... 1-6 

1.8.1 Absorber Plate and Tubes ........................................... 1-7 

1.8.2 Fixing of Absorber Plate and Tubes  

(Types of flat plate collectors) ...................................... 1-7 

1.8.3 Thermal Insulation ....................................................... 1-8 

1.8.4 Transparent Cover Plates ............................................ 1-8 

1.8.5 Casing or Container..................................................... 1-8 

1.8.6 Selective Surface and Selective Coatings ................... 1-8 

1.9 Limitations of Flat Plate Collectors .............................. 1-9 

1.10 Concentrated Solar Collectors (CSP) .......................... 1-9 

1.11 Types of Solar Concentrating Collectors ................... 1-10 

1.12 Focusing Type Concentrators .................................... 1-11 

1.12.1 Parabolic Trough Reflector ........................................ 1-11 

1.12.2 Mirror Strip Reflector Type  

Concentrating Collector ............................................. 1-12 

1.12.3 Fresnel Lens Concentrating Collector ........................ 1-12 

1.12.4 Paraboloid Dish Collector .......................................... 1-13 

1.13 Non-Focussing Type Concentrators .......................... 1-13 

1.13.1 Flat Plate Collector with Plane Reflector .................... 1-14 

1.13.2 Compound Parabolic Concentrator (CPC) ................. 1-14 

1.14 Central Tower Receiver Using Heliostat Mirrors ........ 1-15 

1.15 Advantages and Disadvantages of Concentrating 

Collectors Over Flat plate Collectors ......................... 1-15 

1.16 Selection of Materials ................................................ 1-16 

1.17 Solar Water Heating .................................................. 1-16 

1.17.1 Advantages of Solar Water Heating System .............. 1-16 

1.18 Solar Water Heating Systems ................................... 1-17 

1.18.1 Natural Circulation or Thermo-syphon Solar Water 

Heating System (Domestic Type) .............................. 1-17 

1.18.2 Forced Circulation Solar Water Heating 

System(Commercial Type-Closed Loop) ................... 1-18 

1.19 Installation of Commercial Type  

Solar Water Heaters .................................................. 1-20 

1.20 Maintenance of Solar Water Heaters ......................... 1-21 

1.21 Trouble Shooting ....................................................... 1-22 

1.22 Solar Dryers .............................................................. 1-22 

1.22.1 Types of Solar Dryers ................................................ 1-23 
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1.23 Natural Convection or Direct Type  

Solar Dryers (Cabinet Dryer) ..................................... 1-23 

1.24 Forced Convection Solar Dryer (Direct Gain Type)  

Active Type or Forced Circulation Type ..................... 1-24 

1.25 Forced Convection Solar  

Dryer - Indirect Gain Type ......................................... 1-25 

1.26 Economics of Solar Heating System ......................... 1-25 

1.26.1 Calculations for Payback Period of  

the Solar Heating System .......................................... 1-25 

1.26.2 Life Cycle Cost Analysis ............................................ 1-26 

1.27 Plumbing-Piping and Valves ...................................... 1-27 

1.27.1 Piping  ....................................................................... 1-27 

1.27.2 Valves  ...................................................................... 1-28 

1.28 Choice of System for a Given Application  

and Financial Criteria used for Selection ................... 1-29 

UNIT II 

Chapter 2 :   Solar Photovoltaic Systems 2-1 to 2-21 

Syllabus :  

2.1 Classification of Solar Photovoltaic system : Grid connected, 

Off-grid stand alone system. 

2.2 PV Cells : Types, merits and demerits  

2.3 Panels : Types 

2.4 Battery and other accessories : types rating methods of 

selection  

2.5 Recent trends and promotional schemes  : Net metering  

2.6 Installation, commissioning and maintenance of Solar Roof 

Top systems, Stand alone street light. 

2.1 Introduction to Solar Photovoltaic (SPV) System ......... 2-1 

2.2 Advantages of Solar Photovoltaic Systems ................. 2-1 

2.3 Disadvantages or Drawbacks of Solar  

Photo Voltaic Systems ................................................ 2-1 

2.4 Basics of Photovoltaics ............................................... 2-2 

2.4.1 Photovoltaic Materials ................................................. 2-2 

2.4.2 Basic Principle of Operation ........................................ 2-2 

2.5 Solar Photovoltaic Cell Materials ................................. 2-5 

2.6 Applications of Solar PV Systems ............................... 2-5 

2.7 Types of Solar PV cells ............................................... 2-5 

2.7.1 Crystalline Silicon (C-Si) Cells ..................................... 2-5 

2.7.1.1 Mono Crystalline Silicon cell ........................................ 2-5 

2.7.1.2 Polycrystalline Silicon Cell ........................................... 2-6 

2.7.1.3 Ribbon Silicon Cell ...................................................... 2-6 

2.7.2 Amorphous Silicon Cells ............................................. 2-6 

2.7.3 Thin Film Solar Cells (TFSC) ....................................... 2-6 

2.8 Types of Solar Panels ................................................. 2-7 

2.8.1 Non-concentrating PV panels or Flat Panels ............... 2-7 

2.8.2 Concentrating Type Photovoltaic Panels ..................... 2-7 

2.9 Solar Photovoltaic Systems ......................................... 2-8 

2.9.1 Photovoltaic Array ....................................................... 2-8 

2.9.2 Inverter ........................................................................ 2-9 

2.9.3 Energy Storage ......................................................... 2-10 

2.9.4 System Charge Control (Battery Controllers) ............. 2-11 

2.9.5 Balance of Systems (BoS) and Components ............. 2-11 

2.10 Classification of Solar Photovoltaic Systems ............. 2-12 

2.10.1 Stand Alone System .................................................. 2-12 

2.10.1.1 Advantages and Disadvantages of  

Stand Alone PV System ............................................ 2-14 

2.10.2 Grid Connected Systems........................................... 2-14 

2.11 Net Metering .............................................................. 2-15 

2.11.1 Advantages of Net Metering  ..................................... 2-15 

2.12 Recent Trends in PV System .................................... 2-15 
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2.12.2 Solar Powered Roads ................................................ 2-16 

2.12.3 Wearable Solar Device .............................................. 2-16 

2.12.4 Solar Thermal Fuels .................................................. 2-16 
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UNIT III 

Chapter 3 :   Wind Energy Systems 3-1 to 3-20 

Syllabus :  

3.1 Types of wind energy systems : large and small, commercial 

and domestic, grid connected and stand-alone. 

3.2 Small Horizontal axis wind turbines (HAWTs) : construction, 

working, specifications and maintenance procedure. 

3.3 Small vertical axis wind turbines (VAWTs) : construction, 

working, specifications and maintenance procedure. 

3.4 Large Horizontal axis wind turbines : Construction, working 

and maintenance procedure. 

3.1 Introduction ................................................................. 3-1 

3.2 Causes of Wind ........................................................... 3-1 

3.2.1 Characteristics of Wind ............................................... 3-2 

3.3  Advantages and Disadvantages of Wind Energy ......... 3-2 

3.4 Block Diagram of Wind Energy Conversion System .... 3-3 

3.4.1 Availability of Wind Energy .......................................... 3-3 

3.5 Classification of Wind Energy  

Conversion Systems (WECS) ..................................... 3-3 

3.5.1 Horizontal Axis Wind Turbines (HAWT) ....................... 3-4 

3.5.2 Vertical Axis Wind Turbine (VAWT) ............................. 3-5 

3.6 Horizontal Axis Wind Turbine (HAWT) Generator ........ 3-6 

3.6.1 Yaw Pitch Control ........................................................ 3-6 

3.7 Vertical Axis Wind Turbine (VAWT) ............................. 3-7 

3.7.1 Comparison of Horizontal and  

Vertical Axis Wind Mills ............................................... 3-8 

3.8 Site Selection .............................................................. 3-8 

3.9 Methods of Overcoming Fluctuations of Power............ 3-9 

3.10 Types of Wind Energy Systems ................................ 3-10 

3.10.1 Stand-alone System .................................................. 3-10 

3.10.2 Grid Connected Wind Energy Conversion System : .. 3-11 

3.10.3 Solar Wind Hybrid Power System .............................. 3-12 

3.10.4 Small Wind Turbines for  

Residential and Commercial Use .............................. 3-13 

3.10.5 Large Wind Mills for Power Generation ..................... 3-13 

3.11 Maintenance of Wind Turbine Generators ................. 3-14 

3.12 Offshore Wind Energy Farms .................................... 3-14 

3.12.1 Advantages and Disadvantages of Offshore  

Wind Farms Compared Onshore Wind Farms .......... 3-15 

3.13 Present Status of Wind Energy in India ..................... 3-15 

3.14 Wind Energy Conversion System (WECS)  

for Wind Farms and Other Purposes ......................... 3-16 

3.15 Pollution from Wind Energy ....................................... 3-17 

UNIT IV 

Chapter 4 :   Micro-Hydro Power Systems 4-1 to 4-13 

Syllabus :  

4.1 Micro hydro power systems : Classification, Layout, 

Construction and working. 

4.2 Installation : Procedure, Precautions.  

4.3 Operating procedures. 

4.4 Maintenance of Micro hydro power systems. 

4.1 Hydro-Electric Power Plants ........................................ 4-1 

4.2 Principle and Operation of  

Hydro - Electric Power Plants ...................................... 4-1 

4.3 Classification of Small Hydropower (SHP) Plants ........ 4-1 

4.4 Mini and Micro Hydel Power Plants ............................. 4-2 

4.4.1 Applications of Micro Hydel Power .............................. 4-2 

4.5 Advantages of Micro Hydel Power Plants .................... 4-3 

4.6 Disadvantages of Micro Hydro Power Plants ............... 4-3 

4.7 Classification of Water Turbines for  

Micro Hydro Power Plants ........................................... 4-3 

4.8 Axial Flow Reaction Turbines - Propeller  

and Kaplan Turbines ................................................... 4-3 

4.9 Construction and Working of  

Axial Flow Bulb Turbine ............................................... 4-5 

4.10 Construction and Working of Axial  

Flow Tubular Turbine ................................................... 4-5 
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4.11 Advantages and Disadvantages of  

Bulb and Tubular Plants .............................................. 4-6 

4.12 Straflo Turbine ............................................................. 4-6 

4.13 Turgo Impulse Turbine ................................................ 4-6 

4.14 Banki Impulse Turbine ................................................. 4-7 

4.15 Girard Impulse Turbine ................................................ 4-7 

4.16 Specific Speed, Ns....................................................... 4-8 

4.17 Installation and Operation of  

Micro Hydro Power System ......................................... 4-8 

4.17.1 Intake .......................................................................... 4-8 

4.17.2 Run-of-River Hydro Power Plant .................................. 4-9 

4.17.3 Canal Intake Type Low Head Hydro Power Plant ........ 4-9 

4.18 Preventive Maintenance of Hydro Power Plants ........ 4-10 

UNIT V 

Chapter 5 : Bio-Energy Systems 5-1 to 5-33 

Syllabus :  

5.1 Classification of bio fuels-biogas, biodiesel. 

5.2 Biomass power plants, biogas plants, gasifiers, digestors, 

bio diesel plants : Layout, construction and principle of 

working and specification for small power plant of all these. 

5.3 Installation and maintenance procedure of Bio gas plant. 

5.4 Applications of various bio fuels Domestic heating, cooking, 

Commercial-process heating, power generation  

5.5 Systems used for utilization of bio fuels-smokeless chullhas, 

burners, heaters and engines. 

5.1 Biomass and Biomass Energy Resources ................... 5-1 

5.1.1 Photosynthesis Process .............................................. 5-2 

5.1.2 Availability of Biomass ................................................. 5-2 

5.1.3 Limitations of Use of Biomass Energy ......................... 5-2 

5.1.4 Advantages of Biomass ............................................... 5-3 

5.2 Energy Conversion from Biomass ............................... 5-3 

5.2.1 Direct Combustion ....................................................... 5-3 

5.2.2 Thermo Chemical Conversion (Dry Processes) ........... 5-3 

5.2.3 Biochemical Conversion (Wet Processes) ................... 5-4 

5.2.3.1 Fermentation of Biomass ............................................ 5-4 

5.2.3.2 Anaerobic Digestion of Biomass .................................. 5-4 

5.3 Biogas Generation ....................................................... 5-5 

5.3.1 Principles of Biogas Production  

from Waste Biomass ................................................... 5-5 

5.4 Various Factors Affecting the  

Production of Biogas ................................................... 5-6 

5.5 Classification of Biogas Plants .................................... 5-8 

5.6 Continuous Batch type Biogas Plants .......................... 5-8 

5.7 Dome and Drum Type Biogas Plants .......................... 5-9 

5.7.1 Floating Drum Type Biogas Plants  

(Constant Pressure Type) ......................................... 5-10 

5.7.2 Fixed Dome Type Biogas Plants ............................... 5-11 

5.7.3 Biobulk CST (Continuously Stirred Tank Reactor) ..... 5-13 

5.7.4 UASB Bio Reactor  

(Up flow Anaerobic Sludge Blanket ) ......................... 5-14 

5.8 Community Biogas Plants ......................................... 5-14 

5.8.1 Properties of Biogas .................................................. 5-15 

5.9 Digester Design Considerations ................................ 5-16 

5.9.1 Bio-gas Production .................................................... 5-16 

5.9.2 Volume of Digester .................................................... 5-16 

5.9.3 Digester Size ............................................................. 5-17 

5.10 Site Selection for Biogas Plants ................................ 5-17 

5.11 Application of Biogas in Engines ............................... 5-17 

5.11.1 Application of Biogas in Petrol Engines ..................... 5-18 

5.11.2 Use of Biogas in Diesel Engines................................ 5-18 

5.11.3 Other Applications of Biogas ..................................... 5-19 

5.12 Bio-fuel ...................................................................... 5-19 
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5.13 Energy Plantation ...................................................... 5-21 

5.14 Gasification of Biomass ............................................. 5-21 
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