
 
 

 
 

TABLE OF CONTENTS 

 

  

Unit No. Title Page No. 

1 Energy Scenario in Agriculture 

1.1 Introduction 

1.2 Energy Consumption Patterns in Agriculture 

1.3 Conventional Energy Sources and Limitations 

1.4 Role of Renewables in Sustainable Farming 

1.5 Food–Energy–Water Nexus 

1.6 Carbon Emissions and Climate Impact 

1 

2 Fundamentals of Renewable Energy 

2.1  Introduction to Renewable Energy 

2.2  Renewable vs Non-Renewable Energy Sources 

2.3  Resource Assessment Methods 

2.4  Energy Conversion Principles 

2.5  Sustainability and Energy Efficiency Metrics 

2.6  Characteristics of Renewable Energy Systems 

14 

3 Solar Energy Basics 

3.1  Introduction to Solar Energy 

3.2  Solar Radiation Characteristics 

3.3  Sun–Earth Geometry 

3.4  PV Cell Operation and Characteristics 

3.5  Types of Solar PV Technologies 

27 

4 Solar PV Systems for Agriculture 

4.1  Introduction to Solar PV Applications in Agriculture 

4.2  Solar Water Pumping Systems 

4.3  Solar-Powered Irrigation Methods 

4.4  Solar Dryers, Greenhouses, and Cold Storage 

4.5  Grid-Connected and Off-Grid Solar Systems 

39 

5 Agrivoltaic Systems 

5.1  Introduction to Agrivoltaic Systems 

5.2  Concept and System Configurations of Agrivoltaic 

 Systems 

52 



 
 

 
 

5.3  Crop–Panel Interaction 

5.4  Land-Use Efficiency 

5.5  Design Challenges and Case Studies 

5.6  Case Studies of Agrivoltaic Systems 

6 Wind Energy for Agricultural Applications 

6.1  Introduction to Wind Energy in Agriculture 

6.2  Wind Energy Fundamentals 

6.3  Wind Resource Assessment for Agriculture 

6.4  Wind Turbines and Components 

6.5  Wind-Powered Water Pumping Systems 

6.6  Hybrid Wind–Solar Pumping Systems 

66 

7 Bioenergy and Biomass Utilization 

7.1  Agricultural Biomass Resources 

7.2  Biomass Conversion Technologies 

7.3  Biogas Production Systems 

7.4  Biofuels for Agricultural Applications 

7.5  Environmental and Economic Impacts of Bioenergy 

81 

8 Hydropower and Geothermal Energy 

8.1  Introduction 

8.2  Micro and Pico Hydropower Systems 

8.3  Geothermal Resources and Availability 

8.4  Geothermal Power Generation Systems 

8.5  Direct Use of Geothermal Energy in Agriculture 

8.6  Environmental and Economic Aspects of Geothermal 

 Energy 

97 

9 Energy Storage and Hybrid Systems 

9.1  Introduction 

9.2  Battery Technologies for Renewables 

9.3  Mechanical Energy Storage for Agriculture 

9.4  Thermal Energy Storage for Greenhouses and Crop 

 Drying 

9.5  Hybrid Renewable Energy Systems (HRES) with 

 Storage 

9.6  Case Studies of Hybrid Renewable Systems in 

 Agriculture 

114 



 
 

 
 

10 Power Electronics & Drives for Agriculture 

10.1  Introduction 

10.2  DC–DC Converters and Inverters 

10.3  AC Motor Drives and Control for Agriculture 

10.4  Maximum Power Point Tracking (MPPT) Techniques 

10.5  Motor Drives for Pumps and Farm Machinery 

10.6  Protection and Control of Renewable Systems 

130 

11 Smart & Precision Agriculture 

11.1  Introduction 

11.2  IoT-Enabled Renewable Systems 

11.3  Sensor Networks and Data Acquisition for Agriculture 

11.4  Data Processing and Decision Support Systems (DSS) 

11.5  Automated Irrigation and Fertilization Systems 

11.6  Case Studies and Implementation Examples of Smart 

 Agriculture 

144 

12 Techno-Economic Analysis & Policy 

12.1  Introduction 

12.2  Cost–Benefit and Life Cycle Analysis 

12.3  Policy and Regulatory Incentives 

12.4 Future Trends and Emerging Technologies 

12.5  Environmental Impact Assessment (EIA) 

12.6  Government Policies and Subsidies (India) 

158 

13 Standards, Interoperability, and Compliance in Renewable 

& Smart Agriculture 

13.1  Need for Standards in Renewable and Smart 

 Agriculture 

13.2  International and National Standardization Bodies 

13.3  Standards for Renewable Energy Systems 

13.4  Interoperability in Smart Agriculture Systems 

13.5  Compliance, Certification, and Testing 

172 

 

  


