List of Open Elective Subjects offered by School of Electrical Sciences:

OPEN ELECTIVES I (ODD SEM)
1. EE4301 Renewable Energy Technologies
2. EE4303: Electric and Hybrid Vehicle
OPEN ELECTIVES II, III & IV (EVEN SEM)
1. EE4302: Energy Management and Auditing 
1. EE4304: Energy Conversion Devices
1. EE4306: Hybrid Storage Systems



	SUBJECT NAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Renewable Energy Technologies
	EE4301
	3-0-0
	3


Prerequisites:
1. Basic Electrical Engineering
1. Basic Electronics Engineering

COURSE OUTCOMES: 
After successfully completing this course a student will able to:
	CO 
	Course Outcome Statement
	Bloom’s Taxonomy Level

	CO1
	Analyze the energy scenario and the consequent growth of the power generation from renewable energy sources
	Understand (Level 2)

	CO2
	Explain the basic physics of wind and solar power generation
	Analyze
(Level 4)

	CO3
	Synthesize the power electronic interfaces for wind and solar generation
	Apply
(Level 3)

	CO4
	Resolve the issues related to the grid-integration of solar and wind energy systems.
	Evaluate
(Level 5)



Module 1: (10 Hours)
Environmental consequences of fossil fuel use, Importance of renewable sources of energy, Sustainable Design and development, Types of RE sources, Limitations of RE sources, Present Indian and international energy scenario of conventional and RE sources.
Wind Generator Topologies: Wind power statistics of India and world, Wind physics; roll, yaw and pitch; Betz limit, tip speed ratio, stall and pitch control, Wind speed statistics-probability distributions.
Review of modern Wind turbine technologies: HAWT, VAWT, fixed and variable speed Wind turbines
Module 2: (10 Hours)
Solar Energy Basics- extra-terrestrial and terrestrial radiation, solar radiation measuring instruments, Solar Geometry concepts 
Solar Photovoltaic and Solar Thermal Power Generation: Solar photovoltaic: Technologies-Amorphous, monocrystalline, polycrystalline; V-I characteristics of a PV cell, PV module, array, power electronic converters for solar systems, introduction to maximum power point tracking (MPPT) algorithm – P&O, INC
Solar thermal technologies: flat plate collector, parabolic trough, central receivers, parabolic dish, Fresnel, solar pond
Module 3: (10 Hours)
Biomass Power: Principles of biomass conversion, Combustion and fermentation, Anaerobic    
 digestion, Types of biogas digester, Wood gasifier, Pyrolysis, Applications, Biogas, Biodiesel                                         
  Brief idea on Fuel cells, Battery Storage Technology.
  Basics of Geothermal Energy and Hydro Energy 
Text Books:
1. T. Ackermann,” Wind Power in Power Systems”, John Wiley and Sons Ltd.,2005.
2. G. M. Masters,” Renewable and Efficient Electric Power Systems”, John Wiley and Sons,2004.
3. H. Siegfried and R. Waddington,” Grid integration of wind energy con- version systems”, John Wiley and Sons Ltd.,2006.
4. C. S. Solanki,” Solar Photovoltaics Fundamentals, Technologies and Applications”, PHI Learning Private limited, third edition April2015.
Reference Books:
1. Khan B. H., Non-Conventional Energy Resources, Tata McGraw Hill, 2009. 
1. D.P.Kothari, K.C.Singal, RakeshRanjan, Renewable Energy Sources and Emerging Technologies, Prentice Hall of India, New Delhi, 2009.
1. A. K. Tripathy. Multiple Choice Questions on Renewable Energy. ISBN: 9788179931288
1. Seema Behera, Bishnupriya Dash, Renewable Energy System, Engineer's Mind Publications, 2012 (first edition).
1. S. N. Bhadra, D. Kastha, S. Banerjee - Wind Electrical Systems-Oxford University Press (2013).
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	SUBJECT NAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Electric and Hybrid Vehicles
	EE4311
	3-0-0
	3



COURSE OUTCOMES: 
After successfully completing this course a student will able to:
	CO 
	Course Outcome Statement
	Bloom’s Taxonomy Level

	CO1
	Describe the architecture, classifications, and components of electric vehicles, and explain their operation.
	Understand (Level 2)

	CO2
	Analyze power flow, vehicle dynamics, and control strategies for electric propulsion systems using fundamental engineering principles.
	Analyze
(Level 4)

	CO3
	Apply the principles of power electronics and electric drives to evaluate the performance of EV propulsion systems and regenerative braking techniques.
	Apply
(Level 3)

	CO4
	Evaluate energy storage technologies, grid integration techniques for EVs, including V2G and smart charging concepts.
	Evaluate
(Level 5)



Module-I                                                                                                                             (08 Hours)
Introduction to Hybrid Electric Vehicles(EVs): 
Overview of Electric Vehicles: Past, Present & Future of EV, Current market trends and major challenges, Comparison of EVs with Internal Combustion Engine (ICE) vehicles
Fundamentals of EVs & Hybridization:Classification of BEV, HEV, PHEV, FCEV. Series, Parallel & Series-Parallel Hybrid Systems. Power flow control & fuel efficiency analysis. In-wheel drives and multiple motor configurations.
Vehicle Dynamics Fundamentals:Vehicle kinematics and resistances (rolling, aerodynamic, grading). Dynamic equations for EVs. Maximum tractive effort and powertrain considerations.

Module-II                                                                                                                                      (09 Hours)
Power Electronics & Electric Drives in EVs:
Power Electronics in EVs: DC/DC converters for EV applications, non-isolated bidirectional DC-DC converter. Voltage source inverters and PWM techniques. Regenerative braking systems. Onboard & offboard EV battery chargers
Electric Machines and Drives: Overview of Induction Motor (IM), Permanent Magnet Synchronous Motor (PMSM), Brushless DC Motor (BLDC), Switched Reluctance Motor (SRM) for EV application.
Fundamental of Motor control strategies.

Module-III										       (06 Hours)
EV Charging & Grid Integration:
EV Charging Infrastructure & Technologies:Types of EV charging (Slow, Fast, DC Fast Charging), Charging station components & requirements, Wireless charging & ultra-fast charging trends.
Grid Integration & Vehicle-to-Grid (V2G) Technology:Grid-to-Vehicle (G2V) & Vehicle-to-Grid (V2G) concepts, Impact of EVs on the power grid, smart charging & energy management.

Module-IV                                                                                                                                     (07 Hours)
Energy Storage Systems & Battery Management
Battery Technologies for EVs: Battery chemistry, characteristics & performance analysis of Lead-acid, NiMH, Li-ion. Supercapacitors & Basics of Hydrogen Fuel Cells.
Battery Management System (BMS): Functions & need for BMS in EVs. State-of-charge (SoC) and state-of-health (SoH) estimation. Thermal management & safety concerns.
Future Trends & Developments in EVs:Solid-state batteries & alternative energy sources, Autonomous & connected EV technologies, Sustainable mobility & policy trends. 

Text Book:
1. Iqbal Hussein, Electric and Hybrid Vehicles: Design Fundamentals, CRC Press, 2021
2. Ali Emadi, Advanced Electric Drive Vehicles, CRC Press, 2014.
References:
1. James Larminie, John Lowry, Electric Vehicle Technology Explained, Wiley, 2012. 
2. Mehrdad Ehsani, YimiGao, Sebastian E. Gay, Ali Emadi, Modern Electric, Hybrid Electric and Fuel Cell Vehicles: Fundamentals, Theory and Design, CRC Press, 2005.
3. hrisMi, M. Abul Masrur, David Wenzhong Gao, Hybrid Electric Vehicles: Principles and Applications with Practical Perspectives, John Wiley & Sons Ltd. , 2011
4. C.C Chan, K.T Chau: Modern Electric Vehicle Technology, Oxford University Press Inc., New York 2001
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	SUBJECT NAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Energy Management and Auditing
	EE4302
	3-0-0
	3



Prerequisites:
1. Basic Electrical Engineering
Course Outcomes
At the end of the course, students will be able to:

	Course code
	Course Outcome
	Bloom’s Level

	CO1
	Understand the importance of energy conservation from both financial and environmental perspectives.
	Understand
Level-2

	CO2
	Analyze the different energy efficient technologies in electrical system
	Analyze
Level-4

	CO3
	Evaluate a detailed energy audit and evaluation of energy-saving opportunities in electrical systems.
	Evaluate
Level-5

	CO4
	Apply the concepts of energy efficiency in electrical, lighting, and industrial Systems.
	Apply
Level-3



Module 1									            (10 Hours)
Energy Scenario and Economics:
Energy Scenario -An overview of Indian Energy Scenario, Energy Conservation and its importance, Energy Conservation Act and related policies, Bureau of Energy Efficiency (BEE) Regulations,Star Rating, Carbon Credit, PAT Scheme.Classification of energy conservation measures, plantenergy performance, benchmarking, and energy performance.
Energy Economics -Cash flow diagram, discount rate, payback period,internal rate of return, net present value, and life cycle cost., understanding energy costs.

Module 2                                                                                                                   (10 Hours)
Energy Conservation in Electrical Systems
Energy conservation opportunities inEnergy generation, energydistribution, energy usage by processes, Electricity billing,Efficient operations of transformers, Electric motors (motor efficiencycomputation, energy efficient motors), pumps, fans, blowers, cooling towers, power factor improvement, and harmonics.

Module 3									           (08 Hours)
Electrical Energy Audit:
Energy audit concepts, Energy auditing: Need, types, methodology and approaches; Preliminary energy auditmethodology, Detail energy audit methodology, detailedenergy audit activities,Evaluation of savingopportunities, Energy audit reporting and Energy audit instruments. Case study of energy audit in different industrial organisations / electrical utilities

Module 4									           (08 Hours)
Energy Efficient Building: Understanding the Building Envelope, HAVC systems, Introduction to Smart Buildings, Introduction to Renewable Energy Use in building,Illumination, luminous flux, lumen, luminous intensity, candela power,brightness, glare, types of lighting (incandescent, CFL, and LED), Energy Efficient Lighting Systems, Cost Effectiveness of Efficient Lightning Technologies, Energy Saving Calculations.


TextBooks:
1. Kumar, O. Prakash, P. S. Chauhan, and S. Gautam, Energy Management: Conservation and Audits, 1st ed. Boca Raton, FL: CRC Press, 2020.
2. U. Desideri and F. Asdrubali, Eds., Handbook of Energy Efficiency in Buildings: A Life Cycle Approach, 1st ed. Oxford, UK: Butterworth-Heinemann, 2018.

Reference Books: 
1. Callaghn, P. W.” Design and Management for Energy Conservation”, Pergamon Press, Oxford, 1981.
2. Dryden. I. G. C.,” The Efficient Use of Energy”, Butterworths, London, 1982.
3. I. G. C. Dryden, Ed., The Efficient Use of Energy, 2nd ed. London, U.K.: Butterworth Scientific, 1982
4. D. R. Patrick, S. W. Fardo, R. E. Richardson, B. W. Fardo, and M. Barron, Energy Conservation Guidebook, 4th ed. River Publishers, 2023.
5. A. V. Desai, Ed., Energy Economics. New Delhi, India: Wiley Eastern Ltd., 1990.
6. A. Thumann, W. J. Younger, and T. Niehus, Handbook of Energy Audits, 8th ed. Boca Raton, FL: CRC Press, 2009.
7. D. Y. Goswami and F. Kreith, Eds., Handbook of Energy Efficiency and Renewable Energy, 2nd ed. Boca Raton, FL: CRC Press, 2015.
8. Handbook on Energy Audit and Environment Management, Y P Abbi and
Shashank Jain, TERI, 2006.
9. Howard E. Jordan, Energy-Efficient Electric Motors and TheirApplications, Plenum Pub Corp., 2nd edition, 1994.
10. CPRI Training Manual on Energy Conservation and Auditing/ Website of CPRI and BEE
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Energy Conversion Devices (3-0-0)
	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Energy Conversion Devices
	EE4304
	3-0-0
	3


Prerequisites: Basic Electrical Engineering
Course Outcomes (COs):
	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Explain the fundamental principles, constructional details and performance of DC machines.
	Understand 
(Level 2)

	CO2
	Analyze and compare the characteristics, speed control methods and applications of various types of DC motors and generators.
	Analyze 
(Level 4)

	CO3
	Describe and evaluate the operation, testing methods, voltage regulation and efficiency of single-phase and three-phase transformers.
	Understand & Evaluate
 (Levels 2 & 5)

	CO4
	Explain and analyze the construction, operating principles, performance characteristics and applications of synchronous machines, induction motors and special electrical machines.
	Understand & Analyze 
(Levels 2 & 4)



Module–I                                                                                                    (8-Hours)
Principles of electromechanical energy conversion, construction and operation of DC machines, methods of excitation, EMF and torque equations.
DC Generator: Open circuit characteristics of separately excited and shunt generators, conditions for voltage build-up, critical resistance and critical speed, types of losses and efficiency calculation.

Module–II									          (7-Hours)
DC Motor: Characteristics of DC motors including separately excited, shunt, and series. Speed–armature current, torque–armature current, and speed–torque characteristics. 
Speed control: Armature voltage control and field flux control of Shunt motor. Applications.

Module–III                                                                                                 (8-Hours)
Transformer: Constructional features, EMF equation, equivalent circuit. Open circuit and Short circuit test, Losses and Efficiency. 
Three-phase transformers: Constructional features, single unit and bank of three single-phase transformers, various types of connections including star-star, delta-delta, delta-star, star-delta.

Module–IV                                                                                                   (9-Hours)
Three-Phase Synchronous Machines: Construction, principle of operation and EMF equation of synchronous generators. Operation and starting of synchronous motors.
Three-phase induction motors: Principle of operation, types, concept of slip.  Torque–slip characteristics, effect of voltage and frequency on it, power flow and efficiency. 
Introduction to single-phase induction motors and their applications.


TEXTBOOK(S):
3. P.S. Bimbhra, "Electrical Machinery", Khanna Publishers, 2011
4. Stephen J. Chapman, "Electric Machinery Fundamentals", McGraw Hill Education


REFERENCE BOOK(S):
5. D.P. Kothari & I.J. Nagrath, "Electric Machines", McGraw Hill Education, 2010.
6. A. E. Fitzgerald and C. Kingsley,” Electric Machinery”, McGraw Hill Education, 2013.
7. M. G. Say,” Performance and design of AC machines”, CBS Publishers, 2002.
8. A. S. Langsdorf,” Alternating current machines”, McGraw Hill Education, 1984.
9. P. C. Sen,” Principles of Electric Machines and Power Electronics”, John Wiley & Sons, 2007.

Course Articulation Matrix (CO–PO Mapping):
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(3: Highly related; 2: Moderately related; 1: Slightly related; –: Not related)



	SUBJECTNAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Hybrid Storage Systems
	EE4306
	3-0-0
	3



Prerequisites:
1. Chemistry

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to

	CO Code
	Course Outcome Statement
	Bloom’s Level

	CO1
	Explain the need for energy storage systems and differentiate between various conventional and modern storage technologies.
	Understand (L2)

	CO2
	Analyze the characteristics and configurations of battery packs and evaluate their suitability for electric vehicle applications.
	Analyze/Evaluate (L4/L5)

	CO3
	Design an optimized energy storage solution for integration with renewable energy systems and smart grid applications.
	Create (L6)

	CO4
	Assess the safety, efficiency, and lifecycle issues in battery systems, and propose solutions for effective thermal and health management.
	Evaluate/Create (L5/L6)



Module 1 (8 hours)
Introduction to Energy Storage: Relevance and scenario, Perspective on development of Energy Storage systems, Energy storage criteria, General concepts and Conventional batteries: their fundamentals andapplications. Grid connected and Off grid energy storage systems and requirements.
Module 2 (10 hours)
Introduction to energy storage for power systems: Role of energy storage systems, applications.
Overview of energy storage technologies: Thermal, Mechanical, Chemical, And Electrochemical, Electrical energy storage: Batteries, Super capacitors, Superconducting Magnetic Energy Storage (SMES), Hydrogen production and storage, introduction to fuel cell technology.

Module 3 (10 Hours)
Classification of batteries and their characteristics,Battery design for transportation, Mechanical Design and Packaging of Battery Packs for Electric Vehicles, Advanced BatteryAssisted Quick Charger for Electric Vehicles, Charging Optimization Methods for Lithium-Ion Batteries, Thermal run-away for battery systems, Thermal management of battery systems, State of Charge and State of Health Estimation, Recycling of Batteries from Electric Vehicles.
Module 4 (8 hours)
Storage for renewable energy systems: Solar energy, Wind energy, pumped hydro energy, fuel cells, energy storage in micro-grid and smart grid, and energy management with storage systems.Hybrid Energy storage systems: configurations and applications.
Text Book
1. Robert Huggins, Energy Storage, Springer, 2014th Edition.
2. Andrei G. Ter-Gazarian, Energy Storage for Power Systems (3rd Edition), IET, ISBN: 978-1-78561-867-3, 2020.
Reference Book

1. Pistoia, Gianfranco, and Boryann Liaw. Behaviour of Lithium-Ion Batteries in Electric Vehicles: Battery Health, Performance, Safety, and Cost. Springer International Publishing AG, 2018.
2. Yuping Wu, Lithium-Ion Batteries: Fundamentals and Applications (Electrochemical Energy Storage and Conversion), CRC Press, 2015.
3. Patrick T. Moseley, Jürgen Garche, Electrochemical Energy Storage for Renewable Sources and Grid Balancing, Elsevier, 2015.
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