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Department of Electrical Engineering
SoE and Syllabus
B.E Honors in Renewable Energy System




B.E Honors in   Renewable Energy System
Information Brochure of Honor Program

1. Title of Program: Renewable Energy System
2. Type of Program : Honor  

3. Department offering the program: Electrical Engineering
4. Industry / Association / Collaboration: 
5. Departments eligible to opt for the program: Electrical Engineering Students
6. General information about courses in program:

The theory course in the program includes 

Solar Energy Technology: This course deals with Design of Solar Cells, Photovoltaic System Design for direct conversion of solar energy into electrical energy. We also study Flat Plate Collectors, Concentrating Collectors and Solar Air Heaters for heating applications. Economic analysis is also carried out to check energy density, energy payback time, energy production factor, life cycle costing and life cycle conversion efficiency.                                                                      Power Electronics for Renewable Energy Systems: In this course I-V and P-V characteristics of Solar PV , DC-DC converters and its role in Maximum Power Point Tracking(MPPT) is dealt. Various PV converters and configurations, Wind Energy Conversion System(WECS), MPPT control, operation and analysis of wind generators, power converters, its configuration and control for wind energy system, hybrid renewable energy system and power quality.


Power System and Renewable Energy Modeling: This course introduces the need of modeling of electric machines, synchronous machine modeling, modeling of two, three and six  phase induction machine, transformer modeling, renewable generation modeling(wind turbine, solar PV, battery, flywheel), transmission line and load modeling.

Distributed Energy System: It gives Global Energy Scenario, Energy needs of India, and energy consumption patterns, Global environmental concern, Kyoto Protocol, Concept of Clean Development Mechanism (CDM) and Prototype Carbon Funds (PCF), various PV configurations, wind energy system design and integration, bio mass and bio gas production, small hydro resource assessment its sizing and economic analysis, concept of Distributed Generations(DG), various topologies and security issues in DG implementation, energy storage.




          

Energy Storage Systems: This is the most important course in today’s renewable energy world. It deals with different types of energy storage system viz mechanical, chemical, electrical, electrochemical, biological, magnetic, electromagnetic, and thermal and comparison of energy storage technologies, Fuel Cells and Hydrogen Storage, Battery hybridization and mobile storage, Battery Management Systems (BMS), Battery charging and Battery testing.




Three lab courses are included named Renewable Energy System, Power System Simulation and Advanced Power Electronics.
Credits for theory courses are 15 and for lab courses are 3. 

7. Advance knowledge or research orientation of Program:
After studying this honor program, students are ready to carry their Master’s program in various fields such as M. Tech in solar and alternate energy is a program offered by Amity University.  MBA in Natural Resource Management is one of the newest specializations of the Master of Business Administration (MBA). It is a two-year programme and covers the study of various natural resources and how resources provided by the nature can be preserved for further generations. They also study methods to control exploitation of resources to maintain a balance between man and nature. M. Tech in Energy Management is offered by Sam Higginbottom Institute of Agriculture, Technology & Sciences (SHIATS), Allahabad. M. Tech in Renewable Energy by Gandhigram Rural Institute, M. Tech in Energy Technology offered by TEZPUR UNIVERSITY, CL Patel Institute of Studies & Research in Renewable Energy (ISRRE), Anand is a special institute which offers M.Sc. and Ph.D. in Renewable Energy. Eindhoven University of Technology Netherlands offers Masters in Sustainable Energy Systems, Smart Electrical Networks and Systems, Karlsruhe Institute of Technology Germany offers Masters in Energy Technology. KU Leuven Beljium, ESADE business school Spain, UPC Spain, Aalto University Finland, Uppsala University Sweden, IST Portugal, Ecole polytechnic France, PoliTo Italy, Grenoble INP France, AGH University of Science and Technology Poland are the institutes in Europe offering Master’s program in Renewable Energy, Sustainable development, Energy Management etc.

   8. 
Employability potential of program:           


The introduction of renewable energy leads to job creation in India. To meet the target set by Government of India for RE, there is a huge demand for equipment manufacturing in renewable energy sector which leads to a requirement of large number of skilled manpower. Manpower requirement is not limited to only manufacturing sector but it is needed in every area including Installation, System Designing and Operations & Maintenance, Financing and Marketing. National Institute of Solar Energy was founded by Government of India for Research & Development and to produce skilled manpower in RE to help achieve the target set by Government. NISE, along with Green Jobs sector skills council is taking some wonderful initiatives to create awareness and enter into the arena of research and development in Renewable Energy.

9. 
Departmental Steering committee: For proper publicity / conduct of program

	SN
	Name of the Faculty Member
	Post
	Designation
	e-mail ID
	Contact Number

	1
	Dr. S. P. Gawande
	Member
	Assistant Professor
	spgawande_18@yahoo.com
	9960328951

	2
	Dr. A. P. Munshi
	Publicity head 
	Assistant Professor
	aniketmunshi@gmail.com
	9158000491

9422157818

	3
	Prof.U.V. Waghmare
	Member
	Assistant Professor
	u.waghmare@yahoo.com
	9404085083


10. Program Coordinator: 

	SN
	Name of the Faculty Member
	Post
	Designation
	e-mail ID
	Contact Number

	1
	Dr. R. M. Moharil
	Program coordinator
	Professor
	rmm_ycce_ep@yahoo.com
	9049990512

9422129488


Scheme of Examination 

 Honors in Renewable Energy System

	SN
	Sem
	Sub. Code
	Subject 
	T/P
	Contact Hours
	Credits
	% Weightage
	ESE Duration Hours

	
	
	
	
	
	L
	T
	P
	Hrs
	
	MSEs*
	TA**
	ESE
	

	1
	5
	ELH101
	Solar Energy Technology
	T
	3
	0
	0
	3
	3
	30
	20
	50
	3 Hours

	2
	5
	ELH102
	Lab:Renewable Energy System
	P
	0
	0
	2
	2
	1
	 
	60
	40
	 

	3
	6
	ELH111
	Power Electronics in Renewable Energy System
	T
	3
	0
	0
	3
	3
	30
	20
	50
	3 Hours

	4
	6
	ELH112
	Power System and Renewable Energy Modelling
	T
	3
	0
	0
	3
	3
	30
	20
	50
	3 Hours

	5
	6
	ELH113
	Lab: Advanced Power Electronics
	P
	0
	0
	2
	2
	1
	 
	60
	40
	 

	6
	7
	ELH121
	Renewable and Distributed Energy system
	T
	3
	0
	0
	3
	3
	30
	20
	50
	3 Hours

	7
	7
	ELH122
	Energy storage Systems
	T
	3
	0
	0
	3
	3
	30
	20
	50
	3 Hours

	8
	7
	ELH123
	Lab: Power System Simulation
	P
	0
	0
	2
	2
	1
	 
	60
	40
	 

	TOTAL
	
	15
	0
	6
	21
	18
	
	
	
	


	MSEs* = Three MSEs of 15 Marks each will conducted and marks of better 2 of these 3 MSEs will be considered for Continuous Assessment

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	TA ** = for Theory : 20 marks on lecture quizzes,  8 marks on assignments, 2 marks on class performance

	TA** = for Practical : MSPA  will be 15 marks each
	
	
	
	
	
	
	
	
	
	


V Semester
	ELH101 
	Solar Energy Technology
	L= 3
	T = 0
	P = 0
	Credits = 3

	Evaluation Scheme 

*Best Two out of three MSE’s would be considered
	MSE-I*
	MSE-II*
	MSE-III*
	TA
	ESE
	Total
	ESE Duration

	
	15
	15
	15
	20
	50
	100
	3 Hrs

	Prerequisites
	Basic knowledge of Renewable Energy

	Course Objective:

Develop the knowledge of students regarding Solar Thermal and Solar Photovoltaic System design


	Course Outcome

Students will be able to

1. Apply the knowledge of Solar cells and related parameters to design a solar PV system
2. Compare the different types of Solar Collectors and select appropriate collector.

3. Determine the economic parameters associated with Solar Systems. 

	UNIT I :   Design of Solar Cells

Upper limits of Cell parameters, Losses in Solar Cells, Solar cell design, Design for high Isc, Design for high Voc, Design for high fill factor (FF)

	

	UNIT II : Photovoltaic System Design

Standalone PV System configurations, Design methodology of PV systems, Wire sizing in PV System, Precise sizing of PV System


	

	UNIT III : Flat Plate Collectors
Solar Collector losses and loss estimation, Analysis of flat plate Collector, Heat transfer co-efficient, Influence of various parameters on Liquid Flat Plate Collector (LFPC), Testing and application of LPFC


	

	UNIT IV : Concentrating Collectors

Fundamentals of concentrating collectors, Cylindrical parabolic collector, Compound parabolic collector, Paraboloid dish collector, Central receiver collector, Solar concentrating ratio, Analytical treatment

	

	UNIT V: Solar Air Heaters

Basics and performance analysis, Testing and applications of Solar air heaters.

	

	UNIT VI: Economic Analysis

Introduction, Embodied Energy Analysis, Energy Density, Energy Payback time, Energy Production Factor, Life cycle Conversion efficiency, Lifecycle costing




	SN
	Title
	Year
	Author
	Publication

	1
	Solar Photovoltaic: Fundamentals, Technologies and Applications
	2011
	C.S. Solanki
	Third Edition, PHI Publication

	2
	Solar Energy, Fundamentals, Design, Modeling and Applications
	2002
	G. N. Tiwari
	Narosa

	3
	Solar Energy: Principles of Thermal Collection and Storage
	2006
	S. P. Sukhatme and J. K. Nayak
	Tata McGraw Hill

	4
	Photovoltaic Systems:Analysis And Design
	2011
	A.K.Mukherjee And Nivedita Thakur
	PHI Learning

	Reference books:

	SN
	Title
	Year
	Author
	Publication

	1
	Renewable energy sources and emerging technologies
	2008
	D. P. Kothari
	1st Edition PHI



	2
	Energy Technology

:Non -conventional, Renewable and Conventional
	
	S. Rao and

B.B. Parulekar
	Khanna Publisher, New Delhi


V Semester

	ELH102 
	Lab :  Renewable Energy System
	L= 0
	T = 0
	P = 2
	Credits = 1

	Evaluation Scheme 


	MSPA 1
	MSPA 2
	MSPA 3
	MSPA 4 
	TA*
	ESE
	Total
	ESE Duration

	
	--
	--
	--
	--
	60
	40
	100
	

	Prerequisites
	Basic  knowledge of Solar Energy Conversion System

	Course Objective

Students will understand the utilization and application of Renewable Energy Sources

	
	Course Outcome

Students will be able to

1) Analyze types of renewable energy sources, 

2) Utilize solar energy for various applications.

3) Develop and Design solar and wind Energy system


	
	SN

Title

1

Study of Solar PV Emulator using Texas kit.
2

To determine the PV  characteristics of solar panel
3

To plot the effect of series connected solar cells on PV characteristics.
4

To determine the effect of parallel connected solar cells on I-V characteristics
5

MATLAB based simulation of solar cell characteristics
6

MATLAB based simulation of grid connected solar cells using current control.
7

Solar Wind hybrid charging system.
8

Visit to renewable plant as case study.

9

Develop or design by students




VI Semester 

	ELH111 
	Power Electronics in Renewable Energy System
	L= 3
	T = 0
	P = 0
	Credits = 3

	Evaluation Scheme 

*Best Two out of three MSE’s would be considered
	MSE-I*
	MSE-II*
	MSE-III*
	TA
	ESE
	Total
	ESE Duration

	
	15
	15
	15
	20
	50
	100
	3 Hrs

	Prerequisites
	

	Course Objective:

To  overview  the  different  renewable  energy  system  and  Converter  used and    to  understand  their  different  configurations  and topology. The objective is to study the various Grid interactive power converter topologies used in Wind and solar energy conversion system and their hybrid combination and the related power quality issue


	Course Outcome

Students will be able to

1) Describe the impact and significances of different renewable energy sources.

2) Explain solar thermal and solar photovoltaic applications

3) Describe and analyse the various solar photovoltaic inverters topologies and configurations, and characteristics.

4) Discuss and categorize wind energy conversion systems based on the generators, controls and operation.

5) Examine and apply various power converters for Wind energy systems and its controls.

6) Define and explain the need of hybrid systems, discuss its various configurations and various power quality issues in grid integrations.

	UNIT I :  Introduction

Environmental aspects of electric energy conversion: impacts of renewable energy generation on environment (cost-GHG Emission) - Qualitative study of different renewable energy resources: Solar, wind, ocean, Biomass, Fuel cell, Hydrogen energy systems and hybrid renewable energy systems

	

	UNIT II : Solar Thermal and Photovoltaic System

Solar Thermal: Different Solar Concentrators and solar thermal applications Solar Photovoltaic: PV cell equivalent and V-I, P-V characteristics, DC-DC Converters and its role in Maximum Power Point Tracking (MPPT), MPPT techniques (Direct and Indirect)

	

	UNIT III : Solar PV converters and Configurations

PV inverters: PV inverter Configurations, PV based transformerless inverter topologies. Configuration: Standalone, Grid interactive, Bi-Modal systems, Grid synchronization (time and frequency Domain), Islanding and detection methods, Generic control for PV inverters.

	

	UNIT IV : Wind Energy Conversion System (WECS)
WECS: Introduction to WECS, Wind turbine technologies, WECS configurations and fundamentals of WECS controls, wind MPPT control, operation and analysis of wind generators (IG, PMSG, SCIG, DFIG)

	

	UNIT V: Power Converters, Configurations and Controls for Wind Energy Systems

Power Converters: AC Voltage Controllers, PWM inverters, Grid interactive inverters Configurations and Controls: Fixed speed WECS, Variable speed WECS (converter configurations for IG, PMSG based WECS and their controls)

	

	UNIT VI: Hybrid Renewable Energy System and Power Quality (PQ)

Need for Hybrid Systems and type of Hybrid systems, PQ issues in grid interconnections, measurement of voltage flicker, voltage dip, voltage swell, harmonics in grid integration and remedial measures


	Text Books:

	
	Title
	Edition
	Author
	Publisher

	1
	Power Electronics Hand book
	2001.
	Rashid .M. H
	Academic press,

	2
	Power Electronics for Modern Wind Turbines
	2006
	F. Blaabjerg and Z. Chen
	Morgan & Claypool Publishers, 2006

	3
	Non-conventional Energy Sources
	2006
	B. H. Khan
	Tata McGraw Hill,

	4
	Modern Power Electronics and 

AC Drives
	2001
	B. K. Bose
	Prentice Hall PTR

	Reference Book:

	
	Title
	Edition
	Author
	Publisher

	1
	Wind energy system


	
	Gray, L. Johnson
	Prentice Hall inc

	2
	Power Conversion and Control of Wind

Energy System
	2011
	Bin Wu, Yongqiang Lang, Navid Zargari, Samir Kouro
	John Willey & Sons Inc.,

Publications , IEEE Press.2011

	3
	Grid Converters for Photovoltaic and Wind Power Systems
	2011
	Remus Teodorescu. Marco Liserre, Pedro Rodriguez
	John Willey & Sons Inc., Publications , IEEE Press.2011

	4
	Analysis of Electric Machinery and Drive

Systems
	
	P. C. Krause, O. Wasynzuk, and

S. D. Sudhoff
	John Wiley & Sons Inc.,

Publications , IEEE Press.

	5
	Wind Power in Power System
	2005
	T. Ackermann(Ed.)
	John Willey & Sons Inc.,

Publications , IEEE Press.2005


VI Semester
	ELH112 
	Power System and Renewable Energy Modelling
	L= 3
	T = 0
	P = 0
	Credits = 3

	Evaluation Scheme 

*Best Two out of three MSE’s would be considered
	MSE-I*
	MSE-II*
	MSE-III*
	TA
	ESE
	Total
	ESE Duration

	
	15
	15
	15
	20
	50
	100
	3 Hrs

	Prerequisites
	Power System and Electrical Machines

	Course Objective:

To know the concept of modelling for power system components such as synchronous machines, induction machines, transformer, transmission line etc., with the load modelling. Modelling for renewable power generation such as wind, solar PV will also be described to the students. 


	Course Outcome

Students will be able to

1.
Explain the general construction and relationship between the various fluxes of various electrical machines and its impact on induced emf during the small and transient disturbances. 

2. 
Analyze the electrical machines in stationary and rotary frame of reference in per unit for stability analysis. 

3. 
Evaluate the electrical machine parameters for various power system components under static and dynamic load conditions. 

4. 
Create mathematical models for stationary and rotating machines under steady state and transient conditions

	UNIT I :   General Background

Need of modelling, Introduction to modelling of electrical machines, Basic Concepts & considerations for modelling of power system components for Stability. 

	

	UNIT II : Synchronous Machine Modeling 

Basic equations of a synchronous machine, commonly used Reference Frames, change of variables, machine variables and transform variables for arbitrary reference frame. Stationary circuit variables transformed to the arbitrary Reference frame, Transformation between reference frames, and Transformation of a balanced set, Balanced steady state Phasor relationships, and balanced steady state voltage equations

	

	UNIT III : Polyphase Induction Machines:

Modelling of Two phase, Three phase & six phase Induction Motor, Voltage, torque equations, Equivalent circuit, Steady state analysis, Dynamic performance during sudden changes in load torque and three phase faults at the machine terminals


	

	UNIT IV :  Transformer modeling

Introduction, single phase transformer model, three phase transformer connection, per phase analysis, p.u. normalization, p.u. three phase quantities, p.u. analysis of normal system, regulating transformer for voltage & phase angle control.


	

	UNIT V:  Renewable generation modeling: 

Wind turbines and generators, Solar PV systems, Battery and flywheel energy storage system modeling. Modeling of Hybrid Generator.

	

	UNIT VI: Transmission line and load modeling

Load modeling:  Basic load- modeling concept, static load models, dynamic load model, and acquisition of load model parameters.

Transmission line modeling:  Introduction, derivation of terminal V, I relations, waves on transmission lines, transmission matrix, lumped circuit equivalent, simplified models, complex power transmission (short line, medium & long line, Radial line).




	Text Books:

	
	Title
	Edition
	Author
	Publisher

	1
	Power System Stability and Control 
	1993
	P. Kundur 
	McGraw-Hill 

	2
	Dynamic Models for Steam and Hydro Turbines in Power System Studies 
	
	
	IEEE Committee Report

	3
	Power System Control and Stability 
	1978
	P.M Anderson and A.A Fouad 
	Iowa State University Press, Ames, Iowa 

	4
	Distributed Generation
	2010
	N. Jenkins, J. B. Ekanayake, G. Strbac
	IET London

	5
	NPTEL Videos
	
	
	


VI Semester
VI Semester
	ELH113
	Lab : Advanced Power Electronics
	L= 0
	T = 0
	P = 2
	Credits = 1

	Evaluation Scheme 


	MSPA 1
	MSPA 2
	MSPA 3
	MSPA 4
	TA*
	ESE
	Total
	ESE Duration

	
	--
	--
	--
	--
	60
	40
	100
	

	Prerequisites
	Power Electronics

	Course Objective:

1.To impart the knowledge of recent and advanced developments in the PE field.

2.To ensure the students having an in-depth understanding of the design and control of various converter


	
	Course Outcome

Students will be able to

1. Describe the working operation of conventional and advanced semiconductor devices

2 Demonstrate the skill of analyzing and design of controlled rectifiers.

3. Analyze and design of various types of  converters.



	List of Practicals will be based on syllabus of Advanced Power Electronics




VII Semester
	ELH121
	Renewable and Distributed Energy system
	L= 3
	T = 0
	P = 0
	Credits = 3

	Evaluation Scheme 

*Best Two out of three MSE’s would be considered
	MSE-I*
	MSE-II*
	MSE-III*
	TA
	ESE
	Total
	ESE Duration

	
	15
	15
	15
	20
	50
	100
	3 Hrs


	Prerequisites
	Renewable Energy and Power Electronics

	Course Objective:

The subject objective is to enhance the understanding of the students on concepts of Electrical aspects of Renewable Energy Sources and Distributed Generation. The student will also get knowledge about challenges of Renewable Energy integration
	Course Outcome

Students will be able to

1. Relate and analyze global energy requirements and solving the needs by using solar energy.

2. Design wind energy system and its integration with other systems.

3. Develop a model for biogas plant and small hydro.

4. Explain the need of distributed generation and integrated operation of renewable sources.



	UNIT I :  Introduction to Energy Sources

Global Energy Scenario, Energy resources (Conventional and nonconventional), Energy needs of India, and energy consumption patterns. World-wide potentials of these sources. Energy efficiency and energy security, Energy and its environmental impacts. Global environmental concern, Kyoto Protocol, Concept of Clean Development Mechanism (CDM) and Prototype Carbon Funds (PCF).

	

	UNIT II : Solar Energy

Solar Radiation measurement, Energy collectors and storage. Applications of solar energy, Conversion efficiency and power output. Sizing of PV system, Maximum power point tracking and algorithms, Stand-Alone PV Systems, PV-Powered water pumping.

	


	UNIT III : Wind Energy:

Basics of wind energy, Wind characteristics and resources, Electrical aspects of wind turbines,  System design and integration, Wind energy Storage.


	

	UNIT IV : Energy from Biomass & Small Hydro
Waste biomass and blended bioresources in biogas production, Pre-treatment methods to enhance biogas production, Designing a biogas plant.
Small Hydro: Resource assessment, System sizing, MHP Economics.



	

	UNIT V: Distributed Generations (DG)

Concept of distributed generations, topologies, Selection of sources, Regulatory standards/ framework, Standards for interconnection, Security issues in DG implementations. Energy storage. 

	

	UNIT VI: Integration of Distribution System

Requirements for grid interconnection and impact on existing Power System: Reliability, Stability and Power quality issues. Distribution power flow, Operational aspects of distribution systems with multiple DGs and Energy storage, Voltage and Reactive power management in integrated systems with DGs and Energy Storage.  


	Text Books:

	
	Title
	Edition
	Author
	Publisher

	1
	Solar Photovoltaic: Fundamentals, Technologies and Applications
	2009
	C.S. Solanki
	Third Edition, PHI Publication

	2
	Integration of Distributed Generation in the Power System
	2011
	Math J. Bollen, Fainan Hassan
	IEEE Press

	3
	Wind Energy Explained-Theory,Design and Application
	2009
	Manwell J. F, McGowan J.G, and Rogers A.L  
	John Wiley and Sons,

 2nd Edition.

	4
	Renewable energy sources and emerging technologies
	2008
	D. P. Kothari 
	1st Edition PHI

	5
	Improving Biogas production:  Technological Challenges, alternative sources, future developments
	2019
	Helen Treichel, Gislaine Fongaro
	Springer (Biofuel and Biorefinery Technologies Vol 9

	Reference Book:

	
	Title
	Edition
	Author
	Publisher

	1
	Handbook of Solar Energy, Theory, Analysis and Applications
	2016
	G.N.Tiwari, 

Arvind Tiwari
	Springer (Energy Systems in Electrical Engineering)



VII Semester
	ELH122 
	Energy Storage Systems
	L= 3
	T = 0
	P = 0
	Credits = 3

	Evaluation Scheme 

*Best Two out of three MSE’s would be considered
	MSE-I*
	MSE-II*
	MSE-III*
	TA
	ESE
	Total
	ESE Duration

	
	15
	15
	15
	20
	50
	100
	3 Hrs

	Prerequisites
	

	Course Objective:

· To enable students to explore about energy storage systems, its advancements and its applications.

· To Acquire knowledge pertaining to various ways to store energy, its analysis and use.

	Course Outcome

Students will be able to

1. Describe the functions of energy storages, their sizing, and applications.

2. Explain electrochemical and mechanical energy storage.

3. Analyse the function and use of flywheel, fuel cells and hydrogen storage.

4. 
Illustrate battery hybridization, recycling, battery management systems, chargers, testing and mobile storage



	UNIT I :  Introduction to energy storage

Necessity of energy storage, different types of energy storage, mechanical, chemical, electrical, electrochemical, biological, magnetic, electromagnetic, thermal, comparison of energy storage technologies.


	

	UNIT II : Electrochemical Energy Storage

Supercapacitors, fuel-cells, batteries, superconducting magnetic energy storage (SMES), mobile Vs stationary energy storage.

	

	UNIT III : Mechanical Energy Storage

Pumped hydro, compressed gas, high energy flywheel, thermal.


	

	UNIT IV : Fuel Cells and Hydrogen Storage 

Fuel cells and its thermodynamics, Hydrogen storage systems, Fuel reformers.

	

	UNIT V: Battery hybridization and mobile storage
Introduction to battery storage, emerging battery technologies, battery hybridization, electric vehicles (EVs), and its types, hybrid system for energy storage.    

	

	UNIT VI: Battery Management Systems (BMS)
Technology and economic aspects of battery recycling, its applications, Battery management systems and controls, codes and standards, safety of high voltage devices. Battery charging and methods of Battery testing.




	Text Books:

	
	Title
	Edition
	Author
	Publisher

	1
	Energy Storage - Technologies and Applications
	2013
	Ahmed Faheem Zobaa 
	InTech.

	2
	Fundamentals of Energy Storage 
	2017
	J. Jensen and B. Sorenson
	Wiley, New York

	3
	Chemical and Electrochemical Energy System
	1998
	R. Narayan and B. Viswanathan
	University Press

	4
	Thermal energy storage: Systems and Applications
	2010
	Dincer I. and Rosen M. A.
	Wiley, New York

	5
	Compressed air energy storage
	2008
	F. P. Miller, A. F. Vandome, M. B. John
	VDM publishing

	6
	Fuel cell Fundamentals
	2016
	R. O’Hayre, S. Cha, W. Colella and F. B. Prinz
	Wiley, New York

	Reference Books:

	
	Title
	Edition
	Author
	Publisher

	1
	Energy Storage: Fundamentals, Materials and Applications
	2015
	Huggins R. A.
	Springer

	2
	Battery Systems Engineering
	2012
	C. D. Rahn and C. Wang,
	Wiley, New York

	3
	Handbook of Battery Materials
	2011
	C. Daniel, J. O. Besenhard
	Wiley VCH Verlag GmbH & Co. KgaA

	4
	Related IEEE Transactions and reputed journals
	
	
	


VII Semester
	ELH123 
	Lab : Power System Simulation
	
	L= 0
	T = 0
	P = 2
	Credits = 1

	Evaluation Scheme 


	MSPA 1
	MSPA 2
	MSPA 3
	MSPA 4 
	TA*
	ESE
	Total
	ESE Duration

	
	--
	--
	--
	--
	60
	40
	100
	

	Prerequisites
	Power System and Power Electronics

	Course Objective

1) To provide better understanding of power system analysis through digital simulation.

2) To present a problem oriented knowledge of power system analysis methods.

3) To  identify  &  formulate  solutions  to  problems  relevant  to  power  system  using MATLAB.
	
	Course Outcome

Students will be able to

1) Solve and design the power system problems.

2) Explain, compare various pulse width modulations and apply to different converter topologies

3) Use and evaluate the load balancing for compensation.

4) Design and analyse the renewable energy sources.

5) Design the various controls and its application in power system.

6) Apply and infer the performance of compensators in power system.

	
	SN

Title

1

To study and implement the different multilevel inverters

2

Analysis and implementation of sinusoidal PWM for multilevel inverters

3

To study and simulate PV array with varying temperature and insolation level
4

To study and execute the different modes of operation of SSSC

5

To study and implement TCR for a transmission line

6

To study and simulate vector controlled IM drive using 5 level diode clamped multilevel inverter

7

To study and implement Distribution Static Compensator

8

To study and simulate the open loop balancing algorithm for load balancing




In Laboratory courses TA=MSPA 1+MSPA 2+MSPA 3+MSPA 4= 60 marks[image: image1.png]
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