Minor Course offered by School of Electrical Sciences
“Minor in Smart Grid Management”
	Sl. No.
	Course Code
	Subject
Code
	Subject (Theory)
	Contact Hrs.
L-T-P
	Credit

	1
	SEM-5
	EE3261
	Electrical Power Transmission and Distribution
	3-0-0
	3

	2
	SEM-6
	EE3262
	Power Electronics
	3-0-0
	3

	3
	SEM-7
	EE4261
	Smart Grid Technologies and Architectures
	3-0-0
	3

	4
	SEM-7
	EE4263
	Advanced Metering Infrastructure (AMI) and Demand Side Management
	3-0-0
	3

	5
	SEM-8
	EE4262
	Data Analytics and Machine Learning for Smart Grid Applications
	3-0-0
	3

	Subject (Sessional)

	6
	SEM-6
	EE3562
	Power System and Power Electronics Lab  
	0-0-3
	1.5

	7
	SEM-7
	EE4561
	Smart Grid Simulation Lab
	0-0-3
	1.5

	
	
	
	Total
	15-0-6
	18





















	SUBJECT NAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Electrical Power Transmission and Distribution
	EE3261
	3-0-0
	3



PRE-REQUISITES:
1. Basic Electrical Engineering.
2. Electrical Circuit Analysis.

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to
	CO Code
	Course Outcome
	Bloom's Level

	CO1
	Understand the basics of various fundamentals of electrical power generation, transmission & distribution.
	Understand (L2)

	CO2
	Analyse transmission line parameters and its effects on transmission lines.
	Analyze
(L4)

	CO3
	Applyelectrical characteristics of transmission line such as types of trans- mission lines, various effects on transmission & per unit representation of power system.
	Apply 
(L3)

	CO4
	Mechanical designwith the types ofconductors, insulators, underground cable parameters and power system earthing.
	Create
(L5)



[bookmark: _Hlk199861437]MODULE 1:  (8 Hours)
Transmission Line Parameters: Inductance of a Conductor due to Internal Flux, Flux Linkages between Two Points External to an Isolated Conductor, Inductance of a Single Phase Two Wire Line, Flux Linkages of one Conductor in a Group, Inductance of Composite-Conductor Lines. Inductance of a Three Phase Line with symmetrical and Unsymmetrical Spacing. Inductance Calculations for Bundled Conductors, Skin effect and Proximity effect, Corona Effect. Capacitance of a Two Wire Line, Capacitance of a Three Phase Line with symmetrical and Unsymmetrical Spacing, Effect of Earth on the Capacitance of a Three Phase Line, Capacitance Calculations for Bundled Conductors, Parallel- Circuit Three Phase Lines. 
MODULE 2: (7 Hours)
Transmission Line Performances: Analysis of Short, medium and long Transmission Line, Equivalent Circuit, Representation of lines and calculation of transmission parameters, Voltage Profile of transmission lines, Ferranti Effect, Power Flow Through Transmission Line, Power Flow capability and Surge Impedance Loading, Reactive Compensation of Transmission Line.
MODULE 3: (7 Hours)
Overhead Line Conductors and Insulators: Types of conductors: ACSR, AAAC, HTLSetc.InsulatorMaterials,TypesofInsulators:Porcelain,Glass,Polymer, Hydrophobicity,CreepageDistance,VoltageDistributioninsuspensiontypeinsulators, Improvement of String Efficiency, Insulator Failure, Testing of Insulators, Concept of Sag and Tension.
MODULE 4: (8 Hours)
Distribution: Classification of Distribution Systems, Primary and secondary distribution network, Voltage Drop in DC Distributors, Voltage Drop in AC Distributors, Kelvin’s Law, Limitations of Kelvin’s Law, Application of Capacitors to Distribution Systems.
Underground Cables: Type and construction, Classification of Cables, Parameters of Single Core Cables, Grading of Cables, Capacitance of Three Core Cable.
Power System Earthing.
TEXT BOOKS:
1. J. Grainger and W. D. Stevenson,” Power System Analysis”, McGraw Hill Education,1994.
2. D.P.KothariandI.J.Nagrath,”ModernPowerSystemAnalysis”,McGrawHillEducation, 2003.
3. C.L. Wadhwa – Electrical Power Systems, Fifth Edition, New Age International,2009.

REFERENCE BOOKS:
1. J. B. Gupta ,“A course in power systems”, S K KATARIA & SONS publications, 2010
2. V.K Mehta and Rohit Mehta, “Principles of Power Systems”, Third Edison, S. Chand & Company Ltd, New Delhi, 2004.
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	SUBJECTNAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Power Electronics
	EE3262
	3-0-0
	3



PREREQUISITES:
1. Basic Electronics
COURSE OUTCOMES:
At the end of this, course students will able to:

	CO 
	Course Outcome
	Bloom's Level

	CO1
	Explain the structure, characteristics, and operation of high-power semiconductor devices including IGBT, MOSFET, SCR, and wide band gap devices like SiC and GaN.
	Understand (Level 2)

	CO2
	Analyze different controlled rectifier circuits and computing their performances

	Analyze (Level 4)

	CO3
		


Evaluate the performance of non-isolated and isolated DC-DC converters under steady-state continuous and discontinuous current conditions.
	Evaluate 
(Level 5)


	CO4
		Design and compare various inverter topologies including PWM and multilevel inverters, and explain the working of cycloconverters.



		


Apply/Create (Level 3/6)


MODULE 1: (8 Hours)
Introduction to High-Power Semiconductor Devices - Insulated Gate Bipolar Transistors (IGBTs): Design and operation principles, Power MOSFETs: Structure, operation, and characteristics, Comparison with other high-power devices Thyristors and Related Switching characteristics and applications 
MODULE 2: (7 Hours)
Phase Controlled rectifiers: full/half-controlled converters for R, RL, RLE load, dual converters,Single-phase full wave fully controlled rectifier with R-L and R-L-E load; Three-phase full wave fully controlled rectifier with R-L and R-L-E load; Input current wave shape and power factor. Single phase semi converter with R-L and R-L-E load, 
MODULE 3: (7 Hours)
DC-DC converter: Buck converter: analysis and waveforms at steady state for continuous and discontinuous load current operations, duty ratio control of output voltage. Boost converter: analysis and waveforms at steady state, relation between duty ratio and average output voltage, continuous and discontinuous load current operations, Buck-Boost converter.

MODULE4: (8 Hours)
Voltage source inverter: Single-phase bridge inverter, three-phase inverter: 1800& 1200conduction. Voltageandfrequencycontrolofinverter;singlepulsewidthmodulation,multiplepulsewidthmodulation, sinusoidal pulse width modulation (SinPWM), Space Vector PWM of 3-phaseinverter. Current source inverter: 1-phase & 3-phase. Introduction to multilevel inverter.
TEXT BOOKS:
1. M. H. Rashid,” Power electronics: circuits, devices, and applications”, Pearson Education India, 2009.
2. N. Mohan and T. M. Undeland,” Power Electronics: Converters, Applications and Design”, John Wiley & Sons,2007.

REFERENCE BOOKS:
1. R. W. Erickson and D. Maksimovic,” Fundamentals of Power Electronics”, SpringerScience& Business Media,2007.
2. L. Umanand,” Power Electronics: Essentials and Applications”, Wiley India,2009.
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	SUBJECTNAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Smart Grid Technology and Architecture
	EE4261
	3-0-0
	3


PREREQUISITES:
1. Power Systems
2. Power Electronics
COURSEOUTCOMES:
At the end of this course, students will demonstrate the ability to
	CO Code
	Course Outcome
	Bloom's Level

	CO1
	Understand the basics of various features and fundamentals of smart grid.
	Understand (L2)

	CO2
	Analyse the role of automation and digitization for designing smarttransmission and distribution system.
	Analyze
(L4)

	CO3
	Apply various advanced technology like communication, IoT, artificial intelligence and optimization in designing Smartgrid.
	Apply 
(L3)

	CO4
	Create and design the standards for smart electrical system withintegration of renewable energy, emerging devices and technologies. 
	Create
(L5)


MODULE-1										(8 Hours)
Introduction to Smart Grid: Evolution of Electric Grid, Concept, Definitions and Need for Smart Grid. Smart grid drivers, functions, opportunities, challenges and benefits. Difference between conventional & Smart Grid. Concept of Resilient &Self-Healing Grid.International policies and global initiatives on Smart Grid.Smart Grid developments in India.
MODULE-2										(8 Hours)
Smart Grid Architecture and Design: Layered architecture: Physical, communication, cyber, control layers. Power system components in Smart Grid (DERs, EVs, storage, PMUs). Distribution automation and control.
Smart sensors, PMUs, and IEDs for monitoring and protection, Smart substations and Substation Automation, Feeder Automation, Energy Management System (EMS), FACTS and HVDC systems in Smart Grids.
MODULE-3										(10 Hours)
Wide area monitoring, Protection and control, Distribution systems: distribution management system (DMS), Volt/VAR control, Fault Detection, Isolation and service restoration, Outage management, High Efficiency Distribution Transformers, Phase Shifting Transformers, Plug in Hybrid Electric Vehicles (PHEV). 
Power Quality & EMC in Smart Grid, Power Quality issues of Grid connected Renewable Energy Sources, Power Quality Conditioners for Smart Grid, Web based Power Quality monitoring, Power Quality Audit. 
MODULE-4										(10 Hours)
Local Area Network (LAN), House Area Network (HAN), Wide Area Network (WAN), Broadband over Power line (BPL), IP based Protocols, Basics of Web Service and CLOUD Computing to make Smart Grids smarter, Cyber Security for Smart Grid.
Computational Techniques: Static and Dynamic Optimization Techniques for power applications such as Economic load dispatch, Artificial Intelligent Techniques and Evolutionary Algorithm Applications in power system, 

Text Books:
1. S.Borlase,“SmartGrids, Infrastructure, Technology and Solutions”,CRCPress,1stEdition, 2013.
2. Janaka Ekanayake, Nick Jenkins, Kithsiri Liyanage, Jianzhong Wu, Akihiko Yokoyama, ‘Smart Grid: Technology and Applications’, Wiley, 2012. 
References Books:
1. A. G. Phadke and J. S. Thorp, “Synchronized Phasor Measurements and their Applications”, Springer, 2nd Edition, 2017.
2. T. Ackermann,“Wind Power in Power Systems”, Hoboken, N J, USA, John Wiley, 2ndEdition, 2012.
3. Kenneth C.Budka, Jayant G. Deshpande, Marina Thottan, ‘Communication Networks for Smart Grids’, Springer, 2014.
4. G.Masters,“RenewableandEfficientElectricPowerSystem”,Wiley–IEEEPress,2nd Edition, 2013.
5. Mini S. Thomas, John D McDonald, ‘Power System SCADA and Smart Grids’, CRC Press, 2015.
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	SUBJECT NAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Advanced Metering Infrastructure (AMI) and Demand Side Management
	EE4263
	3-0-0
	3


PRE-REQUISITES:
1. Smart Grid Fundamentals
2. Power Systems

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to
	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Explain the architecture, standards, and components of AMI
	Understand (L2)

	CO2
	Analyze communication technologies and data management in AMI
	Analyze (L4)

	CO3
	Apply DSM strategies and pricing mechanisms for load optimization
	Apply (L3)

	CO4
	Integrate AMI and DSM tools to improve energy efficiency and grid responsiveness
	Evaluate/Create (L5)



MODULE 1:  (8 Hours)
Introduction to AMI and Metering Technologies:Overview of Smart Metering and AMI. Components of AMI: Smart Meters, MDMS, Communication Networks. AMI Functionalities: Data logging, remote connect/disconnect, outage reporting. Standards: DLMS/COSEM, IEC 62056, IEEE 1701/1703. Interoperability and Data Models. Consumer and utility benefits of AMI.
MODULE 2: (7 Hours)
Communication Infrastructure for AMI:Network architecture: HAN, NAN, WAN,Communication protocols: ZigBee, PLC, RF Mesh, 5G, LoRaWAN,  Data acquisition, telemetry, and cybersecurity,  Role of IoT and Cloud in AMI, Time synchronization and GPS-enabled smart meters, Privacy and legal aspects of data sharing.
MODULE 3: (7 Hours)
Demand Side Management (DSM) Concepts and Programs:DSM objectives and benefits: Peak shaving, load shifting, energy conservation, Types of DSM: Strategic conservation, load management, strategic load growth, Tariff structures: Time-of-Use (TOU), Critical Peak Pricing (CPP), Real-Time Pricing (RTP), Demand Response: Direct Load Control, Incentive-based programs, Role of aggregators and demand response markets
MODULE 4: (8 Hours)
Integration of AMI and DSM for Smart Grids: AMI as an enabler of DSM and DR, Load forecasting using smart meter data, Consumer behavior analytics and energy dashboards, Home Energy Management Systems (HEMS), Role of AI/ML in predictive DSM, Policy frameworks and regulatory guidelines (CEA, CERC, FERC), Case studies: India

TEXT BOOKS:
1. Smart Grid: Technology and Applications, Janaka Ekanayake et al., Wiley, 2012
2. Smart Grids: Infrastructure, Technology and Solutions, Stuart Borlase, CRC Press, 2013
REFERENCE BOOKS:
1. Mini S. Thomas and John D. McDonald, Power System SCADA and Smart Grids, CRC Press, 2015
2. Gellings, C., The Smart Grid: Enabling Energy Efficiency and Demand Response, CRC Press, 2020
3. CEA & ISGF reports on Smart Metering and DSM in India
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	SUBJECT NAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Data Analytics and Machine Learning for Smart Grid Applications
	EE4262
	3-0-0
	3


PRE-REQUISITES:
1. Basics of Power Systems
2. Fundamentals of Smart Grids

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to:
	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Understand the structure, types, and challenges of smart grid data
	Understand (L2)

	CO2
	Apply core ML techniques to load forecasting, anomaly detection, and profiling
	Apply (L3)

	CO3
	Analyze smart grid operations using supervised and unsupervised models
	Analyze (L4)

	CO4
	Evaluate and implement advanced AI/ML solutions for intelligent grid decisions
	Evaluate/Create (L5)



[bookmark: _Hlk201141795]MODULE 1:  (8 Hours)
[bookmark: _Hlk201139778]Introduction to Data Analytics and Smart Grid Data Sources:Overview of smart grid architecture and data flow, Data types in smart grids: AMI, SCADA, PMU, DERs, EVs. Characteristics of smart grid data: volume, velocity, variety, veracity, Basics of data analytics: pre-processing, normalization, missing data handling, Exploratory data analysis and visualization (using Python/Pandas/Matplotlib), Introduction to time-series data and multivariate sensor datasets
MODULE 2: (8 Hours)
Machine Learning Fundamentals for Smart Grids:Overview of supervised and unsupervised learning, Regression models: Linear, Polynomial, Classification models: kNN, SVM, Decision Trees, Random Forests, Clustering: k-means, hierarchical clustering for load pattern analysis, Model selection, performance evaluation (RMSE, accuracy, F1 score, AUC)
MODULE 3: (8 Hours)
Applications in Load Forecasting, Demand Response, and Power Quality:Short-term and long-term load forecasting using ML models, Load disaggregation and customer profiling, Energy theft detection using anomaly detection techniques, Power quality classification using sensor data, Predictive models for demand response and price elasticity, Case studies using real or simulated smart meter datasets (e.g., UCI or Smart Meter Texas)
MODULE 4: (8 Hours)
Deep learning: Introduction to ANN, RNN, and LSTM for sequential grid data, Real-time analytics and edge computing in smart grids. AI for fault detection, predictive maintenance, and cyberattack detection, Big data platforms: Hadoop, Spark, and cloud analytics for smart grids, Data privacy and cybersecurity in ML for energy systems,India Smart Grid Forum.

TEXT BOOKS:
1. James Momoh, Smart Grid: Fundamentals of Design and Analysis, Wiley, 1st edition, 2012
2. S. Chakrabarti et al., Data Analytics for Intelligent Grid Systems, CRC Press
3. Aurélien Géron, Hands-On Machine Learning with Scikit-Learn, Keras, and TensorFlow, O’Reilly, 2019
REFERENCE BOOKS:
1. Mini S. Thomas and John D. McDonald, Power System SCADA and Smart Grids, CRC Press, 2015
2. Gellings, C., The Smart Grid: Enabling Energy Efficiency and Demand Response, CRC Press, 2009
3. CEA & ISGF reports on Smart Metering and DSM in India
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	SUBJECTNAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Power System and PowerElectronics Lab
	EE3562
	0-0-3
	1.5


PREREQUISITES:
2. Power System
3. Basic Electronics
COURSEOUTCOMES:
At the end of this course, students will able to

	CO Code
	Course Outcome
	Bloom's Level

	CO1
	Investigate the performance of protective relays, such as over-current relays, biased differential relays, distance relays, and over/under voltage relays and plot their characteristics.
	Analyze(L4)

	CO2
	Conduct steady-state and fault analysis of power systems, including short-circuit, load flow, and fault location analysis.
	Apply (L3)

	CO3
	Acquire knowledge of V-I characteristics of various Power Semiconductor devices and able to design and simulate their base/gate drive circuits and understand the design of cosine controlled triggering circuit of SCR.
	Design (L6)

	CO4
	Validate the output performances of different controlled rectifier circuits with various loading conditions and  design of different DC-DC converter circuits
	Evaluate(L5)



List of Experiments
Any 10 to be performed
1. To determine negative and zero sequence synchronous reactance of an alternator.
2. To determine sub-transient direct axis and sub-transient quadrature axis synchronous reactance of a 3-phase salient pole alternator.
3. To determine fault current for L-G, L-L, L-L-G and L-L-L faults at the terminals of an alternator at very low excitation.
4. To study the Electromechanical type IDMT over-current relay and with different plug setting and time setting multipliers and plot its time - current characteristics.
5. To determine the operating characteristics of biased different relay with different bias settings.
6. Study of the V-I characteristics of SCR, TRIAC and MOSFET.
7. Study of single-phase full wavecontrolled rectifier circuits (mid-point and Bridge type) with R and R-L Load.
8. Study of three phase full-wave controlled rectifier circuits (Full and Semi converter) with R and R- L Load.
9. Study of the Buck converter and boost converter.
10. Study of single phase ac voltage regulator.
11. Study of the three phase PWM voltage source inverter.

TEXT BOOKS:
1. J. Grainger, W. D. Stevenson and G. W. Chang,” Power System Analysis”, McGraw Hill Education, 1994.
2. M. H. Rashid,” Power electronics: circuits, devices, and applications”, Pearson Education India, 2009.
REFERENCE BOOKS:
1. J. Grainger and W. D. Stevenson,” Power System Analysis”, McGraw Hill Education, 2017.
2. A. R. Bergen and V. Vittal,” Power System Analysis”, Pearson Education Inc, 1999.
3. N. Mohan and T. M. Undeland,” Power Electronics: Converters, Applications and Design”, John Wiley & Sons, 2007.
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	SUBJECTNAME
	SUBJECTCODE
	L-T-P
	CREDIT

	Smart Grid Simulation Lab
	EE4561
	0-0-3
	1.5


PREREQUISITES:
1. Power System
2. Smart Grid
COURSEOUTCOMES:
At the end of this course, students will able to

	CO Code
	Course Outcome
	Bloom's Level

	CO1
	Understand various aspects of smart grid technologies, components, architectures, and applications
	Understand (L2)

	CO2
	Study and compare the advanced metering and communication infrastructure and justify the feasibility of the same for smart grid applications.
	Analyze
 (L4)

	CO3
	To have a better understanding and identify the scope for power quality management, demand side management and communication system for the smart grids
	Evaluate (L5)

	CO4
	Apply load modeling techniques, demand side management, demand response implementation, power quality assessment techniques in smart grid operations
	Apply (L3)




List of Experiments

1. Study and analysis of Smart Grid components: Understanding the architecture, layers (physical, communication, control), and role of AMI, DERs, PMUs, and smart meters.
2. Simulation and analysis of DC Microgrid System: Configuration, control strategy, power flow management, and stability in DC-based systems with solar PV and battery.
3. Simulation and analysis of AC Microgrid System: Study grid-connected vs islanded modes, synchronization, reactive power management, and voltage control.
4. Study and simulation of protection schemes for distributed energy resources (DERs) like solar PV and wind using overcurrent, directional relays
5. Modeling and simulation of grid-connected solar PV with MPPT (Perturb & Observe method) under varying irradiance.
6. Simulation of a hybrid power system (PV + Battery Energy Storage System + Diesel Generator): Power management strategy and SOC tracking using MATLAB/Simulink.
7. Modeling and simulation of an Electric Vehicle (EV) Charging Infrastructure: Analyze grid impact, charging profiles, and integration with solar PV in a smart grid.
8. Design and simulation of protection schemes for active distribution networks with distributed generation using ETAP, including fault analysis and relay coordination.
9. Design and visualization of an integrated smart grid system comprising generation, transmission, distribution, and DER integration using simulation tools like MATLAB/ETAP/OpenDSS.
TEXT BOOKS:
1. Ekanayake J, Jenkins N., Liyanage K., Wu, J., Yokoyama A., Smart Grid: Technology and applications, Wiley Publications, 2012.
2. Stuart Borlase, Smart Grid: Infrastructure, Technology and Solutions, CRC Press, 2017.
REFERENCE BOOKS:
1. Momoh J., “Smart Grid: Fundamentals of design and analysis”, John Wiley & Sons, 2012.
2. S. K. Salman, “Introduction to the Smart Grid: Concepts, Technologies and Evolution”, IET Energy Engineering Series, 1st Edition, 2017.
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