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Credit value: 
8 ECTS 
Mandatory/Optional: 
Optional 
Semester: 
1 
Lecturer/s:      
Gianfranco Chicco, Tao Huang 
University: 
Politecnico di Torino 
Department: 
Dipartimento Energia “Galileo Ferraris” (DENERG) 
Rationale: 
 
The course presents a wide view on the emergent aspects in the evolution of the electricity systems, under the on-
going transition towards growing utilisation of electricity. The course addresses interoperability with other energy 
systems for assuring a socially desirable performance in terms of sustainability (energy efficiency and environmental 
impacts reduction), economic efficiency and affordability, electricity security and reliability. 
 
This requires a systematic view on the structure and operation of modern and future electrical networks (smart grids). 
A conceptual model of the smart grids is presented, in which various aspects (technologies, energy, data, markets, 
etc.) are analysed, along with their interactions, in a comprehensive way. Some of the most important smart functions 
in the emerging operation of the electricity distribution systems are illustrated, highlighting the concept of 
interoperability of various systems and actors over the smart grid, e.g., network operators, prosumers, aggregators, 
etc. The impact of the distributed energy resources in the electrical networks is studied by addressing theoretical 
aspects and application examples concerning distributed generation, distributed storage and demand response. Some 
applications are solved through numerical calculations. Part of the course provides a general overview of the main 
communication technologies that are needed to support smart grids. This part of the course starts with an introduction 
to communication networks: elements, architectures and functions. Then, the communication needs of various 
segments of an electrical network are presented and possible communication technologies that can satisfy the 
requirements are discussed with their pros and cons. The protocol IEC 61850 for substation automation is then 
described and discussed. All the aspects included in the course are integrated to enhance the possibility of 
understanding the innovation in progress in the power and energy area, and the relations of the electrical sector with 
other energy and communication systems. This kind of knowledge opens wide possibilities of employment in energy 
companies, energy service providers, industries, public administrations, universities and research centres. 
 
Objectives: 
 

 Develop a systematic view on the structure and operation of modern and future smart grids 
 Present a conceptual model to analyse the interactions among technologies, energy, data, markets, 

operators and prosumers in smart grids 
 Present the smart functions in the emerging operation of the electricity distribution systems 
 Analyse the impact of distributed energy resources (distributed generation, distributed storage and 

demand response) in the electrical networks  
 Provide a general overview of the main communication technologies to support smart grids 
 Solve numerical applications 
 Describe and discuss the IEC 61850 standard for substation automation 
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Skills: (according to the list of skills provided) 
 

 Knowledge 
outcomes 

Competences General 
skills 

Specific 
skills 

RCO24. The student will acquire knowledge of 
fundamental issues regarding smart grids and 
distributed energy resources, identifying their 
technical and operational implications. 

X    

RHT15. The student will acquire the ability to 
communicate effectively using appropriate 
technical terminology in professional contexts. 

   X 

 
 
Teaching and learning methods: 
 
Lectures – presentations, videos, open discussion, case study analysis and worked examples. 
Computer Labs - Numerical modelling to apply the concepts to given case studies. 
Tutorial – Revision of specific aspects of the course  
 
Allocation of student time: 
 

 Attendance (classroom, lab,…) Non attendance (lecture preparation, self 
study…) 

Lectures 71 hours 0 hours 

Tutorials 6 hours 0 hours 

Computer Labs 9 hours 0 hours 

Private study  114 hours 
 

Assessment: 
 
Final Exam 
Assessment Matrix: 
 

Subject 
skills 

Assessment method 

Exam Class test Coursework Report … … 
All 100% - - -   

 

Programme: 
 

Lesson 1 Introduction to power systems, evolution of electricity systems.  
(3 h theory)  

Lesson 2 Peculiarities of power and energy systems, examples of smart applications. 
(3 h theory)  

Lesson 3 Markets for electricity. 
(3 h theory)  

Lesson 4 Self-sustainable prosumer community. 
(3 h theory)  

Lesson 5 Impacts of prosumer activities. 
(3 h theory)  

Lesson 6 Demand response concepts and applications.  
(3 h theory)  

Lesson 7 Multi-energy system modelling.  
(3 h theory)  

Lesson 8 Profitability and flexibility of multi-energy systems.  
(3 h theory)  

Lesson 9 The role of the environment.  
(3 h theory)  

Lesson 10 Protection of transmission and distribution systems. 
(3 h theory)  
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Lesson 11 Metering and dispatching services. 
(3 h theory)  

Lesson 12 Smart operation of power systems: faults and self-healing, load restoration strategies. 
(3 h theory)  

Lesson 13 
 

Introduction on communications for smart grids. Network topologies and performance. 
(3 h theory) 

Lesson 14 
 

Channel Switching and Packet Switching. Architectures and protocols.  
(3 h theory) 

Lesson 15 
 

Medium Access Control Protocols. 
(3 h theory) 

Lesson 16 
 

Discussion on access protocols. PLC communications. 
(3 h theory) 

Lesson 17 
 

ZigBee for Home Area Networks. 
(3 h theory) 

Lesson 18 
 

IP protocol. Transport layer protocols over the Internet: TCP and UDP. 
(3 h theory) 

Lesson 19 
 

Standard IEC 61850. 
(2 h theory) 

Lesson 20 
 

Blockchain. 
(3 h theory) 

Lesson 21 
 

Introduction to Julia programming, example of market optimization in Julia. 
(3 h computer lab) 

Lesson 22 
 

Linear programming in Julia: electricity market clearing; storage modelling and usage.  
(3 h computer lab) 

Lesson 23 
 

Implementations in Julia: battery storage for increasing load factor; blockchain.  
(3 h computer lab) 

Lesson 24 
 

Active distribution grid and microgrids.  
(3 h theory) 

Lesson 25 
 

Smart Grid Architecture Model. 
(3 h theory) 

Lesson 26 
 

State estimation: linear system, weighted linear system.  
(3 h theory) 

Lesson 27 
 

State Estimation: non-linear system, bad data detection. 
(3 h theory) 

 

Resources: 
 
A classroom, equipped with a blackboard and audio-visual resources (laptop/computer with Matlab installed and 
Internet connection + projector), for the lectures. 
Computer lab equipped with 20+ computers. 
 
Bibliography: 
 
Material (slides and handouts) used during the lectures and course activities, available on the web portal.  
There is no commercial book covering the contents of this course. 
 
Further comments: 
 
 
 

 

 

 


