Course 2: Energy by alternatives to the fossil fuel approach

PhD course 3: “Energy by alternatives to the fossil fuel approach” 

SYLLABUS 

1 Lecturer A, information 
Name and Surname: Lino Carnelli 
Affiliation: ENI SpA 
e-mail: lino.carnelli@eni.com
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar A
How can electrical energy be stored? 

1 Lecturer B, information 
Name and Surname: Erik Gallo 
Affiliation: ENI SpA 
e-mail: erik.gallo@eni.com
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar B
Fusion energy

1 Lecturer C, information 
Name and Surname: Alberto Pontarollo 
Affiliation: ENI SpA 
e-mail: alberto.pontarollo@eni.com
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar C
Advanced materials for magnetic confinement fusion (tritium purification, corrosion- and high-temperature-resistant materials)

1 Lecturer D, information 
Name and Surname: Giuseppe Bengasi 
Affiliation: ENEL Green Power - 3SUN 
e-mail: giuseppe.bengasi@enel.com
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar D
Research at Europe's largest factory for high-efficiency photovoltaic modules: innovation and sustainability

1 Lecturer E, information 
Name and Surname: Alberto Privitera 
Affiliation: Università di Firenze 
e-mail: alberto.privitera@unifi.it 
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar E
Next-generation photovoltaics: materials, working principles, and future perspectives


3 Course program 

The course will discuss alternatives for producing energy without the use of fossil fuels and the state-of-the-art storage of energy, which is a crucial point for the development of several green energy productions. Different methods, electrochemical and non-electrochemical, will be presented. The state of the art of next-generation photovoltaics (comprising materials, working principles, and future perspectives) will be presented and discussed, as well as it will be presented the real industrial production of these devices. The third main knowledge to be acquired concerns the possibility of producing energy from the fusion of elements by nuclear fusion. The ITER project will be illustrated, showing the technological advancement reached so far and the first pilot-scale device (Tokamak) actually operating will be presented too.


4 Course content detailed per lesson of two hours (possibly with dates and room real and virtual) 

· Lesson 1 – aula 186 Zvi Jolles and online, 30-09-2026 - from 14:00 to 16:00

After a brief introduction to energy storage in general (motivations, current status, characterising parameters...), the various possible forms of energy storage are reviewed: mechanical, thermal, electrostatic, electromagnetic, chemical, and electrochemical. Various technologies that are commercially available or under development will be considered, describing their operating principles, the degree of development of the technology, efficiency, and advantages and disadvantages compared to other technologies. We will talk about pumped hydro and alternative solutions based on the same principles; compressed air, liquid air and liquid CO2 energy storage, flywheels, gravitational potential methods; hydrogen to methanol and ammonia; thermal storage at different temperatures, using water, molten salts and different solid materials; supercapacitors and superconductors. Finally, we will talk about batteries from lead to lithium batteries to flow batteries with different possible chemistries.

· Lesson 2 – aula 186 Zvi Jolles and online, 06-10-2026 - from 11:00 to 13:00

The lecture will discuss a comparison of the technologies that exploit nuclear energy, which can be obtained from both the fusion of nuclei of low atomic-weight elements and the fission of nuclei of high atomic-weight elements. The basic principles governing the two different phenomena will then be introduced and the innovative aspects of the nuclear fusion part will be explored in detail, illustrating the different technological problems encountered in making the exploitation of this reaction economically viable. The advantages and disadvantages of the two approaches will be addressed, also considering nuclear fission in its latest technological generation.  The technology that makes it possible to reach very high temperatures for the reaction to take place and the method used to confine the generated plasma necessary for the reaction to take place will be described. The progress of the international ITER project will then be shown, which concerns the construction of a nuclear fusion reactor (productive and no longer demonstrative) in which all the world's most advanced countries, including Italy, are participating with a joint project.

· Lesson 3 – aula 186 Zvi Jolles and online, 07-10-2026 - from 14:00 to 16:00
· Alberto Pontarollo - ENI

· [bookmark: _Hlk178091320]Lesson 4 – aula 186 Zvi Jolles and online, 03-11-2026 - from 11:00 to 13:00

3SUN is an Italian industrial and technological leader specializing in the production of high-performance photovoltaic cells and modules. Headquartered in Catania, Sicily, 3SUN is currently Europe’s largest Gigafactory dedicated to photovoltaics. Leveraging proprietary technologies and advanced production process automation, the company manufactures innovative solar panels designed to meet European market demands, with a focus on efficiency, durability, and sustainability. The growing process of the company will be illustrated: founded in 2010 as a joint venture between Enel, Sharp, and STMicroelectronics, 3SUN was established to launch advanced industrial production in Italy’s photovoltaic sector. The factory began operations by manufacturing thin-film modules using multi-junction technology. In 2015, the Enel Group assumed full ownership, marking the start of a major transformation phase. In 2018, the first bifacial heterojunction (HJT) module—capable of capturing light from both the front and rear sides—was produced, followed in 2019 by the inauguration of Europe’s first fully automated mass-production line. By 2020, the Catania plant had achieved record-breaking results in efficiency and bifaciality, cementing its role as a global leader in innovation. In 2022, with the support of the European Commission, the Gigafactory project was launched with the goal of reaching an annual photovoltaic panel production capacity of 3 GW. 

· Lesson 5 – aula 186 Zvi Jolles and online, TbC - from 11:00 to 13:00

Next-generation photovoltaics promise to revolutionise the energy industry by leveraging frontier materials such as organic semiconductors and perovskites. These materials offer several advantages over traditional inorganic semiconductors like silicon, germanium, and gallium arsenide, including cost-effective production, low-temperature processing, and abundant availability. Such properties make them well-suited to meet the high requirements of the optoelectronic industry.
This seminar will provide an overview of next-generation photovoltaic technologies, offering alternatives to traditional silicon-based solar cells. The unique properties of emerging semiconductor materials and their role in driving innovation will be examined. Emphasis is placed on material design, processing methods, and device fabrication. Additionally, the transition from lab-based prototypes to large-scale industrial applications will be discussed. By addressing both key breakthroughs and ongoing challenges, the seminar highlights the transformative potential of next-generation photovoltaics for sustainable energy production.

5 Suggested reading 
Suggestions for readings and deepening of the treated arguments are present in the slides, which are available to the doctoral students. 

6 Learning Objectives 
The learning objectives that the course aims to achieve are to provide an overview of the research and development of materials and the approach to certain environmental issues, from the point of view of industrial research. The course will help students understand the guidelines that guide a company toward a particular type of research and the scientific, technological, economic, and productive dynamics behind those decisions. It will be useful for the student to have an overview of what the labour market, outside the academy, can offer, and what the major challenges are that are now being faced by both public governance and the industrial component of European society.

[bookmark: _Hlk178091268]7 Knowledge and Skills to be acquired 
In general, in this series of courses, the student is expected to learn how research is carried out in industries, whether small, medium-sized or multinational, and compare it with how academic research is carried out. Hence, the course compares basic and applied research and the interconnections between them. In particular, in this course, the students will acquire knowledge on two alternatives for producing energy without the use of fossil fuels and state-of-the-art of the energy storage, which is a crucial point for the development of several green energy productions. Different methods, electrochemical and not will be presented in a way that the students will have a full panorama of chemical and physical methods used or still under research.  Information on next-generation photovoltaics' state of the art (comprising materials, working principles, and future perspectives) will be presented and discussed. The third main knowledge to be acquired concerns the possibility of producing energy from the fusion of elements by nuclear fusion. The ITER project will be illustrated concerning this possibility, showing the technological advancement reached so far.

8 Prerequisites 

General bases of chemistry or materials science and technology or materials engineering 

9 Teaching Methods 
 MODE 1 - Pre-recorded lessons uploaded on the Moodle platform (a meeting must be organised with PhD students in order to clarify eventual doubts) 
x MODE 2 (preferred) - Lessons delivered in-person and in remotely with simultaneous recording by the Google Meet platform. 

10 Further information 


11 Type of Assessment 
Written examination at the end of the classes with open and closed questions.

12 Period 
30-09-2026 – From 14:00 to 16:00 
06-10-2026 – From 11:00 to 13:00   
07-10-2026 – From 14:00 to 16:00 
03-11-2026 – From 11:00 to 13:00 
06-10-2026 – From 11:00 to 13:00   

Exam: 2 h, TBD
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