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PhD course “Fuels by biomass transformations” 

SYLLABUS 

1 Lecturer A, information 
Name and Surname: Irene Rapone 
Affiliation: ENI SpA 
e-mail: irene.raponei@eni.com
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar A
Agro-bio energy? 

1 Lecturer B, information 
Name and Surname: Aldo Bosetti 
Affiliation: ENI SpA 
e-mail: aldo.bosetti@eni.com
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar B
[bookmark: _Hlk179212487]From waste to energy: biomasses and waste updated technologies

1 Lecturer C, information 
Name and Surname: Gianni Girotti e Filippo Mantovani 
Affiliation: Università di Firenze 
e-mail: gianni.girotti@versalis.eni.com, filippo.mantovani@versalis.eni.com
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar C
[bookmark: _Hlk179212607]Bioeconomy in the Green deal and how to develop bio-based products market / bio-based products technologies developed by Versalis

1 Lecturer D, information 
Name and Surname: Alberto Landoni e Paolo Cambise 
Affiliation: Università di Firenze 
e-mail: alberto.landoni@eni.com, paolo.cambise@eni.com
Proposed by: Andrea Caneschi 
e-mail andrea.caneschi@unifi.it 
2 Title of the seminar D
The Green refinery roadmap: the Ecofining™ technology

3 Course program 

The course will present an overview of the possibilities of deriving energy and chemicals from agricultural, livestock and agro-processing industry waste; different technologies that maximise the results of studies carried out to achieve production goals will be presented with a minimum of detail, showing the pros and cons, and the open problems for this energy challenge. The market situation for biobased products will also be presented with an approach based on economic perspectives that can support the development of these technologies. Concrete examples of what the company Versalis has done in transforming biomass into chemicals will be illustrated to the students. Finally, on the part of Eni, a successful case will be described of the construction of a green refinery that led in a rather short time to the commercialisation of a product with excellent technical characteristics and prices comparable with classic petroleum products.

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, 14-10-2024 - from 11:00 to 13:00

The Agri-energy is produced from biomass, which contains carbon plants absorb through photosynthesis. When this biomass is used to produce energy, the carbon is released during combustion and returns to the atmosphere. As more biomass is produced an equivalent amount of carbon is absorbed. Still, the net greenhouse gas (GHG) outcome of using biomass for energy cannot be determined by comparing emissions at the point of combustion alone. Instead, the biogenic carbon flows and any fossil GHG emissions associated with the bioenergy system need to be compared with the GHG emissions associated with the energy system displaced, for example, GHG emissions from the production and use of transport fuels, biofuels and bioliquids shall be compared with the reference fossil fuel.
Therefore, bioenergy can contribute to making mobility more sustainable by providing fuels for road transport and the aviation industry. The European Renewable Energy Directive established that high ILUC-risk biofuel, bioliquids and biomass fuel will gradually decrease from the end of 2023 to zero by 2030. Eni mandated phase-out palm oil since 4Q2022.
Eni R&D is carrying out new initiatives focused on LOW ILUC species identification and Identification of Waste & Residues & Advanced Biofeedstock in collaboration with Universities and Research Centers:
· Mapping and identification of marginal lands 
· Seed Selection & Seed Engineering (Italy and Africa)
· Follow-up and optimization of the mechanical extraction plant technology
· Panel valorization: biochar, fertilizers or feed
To date, Eni is working on developing an innovative vertical integration model, from oilseed processing plants (agri-hubs) to biorefineries. The Agri-feedstocks of interest to Eni aren’t in competition with the food and feed chain and they can be cultivated in polluted, semi-desert, marginal and not-use land. Eni works to establish a sustainable value chain for biofuel production in the Countries where it is present. The regeneration of land thanks to the cultivation of biomass also contributes to the area's socio-economic development. Farmers are actually fully in charge of the agricultural production at the agri-hubs. Through this model, we ensure that farmers can bring their products into the market without compromising land access.
.

· Lesson 2 – aula 186 Zvi Jolles and online, 15-10-2024 - from 14:00 to 16:00

Energy vector productions via the thermochemical approach are illustrated in the presentation. After an introduction to biomass and waste characteristics in the circular economy scenario, torrefaction, pyrolysis, hydrothermal liquefaction and gasification of biomass and waste are presented and discussed in terms of main operative conditions, basic chemistry and status of technology (commercial or in progress). For every technology, the presentation offers an overview of possible reactor options together with the present or potential utilization of the main final products. 

· Lesson 3 – aula 186 Zvi Jolles and online, 21-10-2024 - from 11:00 to 13:00

[bookmark: _Hlk178091320]The first part of the lesson is focuse on the fact that the European chemical industry wants to boost its Bioeconomy sector: platform chemicals and polymers for plastics as promising opportunities. Sustainable bioeconomy is the renewable and an innovative segment of the circular economy. In its position on the bioeconomy of 2016, Cefic identified the European chemical industry as a key enabler in the bioeconomy. Bio-Based Products (BBPs) developed by the chemical industry are key to support the European Green Deal and Europe’s ambition to become climate neutral by 2050. Yet BBPs are not yet implemented at large scale, as illustrated by their very low share - 2.5 % - of the total Bioeconomy turnover. The European Chemical industry sees the importance of unlocking the use of sustainable biomass as a feedstock and is calling upon the policymakers to provide a supportive policy framework to bring the bio-based production at scale.
The European Commission defines bioeconomy as “using renewable biological resources from land and sea, like crops, forests, fish, animals and micro-organisms to produce food, materials and energy. Stronger development of the bioeconomy will help the EU accelerate progress towards a circular and low-carbon economy. It will help modernise and strengthen the EU industrial base, creating new value chains and greener, more cost-effective industrial processes, while protecting biodiversity and the environment.”1 Europe’s growth strategy, with the Green Deal and the Recovery and Resilience plan, provides an important opportunity for the bioeconomy to scale up, as investments in new innovative and (more) sustainable bio-based industries can play a critical role to support the green transition. Ramping up sustainable bioeconomy activities is a condition for society at large to remain below the 1.5°C limit of global temperature rise2, as well as work towards the EU Green Deal’s ultimate goal of climate neutrality by 2050 and reduce its dependence on fossil fuels. A Joint Research Centre (JRC) study identified 10 bio-based product (BBP) categories. Two of these BBPs: “Platform” and the “Polymers for plastics” (a.k.a. bio-based plastics) show potential for having a large impact on the overall development of the bioeconomy in the EU once hurdles such as Technological readiness, Economic & Market potential, Social & Environmental impacts can be overcome.
In the second part, the course outlines the general concept of biorefinery through the analysis of several real cases. It presents various green chemistry technologies from the Versalis portfolio, providing an overview of their production processes and the application fields of bio-products. The analysis covers different market sectors where green chemistry is becoming increasingly important, including biofuels, bio-intermediates, bioplastics and rubbers.

· Lesson 4 – aula 186 Zvi Jolles and online, 22-10-2024 - from 14:00 to 16:00

The lecture will focus on the following main themes:
- a general description of the activities of the biofuels working group working in ENI,
- the international regulatory framework on biofuels, 
- ENI's biofuels strategy
- the proprietary Ecofining process (the focus of the presentation)
- the products obtained from the Ecofining process


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

6 Learning Objectives 
The learning objectives that the course aims to achieve is 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 be useful for the student to see what are the guidelines that orient a company towards a particular type of research and what are the dynamics, scientific, technological, economic, and productive with which this is decided. It will be useful for the student to have an overview of what the labour market, outside the academy, can offer, and what are the major challenges that are now being faced by both public governance and the industrial component of European society. In this specific case, a panorama of the approach to the transformation of biomasses in chemicals and biofuels, which is one of the most promising sources of not fossil-based production of energy, will be presented.

[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, a comparison between basic and applied research and the interconnections present and necessary between these. In particular, in this course, the students will receive information on what is the state of the art in the field of converting biomass into energy and chemicals. Students will learn what different approaches have been used so far and what starting products can be worked on. Students will also be introduced to the problem of competition between biomass production and food production; indeed, the sector has evolved from the intensive cultivation of products with food interest but used for transformation into energy, to the use of only agricultural waste or residues from food processing. The student, therefore, will understand the difficulties of working in this sector but also all the opportunities present as well as see what the most advanced technologies are and how success can be achieved in a relatively short time by having high-value technical and economic support. The student will also acquire knowledge in what is the macro-economic evaluation of this industrial sector. and prices comparable with classic petroleum products.

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 organized 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 
14-10-2024 – From 11:00 to 13:00 
15-10-2024 – From 14:00 to 16:00   
21-11-2024 – From 11:00 to 13:00 
22-10-2024 – From 14:00 to 16:00   
Exam: TBD
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