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Ricerca di Dottorato
(massimo 5 pagine)

1 – Acquisizione di conoscenze propedeutiche integrative (contenuti appresi mediante frequenza di corsi, studio individuale, approfondimento del proprio bagaglio culturale, etc.).

Acquired in-depth knowledge of the followings:

Python programming language: Being predictive maintenance management and gamification two central matters in the development of my PhD study, learning a programming language was deemed as a valuable skill to attain to understand better how the predictive maintenance dashboard functions and also to further the knowledge on the gamification theme has it has close ties to programming itself. Python, in particular, was chosen due to previous familiarity from my former university course work in 2017. The resources below helped with reviewing the basics like debugging, iterations, modules, etc., while also learning new things like working with files, web applications, Graphic User Interfaces, and so on.
· Gries, P., et al. (2017). Practical programming: an introduction to computer science using Python 3.6. Pragmatic Bookshelf. 
· Miller, B., et al. (2014). How to think like a computer scientist: Interactive edition. Runestone: https://runestone.academy/ns/books/published/thinkcspy/index.html
European Union's LIFE programme KPIs webtool: Part of my PhD study application is developed in synergy with the LIFEH2OBUS project funded within the EU LIFE program. Each LIFE project requires members to learn (through learning on the job and tutorials) how to navigate and operate the webtool to deliver the data required by the European Commission successfully. In total, six different modules teach the basics of how the webtool works (including formal meetings provided by the EU Commission to explain the usage further), and a technical monitor to assist the more niche or peculiar issues a project might encounter. Between the above material and practical experience, it took about 12 hours to learn how to operate the webtool without mistakes. 
Further development of Excel skills: Due to the prominent and almost universal use of Excel throughout the project, especially by the transport operator, deepening beyond self-taught knowledge of Excel was greatly beneficial. These were the following ways my knowledge was expanded through: 
· Jordan P. (2012).  Foundations of Excel: for engineers and scientists.  Pearson
· Attended “Corso Excel: Base – Intermedio” offered by Tor Vergata University from the 11th of March to the 25th of March 2023. Duration: 30 hours.
It was also acquired additional propaedeutic knowledge regarding Gamification:

· Gamification principles such as: what is gamification exactly, what is considered gamification, why is it useful, and what are its limitations. 

· Gamification history and applications. The origins of gamification, the various uses throughout the years, and the different ways gamification has been used, such as marketing, learning, behavioural change, fostering engagement, and increasing employee productivity at the workplace. Due to gamification's multifaceted nature and marketing roots, it was vital to refine the initial limited knowledge on the topic. The following textbook was used to cover topics like the nature of marketing, understanding customer behaviour, marketing research and customer insights, market targeting, value through services and experiences, and digital marketing: Fahy, J. and Jobber, D. (2015). Foundations of Marketing, McGraw Hill Education. 
Additional activities are also reported in Section B.  

2 – Ricerca bibliografica svolta (raccolta ed analisi di letteratura scientifica, con individuazione delle pubblicazioni maggiormente significative ai fini della ricerca proposta, per le quali si presenta in allegato una sintesi commentata.).

The bibliography for my research study was carried out considering several topics, all necessary to develop an original, first line of bibliography focused on water management for the public transport sector. The major topics considered are:

Water Management
So far, the research is sustaining the dearth in academic, scientific, and operator awareness in the transportation field with the focus being mostly on the agriculture and also industrial themes.
- Molden, D. (2013). Water for food water for life: A comprehensive assessment of water management in agriculture. Routledge.
- Almeida, C. M. V. B., et al. (2010). Identifying improvements in water management of bus-washing stations in Brazil. Resources, Conservation and Recycling, 54(11), 821-831. 
- Liu, J., et al. (2017). Water scarcity assessments in the past, present, and future. Earth's future, 5(6), 545-559. 

Sustainability, resource efficiency, and economic viability
Investigating the efforts of sustainability in transportation unveil that the focus is primarily on emissions. Suggesting, therefore, further scope to increase transport sustainability through other means of action, including water management practices. 

-  Hoekstra, A. Y. (2011). The water footprint assessment manual: Setting the global standard. Routledge. 
- Haensch, J., et al. (2022, April 4 – 6). Water management in agriculture under growing water scarcity: Comparing policy options and listening to stakeholders across Europe, Israel and China 96th Annual Conference of the Agricultural Economics Society, K U Leuven, Belgium.

- Kummu, M., et al. (2016). The world’s road to water scarcity: shortage and stress in the 20th century and pathways towards sustainability. Scientific reports, 6(1), 38495.
Gamification of Information Systems

The application of gamification principles and methods have been used in learning and marketing to increase user engagement. Its application to workplace settings also aims to increase employee engagement with the end goal of increasing productivity, efficiency, and job satisfaction.
- Benlian, A. (2015). IT feature use over time and its impact on individual task performance. Journal of the Association for Information Systems, 16(3), 2.
- Schöbel, S. M., et al. (2020). Capturing the complexity of gamification elements: a holistic approach for analysing existing and deriving novel gamification designs. European Journal of Information Systems, 29(6), 641-668.
- Benitez, J., et al. (2022). Impact of mobile technology-enabled HR gamification on employee performance: An empirical investigation. Information & Management, 59(4), 103647. 
This literature review will progress. Noted bibliography list is attached to the end of this report.

3 – Resoconto dello stato delle conoscenze relative alla tematica di ricerca (breve sintesi del quadro scientifico di riferimento, in relazione alla tematica proposta: conoscenze consolidate e spunti per approfondimenti).
The recurrence of water crises and the associated risks to human and other species' well-being highlight the imperative for further research and the application of water management strategies across diverse sectors. This is essential to enhance sustainability and mitigate environmental impacts. This has been most recently highlighted (August 2023) in the launch of the Water Agenda during World Water Week in Stockholm by the COP28 UAE Presidency. 

While there is an abundance of research on water management, water quality, and quantity (Marston et al., 2021; Gerveni et al., 2020; Albiac et al., 2020; Hristov et al., 2021), it is evident that there is a dearth on water management within the transport sector. This deficiency is compounded by a deficiency of appropriate legislative and regulatory measures, policies, strategies, and best practices (Corazza et al., 2022). The efficacy of a regional level approach is well recognized and sustained by the fact that diverse climate and geographic settings require distinctive and tailored measures (Gerveni et al., 2020; Anthonj, 2021).
In the EU, sustainability efforts in the transport sector predominantly revolve around greenhouse gas emissions and air pollution. This typically involves the promotion of electric or "cleaner" vehicles and fleets. However, such initiatives are not always perceived as feasible due to the substantial financial investments required, which can be challenging for both organizations and individuals alike, as recent and recurrent discussions within the same organization at political level evidence. Notably, the European Commission's recent document, "EU green public procurement criteria for road transport" (2021), lacks any mention of water management as a criterion for enhancing sustainability. Additionally, the Environmental European Agency's report "Decarbonising Road transport — the role of vehicles, fuels, and transport demand" (2022) highlights the carbon-intensive nature of road transport fuels but does not explore alternative sustainability strategies.

Furthermore, other stakeholders, such as business organizations, can play a pivotal role by acknowledging and addressing water insecurity issues. Their participation can contribute to collective efforts towards water sustainability. Organizations in the transportation sector have the potential to drive the development, adoption, and implementation of public water policies and regulatory frameworks (McKinsey & Company, 2009; Hoekstra et al., 2011). They can also establish industry best practices in water management and promote their transferability within the industry itself (Corazza et al., 2022).

The concept of a water footprint, measuring the volume of freshwater used in the production of a product or service over the entire supply chain (Hoekstra et al., 2011), is crucial. When the biosphere exceeds its regenerative and assimilative capacities, it leads to unsustainability and overshooting. Hence, a comprehensive water footprint assessment for this study must encompass the bus washing cycle as an integral part of the bus transport service (Hoekstra, 2003).

Business organizations should strive to envision and implement initiatives that harmonize water resource efficiency with economic viability while decoupling economic growth from resource consumption. Such strategies can reduce their overall ecological footprint in terms of resource consumption and emissions. This includes lowering production costs related to water usage and energy expenditure in bus washing (Almeida et al., 2010). 

Transportation is a notable illustration of a socio-technical system in which a variety of entities engage, coexist, and cooperate with the shared objective of providing transportation services (Bennett, 2015). Due to this, it was deemed opportune to also examine not just the technological aspect, but also the human aspect. 
4 – Ricognizione delle attività in corso presso centri di ricerca nazionali ed internazionali (inquadramento delle tendenze evolutive nello specifico ambito di ricerca, per quanto noto).

As previously stated, due to the focus of sustainable transportation research being skewed towards emissions and energy, from a research perspective there is no current research in this topic.  While public transport operators do use all kinds of water saving solutions, they consider appropriate for their single depot, there are no clear benchmarks or established best practices at EU level or at Member State level. Indications or suggestions on water management practices are given at company level, or more frequently at each single depot level. More often, transportation companies themselves underestimate this issue, focusing their sustainability strategy on renewables or electric power, and they do not take any actions for water management. In addition, given the lack of international shared best practices, they cannot have a wide view on different and new technologies used or tested to save water during the washing process. Among the transport sector companies there is a serious gap of awareness, knowledge and best practices sharing for water management. Often a coordinated water management plan is missing at company level, and now, there is not common best practice not even at Member States that public transport operators can follow to optimize their washing process.

For example, water management is barely mentioned on the website of main transport companies or in their sustainability reports. Usually, it is a general statement without clear numbers or mention of the techniques used. For example: ATV (Verona, Italy), one of the more virtuous companies in Italy, claims a consumption of 20,000 m3 of water in 2020, with a reduction of -37% compared to 2019, but without explaining how they reach this result. Qbuzz (a transit company operating in the Netherlands) has a general statement on the website that they wash their buses with recycled water, saving water by 95% compared with previous years, but they do not describe which techniques are used to achieve this goal. Same applies to companies like Stagecoach (London, United Kingdom), National Express (United Kingdom), Nobina (Denmark, Finland, Norway, and Sweden). 
Therefore, the goal of this research is to move towards a more scientifically sound and validated practice and create a new area of research, in synergy with the progress of the 2022-2025 EC project LIFEH2OBUS, funded within the LIFE program (LIFE21-ENV-IT-LIFEH2OBUS Project no. 101074151).
5 – Definizione della Ricerca di Dottorato (formulazione del Tema per la Tesi finale, con precisazione di: finalità, metodologia, fasi e tempi delle attività previste).

Finalità

The aim of this research is to evaluate various water management technologies for the bus washing process. This evaluation intends to support the bus transportation industry in an innovative endeavour to decrease water usage, reduce related expenses, and mitigate adverse social, economic, and environmental impacts, particularly in wastewater pollution, energy utilisation, and emissions. All the above will also be considered in regard to the different perspectives of the numerous actors affected by implementing these measures. It also will analyse the utilisation of a predictive maintenance system that is being developed to support the technologies, establishing criteria for software features, and incorporating gamification.
Metodologia

In synergy with the above mentioned LIFEH2OBUS project, over a span of three years, this research aims to compare three very productive bus washing technologies by conducting a study involving three case sites within European bus depots, in collaboration with a major operator. These test locations are situated in Italy, Hungary, and Croatia, representing three distinct climate regions within the European Union. The three water saving systems are: a wastewater treatment and recycling facility, a wastewater treatment and recycling facility equipped with a rainwater harvesting system, and a waterless waxing method.
The three major methodological components will be: a) the development of a Cost-Benefit-based assessment introducing innovative Key Performance Indicators - KPIs and parameters to assess the water’s potential in mitigating environmental impacts due to transit operations. This will imply a revision of the current Cost-Benefit analysis processes facing challenges associated with data collection process and soundness. Once completed then the potential benefits and costs will be analysed; b) the opportunity to test the feasibility of the three washing technologies within a predictive maintenance system, featuring a dedicated dashboard function tailored for water management, will be carried out. The water management dashboard function is designed to support transit companies in choosing the most suitable washing solution, facilitating a reduction in water consumption by transitioning from a preventive cleaning approach to a predictive one; in this the involvement of the key players in the process is central, which leads to c) the analysis of the social impacts of the technologies, according to an innovative approach based on gamification. More specifically, gamification elements would also be tested to assess any impact it might have on the social component. 
This approach is designed to enhance the relevance of water savings and benefits in transit systems, to motivate and engage transit managers in a more environmentally- conscious use of water and energy. This will be also included an additional transferability exercise. 
The Cost-Benefit-based assessment relies on scenario-building and comparison (business as usual vs implementation) and involves assessing pre- and post-implementation outcomes via KPIs to gauge changes in performance. This is performed according to consolidated methodologies currently applied in EC-funded projects and pioneered by MAESTRO – Monitoring Assessment and Evaluation Scheme for Transport Policy options in Europe and with the TIDE approach (Dagmar, 2015), strongly recommended when developing CBA for EC-funded projects. All are currently being re-adapted and adjusted to face the above-mentioned challenges with the data treatment.
Fasi 
Phase 1: The first phase required gathering additional information and knowledge regarding the various topics, the test sites themselves, and the different technologies. This, then, permitted to identify and establish KPIs that could be utilised for the evaluation process to better estimate the performance levels and impacts. In this way, a total of 111 KPIs were created covering five evaluation categories (operations, economy, energy, environment, and people). Beyond just knowledge, this required conversations with various depot managers for them to provide their expert practitioners’ input and assess the feasibility and applicability of the different KPIs at each test. It was vital to establish an agreed upon shared KPIs set that all three sites can deliver; otherwise, comparing the different sites during the pre- and post-implementation assessment would not be possible However, some KPIs were mandated by the EU for their LIFE webtool, and each test site is obliged to provide the required data. At the moment the list of agreed KPIs has been narrowed down to a minimum of 63 KPIs which might be expanded during the study. 

Most currently the data that will be used to establish each test sites baseline or their “business-as-usual” alternative is being collected. Additionally, the technology and infrastructure for the water saving alternatives have been either been built or in the process of being built. The predictive maintenance dashboard has also been developed and delivered to the depots.

Phase 2 and Phase 3: The remaining phases involve testing and collecting data on the performance of the technology post-implementation. The development of gamification elements, its integration and testing. Data gathering about gamification’s effectiveness. When all the data will be gathered and checked then each alternative will undergo the CBA process. The reliability of the results will also be reviewed and tested as the TIDE method. Then, a transferability exercise will be applied. Finally, the findings are analysed and then reported within the thesis work.

6 – Cronoprogramma (seguire lo schema seguente)
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SEZIONE B 

Attività di collaborazione e supporto; formazione ed acquisizione di capacità evolute

(massimo 2 pagine)

1 – Partecipazione alle attività di didattica presso la struttura di afferenza (attività seminariale, supporto alla didattica frontale, preparazione di materiale didattico, collaborazione per ricevimento studenti, collaborazione allo svolgimento di tesi di laurea e stages).

Course assistance for Air Transport and Urban and Regional Policy. Tasks include:
· Seminars/Lecturing
· Midterm exam editor 
· Support to student throughout the course activity both in person and by remote

2 – Attività di formazione (soggiorni presso strutture di didattica e ricerca in Italia e all’estero, corsi curriculari o speciali frequentati, partecipazione a seminari, convegni, workshop, etc.).

Participation in the seminars offered for the first year PhD Infrastructure and Transportation students. Other seminars I participated in:

· Public Transportation: (Low) fares, equity, and policy. Workshop at the 11th Symposium of the European Association for Research in Transportation at ETH Zurich followed by remote on the 5th of September 2023. 
· Fire Safety Engineering principles by Professor Lars Schiøtt Sørensen followed by remote on the 21st of June 2023.

· Vehicle Dynamics and Safety – some technical issues by Professor Jan Kovanda on the 24th of May 2023.
Participation in Convegno Nazionale SIDT- Ricerche e Tecnologie per la Mobilità del Futuro: L’ecosistema del centro nazionale per la mobilità sostenibile. Hosted in Rome from 26th to the 27th of September 2023.
Presented the paper Water as a pivotal resource for the environmentally conscious management of bus fleets in Europe to the 23rd EEEIC International Conference on Environment and Electrical Engineering. Hosted in Madrid and remote from the 6th to the 9th of June 2023.
Presented the paper Water as a new resource for bus operators at the in the 16th World Conference on Transport Research. Hosted in Montreal from the 17th to the 22nd of July 2023.
3 – Collaborazione a studi, ricerche, programmi strutturati (contributi in PRIN, ricerche di Facoltà e di Ateneo, convenzioni, etc., con inquadramento del programma e specificazione dell’attività prestata).
LIFE Program LIFEH2OBUS:
Topic LIFE-2021-SAP-ENV-ENVIRONMENT, Call LIFE-2021-SAP-ENV; Project Reference LIFE21-ENV-IT-LIFEH2OBUS

Continuous cooperation and deep involvement in the LIFEH2OBUS project, which is co-founded by the European Union, with the aim of building a European best practice for water management amongst bus operators, working within the public transport sector, with the aim of reducing water consumption to the lowest possible level. 
Co-author of D5.1 Measurement Plan along with Corazza M. V. and Giordano G.
Other works of note:
Ricerca di Ateneo: Grandi progetti di ricerca 2023 - Design of Maritime Sustainable Terminals (DEMASTER), n. RG1231888CA06675, PI Prof. Stefano Ricci, as team member, submitted.
Peer Reviewer for Journal of Advanced Transportation, Hindawi. Certification available
SEZIONE C 

Informazioni
(Tale sezione contiene le informazioni richieste alla fine ogni anno dall’Ufficio Dottorati)

1) Titolare di borsa erogata dalla Sapienza - Università di Roma…………….SI■  NO□

2) Nazionalità ……………………………………………………..Italy and New Zealand
3) Dottorato in cotutela ……………………………………….………………SI□  NO■
            (se si indicare il cotutore…………………………..)

4) Dottorato con doppio titolo …….………………………….………………SI□  NO■
5) Borsa con finanziamento esterno ………………………….………………SI□  NO■
6) Università di provenienza …………………………Università di Roma La Sapienza
7) Numero di mensilità di ricerca spese in una struttura di ricerca estera …………0………
8) Finanziamenti all’interno di reti internazionali di formazione alla ricerca ..SI□  NO■
9) Pubblicazioni e altri prodotti degli ultimi 3 anni

             Per le aree bibliometriche. Articoli pubblicati su riviste peer-reviewed internazionali (ed eventualmente proceedings per le aree che accettano) con impact factor (indicizzate WoS) o indicizzate Scopus. 

M. V. Corazza and M. Robinson, "Water as a pivotal resource for the environmentally conscious management of bus fleets in Europe," 2023 IEEE International Conference on Environment and Electrical Engineering and 2023 IEEE Industrial and Commercial Power Systems Europe (EEEIC / I&CPS Europe), Madrid, Spain, 2023, pp. 1-5, doi: 10.1109/EEEIC/ICPSEurope57605.2023.10194683.
Scopus: 2.0-85168710699

In progress:

M. V. Corazza and M. Robinson, "Water management as a new saving opportunity for bus managers: evidence from the LIFEH2OBUS project, paper submitted to TRA Dublin 2024, accepted for presentation and publication in Lecture Notes in Mobility (indexed on SCOPUS), Springer 

M. V. Corazza and M. Robinson, “Water as a new resource for bus operators”, accepted for publication in Transportation Research Procedia, (indexed on SCOPUS), Elsevier

M. V. Corazza and M. Robinson, "Water Saving to Launch a Water Culture among Bus Operators, submitted to Journal of Cleaner Production (indexed on SCOPUS), Elsevier
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