Ageéncia

de Gestié
': d'Ajuts
Universitaris

___AGAUR  de Recerca

FORMULARI DE PROJECTES DE DOCTORAT INDUSTRIAL

A EMPLENAR PELS ENTORNS EMPRESARIAL | ACADEMIC

- PROJECTE Optimization and control of multiple fuel cell systems

- DATA PREVISTAD'INICI DEL PROJECTE
S ERCPANEL1 PE7Systemsand Communication Engineering

— ERC PANEL 2 (OPCIONAL) Enter an ERC panel from the list
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Vegeu l'apartat de caracteristiques i escolliu la modalitat en funcid de les caracteristiques del projecte.

Modalitat de cofinangament Modalitat d'ajuts especifics 0

—> NOMDE L'ENTITAT  Robert Bosch GmbH - CIF
— REPRESENTANT LEGAL DE L'ENTITAT Wolfgang Volz
> RESPONSABLE DEL PROJECTE A LENTITAT (TUTOR/A)  Stephan Strahl

- ADREGCA ELECTRONICA > TELEFON

- ADREGA DEL CENTRE DE TREBALL ON ES DESENVOLUPARA PARCIALMENT EL PROJECTE
Robert-Bosch-Campus 1

- CODIPOSTAL 71272 - POBLACIO Renningen (Germany) > PAGINAWEB  www.bosch.com
- BREU PRESENTACIO DE L'ENTITAT

The Bosch Group is a leading global supplier of technology and services. It employs roughly 421,000 associates worldwide (as of December 31, 2022).
The company generated sales of 88.2 billion euros in 2022. Its operations are divided into four business sectors: Mobility, Industrial Technology,
Consumer Goods, and Energy and Building Technology. As a leading 10T provider, Bosch offers innovative solutions for smart homes, Industry 4.0,
and connected mobility. Bosch is pursuing a vision of mobility that is sustainable, safe, and exciting. It uses its expertise in sensor technology,
software, and services, as well as its own 10T cloud, to offer its customers connected, cross-domain solutions from a single source. The Bosch
Group'’s strategic objective is to facilitate connected living with products and solutions that either contain artificial intelligence (Al) or have been
developed or manufactured with its help. Bosch improves quality of life worldwide with products and services that are innovative and spark
enthusiasm. In short, Bosch creates technology that is “Invented for life.”
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Breuresum del projecte de recerca, que indiqui si hi ha altres entitats o centres participants, amb 'extensié maxima del requadre,
mitjancant el qual el candidat puguiidentificar si es tracta d'un projecte del seuinterés.

The PhD project called "Optimization and control of multiple fuel cell systems" aims to contribute to the decarbonization of heavy-duty transportation
through research on optimal operating strategies for commercial fuel cell vehicles.
The work is being jointly supervised by the "Institut de Robodtica i Informatica Industrial” of UPC Barcelona and by Robert Bosch GmbH.

In literature, many operating strategies exist for the energy management of FCEVs, mostly focusing on the power distribution between FCS and
battery [1]. These approaches can be optimization-based, rule-based, or flatness-based.

There also exist a variety of approaches of operating a single fuel cell system optimally (mainly preventing reactant starvation) including classical
feedback control, adaptive control, flatness-based approaches, MPC, neural networks and fuzzy logic [2].

An earlier dissertation showed the potential of optimizing the operating strategy over several system levels [3]. However, there are still several
research gaps in this area.

The use of multiple fuel cell systems in heavy-duty applications offers additional degrees of freedom for the operating strategy. There exist several
approaches in literature to distribute the power between the FCS, however most of them are simple rule-based approaches or use stationary
optimization [4].

A multi-objective optimization strategy that coordinates optimal operation across the described system levels is not yet present in the literature.

Research questions:

- Which control engineering approaches are suitable for a multi-stack or multi-system?

- Which control architectures are suitable for designing operating strategies across
multiple system levels characterized by different time-scales?

- How can an adaptation of operating strategies to varying operating conditions (e.g.,
environment, system degradation) be achieved?

- How generic are the investigated operational strategy approaches with respect to varying
system topologies? Which methods are particularly suitable to be applicable to different
system designs with little adjustment effort?

- How can optimization-based operating strategies for multi-stack systems be implemented
in real time?

Based on literature research, the available system knowledge and the available models, different solution approaches are to be compared and
evaluated according to criteria such as control performance, computational complexity, robustness and genericness in terms of system design.

The best concepts are to be implemented and investigated in more detail by means of simulation. For this purpose, the necessary tool chains and
models are to be created.

For the development of the general concept, a representative selection of the relevant influencing parameters and their variance, such as use cases,
the topologies, the system design, the optimization objectives, and the operating conditions, shall be defined and agreed upon.

The developed concept is to be implemented exemplarily on a multi-FC system at a test bench.

Due to the complexity of the subject and the many influencing parameters, a modular design of the tool chains and models, a structured working
method, ongoing documentation and effective communication between the parties involved are important.

[1] M. Yue, S. Jemei, R. Gouriveau, and N. Zerhouni, “Review on health-conscious energy management strategies for fuel cell hybrid electric vehicles:
Degradation models and strategies,” International Journal of Hydrogen Energy, vol. 44, no. 13, pp. 6844-6861, Mar. 2019.

[2] W. R. W. Daud, R. E. Rosli, E. H. Majlan, S. A. A. Hamid, R. Mohamed, and T. Husaini, “PEM fuel cell system control: A review,” Renewable Energy,
vol. 113, pp. 620-638, Dec. 2017.

[3] S. Hahn, Modellbasierte Betriebsstrategie fiir PEM-Brennstoffzellensysteme. Wiesbaden: Springer Fachmedien Wiesbaden, 2023.

[4] S. Zhou et al., “A review on proton exchange membrane multi-stack fuel cell systems: architecture, performance, and power management,”
Applied Energy, vol. 310, p. 118555, Mar. 2022.
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Descripcid dels requisits minims i valorables, quant a titulacid, idiomes i experiéncia, que seran més valorats en els candidats.
Entots els apartats cal fer referéncia a si és un requisit minim o valorable.

- TITULACIO® (GRAU, O EQUIVALENT (LLICENCIATURA, ENGINYERIA SUPERIOR | ARQUITECTURA), | MASTER UNIVERSITARI)
Bachelor's and master's degree in mechanical engineering or equivalent.

*Requisits per a'admissid al doctorat: vegeu l'apartat corresponent a les preguntes més freqiients dels estudiants de doctorat (FAQ)
delweb del Pla de Doctorats Industrials.

- IDIOMES - EXPERIENCIA PROFESSIONAL D'INTERES
English - Completed thesis or project in optimal control.
German - Expertise in the field of model predictive control.
- Experience and expertise in the field of fuel cell systems.
- Proficient in building simulation models and running simulations.
—> ALTRES

L’ element essencial del Pla de Doctorats Industrials és un projecte de doctorat industrial, és a dir, un projecte de recerca estratégic
d'una empresa, on el doctorand/a desenvolupara la seva formacid investigadora, en col-laboracié amb un organisme de recerca, i que
seraobjecte d’'una tesi doctoral.

La Generalitat de Catalunya dona suport economic a aquests projectes mitjangant 2 modalitats, ateses algunes caracteristiques en
Uexecucid del projecte:

a. Projectes de doctorat industrial cofinangats per la Generalitat de Catalunya.
b. Projectes de doctorat industrial amb ajut especific.

e Latesidoctoral es desenvolupara en el marc d'un convenide col-laboracié entre U'entitat o entitats de l'entorn empresariali l'entitat o
entitats de l'entorn académic (sempre ha d’haver-hi una universitat catalana), que ha de ser vigent durant els 3 anys de durada del
periode d’execucié del projecte.

e Eldoctorand/a disposara d’un director/a de tesi vinculat l'organisme de recerca sol-licitant i d'una persona responsable designada
per l'empresasollicitant (tutor/a).

o Laseleccid de la persona candidata es realitzara conjuntament entre les parts signants del conveni de col-laboracié. En tot cas, la
persona candidata ha de ser acceptada i admesa en el programa de doctorat de la universitat corresponent.

e Lapersona candidata ha de tenir una nota mitjana de lexpedient académic igual o superior a 6,5 (escala 0 a10), calculada sobre el
total de crédits dels estudis superiors que donen accés als estudis oficials de doctorat.

e Eldirector/ade tesihade formar part d'un grup de recerca reconegut (SGR) vigent de la Generalitat de Catalunya o bé ser
investigador/a del programa ICREA o haver obtingut finangament del Consell Europeu de Recerca (ERC).

e Ladedicacié del doctorand/a al projecte de recerca es distribuira entre els dos entorns.

o Eldoctorand/a participara en programes formatius en competéncies especifiques relacionades amb el lideratge, la coordinacidila
gestid de projectes d'R+D+l; latransferéncia de resultats de recerca; el desenvolupament de noves empreses, i la propietat
intel-lectualiindustrial, entre altres materies rellevants.

e Eldoctorand/a disposara d’'unaassignacié anual (borsa del doctorand/a) financada per la Generalitat de Catalunya i acumulable per
un periode de 3 anys. La finalitat és cobrir les despeses de matricula, mobilitat, formacid i publicaci6 d’articles del doctorand/a.

o Totes les tesis llegides en el marc del Pla de doctorats industrials rebran lamencié de doctorat industrial. Els tutors i tutores a
Uentorn empresarial, aixi com els directors i directores de tesi participants rebran un reconeixement per la seva participacio al Pla.
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DADES DE LA PERSONA SOL-LICITANT

—> NOM|COGNOMS DE L'ESTUDIANT > NIF
- ADREGA DE LA RESIDENCIA HABITUAL
—> CODI POSTAL - POBLACIO - TELEFON

- ADREGA ELECTRONICA

PERFIL DEL CANDIDAT/A
- TITULACIO: GRAU 0 EQUIVALENT (LLICENCIATURA, ENGINYERIA SUPERIOR | ARQUITECTURA), | MASTER UNIVERSITARI.

- NOMBRE DE CREDITS (ECTS) del >NOTA MITJANA DE
GRAU 0 EQUIVALENT L'EXPEDIENT (EscALA1a10)
- NOMBRE DE CREDITS (ECTS) del —->NOTA MITJANA DE
MASTER UNIVERSITARI L'EXPEDIENT (ESCALA 1a 10)
— IDIOMES. EN EL CAS DE DISPOSAR D'UN CERTIFICAT - EXPERIENCIA PROFESSIONAL

ACREDITATIU, CAL ESPECIFICAR-HO AMB LA DATA D'OBTENCIO.

- ALTRES DADES D'INTERES RELLEVANTS PER AL PROJECTE
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A EMPLENAR PEL CANDIDAT/A

Espaiperincloure lesmotivacionsilinterés personalen el projecte, amb l'extensié maxima del requadre.

PROTECCIO DE DADES DE CARACTER PERSONAL

En complimentar el present formulari, autoritza i dona el seu consentiment per al tractament de les dades personals facilitades en els termes segiients:

Responsable. AGAUR - CIF Q0801117C - Passeig Lluis Companys 23, 08010, Barcelona - T. 93 310 63 94 - lopd.agaur@gencat.cat.

Delegat de Proteccié de Dades. agaur@dpo.microlabhard.es

Finalitat. La finalitat de la recollida de les dades és fer arribar la seva candidatura a l'empresa i Universitat/organisme de recerca impulsors del projecte de recerca al qual s'hagi inscrit per si, s'escau, gestionar la sol-licitud d'ajut en el marc
del Pla de Doctorats Industrials (en endavant, Pla DI), de conformitat amb el Reglament (UE) 2016/679 del Parlament Europeu relatiu a la proteccié de dades de caracter personal i la Llei Organica 3/2018, de 5 de desembre, de proteccié de

dades personals i garantia dels drets digitals.

Base Legal. El compliment d’una missi6 realitzada en interés public, U'exercici de poders piblics conferit al R ble o el i 1t d’una obli

i6 legal o; el i de linteressat en el cas de sollicitar-lo, consentiment que
podra ser retirat en qualsevol moment.

Conservacid de les dades. Les seves dades es conservaran mentre siguin necessaries per gestionar la convocatoria corresponent, i un cop tancada, es conservaran d'acord amb els terminis establerts a la normativa d’arxius aplicable. El
Responsable, certifica haver implementat les mesures técniques i organitzatives recollides al Reglament (UE) 2016/679, per tal de garantir la seguretat i integritat de les dades de caracter personal incloses als fitxers i evitar la seva
alteraci6, pérdua i tractament o accés no autoritzats.

Drets. En qualsevol moment, vosté pot exercir els drets d’accés, rectificacio, supressid, oposicid, limitacié del tractament de les seves dades, o exercir el dret a la portabilitat de les mateixes. Tot aixd, mitjangant escrit, acompanyat de copia

de document oficial que l'identifiqui, adregat a 'AGAUR o al Delegat de Proteccié de Dades. En cas de di mitat amb el tr , també té el dret de presentar una reclamacié davant 'Autoritat Catalana de Proteccié de Dades.

Destinataris. Empresa i universitat/or i de recercai s del Projecte de Recerca per a la valoracid de la candidatura, Departament de Recerca i Universitats (REU) i Consorci de Serveis Universitaris de Catalunya (CSUC) amb la

finalitat de participar i assessorar en la seleccid de les entitats i candidats, coordinar i promocionar conjuntament el programa amb UAGAUR. Igualment, les dades podran ser comunicades a 'empresa on desenvolupi les seves funcions i a la

universitat amb la finalitat de seleccionar el candidat.

Dataisignatura de linteressat/da.

BLOQUEJAR

doctorats.industrials.recerca@gencat.cat -doctoratsindustrials.gencat.cat

Enviamentelectronicd'unacopia signadaala bistia de correu del Pla de Doctorats Industrials:doctorats.industrials.recerca@gencat.cat
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In literature, many operating strategies exist for the energy management of FCEVs, mostly focusing on the power distribution between FCS and battery [1]. These approaches can be optimization-based, rule-based, or flatness-based.
There also exist a variety of approaches of operating a single fuel cell system optimally  (mainly preventing reactant starvation) including classical feedback control, adaptive control, flatness-based approaches, MPC, neural networks and fuzzy logic [2]. 
An earlier dissertation showed the potential of optimizing the operating strategy over several system levels [3]. However, there are still several research gaps in this area. 
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Research questions:
- Which control engineering approaches are suitable for a multi-stack or multi-system? 
- Which control architectures are suitable for designing operating strategies across
  multiple system levels characterized by different time-scales?  
- How can an adaptation of operating strategies to varying operating conditions (e.g.,
  environment, system degradation) be achieved? 
- How generic are the investigated operational strategy approaches with respect to varying
  system topologies? Which methods are particularly suitable to be applicable to different
  system designs with little adjustment effort?
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  in real time? 

Based on literature research, the available system knowledge and the available models, different solution approaches are to be compared and evaluated according to criteria such as control performance, computational complexity, robustness and genericness in terms of system design. 
The best concepts are to be implemented and investigated in more detail by means of simulation. For this purpose, the necessary tool chains and models are to be created. 
For the development of the general concept, a representative selection of the relevant influencing parameters and their variance, such as use cases, the topologies, the system design, the optimization objectives, and the operating conditions, shall be defined and agreed upon. 
The developed concept is to be implemented exemplarily on a multi-FC system at a test bench. 
Due to the complexity of the subject and the many influencing parameters, a modular design of the tool chains and models, a structured working method, ongoing documentation and effective communication between the parties involved are important. 
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