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REQUIREMENTS

Engineering Bachelor, especially Industrial Engineering, Mechanic Engineering, Electric Engineering, Chemical Engineering or
Engineering of Energy

DEGREE COMPETENCES TO WHICH THE SUBJECT CONTRIBUTES

Specific:

CEAU 1. (ENG) Realitzar models d'enginyeria, aplicar metodes innovadors en la resolucié de problemes i aplicacions informatiques
adequades, per al disseny, simulacio, optimitzacid i control de processos i sistemes.

CEAU 3. (ENG) Explicar I'arquitectura d'un vehicle d'automocié, el seu comportament, les seves parts i els sistemes que I'integren.
CEAU12. (ENG) Dissenyar sistemes i components per a vehicles hibrids i eléctrics, aixi com infraestructures necessaries per a la
recarrega dels vehicles eléctrics (compoténcia especifica de I'especialitat Electromobilitat).

CEAU14. (ENG) Seleccionar i utilitzar les eines adequades per dissenyar elements d'automocid en resposta a les especificacions
técniques donades.

Generical:

CGAU 2. Conceive, design, calculate and design processes, equipment, facilities and plants related to the design and manufacture of
vehicles and their systems

CGAU10. Adapt to changes, being able to apply new and advanced technologies and other relevant processes, initiative and
entrepreneurship

Transversal:

CTAU2. (ENG) SOSTENIBILITAT I COMPROMIS SOCIAL: Conéixer i comprendre la complexitat dels fendmens econdmics i socials tipics
de la socitat del benestar; tenir capacitat per relacionar el benestar amb la globalitzacié i la sostenibilitat; aconseguir habilitats per
usar de forma equilibrada i compatible la técnica, la tecnologia, I'economia i la sostenibilitat.

CTAU4. (ENG) US SOLVENT DELS RECURSOS D'INFORMACIO: Gestionar I'adquisicid, I'estructuracid, I'analisi i la visualitzacié de dades
i informacions en I'ambit d'especialitat i valorar de forma critica els resultats d'aquesta gestid.

CTAUS. (ENG) US SOLVENT DELS RECURSOS D'INFORMACIO: Gestionar I'adquisicid, I'estructuracid, I'analisi i la visualitzacié de dades
i informacions en I'ambit d'especialitat i valorar de forma critica els resultats d'aquesta gestio.

Basic:

CB 6. (ENG) Tenir i comprendre coneixements que aportin una base o oportunitat de ser originals en el desenvolupament i/o aplicacio
d'idees, sovint en un context d'investigacio

CB 8. (ENG) Que els estudiants siguin capacos de d'integrar coneixements i enfrentar-se a la complexitat de formular judicis a partir
d'una informacié que, essent incompleta o limitada, inclogui reflexions sobre les responsabilitats socials i etiques vinculades a
I'aplicacié del seus conexicements i judicis.
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TEACHING METHODOLOGY

There are two kind of lessons:

- Theory lessons

- Practical lessons

Theory lessons will combine theory and problems of the hydrogen fuel cells fundamentals as well as the description of the technology
state of the art and a view of the market options. The practical lessons are divided into laboratory sessions and informatics classroom
sessions. The laboratory sessions consist in the realization of simple experimental tasks at the fuel cell laboratory. The informatics
classroom sessions consist in modeling and simulation activities.

LEARNING OBJECTIVES OF THE SUBJECT

Competences provided by the subject:

- Global vision of the hydrogen in transportation
- Fundamentals of hydrogen Fuel Cells

- Fuel cell systems operation and control

- Fuel cell vehicles design and integration

- Fuel cell systems modeling

STUDY LOAD
Type Hours Percentage
Hours large group 27,0 24.00
Hours small group 13,5 12.00
Self study 72,0 64.00

Total learning time: 112.5h

CONTENTS

Fuel Cells

Description:

1. Hydrogen economy

1.1 Hydrogen use motivation

1.2 Hydrogen as an energy vector
1.3 Hydrogen economy schemes

2. Fuel cells introduction, types and applications

2.1 Fuel cell principles

2.2 Fuel cell types

2.3 Fuel cell applications: portable, stationary, transportation

3. PEM fuel cells: structure and components
3.1 PEM fuel cells introduction

3.2 PEM fuel cells components

3.3 PEM fuel cells stacks

4. PEM fuel cell thermodynamics

4.1 Hydrogen fuel cell thermodynamics
4.2 PEM fuel cell polarization curve

4.3 PEM fuel cell reaction kinetics

5. PEM fuel cell Balance of Plant
5.1 Cathode subsystem
5.2 Anode subsystem
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5.3 Thermal management subsystem
5.4 Power conditioning

6. PEM fuel cell system operation and control
6.1 Control strategies

6.2 Automatic control instrumentation

6.3 Fuel cell modelling and characterization

7. Fuel cell road vehicles

7.1 Fuel cell vehicles description. Market examples
7.2 Hybrid power supply

7.3 Hydrogen storage

8. Infrastructure for hydrogen fuel cell vehicles
8.1 Hydrogen pipelines and hydrogen transport
8.2 Charging stations

8.3 Current infrastructures around the world

Specific objectives:

- Hydrogen and fuel cells within the context of the climate actions towards decarbonization. The future of transportation.
- Basic knowledge of fuel cells, deepening in PEM technology.

- Design and analysis of hydrogen fuel cell systems. Fuel cell systems modelling and characterization.

- Balance of plant for the operation and control of hydrogen fuel cell systems.

- Fuel cell systems in transportation applications. Hybridization of fuel cell electric vehicles.

Related activities:

PRACTICAL SESSIONS

There are two types of practical sessions: laboratory sessions, and informatics classroom sessions. In the laboratory sessions (L1
and L2), students will analyse disassembled units and operate fuel cell systems. In the informatic classroom sessions (IC1, IC2
and IC3), students will develop and run fuel cell simulation models. The laboratory sessions will take place at the Fuel Cell
Laboratory of the Institut de Robotica i Informatica Industrial.

The content of the practical sessions is the following:

IC1. PEM fuel cell stack modelling and simulation in MATLAB-Simulink.

L1. Laboratory introduction. Disassembled fuel cell analysis. Fuel cell system Balance of Plant components.

IC2. PEM fuel cell system modelling and simulation in MATLAB-Simulink.

L2. Software and hardware for fuel cell systems operation and control: sensors, actuators, data acquisition system, control law
programming. Polarization curve. Electrochemical Impedance Spectroscopy characterisation.

IC3. PEM fuel cell vehicle modelling and simulation in MATLAB-Simulink.

Related competencies :

CB 6. (ENG) Tenir i comprendre coneixements que aportin una base o oportunitat de ser originals en el desenvolupament i/o
aplicacio d'idees, sovint en un context d'investigacio

CB 8. (ENG) Que els estudiants siguin capagos de d'integrar coneixements i enfrentar-se a la complexitat de formular judicis a
partir d'una informacié que, essent incompleta o limitada, inclogui reflexions sobre les responsabilitats socials i étiques vinculades
a l'aplicacié del seus conexicements i judicis.

CEAU14. (ENG) Seleccionar i utilitzar les eines adequades per dissenyar elements d'automocié en resposta a les especificacions
tecniques donades.

CEAU 1. (ENG) Realitzar models d'enginyeria, aplicar metodes innovadors en la resolucié de problemes i aplicacions informatiques
adequades, per al disseny, simulacio, optimitzacid i control de processos i sistemes.

CEAU12. (ENG) Dissenyar sistemes i components per a vehicles hibrids i eléctrics, aixi com infraestructures necessaries per a la
recarrega dels vehicles eléctrics (compoténcia especifica de I'especialitat Electromobilitat).

CEAU 3. (ENG) Explicar I'arquitectura d'un vehicle d'automocio, el seu comportament, les seves parts i els sistemes que
l'integren.

CGAU10. Adapt to changes, being able to apply new and advanced technologies and other relevant processes, initiative and
entrepreneurship

CGAU 2. Conceive, design, calculate and design processes, equipment, facilities and plants related to the design and manufacture
of vehicles and their systems

CTAUS. (ENG) US SOLVENT DELS RECURSOS D'INFORMACIO: Gestionar I'adquisicio, I'estructuracid, I'analisi i la visualitzacié de
dades i informacions en I'ambit d'especialitat i valorar de forma critica els resultats d'aquesta gestio.

CTAU4. (ENG) US SOLVENT DELS RECURSOS D'INFORMACIO: Gestionar I'adquisicid, I'estructuracié, I'analisi i la visualitzacié de
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dades i informacions en I'ambit d'especialitat i valorar de forma critica els resultats d'aquesta gestio.

CTAU2. (ENG) SOSTENIBILITAT I COMPROMIS SOCIAL: Congixer i comprendre la complexitat dels fenomens economics i socials
tipics de la socitat del benestar; tenir capacitat per relacionar el benestar amb la globalitzacio i la sostenibilitat; aconseguir
habilitats per usar de forma equilibrada i compatible la técnica, la tecnologia, I'economia i la sostenibilitat.

Full-or-part-time: 112h 30m
Theory classes: 30h 30m
Laboratory classes: 10h

Self study : 72h

GRADING SYSTEM

Ordinary assessment
There are four marks during the course.

- Partial Exam. It is an exam consisting of conceptual questions and/or short problems. The exam subject includes all the matter seen
up to the exam date. For the exam resolution, students can have a personal double-sided DIN A4 with formulas and one calculator.
The mark of this exam is Npe.

- Practical Works Deliveries. They are individual reports of the results obtained during the practical sessions. The mark of these
deliveries is Npwd, and it is the mean of the marks of the five practical sessions. No attendance to any of the practical sessions will be
penalized with a zero mark for this session.

- State of the Art Analysis. It is an analysis of the state of the art or a market study of one element of the hydrogen fuel cell
technology. The collected the information has to be summarized in a document with a maximum extension of 3 pages. The mark of
this work is Nsaa.

- Final Exam. It is an exam of all the course matter, consisting of conceptual questions and problems. For the exam resolution,
students can have a personal double-sided DIN A4 with formulas and one calculator. The mark of this exam is Nfe.

The final mark, Nf, is calculated as follows:

Nf = max(0,5*Nfe + 0,2*Npe + 0,15*Npwd + 0,15*Nsaa , 0,7*Nfe + 0,15*Npwd + 0,15*Nsaa)

Extraordinary assessment
The students that have failed the subject (Nf<5) can do an extraordinary exam.

- Extraordinary exam. It is an exam of all the course matter, consisting of conceptual questions and problems. For the exam
resolution, students can have a personal double-sided DIN A4 with formulas and one calculator. The mark of this exam is Nee.

For the students presented to the extraordinary exam, the final mark, Nf, is calculated as follows:

Nf = 0,7*Nee + 0,15*Npwd + 0,15*Nsaa
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