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	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Ogniwa paliwowe i produkcja wodoru 

	Name in English 
	Fuel Cell And Technology of Hydrogen Production 

	Main field of study
	Power Engineering

	Specialization 
	Power Engineering and Air Protection, 

Renewable Sources of Energy (pl)

	Level and form of studies 
	2nd level, full-time 

	Kind of subject 
	optional-specialization

	Subject code 
	ESN 0570

	Group of courses
	No


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in university (ZZU)
	30
	
	15
	
	

	Number of hours of total student workload (CNPS)
	60
	
	30
	
	

	Form of crediting
	crediting with grade
	
	crediting with grade
	
	

	For group of courses mark (X) final course
	
	
	
	
	

	Number of ECTS points
	2
	
	1
	
	

	including number of ECTS points for practical (P) classes 
	0
	
	1
	
	

	including number of ECTS points for direct teacher-student contact (BK) classes
	1
	
	0.75
	
	


	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES 

Thermodynamics, physics, chemistry – in the level of high school



	SUBJECT OBJECTIVES
C1 - Introduction to the principle of fuel cells - basic electrochemistry
C2 - Getting to Know with the classification and general characteristics of the fuel cell and
of design solutions, general construction and operation of fuel cells, and getting to know the purpose of different types of fuel cells
C3 - Experience with current technologies for hydrogen production and characterization of hydrogen.
C4 - Discover the latest developments in the application of fuel cells for transportation and energy production systems integrated with fuel cells.
C5 - Education skills to determine the efficiency of the fuel cell and hydrogen production by electrolysis.
 


	SUBJECT EDUCATIONAL EFFECTS 
relating to knowledge:

PEK_W01 - describe the general classification of fuel cells and their applications
PEK_W02 - explain the operation of the hydrogen PEM cells
PEK_W03 - explain the basic operation the cell units methanol and alkali define the key parameters that characterize their work,
PEK_W04 - describe the construction and operation of ceramic SOFC fuel cells and their use in systems ,
PEK_W05 - characterize and describe technologies for hydrogen production,
PEK_W06 - describe the hydrogen storage technology.
relating to skills:

Following the course, the student should be able to:
PEK_U01 - perform basic measurements of current and voltage and the power of the fuel cell and calculate the efficiency
PEK_U02 - known measurement techniques used to calculate the efficiency of the cell and hydrogen production efficiencyPEK_U02


	PROGRAMME CONTENT 

	Form of classes - lecture 
	Number

 of hours


	Lec1
	Hydrogen Fuel Cells – Basic Principles
	2

	Lec2
	Efficiency and Open Circuit Voltage Energy and the EMF of the Hydrogen Fuel Cell 
	2

	Lec3
	Fuel Cell Types 
	2

	Lec4
	Proton Exchange Membrane Fuel Cells
	2

	Lec5
	Alkaline Electrolyte Fuel Cells
	2

	Lec6
	Direct Methanol Fuel Cells 
	2

	Lec7
	Medium and High Temperature Fuel Cells
	2

	Lec8
	The Solid Oxide Fuel Cell 
	2

	Lec9
	Fuelling Fuel Cells and The Basics of Fuel Processing
	2

	Lec10
	Production of hydrogen from raw natural fuel
	2

	Lec11
	Practical Fuel Processing – Stationary Applications
	2

	Lec12
	Application of fuel cells for transport 
	2

	Lec13
	Biological Production of Hydrogen- 

Photosynthesis ,Hydrogen Production by Digestion Processes 
	2

	Lec14
	Hydrogen Storage.  
	2

	Lec15
	Fuel Cell Systems Analyzed
	2

	
	total
	30

	Form of classes - laboratory
	Number

 of hours


	Lab1
	Electrolysis- efficiency hydrogen production
	2

	Lab2
	Gasification of solid fuel - to assess the degree of fuel conversion to hydrogen
	2

	Lab3
	Advanced Gasification of solid fuel with CO2 capture - rate for the conversion of hydrogen
	2

	Lab4
	NEXA 1.2 kW PEM cell performance testing-, depending on the parameters of the hydrogen inlet
	2

	Lab5
	The test of PEM fuel cell- NEXA depending on the stream of hydrogen and oxygen at the inlet 
	2

	Lab6
	Examination of the hydrogen storage capacity with  metal hydrides
	2

	Lab7
	Test the efficiency of evolution of hydrogen from  metal hydrides depending on the temperature
	2

	Lab8
	Final tests .
	2

	
	Total
	16


	TEACHING TOOLS USED 

	N1. Lecture:
- Traditional lecture using multimedia presentation.
- Individual work - self-study and exam preparation
N2. Laboratory:
- Exercises on bench tests;
- Short written tests;
- Individual work - preparation for laboratory and test reports.
N3. Consultation



EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- lecture
	Evaluation 

(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	F1
	PEK_W01÷PEK_W06
	.
colloquium 

	C


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT-laboratory
	Evaluation 

(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	C
	PEK_U01, PEK_U02
	Reports 


	PRIMARY AND SECONDARY LITERATURE 

	PRIMARY LITERATURE :
[1] Fuel Cell Systems Explained  Second Edition James Larminie Oxford Brookes University, UK Andrew Dicks , JW. 2003.

[2] Ryan O'Hayre, Whitney Colella, Suk-Won Cha, Fritz B. Prinz ,Fuel Cell Fundamentals,Wiley, John & Sons, Incorporated, 2009

[3] Chmielniak Tadeusz ,Technologie Energetyczne, Wydawnictwa Naukowo-Techniczne (WNT),  2008

[4] Lewandowski W.M , Proekologiczne Odnawialne Źródła Energii, Wydawnictwa Naukowo-Techniczne (WNT),  2010 (wyd. IV)

[5] Andrzej Czerwiński , Akumulatory, baterie, ogniwa, WKiŁ (Wydawnictwa Komunikacji i Łączności),  2005

SECONDARY LITERATURE:
[1] Ogniwa paliwowe Nowe kierunki rozwoju, Drulis Henryk. Red., Wydawnictwo Uniwersytetu Wrocławskiego, 2005

[2] Laszlo Redey, Ogniwa Paliwowe,  Wydawnictwa Naukowo-Techniczne,1973

[3] www.ogniwa-paliwowe.info



	SUBJECT SUPERVISOR (NAME AND SURNAME, E-MAIL ADDRESS) 

	Halina Pawlak-Kruczek, halina.kruczek@pwr.wroc.pl


MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
Ogniwa paliwowe i produkcja wodoru
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY Power Engineering.
AND SPECIALIZATION Renewable Sources of Energy (pl), 

                                             Power Engineering and Air Protection
	Subject educational effect
	Correlation between subject educational effect and educational effects defined for 

main field of study/ specialization 
	Subject objectives
	Programme content
	Teaching tool number

	PEK_W01
	S2OZE_W02

S2ENA_W05
	C1
	Lec1
	N1, N3

	PEK_W02

PEK_W03
	
	C2
	Lec2÷Lec10
	

	PEK_W01

PEK_W04
	
	C2
	Lec11÷Lec13
	

	PEK_W05
	
	C3
	Lec14
	

	PEK_W05

PEK_W06
	
	C4
	Lec15
	

	PEK_U01
	S2OZE_U03

S2ENA_U05
	C5
	Lab2-3
	N2, N3

	PEK_U02
	
	C5
	Lab 1-6
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