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Appendix: detailed overview of IIEP (syllabus)

Basic information
	Course name 
	Metrology, sensors, and microgenerators in context of clean energy-based power systems

	Coordinating faculty 
	W5

	Coordinator
	dr inż. Krystian Krawczyk




Learning effects
	Qualification name
	Learning effects
	EQF level

	Knowledge

	[bookmark: _GoBack](1) Sensor selection and calibration with uncertain measurements in clean energy based power systems.
	Characterizes topics in metrology of electric and nonelectric systems, interference in measurements and international norms for uncertain experimental data.
	VI

	(2) Analysis of dynamic microgeneration characteristics
	· Characterizes the design and working principles, as well as selection criteria for sensors and microgenerators (piezo- and thermoelectric), as well as their uses in IoT, wearables and smart cities, with consideration of economic aspects. 
	VI

	Abilities

	(3) Interpretation of sensor and microgenerator data in clean energy based power systems.
	· Interprets measurement data for clean energy based power systems.
	VI

	Social qualifications

	
	
	



Course content
	  Teaching content of the IIEP

	0. Topic
	0. Time 

	1.
	Fundamentals of Metrology and Electrical Measurements.
	3

	2.
	Type A and Type B uncertainty, uncertainty of indirect measurements.
	3

	3.
	The influence of external factors and disturbances on measurement results.
	3

	4.
	The aspects of contact and non-contact temperature measurements.
	3

	5.
	Aspects of rotational speed, distance, and light intensity measurements.
	3

	6.
	Fundamentals of sensors and microgenerators in intelligent systems
	3

	7.
	Piezoelectric microgenerators – operating principles and applications
	3

	8.
	Thermoelectric microgenerators – operating principles and applications
	3

	9.
	Sensors in IoT Systems and wearable devices – design, parameters, and selection criteria
	3

	10.
	Technical and economic aspects of integrating transducers with existing power systems
	3

	
	Total teaching hours
	30





Teaching methods
Lecture, discussion, inverted class, case study	
Student worktime requirements
Contact hours: 30h
Own work: 5h
Total worktime requirement: 35h
ECTS points equivalent: 1
European Qualification Framework level: VI
Verification method
Exam – multiple choice test online.
Teaching material - references
Main positions
 
· Evaluation of measurement data — Guide to the expression of uncertainty in measurement, JCGM 100:2008(E), DOI: 10.59161/JCGM100-2008E
· Electrical Testing and Measurement Handbook Vol. 7,  ISBN-978-0-9782763-2-4, The Electricity Forum 2007
· Keithley, Low Level Measurements Handbook - 7th Edition, https://download.tek.com/document/LowLevelHandbook_7Ed.pdf
· Rafael Vargas-Bernal and Roberto Palma Guerrero , Novel Applications of Piezoelectric and Thermoelectric Materials, IntechOpen 2024, London https://link.springer.com/rwe/10.1007/978-981-95-2947-6_85
· Smart Sensor Technologies for IoT, Edited by Peter Brida Ondrej KrejcarAli Selamat, Attila Kertesz, 2021, MDPI
· https://mdpi-res.com/bookfiles/book/4577/Smart_Sensor_Technologies_for_IoT.pdf?v=1780880710
	 
Additional positions
· Labfacility, Temperature handbook, www.labfacility.co.uk
· https://piezo.com/pages/piezo-education
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