FE UM

ŠP 1. STOPNJE Energetika (UN)
22/23 in 23/24

Izbirne učne enote

	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	NAVIDEZNA OKOLJA

	Course title:
	VIRTUAL ENVIRONMENTS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	10
	20
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	GORAZD HREN

	

	Jeziki / Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	Osnove, namen in možnosti navideznih okolij na področju inženiringa, navidezna resničnost, virtualni prototipi.

Kreiranje objektov v navideznem okolju: VRML, X3D

Prenos CAD objektov v navidezno okolje. 

Vzvratni inženiring.

Metode in tehnike hitre izdelave prototipov (z dodajanjem materiala, z odvzemanjem materiala, litje, …) in njihove značilnosti.
	
	Introduction, purpose and possibilities of virtual environments in engineering, virtual reality, virtual prototyping.

Creation of objects in virtual environment: VRML, X3D

Transfering of CAD objects into virtual environment.

Reverse engineering.

Methods and techniques for rapid prototyping (adding material, cutting, casting …) and their characteristics.



	Temeljni literatura in viri / Readings:

	· M. Mihelj, D.Novak, S. Beguš: Virtual Reality Technology and Applications, Springer, 2014

· Klajnšek, G., Žalik, B.:  Standard VRML : skripta, FERI, 2002

· C. K. Chua, K. F. Leong, C. S. Lim: Rapid Prototyping: Principles and Applications, World Scientific Publishing, 2010.
· G. Hren: Navidezna okolja, prosojnice s predavanj, dostopno na moodle, 2020

· Spletni viri/Web sources

	Cilji in kompetence:
	
	Objectives and competences:

	Uporaba sodobnih digialnih naprav za nadzor in vodenje energetskih procesov in zaščito elektroenergetskih sistemov.
	
	The implementation of modern digital devices in monitoring and control of energy processes and in power protection.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Koncept zaščite in hierahičnega vodenja, Razumevanje in uporaba strojne in programske opreme.
	
	Knowledge and understanding:

Concept of protection and hierarchical control, Understanding and use of modern hardware and software.

	Prenesljive/ključne spretnosti in drugi atributi:

Programska orodja za zaščito in vodenje, signalno pogojevanje in pretvorbe.
	
	Transferable/Key Skills and other attributes:

Programming tools for protection and control, signal conditioning and coversions.



	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	predavanja, 

vaje v računalniški učilnici.
	
	lectures, 

tutorials in computer room.

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

· domače naloge,

· poročilo projekta,
· ustni izpit (e-vprašalnik)
	20

40

40
	Type (examination, oral, coursework, project):

· homework report,

· course work report,
· theoretical examination (e-kviz). 

	Reference nosilca / Lecturer's references: 

	HREN, Gorazd, PEZDEVŠEK, Marko. Research in virtual engineering = Raziskave v virtualnem inženiringu. Journal of energy technology, ISSN 1855-5748. [Tiskana izd.], may 2018, vol. 11, iss. 1, str. 49-56

HREN, Gorazd, PEZDEVŠEK, Marko, FIKE, Matej, PREDIN, Andrej. Simulacija skladišč s spletnimi tehnikami navidezne resničnosti = Warehouse simulations with web virtual reality techniques. V: FINK GRUBAČEVIĆ, Iris (ur.). Razvoj industrijskega inženiringa (RII6) = Development of industrial engineering (RII6) : priložnosti, potenciali, izzivi = oportunities, potentials, challenges : zbornik recenziranih prispevkov 6. mednarodne konference = proceedings of reviewed papers of 6th international conference : Novo mesto, april 2021. Novo mesto: Fakulteta za industrijski inženiring: = Faculty of Industrial Engineering, 2021. Str. 16-22,

SREDENŠEK, Klemen, SEME, Sebastijan, HREN, Gorazd. Static model of temperature distribution in a photovoltaic module = Statični model temperaturne porazdelitve v fotonapetostnem modulu. Journal of energy technology. 2021, vol. 14, iss. 2, str. 21-34

JAZBINŠEK, Jure, HREN, Gorazd. Methodology of immersive video application : the case study of a virtual tour = Aplikacija imerzivnih video metod : primer virtualnega ogleda. Journal of energy technology. 2021, vol. 14, iss. 4, str. 59-67

PREDIN, Andrej, FIKE, Matej, PEZDEVŠEK, Marko, HREN, Gorazd. Lost Energy of Water Spilled over Hydropower Dams. Sustainability. 2021, iss. 16, art. 9119, str. 1-17

PEZDEVŠEK, Marko, BILUŠ, Ignacijo, HREN, Gorazd. Comparison of cavitation models for the prediction of cavitation around a hydrofoil = Primerjava kavitacijskih modelov za numerično napoved kavitacije na hidrodinamičnem profilu. Journal of energy technology. [Tiskana izd.]. apr. 2021, vol. 14, iss. 1, str. 41-55




	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	LOGISTIKA 

	Course title:
	LOGISTICS 

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	15
	15
	
	
	
	
	

	

	

	Nosilec predmeta / Lecturer:
	GORAZD HREN

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· pregled oskrbnih sistemov

· oskrbne verige in globalizacija

· logistika in elementi logističnih sistemov

· transportni sistemi zunanje in notranje logistike

· skladiščenje (metode in strategije)

· komisioniranje (metode in strategije)

· embalaža in povratna logistika

· informacijska podpora logistiki
	
	· introduction to supply systems 

· supply chains overview and globalization

· logistics and elements of logistics systems

· transport systems of internal and external logistics

· warehousing (methods and strategies)

· order-picking (methods and strategies)

· packaging and reverse logistics

· information systems in logistics


	Temeljni literatura in viri / Readings:

	· G.Hren: Logistika, prosojnice s predavanj, dosopno na moodle, 2020

· Potrč, T.Lerher: Skladiščno poslovanje, Fakulteta za logistiko, Univerza v Mariboru, 2007

· G.Rak: Logistika notranjega transporta in skladiščenja, Zavod IRC, Ljubljana, 2011

· G.Ghiani, G.Laorte,R.Musmanno: Introduction to logistics systems planning and control, 2nd edition, John Wiley & Sons, 2003

· GS1 standards, www.gs1.org/standards

· E.Vatovec Krmac: Informacijska podpora logističnih procesov, Fakulteta za pomorstvo in promet, Univerza v Ljubljani, 2010

· K. Kavčič; Oskrbne verige, logistika in nabava. ZVS: Univerza v Mariboru, 2011. 

	Cilji in kompetence:
	
	Objectives and competences:

	Osnovni namen predmeta je seznaniti študente s pomenom logistike v industrijskem, družbenem in gospodarskem sistemu, še posebej pa v oskrbi energetskih procesov. 
	
	The basic purpose of the course is to acquaint the students with the meaning of logistics in industrial, social and economic system, especially in the energetics processes. 

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

· osnovnih oskrbovalnih sistemov,

· logističnih in transportnih sistemov, 

· razumevanje obratovalnih zahtev in posebnosti,

· podpora informacijskih sistemov;
	
	Knowledge and understanding:

· basic supply systems process

· logistic and transport systems,

· understanding basic demands and specialties
· IT systems support;

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	· predavanja

· vaje v računalnici
	
	· lectures

· tutorials in computer room

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

· poročilo naloge

· pisni izpit

· ustni izpit ali e-kviz
	10

45

45
	Type (examination, oral, coursework, project):

· coursework report
· written examination

· oral examination or e-quiz

	Reference nosilca / Lecturer's references: 

	HREN, Gorazd, Oskrbni sistemi, zapiski predavanj, Fakulteta za energetiko, 2014, dostopni na moodle

HREN, Gorazd, PREDIN, Andrej. Virtual warehouse simulation in Industry 4.0 scenarios. V: ZRNIĆ, Nenad Đ. (ur.), KARTNIG, Georg (ur.), BOŠNJAK, Srđan (ur.). MHCL 2017, MHCL 2017, 4th-6th October, 2017, Belg. Belgrade: Faculty of Mechanical Engineering. 2017, str. 219-244

HREN, Gorazd, PREDIN, Andrej. Evaluation of warehouse with virtual technologies. V: SINUANY-STERN, Zilla (ur.), COHEN, Yuval (ur.). ICIL 2018 : conference proceedings, 14th International Conference on Industrial Logistics, 15-17 May 2018, Beer-Sheva, Is. Beer-Sheva: Ben-Gurion University. 2018, str. 87-93

JAZBINŠEK, Jure, HREN, Gorazd. Methodology of immersive video application : the case study of a virtual tour = Aplikacija imerzivnih video metod : primer virtualnega ogleda. Journal of energy technology. [Tiskana izd.]. dec. 2021, vol. 14, iss. 4, str. 59-67

JAZBINŠEK, Jure, HREN, Gorazd. Visualization of electric energy production in Posavje in a mixed reality environment = Vizualizacija v Posavju proizvedene električne energije v okolju mešane resničnosti. Journal of energy technology. [Tiskana izd.]. nov. 2018, vol. 11, iss. 3, str. 27-35

PREDIN, Andrej (avtor, vodja projekta), HREN, Gorazd, FIKE, Matej, PEZDEVŠEK, Marko, ROGER, Andraž. Izdelava modela visokovodnega razbremenilnika in prikaz delovanja na akumulacijskem bazenu HE Brežice (MVR-AB-HEB) : končno poročilo. Krško: Fakulteta za energetiko, Inštitut za energetiko, 2019.

PREDIN, Andrej, FIKE, Matej, PEZDEVŠEK, Marko, HREN, Gorazd. Lost Energy of Water Spilled over Hydropower Dams. Sustainability. avg. 2021, iss. 16, art. 9119, str. 1-17




	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	MODELIRANJE ENERGETSKIH STROJEV IN NAPRAV

	Course title:
	MODELING OF POWER MACHINES AND DEVICES

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	5
	25
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	GORAZD HREN

	

	Jeziki / Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	Predavanja:

Podpora in vloga CAx tehnologij v življenjskem ciklu izdelka s poudarkom na procesu modeliranja.

Metode geometrijskega modeliranja teles in predstavitve modelov s teoretskimi osnovami iz računalniške grafike. 

Standardi za prenos podatkov med CAx sistemi (virtualna okolja, hitra izdelava prototipov).

Računalniške vaje

Zahtevnejše računalniško geometrijsko modeliranje volumskih teles in ploskev.

Sestavljanje sklopov z relacijami in povezovanje parametrov komponent.

Upodabljanje in fizikalne lastnosti modelov.

Kinematične analize mehanizmov.

	
	Lectures:

The role and support of the CAx technologies in product life-cycle focused on modeling process.

Geometrical modeling and model representation with theoretical background of computer graphics.

Standard data transfer between CAx applications (virtual environment, rapid prototyping).

Tutorials

Advanced computer geometrical modeling of solids and surfaces.

Creation of assemblies with relations and parts parameters coupling.

Rendering and Physical characteristic of models.

Kinematics analyses of mechanisms.




	Temeljni literatura in viri / Readings:

	G. Hren: Modeliranje strojev in naprav, prosojnice s predavanj, dosegljivo na moodle, 2020

J. Duhovnik, I. Demšar, P. Drešar: Modeliranje z značilkami na osnovi SolidWorks, Univerza v Ljubljani, Fakulteta za strojništvo, 2014

Chang, Kuang-Hua: Product design modeling using CAD/CAE, Elsevier Academic Press, 2014
Michael E. Mortemson, Geometric Modeling, Third Edition, Industrial Press, New York 2006

https://www.web3d.org/x3d/content/examples/X3dSceneAuthoringHints.html
D.Brutzman, L.Daly, Morhgan X3D: Extensible, X3D Graphics for Web Authors Kaufmann, Elsevier, 2007

Spletni viri/Web sources

	Cilji in kompetence:
	
	Objectives and competences:

	Študent pridobi znanja s področja modeliranja z uporabo CAx sistemov; modeliranje kompleksnih elementov, sestavljanja v sklope, kinematične analize mehanizmov in standarde za prenos podatkov.
	
	Student will be able to model with CAx systems: advanced modelling, assembly, kinematical analyses of mechanisms and standard data transfer.


	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Študent bo sposoben načrtovati in izdelati geometrijo zahtevnih elementov in izvesti osnovne analize.


	
	Knowledge and understanding:

Student will be able to design advanced geometrical elements and basic analyses.

	Prenesljive/ključne spretnosti in drugi atributi:

Prenos teorije na reševanje praktičnih primerov.
	
	Transferable/Key Skills and other attributes:

The ability to apply theory and solving practical examples.

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja.

Računalniške vaje.

Laboratorijske vaje.

Projekt.
	
	Lectures.

Tutorials.

Laboratory work.

Coursework.



	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt):

· poročilo računalniških in laboratorijskih vaj z zagovorom, 

· poročilo projekta,

· ustni izpit/vprašalnik(e-kviz)

OPOMBE: za pozitivni izpit mora biti vsak del pozitiven (50%)
	40

20

40


	Type (examination, oral, coursework, project):

· computer and laboratory work report with defence,

· coursework assignment report,

· oral examination/questionnaire(e-quiz).
NOTES: for a positive exam, each part must be positive (50%)


	Reference nosilca / Lecturer's references: 

	HREN, Gorazd. Modeliranje strojev in naprav, prosojnice s predavanj, dostopno na moodle, 2020

HREN, Gorazd. Numerical analysis of a wind turbine blade with different software. Tehnički vjesnik, ISSN 1848-6339, 2019, vol. 26, iss. 4, str. 1017-1022, JCR

HREN, Gorazd. Web-based environment for mechanism simulation integrated with CAD system. Engineering with computers, ISSN 0177-0667, 2010, vol. 26, no. 2, str. 137-148, JCR

HREN, Gorazd, PREDIN, Andrej. Evaluation of warehouse with virtual technologies. V: SINUANY-STERN, Zilla (ur.), COHEN, Yuval (ur.). ICIL 2018 : conference proceedings. 14th International Conference on Industrial Logistics, 15-17 May 2018, Beer-Sheva, Israel. Beer-Sheva: Ben-Gurion University, 2018.

PEZDEVŠEK, Marko, FIKE, Matej, PREDIN, Andrej, HREN, Gorazd. Influence of Numerical Mesh Type on Airfoil Aerodynamic Characteristics. V: SEME, Sebastijan (ur.), HADŽISELIMOVIĆ, Miralem (ur.), ŠTUMBERGER, Bojan (ur.). Conference proceedings. 7th Symposium on Applied Electromagnetics SAEM'2018, Podčetrtek, Slovenia, 17-20 June, 2018. 1st ed. Maribor: University of Maribor Press, 2019. Str. 251-255.

ŠTALCAR, Matej, HREN, Gorazd. Primerjava simulacij med različnimi CFD-sistemi = Comparison of simulations in different CFD systems. V: FINK GRUBAČEVIĆ, Iris (ur.). Razvoj industrijskega inženiringa (RII6): priložnosti, potenciali, izzivi: Novo mesto, 2021.

PREDIN, Andrej, FIKE, Matej, PEZDEVŠEK, Marko, HREN, Gorazd. Lost Energy of Water Spilled over Hydropower Dams. Sustainability, iss. 16, art. 9119, str. 1-17, 2021, JCR



	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	ENERGETIKA IN OKOLJSKO INŽENIRSTVO

	Course title:
	ENERGY TECHNOLOGY AND ENVIRONMENTAL ENGINEERING

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	20
	10
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	IVAN ŽAGAR

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· Zakonski predpisi s področja varstva okolja.

· Načrtovanje in prostorsko umeščanje okljskiih objektov in naprav. 

· Emisije-imisije. Nadzor onesnaževanja, monitoring

· Načrtovanje komunalne infrastrukture za odpadne vode in ravnanje  s trdnimi odpadki

· Obravnava plinskih izpustov, emisije in imisije industrije, prometa,kurišč in drugih virov.

· Obravnava nevarnih odpadkov: radioktivni odpadki, industrijski, javni sektor.Zbiranje,odstranjevanje, skladiščenje.
· Toplotno obremenjevanje oklja.
· Monitoring in načrtovanje toplotne zaščite objektov in naprav.Standardi in normativi.
· Hrup, vpliv na okolico,merjenje in zaščita. Standardi in normativi.
· Svetlobno onesnaženje. Sandardi in normativi

·  Ekonomsko vrednotenje procesov varovanja oklja,  optinizacija stroškov. Primerjava stroškov preventivnih in  sanacijskih ukrepov varovanja okolja. Koncesije izrabe naravnih virov.


	
	· Environment protection legislation

• Planning and spatial positioning of the surrounding objects and devices.

• Emissions-Imissions. Pollution control, monitoring

• Planning a municipal waste water infrastructure and handling solid waste.
· Discusiscussing gas emissions, emissions and imissions of industry, traffic, fireplaces and other sources.

· Treatment of hazardous waste: radioactive waste, 
industrial, public sector. Collection, disposal, storage.
· Heat load of the environment.
• Monitoring and planning of thermal protection of objects and devices. Standards and norms.
• Noise, environmental impact, measurement and protection. Standards and norms.
• Light pollution. Standards and norms.
• Economic valuation of escalation processes, cost optimization. Comparison of costs of preventive and remedial measures of environmental protection. Concessions of the use of natural resources.


	Temeljni literatura in viri / Readings:

	Peter H. Raven, Linda R. Berg: Environment, John Wiley and Sons, 2003, ISBN: 0471451673.

George Tchobanoglous, Franklin L. Burton: Wastewater Engineering: Treatment and Reuse, McGraw-Hill, 

2002, ISBN: 0070418780.

M.N.V.Prasad, K.Shih: Environmental Materials and Waste, Academic Press, 2016

Marquita K. Hill: Understanding Environmental Pollution, Cambridge University Press; 2004, ISBN: 

0521527260.

Paolo F. Ricci: Environmental and Health Risk Assessment and Management : Principles and Practices, 

Kluwer Academic Publishers, 2006, ISBN: 1402037759.

Peter Morris, Riki Therivel: Methods of Environmental Impact Assessment, Taylor & Francis Books Ltd, 2001, ISBN: 0415239591.


	Cilji in kompetence:
	
	Objectives and competences:

	Študenti se seznanijo z zakonskimi predpisi, standardi in normativi s področja okolja, postopki s področja načrtovanja ter ekonomskim preračunom stroškov ravnanja in odstranjevanja energetskimi odpadki.

	
	Students get acquainted with the legislation, standards and normatives from the field of environment, planning procedures and economic evaluation of costs treatment and disposal of energy waste.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

•  tehnoloških postopkov varovanja tal, voda,   

    zraka in varstvo pred hrupom

•  zakonskih predpisov, standardov in   

    normativov

•načrtovanja ustrezne infrastrukture

•  ekonomike stroškov ravnanja in   

    odstranjevanja odpadkov


	
	Knowledge and understanding:

• of technological processes of protection the   

   soil, air and protection against the noise

• of legislation, standards and normatives

•planning the appropriate infrastructure
• economics of costs treatment and disposal of waste

	Prenesljive/ključne spretnosti in drugi atributi:

• uspešno delo na okoljevarstvenih razvojno    

   raziskovalnih projektih

	
	Transferable/Key Skills and other attributes:

• effectiveness of work on the environmental   

   protection research projects

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja

Vaje

Projekt
	
	Lectures

Tutorials

Coursework

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

•
pisni izpit

•
ustni izpit

•
projekt
	40

40

20
	Type (examination, oral, coursework, project):

•
written examination

•
oral examination

•
course work

	Reference nosilca / Lecturer's references: 

	ŽAGAR, Ivan. Možnosti sofinanciranja ukrepov za doseganje podnebno-energetskih zavez iz sredstev Kohezijskega sklada EU : predavanje na seminarju Vpliv podnebno - energetskih zavez na energetiko v Sloveniji, Krško, 2. december 2009. Krško, 2009. [COBISS.SI-ID 1024009564] 

ŽAGAR, Ivan. The optimization options of water supply systems in terms of energy consumption = Možnosti optimizacije vodovodnih sistemov z vidika porabe energije. Journal of energy technology, ISSN 1855-5748. [Tiskana izd.], Nov. 2014, vol. 7, iss. 4, str. 59-76, graf. prikazi, zvd., ilustr. http://www.fe.um.si/images/jet/JET_november_2014-koncni.pdf. [COBISS.SI-ID 1024209756]

	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	TRAJNOSTNO NAČRTOVANJE OBJEKTOV

	Course title:
	SUSTAINABLE PLANNING OF OBJECTS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni /Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

Work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	20
	10
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	IVAN ŽAGAR

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· Normativn okvir trajnostnega načrtovanja (PURES). 

· Trajnostno urbano načrtovanje energetskih konceptov prostorskih enot.
· Analiza toplotnega obremenevanja okolja, objektov in naprav.
· Meritve in načrtovanje topolotne zaščite objektov in naporav.
· Trajnostni vidik optimiranja energetske učinkovitosti in drugih parametrov objektov in naprav.
· Ekonomsko vrednoteneje in optimizacija stroškov trajnostnih energetskih ukrepov.
	
	• Normative framework for sustainable  

   Planning (PURES).
• Sustainable urban planning of energy  

   concepts of spatial units.
• Analysis of the heat load of the environment,  

   facilities and devices.
• Measurements and design of topolite  

   protection of objects and effort
• Sustainable aspect of optimizing energy  

   efficiency and other parameters of facilities   

   and devices.
• Economic valuation and optimization of the  

    costs of sustainable energy measures.


	Temeljni literatura in viri / Readings:

	Barney L. Capehart, Wayne C. Turner, William J. Keneddy: Guide to Energy Manegmant, 4th edition, The Fairmont Press, 2003.

Turner W.: Energy manegment handbook, Fairmont Press, Lilburn, 2001

L.D. Danny Harvey: A handbook on low –energy buildings and district- energy systems Fundamentals, technniques and examples, Earthscan Publications Ltd, 2006

	Cilji in kompetence:
	
	Objectives and competences:

	Študenti se seznanijo z trajnostnim vidikom načrtovanja in optimalne gradnje objektov in naprav.

	
	Students get to know the sustainable aspect of planning and optimal construction of facilities and devices.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

•  pravilne izbire modelov trajnostnega  

    načrtovanja objektov in naprav

·  razumevanje optimizacije stroškov energetskih ukrepov na objektih in napravah iz vidika tajnostnega pristopa 


	
	Knowledge and understanding:

• The correct choice of sustainable models
    of planning of facilities and installations
• Understanding the optimization of the cost of  

    energy measures on facilities and devices in  

    terms of sustainable approach


	Prenesljive/ključne spretnosti in drugi atributi:

• uspešno delo na energetskih razvojno    

   raziskovalnih projektih
	
	Transferable/Key Skills and other attributes:

· successful work on energy development

       research projects


	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja

Vaje

Projekt
	
	Lectures

Tutorials

Coursework

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

•
pisni izpit

•
ustni izpit

•
projekt
	40

40

20
	Type (examination, oral, coursework, project):

•
written examination

•
oral examination

•
course work

	Reference nosilca / Lecturer's references: 

	ŽAGAR, Ivan. Možnosti sofinanciranja ukrepov za doseganje podnebno-energetskih zavez iz sredstev Kohezijskega sklada EU : predavanje na seminarju Vpliv podnebno - energetskih zavez na energetiko v Sloveniji, Krško, 2. december 2009. Krško, 2009. [COBISS.SI-ID 1024009564] 

HREN, Gorazd, ŽAGAR, Ivan. CAD mechanism simulations via web environments = Simulacije mehanizmov CAD sistemov na spletu. Journal of energy technology, Nov. 2012, vol. 5, iss. 4, str. 37-49. http://www.fe.uni-mb.si/images/stories/jet/e-jet/revija_jet_-_volume_5_-_issue_4_-_november_-_za_internet.pdf. [COBISS.SI-ID 1024118620] 

ŽAGAR, Ivan. The optimization options of water supply systems in terms of energy consumption = Možnosti optimizacije vodovodnih sistemov z vidika porabe energije. Journal of energy technology, ISSN 1855-5748. [Tiskana izd.], Nov. 2014, vol. 7, iss. 4, str. 59-76, graf. prikazi, zvd., ilustr. http://www.fe.um.si/images/jet/JET_november_2014-koncni.pdf. [COBISS.SI-ID 1024209756]

ŽAGAR, Ivan. Robno-območna integralska metoda za dinamiko tekočin laminarnega in turbulentnega toka : doktorska disertacija. Maribor: [I. Žagar], 1992. 133 str., ilustr. [COBISS.SI-ID 13232133] 


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	VODIKOVE IN METANOLOVE TEHNOLOGIJE

	Course title:
	HYDROGEN AND METHANOL TECHNOLOGIES

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	20
	10
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	JURIJ AVSEC

	

	Jeziki /Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev


	
	None

	Vsebina: 
	
	Content (Syllabus outline):

	1. Globalna ekologija in vzroki prihodnje uporabe modernih tehnologij.

2. Uvod in zgodovina nastanka vodikovih in metanolovih tehnologij.

3. Osnovna termodinamika in osnovni principi elektrokemije.

4. Pridobivanje vodika in metanola.

5. Uporaba sončne energije za pridobivanje vodika in metanola.

6. Sistemi za pretvorbo vodika in metanola v toplotno in električno energijo.

7. Tipi gorivnih celic in njihova uporaba.

8. Prednosti in slabosti gorivnih celic

9. Konstrukcija gorivnih celic.

10. Izraba vodika in metanola v motorjih in turbinah.

11. Shranjevanje in transport vodika in metanola.

12. Alternativni preostali direktni pretvorniki energije.

13. Uporaba gorivnih celic.

14. Ekonomika v vodikovih in metanolovih tehnologijah.

15. Vzdrževanje vodikovih in metanolovih tehnologij.
	
	1. Global ecology and reasons of application of modern technologies.

2. Introduction and the history of fuel cells.

3. Basic Thermodynamics and basic electrochemistry.

4. Hydrogen and methanol production.
5. The application of solar energy for hydrogen and methanol production.
6. Systems for hydrogen and methanol conversion into heat and electricity.
7. Types of fuel cells and their application.

8. Advantages and weaknesses of fuel cells.

9. Fuel cell system design.

10. The use of hydrogen in engines and turbines.

11. Hydrogen and methanol transport and storage.

12. Alternative other direct energy conversion machines.
13. Application of fuel cells.
14. Economy in hydrogen and methanol technologies.
15. Maintenance of hydrogen and methanol technologies.



	Temeljni literatura in viri / Readings:

	F. Barbir, PEM Fuel Cells, 2013, Elsevier Academic Press

R. O'Hayre, Ryan P. Fuel cell fundamentals J. Wiley & Sons, cop. 2006

S.I. Sandler, Chemical, Biochemical and Engineering Thermodynamics, Fourth Edition, 2006, Wiley.

Handbook of fuel cells, Wiley, 2005.

G. Naterer, B. Tokarz, J. Avsec, Fuel cell entropy production with ohmicheating and diffusive polarization, International Journal of Heat and Mass transfer, Vol. 49, No. 15/15, 2006.

R.B. Gupta, Hydrogen fuel, CRC, 2009.

B. Sorensen , Renewable energy, Academic Press, 2011.

B. Wiswanathan, M. Scibioh, Fuel cells, Academic Press, 2007.

P. Hoffman, Tomorows energy, 2002, MIT Press.

K. S. V. Santhanam, R.  J. Press, M. J. Miri , A. V. Bailey, G. A. Takacs, Intrduction to hydrogen technology. Eiley, 2nd edition, 2017

	Cilji in kompetence:
	
	Objectives and competences:

	· Prikazati najsodobnejše trende na področju vodikovih tehnologij in prikazati uporabo vodikovih tehnologij v inženirski praksi

· Razviti sposobnosti študentov za samostojno in       kreativno reševanje inženirskih problemov.


	
	· To show the trends in the field of hydrogen technologies and to show the application of hydrogen technologies in engineering practice

· To further develop student's capabilities of independent thinking and creative solutions of engineering problems.


	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

poznavanje osnovnih metod in fizikalnih principov
	
	Knowledge and understanding:

knowledge of basic methods and physical principles



	Prenesljive/ključne spretnosti in drugi atributi:

kombinirana uporaba različnih osnovnih znanj za reševanje inženirskih problemov;

	
	Transferable/Key skills and other attributes:

combined use of different fundamental skills for solution of engineering problems;

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	1.predavanja

2.Avditorne vaje

3. Laboratorijske vaje


	
	1.lectures

2.Auditorium exercises

3. Laboratory exercises

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

· pisni izpit (računske naloge)

· ustni izpit (teorija)

· seminarske naloge
	30

50

20
	Type (examination, oral, coursework, project):

· written exam (computational tasks ) 

· oral exam (theory)

· seminar work 

	Za opravljen izpit mora študent vsak del izpita (pisni izpit, ustni  izpit) opraviti z vsaj 50%.

Ustni izpit (lahko nadomeščen z dvema pozitivnima kolokvijema)

Pisni izpit (lahko nadomeščen z dvema pozitivnima kolokvijema)


	
	To pass the exam, the student must pass each part of the exam (written exam, oral exam) with at least 50%. 

Oral exam (can be replaced by two positive midterm test)
Written exam (can be replaced by two positive midterm test)


	Reference nosilca / Lecturer's references: 

	1. STRUŠNIK, Dušan, AVSEC, Jurij. Exergoeconomic machine-learning method of integrating a thermochemical Cu–Cl cycle in a multigeneration combined cycle gas turbine for hydrogen production. International Journal of Hydrogen Energy. [Online ed.]. 2022, vol. 47, iss. 39, str. 17121-17149, graf. prikazi. ISSN 1879-3487. 

2. NOVOSEL, Urška, ŽIVIĆ, Marija, AVSEC, Jurij. The production of electricity, heat and hydrogen with the thermal power plant in combination with alternative technologies. International Journal of Hydrogen Energy. [Online ed.]. mar. 2021, vol. 46, iss. 16, str. 10072-10081. ISSN 1879-3487. DOI: 10.1016/j.ijhydene.2020.01.253. 

3. STRUŠNIK, Dušan, AGREŽ, Marko, AVSEC, Jurij, GOLOB, Marjan. Optimisation of an old 200 MW coal-fired boiler with urea injection through the use of supervised machine learning algorithms to achieve cleaner power generation. Journal of cleaner production. [Online ed.]. mar. 2021, vol. 290, 19 str., graf. prikazi. ISSN 1879-1786. 
točke: 36.9, št. avtorjev: 4

4. NOVOSEL, Urška, AVSEC, Jurij. A review of the use of Rankine cycle systems for hydrogen production = Pregled sistemov z Rankinovim procesom za proizvodnjo vodika. Journal of energy technology. [Tiskana izd.]. sep. 2020, vol. 13, iss. 2, str. 27-36, ilustr. ISSN 1855-5748. 

5. AVSEC, Jurij, WANG, Zhaolin, NATERER, Greg F. Thermodynamic and transport properties of fluids and solids in a Cu-Cl solar hydrogen cycle. Journal of thermal analysis and calorimetry. [Print ed.]. jan. 2017, vol. 127, issue 1, str. 961-967. ISSN 1388-6150. DOI: 10.1007/s10973-016-5875-y. [COBISS.SI-ID 1024244316], 




	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	OGREVANJE Z OBNOVLJIVIMI VIRI IN INDUSTRIJSKI OGREVALNI PROCESI

	Course title:
	HEATING WITH RENEWABLE SOURCES AND INDUSTRIAL HEATING PROCESSES

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	20
	10
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	JURIJ AVSEC

	

	Jeziki /Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev
	
	None

	Vsebina: 
	
	Content (Syllabus outline):

	1. Potenciali sončne energije, biomase in geotermalne energije v svetu in v Sloveniji

2. Uporaba visokoentalpijske geotermalne energije

3. Uporaba nizkoentalpijske geotermalne energije

4. Napredni geotermalni siostemi

5. Uporaba geotermalne energije v povezavi z nizkotemperaturnimi in industrijskimi toplotnimi črpalkami

6. Geotermalne elektrarne

7. Termodinamika sončnega sevanja

8. Solarni vodni ogrevalni sistemi, Naravno cirkulacijski sistemi, sistemi s prisilno cirkulacijo

9. Kapljevinski solarni sistemi za ogrevanje

10. Kapljevinski solarni sistemi za ogrevanje

11. Solarna kogeneracija

12. Sistemi s koncentrirano sončno energijo

13. Uporaba sončne energije za hlajenje in razvlaževanje. 
14. Solarno razsoljevanje morske vode.
15. Proizvodnja vodika s sončno energijo.
16. Uporaba sončne energije v povezavi s klasičnimi elektrarnami.
17. ORC in Kalina procesi s solarno in geotermalno energijo.

18. Električni sistemi ogrevanja: uporovno ogrevanje, indukcijsko segrevanje, dielektrično segrevanje, IR segrevanje.

19. Ogrevanje z biomaso: klasično ogrevanje, piroliza, ogrevanje s sekanci in peleti, soproizvodnja toplote in elektrike. 
20. Industrijska uporaba biomase v termoelektranah.

	
	1. Potentials of geothermal and solar energy.

2. The use of high enthalpy geothermal energy.

3. The use of low enthalpy geothermal energy. 

4. Enhanced geothermal systems.
5. Low temperature and industrial heat pumps using geothermal energy.
6. Geothermal power plants.
7. Thermodynamics of solar radiation.
8. Solar water-heating systems, natural circulation systems, forced-circulation systems.

9. Liquid-based solar heating systems for buildings.
10. Solar air-heating systems.

11. Solar cogeneration systems.
12. Concentrated solar power technology

13. Solar cooling and dehumidification

14. Solar distillation of saline water

15. Hydrogen production with solar energy

16. Combination of solar technology with classic power plants.
17. Organic Rankine and Kalina processes with solar and geothermal energy.
18. Electrical heating systems: resistive heating, induction heating, dielectric heating, IR heating
19. Biomass Heating: Classical heating, pyrolysis, wood chip and pellet heating, combined heat and power. 
20. Industrial use of biomass in thermal power plants.



	Temeljni literatura in viri / Readings:

	R. Di Pippo, Geothermal Power Plants, BH, 2012.

D.Y. Goswami, Principles of Solar Engineering, CRC Press, 2012.

F. Keith, D.Y. Ghoswami,  Handbook of energy efficiency and renewable energy, CRC. 2007

F.Calise, M. Gilli, Solar hydrogen production, Academic Press, 2019

Y. Deshmukh,  Industrial Heating, CRC Press, 2005.

I. Dincer, M. Rosen, Exergy analysis of heating, refrigerating and air conditioning methods and applications, Elsevier, 2015.


	Cilji in kompetence:
	
	Objectives and competences:

	· Prikazati najsodobnejše trende na področju izkoriščanja obnovljivih virov za proizvodnjo toplote in hladu.

· Razviti sposobnosti študentov za samostojno in       kreativno reševanje inženirskih problemov.


	
	· To show the trends in the field of renewable sources for heating and cooling

· To further develop student's capabilities of independent thinking and creative solutions of engineering problems.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

poznavanje osnovnih metod in fizikalnih principov
Prenesljive/ključne spretnosti in drugi atributi:

kombinirana uporaba različnih osnovnih znanj za reševanje inženirskih problemov;

	
	Knowledge and understanding:

knowledge of basic methods and physical principles

Transferable/Key skills and other attributes combined use of different fundamental skills for solution of engineering problems;



	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	1. Predavanja 

2. Avditorne vaje

3. Laboratorijske vaje
	
	1. Lectures, 

2. Auditorium exercises

3. Laboratory exercises

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

pisni izpit (računske naloge)

ustni izpit (teorija)

seminarska naloga
	30

50

20
	Type (examination, oral, coursework, project):

written exam (computational tasks )

oral examinations (theory)

seminar work 

	Za opravljen izpit mora študent vsak del izpita (pisni izpit, ustni  izpit) opraviti z vsaj 50%.

Ustni izpit (lahko nadomeščen z dvema pozitivnima kolokvijema)

Pisni izpit (lahko nadomeščen z dvema pozitivnima kolokvijema)


	
	To pass the exam, the student must pass each part of the exam (written exam, oral exam) with at least 50%. 

Oral exam (can be replaced by two positive midterm test)
Written exam (can be replaced by two positive midterm test)


	Reference nosilca / Lecturer's references: 

	1. STRUŠNIK, Dušan, AVSEC, Jurij. Exergoeconomic machine-learning method of integrating a thermochemical Cu–Cl cycle in a multigeneration combined cycle gas turbine for hydrogen production. International Journal of Hydrogen Energy. [Online ed.]. 2022, vol. 47, iss. 39, str. 17121-17149, graf. prikazi. ISSN 1879-3487. 
2. 
2. NOVOSEL, Urška, ŽIVIĆ, Marija, AVSEC, Jurij. The production of electricity, heat and hydrogen with the thermal power plant in combination with alternative technologies. International Journal of Hydrogen Energy. [Online ed.]. mar. 2021, vol. 46, iss. 16, str. 10072-10081. ISSN 1879-3487. DOI: 10.1016/j.ijhydene.2020.01.253. 

3. STRUŠNIK, Dušan, AGREŽ, Marko, AVSEC, Jurij, GOLOB, Marjan. Optimisation of an old 200 MW coal-fired boiler with urea injection through the use of supervised machine learning algorithms to achieve cleaner power generation. Journal of cleaner production. [Online ed.]. mar. 2021, vol. 290, 19 str., graf. prikazi. ISSN 1879-1786. 
točke: 36.9, št. avtorjev: 4

4. NOVOSEL, Urška, AVSEC, Jurij. A review of the use of Rankine cycle systems for hydrogen production = Pregled sistemov z Rankinovim procesom za proizvodnjo vodika. Journal of energy technology. [Tiskana izd.]. sep. 2020, vol. 13, iss. 2, str. 27-36, ilustr. ISSN 1855-5748. 

5. AVSEC, Jurij, WANG, Zhaolin, NATERER, Greg F. Thermodynamic and transport properties of fluids and solids in a Cu-Cl solar hydrogen cycle. Journal of thermal analysis and calorimetry. [Print ed.]. jan. 2017, vol. 127, issue 1, str. 961-967. ISSN 1388-6150. DOI: 10.1007/s10973-016-5875-y. [COBISS.SI-ID 1024244316].


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	TOPLOTNE ČRPALKE IN HLADILNI STROJI

	Course title:
	HEAT PUMPS AND COOLING MACHINES

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	30
	
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	MILAN MARČIČ

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	Slovenski in angleški jezik ; Slovene and English

	
	Vaje / Tutorial:
	Slovenski in angleški jezik ; Slovene and English

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Zahtevano predhodno znanje iz matematike, mehanike in termodinamike
	
	Completed courses in the following subjects: Mathematics, Mechanics, Thermodynamics

	Vsebina: 
	
	Content (Syllabus outline):

	Vsebina predmeta obsega sledeča poglavja:

1. Hladilna sredstva.  

2. Globalno segrevanje ozračja in tanjšanje ozonske plasti.

3. Strojno hlajenje in gretje.

4. Kompresijska topotna črpalka in hladilni stroj.

5. Toplotne črpalke.

6. Izboljšave strojnega haljenja in gretja.

7. Izvedbe kompresijskih toplotnih črpalk in hladilnih strojev.

8. Kompresorji.

9. Regulacijske naprave. 


10. Sistemi toplotnih črpalk (voda-voda, zrak-voda).

11.Viri anergije za toplotne črpalke (zemeljski kolektorji, vrtine, podtalnica).
12.Vzdrževanje toplotnih črpalk.


	
	Content of the Subject:

1. Refrigerants.

2.  Global warming and reducing of ozone layer.

3.  Cooling and heating.

4.  Compression heat pump and cooling machine.

5. Heat pumps.

6. Improvements of cooling and heating cycles.

7.  Construction of compression heat pump and cooling machine.

8.  Compressors for cooling machine.

9.  Control devices for cooling machine. 

10.  Heat pump systems (water-water, air-water)

11.  Anergy source for heat pumps (earth collectors, bore hole, wells).

12. Maintance of heat pumps.


	Temeljni literatura in viri / Readings:

	John Howell, Richard Buckius, Fundamentals of Engineering Thermodynamics, McGraw-Hill Book Company,1987

Milan Marčič, Jurij Avsec, Hladilna tehnika, Fakulteta za strojništvo, Univerza v Mariboru, 2003

Faye McQuiston, Jerald Parker, Jefrey Spitler, Heating, Ventilating and Air-Conditioning, John Wiley&Sons 2000

	Cilji in kompetence:
	
	Objectives and competences:


	Vsebina predmeta obsega teorijo, konstrukcije in uporabo toplotnih črpalk in hladilnih strojev
	
	Students acquire theoretical knowledge, design and application of heat pumps cooling.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Študent si pridobi teoretično znanje o toplotnih črpalkah, konstrukciji in uporabi toplotnih črpalk ter hlajenja.
	
	Students acquire theoretical knowledge, design and application of heat pumps.

	
	
	

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	1. Avditorna predavanja, 

2. Praktično delo pri avditornih vajah
	
	1. Lectures, 

2. Practical work at tutorials

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

1. Praktični del izpita v obliki pisnega reševanja nalog.

2. Teoretični del izpita.


	40

60
	Type (examination, oral, coursework, project):

1. Written examination in the form of practical application. 

2. Theoretical examination

	Reference nosilca / Lecturer's references: 

	1. GERŠAK, Jelka, MARČIČ, Milan. The effect of clothing on thermoregulatory responses of human body in a hot environment. Journal of fiber bioengineering and informatics, ISSN 1940-8676, March 2017, vol. 10, iss. 1, str. 1-12. http://www.jfbi.org/EN/Y2017/V10/I1/1, doi: 10.3993/jfbim00252. [COBISS.SI-ID 20431382] 

2. STRUŠNIK, Dušan, MARČIČ, Milan, GOLOB, Marjan, HRIBERNIK, Aleš, ŽIVIĆ, Marija, AVSEC, Jurij. Energy efficiency analysis of steam ejector and electric vacuum pump for a turbine condenser air extraction system based on supervised machine learning modelling. Applied energy, ISSN 0306-2619, jul. 2016, vol. 173, str. 386-405, graf. prikazi, doi: 10.1016/j.apenergy.2016.04.047. [COBISS.SI-ID 1024226652] 

3. MARČIČ, Simon, MARČIČ, Milan, PRAUNSEIS, Zdravko. Computer simulation of the common rail accumulator fuel-injection system. Journal of mechanical and automobile engineering, ISSN 2472-6281, Jan. 2016, vol. 1, iss. 1, str. 1-15.




	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	ENERGETSKA OSKRBA OBJEKTOV

	Course title:
	ENERGY SUPPLY OF THE BUILDINGS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	30
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	ZDRAVKO PRAUNSEIS

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· Uvod v energetsko oskrbo objektov

· načela projektiranja zgradbe (meteorološke osnove, fiziološke osnove, standardi)

· toplotne potrebe objektov

· energetsko učinkovite stavbe – nizko energetska in pasivna hiša

· izvedba in dimenzioniranje kombiniranih sistemov ogrevanja in hlajenja.

· solarni sistemi za ogrevanje objektov

· toplotno ugodje in vlažnost zraka v zgradbi

· gospodarnost kombiniranih sistemov ogrevanja in hlajenja stavb

· večje prenove zgradb

· stavbni ovoj


	
	· Introduction of energy supply of the buildings

· principles of designing of building (basic of meteorology, physiology) and standard systems 

· energy needs of the buildings

· energy efficient buildings – low energy and passive house

· construction and dimension of combined heating and cooling systems fort he buildings.

· solar systems for heating the buildings 

· thermal comfort and air humadity

· economy of combined heating and cooling systems of buildings.

· major renovation of buildings

· building shell


	Temeljni literatura in viri / Readings:

	Praunseis Z.; Energetska oskrba objektov. Univerzitetni učbenik,[1. izd.]. Krško: Fakulteta za energetiko, 2014. XVII, 286 str., ilustr., tabele. ISBN 978-961-6800-11-2. [COBISS.SI-ID 76157441]G. J. Levermore: Building Energy Management Systems, 2nd edition, E&FN Spon, 2009.

Barney L. Capehart, Wayne C. Turner, William J. Kennedy: Guide to Energy Management, 4th edition, The Fairmont Press, 2003.

Ristinen, Kraushaar; Energy and the environment, J. Wiley & Sons, New York, 1999.

Turner W.; Energy management handbook, Fairmont Press, Lilburn, 2001.

Carrow R.; Energy systems, McGraw-Hill, New York, 1999.

L. D. Danny Harvey: A handbook on low – energy buildings and district – energy systems: Fundamentals, techniques and examples, Earthscan Publications Ltd, 2013.



	Cilji in kompetence:
	
	Objectives and competences:

	Spoznavanje značilnosti učinkovitega in gospodarnega ogrevanja in klimatizacije stavb

Razvoj učinkovitega in ustvarjalnega odnosa do načrtovanja sistemov in ekološkega osveščanja.


	
	To get acquainted with efficient and economical heating and air – conditioning of building.

Developing an efficient and constructive attitude towards designing systems and increasing ecological awareness.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Sposobnost načrtovanja in razumevanje učinkovite energetske oskrbe objektov.

Sposobnost uporabe ustrezne programske opreme
	
	Knowledge and Understanding:

The ability to design and understand efficient energy supply to the buildings.

The use of appropriate programme equipment.

	Prenesljive/ključne spretnosti in drugi atributi:

· sodelovanje na aplikativnih projektih

· izdelava in vodenje projektov

· razumevanje vpliva tehniških rešitev na okolje in socialne odnose


	
	Transferable/Key Skills and other attributes:

· cooperation on the applicable projects

· designing and leading of projects

· understanding the influence of technical solutions on the environment and social relationships



	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja: študent spozna teoretične vsebine predmeta.

Vaje: študent utrdi teoretično znanje in spozna aplikativne možnosti reševanja enostavnih primerov iz prakse.


	
	Lectures: the student gets acquainted with theoretical content of the subject.

Tutorial: the student upgrades the theoretical knowledge with practical experience.

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt):

· pisni izpit

· ustni izpit
	40

60
	Type (examination, oral, coursework, project):
· written examination

· oral examination

	Reference nosilca / Lecturer's references: 

	PRAUNSEIS, Zdravko. Poraba odpadne toplote za trigeneracijske sisteme : izdelava analiz in študij za projekt. Krško, 2020. 50 str., ilustr. [COBISS.SI-ID 26931203]

URBANCL, Danijela, POTRČ, Sanja, SALAMUNIĆ, Julijan Jan, PRAUNSEIS, Zdravko, GORIČANEC, Darko. Biofuels production by torrefaction process supplied with different biomasses. V: BOGATAJ, Miloš (ur.), KRAVANJA, Zdravko (ur.), NOVAK-PINTARIČ, Zorka (ur.). Conference proceedings. International Conference on Technologies & Business Models for Circular Economy, 1, 2018, Portorož. 1st ed. Maribor, 2018. Str. 213-221. ISBN 978-961-286-211-4. http://press.um.si/index.php/ump/catalog/view/367/345/590-2. [COBISS.SI-ID 21894678]
MARČIČ, Simon, SEME, Sebastijan, SALAMUNIĆ, Julijan Jan, PRAUNSEIS, Zdravko, PEHAN, Stanislav. Heating by flat plate collector combined with a heat pump. Strojniški vestnik. Oct. 2018, vol. 64, no. 10, str. 590-600, si 84, ilustr. ISSN 0039-2480. DOI: 10.5545/sv-jme.2018.5371. [COBISS.SI-ID 16263195], [JCR, SNIP, WoS, Scopus]


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	JEKLENE KONSTRUKCIJE V ENERGETIKI

	Course title:
	STEEL CONSTRUCTIONS IN ENERGETICS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	30
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	ZDRAVKO PRAUNSEIS

	

	Jeziki /Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.


	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	1. Osnovne značilnosti kovinskih konstrukcij (jekel in aluminijevih ter  magnezijevih zlitin za gradnjo nosilne konstrukcije za votovoltaične elektrarne, za nosilne stebre vetrnic, za zapornice in cevovode hidroelektrarn, za mostne in portalne žerjave, rezervoarje in mostove).

2. Sistem gradnje jeklenih konstrukcij; palični sistemi in osnovni sistem s standardnimi oblikami nosilcev.

3. Preračuni jeklenih konstrukcij

4. Spajanje osnovnih komponent jeklenih konstrukcij.

5. Preizkušanje in varnost jeklenih konstrukcij v procesni industriji.


	
	1. Basic characteristics of metal constructions  (steels and aluminium and magnesium alloys for buil up of loaded constructures for votovoltaic power plant, for pillars of wind turbines, for penstocks and pipelines of hydro power plants, for girder and portal jib crane, tanks and bridges). 

2. Buil up system of steel constructions; stick constructions and basic system with standard carrier shape.

3. Calculation of steel constructions.

4. Joining of basic steel constructions  components.

5. Testing and safety of steel constructions in process industry.




	Temeljni literatura in viri / Readings:

	1.Mahendra S. Hundal, Systematic Mechanical Designing: A cost and Management Perspective, University of Vermont, ASME Press New York 1997. 

2.Rapid Prototyping: Principles and applications, 2nd Edition, Chua C.K., Leong K.F. in Lim C.S., Nanyang Technological University, Sinapore, 2003. 

3.Taschenbuch der Konstruktionstechnik, Klaus-Joerg Conrad, Fachbuchverlag Leipzig im Carl Hanser Verlag, 2004, Muenchen, Wien.

4.Flender, Technical Handbook, 2nd Edition 07/2000, AG Bocholt. 

5.Engineer's Data Book, Clifford Mathews, Professional Engineering Publication Limited, London and Bury St Edmuns, 1998, UK. 

	Cilji in kompetence:
	
	Objectives and competences:

	Študentje spoznajo najpomembnejše metode in standarde za projektiranje jeklenih konstrukcij.  
	
	The course gives advanced methods and standards from the field  of metal construction design.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	· Znanje in razumevanje:

· znanje o teoretičnih osnovah jeklenih konstrukcij.

· znanje o projektiranju  jeklenih konstrukcij


	
	Knowledge and understanding:

· knowledge on fundamental theoretical basis of steel constructions.

· knowledge on steel construction design.



	Prenesljive/ključne spretnosti in drugi atributi:

Usposobljenost za reševanje praktičnih problemov na področju konstruiranja nosilnih jeklenih konstrukcij.
	
	Transferable/Key Skills and other attributes:

Ability of solving practical problems in the field of construction of loaded steel structures.



	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja.

Reševanje domačih nalog.

Praktično delo pri  laboratorijskih vajah.


	
	Lectures.

Coursework.

Practical work at laboratory work. 

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt):

· pisni izpit

· ustni izpit
	40

60
	Type (examination, oral, coursework, project):
· written examination

· oral examination 

	Reference nosilca / Lecturer's references: 

	PRAUNSEIS, Zdravko. Inženiring v energetiki : zapiski predavanj. Krško: Fakulteta za energetiko, 2016. 148 str., graf. prikazi. [COBISS.SI-ID 1024222812]

PRAUNSEIS, Zdravko. The influence of delta ferrite on the quality assessment of austenitic stainless steel welds for the production of ovens = Vpliv delta ferita na kakovost avstenitnih nerjavnih zvarov za proizvodnjo pečic. Journal of energy technology, ISSN 1855-5748. [Tiskana izd.], may 2020, vol. 13, iss. 1, str. 11-23, ilustr. [COBISS.SI-ID 21447427]

PRAUNSEIS, Zdravko. Fracture toughness of HSLA welds made on penstock material = Lomna žilavost HSLA zvarov zgrajenih na jeklih za vodne zapornice. Journal of energy technology. [Tiskana izd.]. dec. 2019, vol. 12, iss. 4, str. 51-60, graf. prikazi. ISSN 1855-5748. [COBISS.SI-ID 1024386396]

PRAUNSEIS, Zdravko. Research activities of the Laboratory for Energy Management and Engineering = Raziskovalne aktivnosti Laboratorija za energetski menedžment in inženiring. Journal of energy technology. [Tiskana izd.]. dec. 2018, vol. 11, iss. 4, str. 59-72, ilustr. ISSN 1855-5748. [COBISS.SI-ID 1024345948]


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	ALTERNATIVNI, AERO IN HIDRO ENERGETSKI SISTEMI 

	Course title:
	ALTERNATIVE, AERO AND HYDRO ENERGETIC SYSTEMS 

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	20
	10
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	ANDREJ PREDIN

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Priporočena so osnovna znanja oz. poznavanje fizike, matematike, mehanike, …
	
	Recommended basic knowledge of physics, mathematics, mechanics, ...

	Vsebina: 
	
	Content (Syllabus outline):

	· Konvencionalno VS alternativno?

· Zakaj alternativni tipi energetskih sistemov?

· Okvir odprte termodinamike

· Mikro / Makro svet

· Pregled smeri razvoja

· Tekočinskih alternativni energetski sistemi

· Plinski alternativni energetski sistemi

· Kombinirani alternativni energetski sistemi

· Ekonomika in obratovanje

· Skupno/mrežno ali sestavljeno oz. kombinirano obratovanje

· Regulacija

· Meritve karakteristik

· Shranjevalni energetski sistemi in njih kombinacije

· Vakuumska tehnika/tehnologija

· Obratovanje in regulacija

· Meritve
	
	· Conventional VS alternatively?

· Why alternative types of energy systems?

· Open thermodynamics frame

· Micro / Macro world

· Overview of development trends

· Liquid Alternative Energy Systems

· Gas Alternative Energy Systems

· Combined Alternative Energy Systems

· Economics and operation

· Common / network or composite combined operation

· Regulation

· Measurement of characteristics

· Storage energy systems and combinations thereof

· Vacuum technology / technology

· Operation and regulation

· Measurements


	Temeljni literatura in viri / Readings:

	I. H. Shames: Mechanics of Fluids, 4th Edition, McGraw-Hill International editions, 2002
F. White: Fluid Mechanic, 8th Edition, McGraw-Hill, 2015
Dosegljivi viri iz knjižnic: - objavljeni članki, publikacije, E-publikacije, spletni, viri…

	Cilji in kompetence:
	
	Objectives and competences:

	Osvojitev znanj na področju hidravličnih strojev, sistemov in naprav v energetiki;
	
	Advanced knowledge in the field of hydraulic machines, systems and devices in the field of energy technology;


	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	· Poznavanje hidroenergetskih sistemov

· Celote in delov HES

· Vodenje, upravljanje HES

· Ekonomsko vrednotenje HES;
	
	- Knowledge of hydropower systems

- Whole and parts of HES

- Keeping, managing HES

- Economic evaluation of HES;

	
	
	

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja

Avditorne vaje (izvajanje računskih primerov)

Laboratorijske vaje (izvajanje meritev)


	
	Lectures

Exercises (performing calculation cases)

Laboratory exercises (measurements)


	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Ustni izpit - iz teorije (lahko nadomeščen z dvema pozitivnima kolokvijema iz teorije)

Pisni izpit - iz računski primerov (lahko nadomeščen z dvema pozitivnima kolokvijema)
	50

50


	Oral exam – theory (can be replaced by two positive midterm tests)
Written exam - calculation examples (can be replaced by two positive midterm tests)


	Reference nosilca / Lecturer's references: 

	HREN, Gorazd, PREDIN, Andrej. Evaluation of warehouse with virtual technologies. V: SINUANY-STERN, Zilla (ur.), COHEN, Yuval (ur.). ICIL 2018 : conference proceedings. 14th International Conference on Industrial Logistics, 15-17 May 2018, Beer-Sheva, Israel. Beer-Sheva: Ben-Gurion University, 2018. Str. 87-93. ISBN 978-965-572-573-5. [COBISS.SI-ID 1024319836], [Scopus]

 

HREN, Gorazd, PREDIN, Andrej. Evaluation of warehouse with virtual technologies. V: SINUANY-STERN, Zilla (ur.), COHEN, Yuval (ur.). ICIL 2018 : conference proceedings. 14th International Conference on Industrial Logistics, 15-17 May 2018, Beer-Sheva, Israel. Beer-Sheva: Ben-Gurion University, 2018. Str. 87-93. ISBN 978-965-572-573-5. [COBISS.SI-ID 1024319836], [Scopus]

 PEZDEVŠEK, Marko, HREN, Gorazd, PREDIN, Andrej, FIKE, Matej, et al. Koeficienti vzgona in upora za različne konfiguracije Magnusovega rotorja = Lift and drag coefficients for various Magnus rotor configurations. V: FINK GRUBAČEVIĆ, Iris (ur.). Priložnosti, potenciali, izzivi : zbornik povzetkov = Opportunities, potentials, challenges : conference proceedings abstracts. Novo mesto: Fakulteta za industrijski inženiring: = Faculty of Industrial Engineering, 2019. F. 12. ISBN 978-961-94246-6-7. [COBISS.SI-ID 1597942]

 FIKE, Matej, SMREKAR, Miha, PREDIN, Andrej. Uporaba BEM metode za izračun moči vetrne turbine = Wind turbine power calculation using the BEM method. V: ZUPAN, Dejan (ur.), HOZJAN, Tomaž (ur.). Zbornik del. Ljubljana: Slovensko društvo za mehaniko, 2019. Str. 25-32, ilustr. ISBN 978-961-93859-4-4. http://www.drustvozamehaniko.si/zbornik/ZbornikKD2019.pdf. [COBISS.SI-ID 26528003]

 HREN, Gorazd, FIKE, Matej, PREDIN, Andrej, PEZDEVŠEK, Marko. Numerična napoved gladinskega stanja v območju sotočja dveh rek = Numerical prediction of water surface levels in the confluence of two rivers. V: FINK GRUBAČEVIĆ, Iris (ur.). Priložnosti, potenciali, izzivi : zbornik povzetkov = Opportunities, potentials, challenges : book of abstracts. Novo mesto: Fakulteta za industrijski inženiring: = Faculty of Industrial Engineering, 2020. F. 57. ISBN 978-961-7097-00-9. http://www.fini-unm.si/wp-content/uploads/2020/03/5.Zbornik-povzetkov_kon%C4%8Dna-verzija_9.3.2020-1.pdf. [COBISS.SI-ID 1719030]




	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	FOTONAPETOSTNI SISTEMI

	Course title:
	PHOTOVOLTAIC SYSTEMS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	30
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	SEBASTIJAN SEME

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	a) Osnove sončnega sevanja in lastnosti sončne svetlobe.

b) Polprevodniški elementi za sončne celice. Okoljski vidiki proizvodnje sončnih celic. 

c) Izdelava silicijevih sončnih celic.

d) Električne lastnosti sončnih celic. Sestavljanje sončnih celic v sončni modul. Tehnične in električne lastnosti sončnih modulov.

e) Konstrukcijski sistemi za sončne elektrarne.

f) Omrežno in otočno delovanje sončnih elektrarn.
	
	a) The basics of solar radiation and the properties of sunlight.

b) Semiconductor elements for solar cells. Environmental aspects of solar cell production.

c) Production of silicon solar cells.

d) Electrical properties of solar cells. Placing solar cells in a solar module. Technical and electrical properties of solar modules.

e) Structural systems for solar power plants.

f) Network and island operation of solar power plants.



	Temeljni literatura in viri / Readings:

	D. Lenardič, Fotonapetostni sistemi, druga dopolnjena in razširjena izdaja, priročnik 2012.

S. Seme, Zbirka laboratorijskih vaj iz fotonapetostnih sistemov:navodila za avditorne/laboratorijske vaje. 1. izd. Krško: Fakulteta za energetiko, 2016.

Planning and Installing Photovoltaic Systems, London 2010.

J. Furlan, Osnove polprevodniških elementov, Ljubljana 2002.

H. K. KOTHE: Stromversorgung mit Solarzellen , Franzis, Berlin 2002.

Kreith, F., Jan F. Kreider, Principles Of Solar Engineering, London, 2000.

Furlan, J., Primerjava lastnosti amorfnega in kristalnega silicija, 1989.

Furlan, J., Osnove nelinearnih elementov, Univerza Edvarda Kardelja v Lubljani, Fakulteta za elektrotehniko, Ljubljana 1980.

	Cilji in kompetence:
	
	Objectives and competences:

	Cilj in kompetence predmeta so pridobiti poglobljena znanja s področja fotonapetostnih sistemov, katerih glavna dela sta sončni moduli in razsmerniki. Spoznati osnovna delovanja sončnih celic.

Razviti sposobnost samostojnega in kreativnega reševanja inženirskih problemov.
	
	The objective and competences of the subject are to gain knowledge in the field of photovoltaic systems, whose main works are solar modules and inverters. Get to know the basic actions of solar cells.

Develop the ability of independent and creative solving of engineering problems.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Znanje in razumevanje s področja delovanja fotonapetostnih sistemov.
	
	Knowledge and Understanding:

Knowledge and understanding from the field of operation of photovoltaic systems.

	Prenesljive/ključne spretnosti in drugi atributi:

Uporaba teoretičnega znanja v praksi.
	
	Transferable/Key Skills and other attributes:

Using theoretical knowledge in practice.



	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja: pri predavanjih študent spozna teoretične osnove predmeta.

Laboratorisjke vaje: pri laboratorijskih vajah študent dodatno utrdi teoretična znanja na praktičnih primerih in spozna uporabnost.
	
	Lectures: in lectures the student learns the theoretical foundations of the course.

Laboratory exercises: in laboratory exercises the student additionally consolidates theoretical knowledge on practical examples and learns about applicability.

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt):

pisni izpit

poročilo laboratorijskih vaj

Sprotne oblike preverjanja znanja (lahko nadomestijo pisni izpit)

1. kolokvij      60 %
	60

40
	Type (examination, oral, coursework, project):

written exam

Laboratory Exercise Report
Ongoing assessments (can replace the written exam)

1. midterm test      60 %

	Reference nosilca / Lecturer's references: 

	MAVSAR, Primož, SREDENŠEK, Klemen, ŠTUMBERGER, Bojan, HADŽISELIMOVIĆ, Miralem, SEME, Sebastijan. Simplified method for analyzing the availability of rooftop photovoltaic potential. Energies, ISSN 1996-1073, 2019, vol. 12, no. 22, str. 1-17, doi: 10.3390/en12224233. [COBISS.SI-ID 1024364636]

SEME, Sebastijan, SREDENŠEK, Klemen, PRAUNSEIS, Zdravko, ŠTUMBERGER, Bojan, HADŽISELIMOVIĆ, Miralem. Optimal price of electricity of solar power plants and small hydro power plants : technical and economical part of investments. Energy, ISSN 0360-5442, avg. 2018, vol. 157, str. 87-95, graf. prikazi, doi: 10.1016/j.energy.2018.05.121. [COBISS.SI-ID 1024307804]

SEME, Sebastijan, SRPČIČ, Gregor, KAVŠEK, Domen, BOŽIČNIK, Stanislav, LETNIK, Tomislav, PRAUNSEIS, Zdravko, ŠTUMBERGER, Bojan, HADŽISELIMOVIĆ, Miralem. Dual-axis photovoltaic tracking system : design and experimental investigation. Energy, ISSN 0360-5442. [Print ed.], maj 2017, str. [1-8], graf. prikazi, doi: 10.1016/j.energy.2017.05.153. [COBISS.SI-ID 1024270172]


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	ENERGETSKE PRETVORBE

	Course title:
	ENERGY CONVERSION

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	30
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	PETER VIRTIČ

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· Pretvorba mehanske energije v električno: Osnovni princip elektromehanske pretvorbe; Osnove električnih in magnetnih krogov; Energijske razmere v električnih strojih. Osnove električnih strojev: Enosmerni stroji; Asinhronski stroji; Sinhronski stroji; Obratovalne karakteristike enosmernih, asinhronskih in sinhronskih generatorjev.

· Pretvorba kemijske energije v električno: Osnove kemijskih reakcij v gorivnih celicah; Direktna pretvorba kemijske energije v električno; Baterije.

· Termoelektrična pretvorba: Osnove polprevodnikov; Termoelektrični pojavi (Osnove; Seebeckov pojav; Peltierov pojav; Thomsonov pojav); Energijske razmere v termoelektričnih generatorjih.

· Termoionska pretvorba: Termoinoska emisija; Osnove procesov v termoionskih elementih.

· Fotoelektrična pretvorba; Energija fotona; Kontaktna dioda; Fotoelektrični pojav; Obratovalna karakteristika fotoelementa.

· Magnetohidrodinamična pretvorba: Ionizacija; Električna prevodnost; Nastanek električnega toka.

· Pretvorniki električne energije: Usmerniki; Razsmerniki; DC/DC pretvorniki; DC/AC pretvorniki.
· Integracija pretvornikov v električno energijo in hranilnikov električne energije v elektroenergetski sistem
· Praktični primeri uporabe pretvarjanj v električno energijo.
	
	· Electro-mechanical conversion: fundamentals of electro-mechanical conversion; fundamentals of electric and magnetic circuits; power conditions in electric machines; fundamentals of electric machines; DC machine, induction machine and synchronous machine as generators and their operation characteristics.

· Electro-chemical conversion: fuel cells fundamentals, direct electro-chemical conversion; batteries.

· Thermal-electrical conversion: fundamentals of semiconductors; thermo-electrical effects (Seebeck, Peltier, Thomsom); power conditions in thermo-electrical generators.

· Thermo-ionic conversion: thermo-ionic emission; basic processes in thermo-ionic elements.

· Photo-electrical conversion: energy of photon; photoelectric phenomenon; characteristics of photovoltaic elements.

· Magneto-hydrodynamic conversion: ionisation; conductivity; current generation.

· Electrical converters: rectifiers; inveters; DC/DC and CD/AC converters.

· Energy conversion into electrical energy and electrical energy storage integration in power systems.
· Practical examples of converstions into electrical energy.


	Temeljni literatura in viri / Readings:

	H. Požar: Osnove energetike 1, 2, 3, Školska knjiga, Zagreb, 1992.

A.J. Appleby, F.R.Foulkes: Fuel Cell Handbook, Van Nostrand Reinhold, 1989.

D. Linden: Handbook of batteries and fuel cells, McGraw-Hill, 1983.

J.F. Kreider, F. Kreith: Principles of Solar Engineering, McGraw-Hill, 1978.



	Cilji in kompetence:
	
	Objectives and competences:

	Seznaniti študente s pretvorbami različnih vrst energije v električno energijo, s pripadajočimi pretvorniki in napravami za preoblikovanje električne energije.
	
	Students become familiar with different conversion techniques which make possible conversion of other forms of energy into electric energy and converters used for conversion of electric energy itself.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Razumevanje osnov pretvarjanja različnih vrst energij v električno energijo in pretvarjanja same električne energije.
	
	Knowledge and understanding:

Understanding of different energy conversion principles used to covert other forms of energy into electric energy and conversion of electric energy itself.



	Prenesljive/ključne spretnosti in drugi atributi:

Poznavanje različnih principov energijskih pretvorb.
	
	Transferable/Key Skills and other attributes:

Knowledge of different energy conversion principles.

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja: pri predavanjih študent spozna teoretične vsebine predmeta.

Vaje: pri vajah študent utrdi teoretično znanje in spozna aplikativne možnosti.


	
	Lectures: in the lectures, the student learns the theoretical content of the course.

Tutorials: in the tutorials, the student consolidates theoretical knowledge and learns about application possibilities.

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt):

· pisni izpit (lahko se delno ali v celoti nadomesti z ustnim izpraševanjem; lahko se nadomesti s kolokviji)

· ocena vaj
	80

20
	Type (examination, oral, coursework, project):

· written exam (can be partially or fully replaced by an oral examination; can be replaced by midterm tests)

· assessment of tutorials

	Reference nosilca / Lecturer's references: 

	1. PRANJIĆ, Franjo, VIRTIČ, Peter. Designing rotor disks of a coreless axial flux permanent magnet machines by using simplified FEM and an approximation method. IEEE transactions on energy conversion. 2020, vol. 35, issue 3, str. 1505-1512. ISSN 1558-0059. DOI: 10.1109/TEC.2020.2977965. [COBISS.SI-ID 1024385116]

2. PRANJIĆ, Franjo, VIRTIČ, Peter. Development of mathematical models in explicit form for design and analysis of axial flux permanent magnet synchronous machines. Applied sciences. okt. 2020, vol. 10, iss. 21, str. 1-18, ilustr. ISSN 2076-3417. DOI: 10.3390/app10217695. [COBISS.SI-ID 35220227] 

3. LOKAR, Jan, VIRTIČ, Peter. The potential for integration of hydrogen for complete energy self-sufficiency in residential buildings with photovoltaic and battery storage systemstechnologies. International Journal of Hydrogen Energy. [Online ed.]. 2020, vol. 45, issue 60, str. 34566-34578. ISSN 1879-3487 https://www.sciencedirect.com/science/article/pii/S0360319920315743?via%3Dihub, DOI: 10.1016/j.ijhydene.2020.04.170. [COBISS.SI-ID 15605507]

4. VIRTIČ, Peter, KOVAČIČ LUKMAN, Rebeka. A photovoltaic net metering system and its environmental performance : a case study from Slovenia. Journal of cleaner production. [Online ed.]. 2019, 212, str. 334-342. ISSN 1879-1786. DOI: 10.1016/j.jclepro.2018.12.035. [COBISS.SI-ID 1024330332]
5. MARKOVIČ, Rene, GOSAK, Marko, GRUBELNIK, Vladimir, MARHL, Marko, VIRTIČ, Peter. Data-driven classification of residential energy consumption patterns by means of functional connectivity networks. Applied energy. 2019, vol. 242, str. 506-515, graf. prikazi. ISSN 0306-2619. DOI: 10.1016/j.apenergy.2019.03.134. [COBISS.SI-ID 1024346460]

	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	PROGRAMSKA OPREMA V ELEKTROENERGETIKI

	Course title:
	SOFTWARE FOR ELECTROENERGETICS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	
	30
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	MIRALEM HADŽISELIMOVIĆ

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· Pregled programske opreme za reševanje splošnih inženirskih problemov.

· Osnove programske opreme Matlab/Simulink s  poudarkom na uporabi v elektroenergetiki.

· Matlabove knjižnice za simbolično računanje , analizo in načrtovanje regulacijskih sistemov in simulacijo elektroenergetskih naprav in sistemov.

· Programiranje v Matlabu.

· Izdelava grafičnih uporabniških vmesnikov v Matlabu.

· Uporaba algoritmov za dinamično simuliranje v programskem paketu Matlab/Simulink.

· Pregled razpoložljivih programov za simulacijo elektromagnetnih  in elektromehanskih pojavov v elektroenergetskih sistemih. 

· Osnove programa NETOMAC, namenjenega profesionalni analizi in simulaciji elektroenergetskih sistemov.


	
	· Review of Software for solving general engineer problems.

· Basics of Matlab/Simulink with stress to usage in electroenergetics.

· Matlab libraries for symbolic calculation, analysis and planning regulation systems and simulation of electroenergetic devices and systems.

· Programming in Matlab.

· Making graphic user intermediary in Matlab.

· Use of alghorithms for dynamic simulation in software package Matlab/Simulink.

· Review of software for simulation electromagnetic and electromechanic phenomena in electroenergetic systems.

· Basics of NETOMAC, Programme for profesional analysis and simulation of electroenergetic systems.


	Temeljni literatura in viri / Readings:

	D. C. Hanselman, B. L. Littlefield: Mastering MATLAB 7, Prentice Hall, London, 2005.

H. Berger: Automating with SIMATIC, Seond Edition, Publicis Corporate Publishing, Erlangen, 2003.

P. Kundur: Power System Stability ang Control, McGraw-Hill, Inc., New York, 1994.



	Cilji in kompetence:
	
	Objectives and competences:

	Cilj tega predmeta je seznaniti študente s programsko opremo v elektroenergetiki.
	
	Goal of this subject is to acquaint students with Software in electroenergetics.



	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

· izbrati ustrezno programsko opremo za reševanje problemov v elektrotehniki,

· Izkazati razumevanje delovanja osnovnih programskih orodij namenjenih uporabi v elektroenergetiki,

· Uporabiti programsko opremo za reševanje osnovnih problemov v elektroenergetiki.


	
	Knowledge and understanding:

· choose suitable software for solving the problems in electrotechincs,

· show understanding of how basic programme tools in electroenergetics work,

· use software for solving basic problems in electroenergetics.

	Prenesljive/ključne spretnosti in drugi atributi:

· spretnosti komuniciranja: ustni zagovor vaj, pisno izražanje pri pisnem izpitu,

· uporaba informacijske tehnologije: uporaba programskih orodij,

· reševanje problemov: reševanje osnovnih problemov v elektroenergetiki s pomočjo programskih orodij.


	
	Transferable/Key Skills and other attributes:

· abilty to communicate: oral defense of seminars, written expression at exam,

· usage of information technology: usage of programme tools,

· solving the problems: solving the basic problems in electroenergetics with programme tools.



	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja.

Računalniške vaje.

Samostojno delo.
	
	Lectures.

Computer exercises.

Individual work.



	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Opravljene računalniške vaje.

Pisni izpit.


	35

65
	Completed computer exercises.

Written examination.

	Reference nosilca / Lecturer's references: 

	1. SEME, Sebastijan, LUKAČ, Niko, ŠTUMBERGER, Bojan, HADŽISELIMOVIĆ, Miralem. Power quality experimental analysis of grid-connected photovoltaic systems in urban distribution networks. Energy, ISSN 0360-5442. [Print ed.], 2017, str. [1-6].

2. CRNKOVIĆ, Damir, HEDERIĆ, Željko, HADŽISELIMOVIĆ, Miralem. Transition to a common 20kV distribution network = Prehod na skupno 20kV distribucijsko omrežje. Journal of energy technology, ISSN 1855-5748. [Tiskana izd.], May 2012, vol. 5, iss. 2, str. 51-63

3. HADŽISELIMOVIĆ, Miralem, BLAZNIK, Matic, ŠTUMBERGER, Bojan, ZAGRADIŠNIK, Ivan. Magnetically nonlinear dynamic model of a series wound DC motor. Przeglęad Elektrotechniczny, ISSN 0033-2097, 2011, vol. 87, iss. 12b, str. 60-64.

4. ZAGRADIŠNIK, Ivan, HADŽISELIMOVIĆ, Miralem, RITONJA, Jožef, SLEMNIK, Bojan. The emLook software package for the analytical and numerical analyses of electrical machines. Przeglęad Elektrotechniczny, ISSN 0033-2097, 2010, vol. 85, issue 12, str. 175-178.

5. HADŽISELIMOVIĆ, Miralem, ŠTUMBERGER, Gorazd, ŠTUMBERGER, Bojan, ZAGRADIŠNIK, Ivan. Magnetically nonlinear dynamic model of synchronous motor with permanent magnets. Journal of Magnetism and Magnetic Materials, ISSN 0304-8853. [Print ed.], 2007, vol. 316, iss. 2, str. e257-e260.


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	ELEKTRIČNI POGONI 

	Course title:
	ELECTRIC DRIVES 

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	
	15
	15
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	BOJAN ŠTUMBERGER

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· Uvod: Osnovni principi delovanja motornih pogonov. Generiranje trifazne napetosti spremenljive frekvence, statični pretvorniki, delovanje izmeničnih motorjev pri spreminjanju frekvence napajalne napetosti, Delovanje asinhronskega motorja s kratkostično kletko, delovanje sinhronskega reluktančnega motorja, delovanje sinhronskega motorja s permanentnimi magneti.

· Osnove motornih pogonov, karakteristike pogona, karakteristike bremena.

· Vodenje asinhronskih motorjev s frekvenčnimi pretvorniki. Delovanje s konstantnim razmerjem u/f, delovanje motorja s konstantnim magnetnim pretokom v zračni reži, delovanje motorja s konstantno napetostjo, delovanje motorja z reguliranim tokom, delovanje motorja s konstantnim slipom.

· Vektorska regulacija asinhronskega motorja, delovanje motorjev z direktno orjentacijo polja, delovanje motorja s pulzno širinsko moduliranim napetostnim izvorom, delovanje motorja z indirektno orijentacijo polja.
	
	· Introduction: The basic principle of motor drives. The three-phase voltage generation with changeable frequencies, static converters, operation of motors under the frequency changeable operation. Operation of asynchronous motor with squirrel-cage, operation of synchronous reluctance motor, operation of permanent magnet synchronous motor.

· The basic of motor drives, drive characteristics, load characteristics.

· Control of induction motor by inverter. Operation by constant u/f, operation with air-gap constant flux, operation by constant voltage, operation by controlled current, operation by constant slip. 

· Vector control of induction motor, operation of motor by direct oriented field, motor operation by pulse width modulated voltage sources, operation of the motor by indirect field control.


	Temeljni literatura in viri / Readings:

	M. Milanovič: Uvod v močnostno  elektroniko, FERI, Maribor, 1997.

F. Mihalič: Vaje iz energetske elektronike, FERI, Maribor, 1996.

V. Ambrožič, Sodobne regulacije pogonov z izmeničnimi motorji, FE Ljubljana, 1996

D. Dolinar, G. Štumberger: Modeliranje in vodenje elektromehanskih sistemov, FERI Maribor, 2004.

D. W. Nowotny, T. A. Lipo, Vector control and dynamics of AC drives, Oxford Science Publication, 1998.

B. Bose: Power Electronics and Motor Drives, Advances andTrends, Elsevier, 2006.

M. H. Rashid: Power Electronics Handbook, Devices, Circuits and Applications, Elsevier, 2007.

R.Krishnan: Electric Motor Drives, Modeling, Analysis and Control, Prentice Hall, 2001.

H. A. Toliyat, G. B. Kliman: Handbook of Electric Motors, CRC Press, 2004.

B. K. Bose: Modern Power Electronics and AC Drives, Prentice Hall. 2002.

N. P. Quang, J.-A. Dittrich,Vector Control of Three-Phase AC Machines,System Development in the Practice, Springer, 2008.

	Cilji in kompetence:
	
	Objectives and competences:

	Podati znanje s področja teorije in funkcionalne uporabe elektromotornih pogonov. Praktična uporaba predhodno pridobljenih osnovnih znanj iz električnih strojev, industrijske elektronike in regulacij.
	
	The objective of this course is to acquaint students with the theory and functional use of electric drives. Use of practical knowledge of previous classes from the field of electric machines, industrial electronics and control theory. 

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Razumevanje principov delovanja električni strojev v električnih pogonih v povezavi z elementi industrijske elektronike in njihova praktična uporaba.


	
	Knowledge and Understanding:

Understanding of operation principles of electric machines in electric drives in connection with elements of power electronic and their practical use. 

	Prenesljive/ključne spretnosti in drugi atributi:

Generiranje trifazne napetosti spremenljive frequence, modulacijske tehnike, načrtovanje enostavnih električnih pogonov.
	
	Transferable/Key Skills and other attributes:

Three-phase voltage generation with changeable frequencies, modulation techniques, design of simple electric drives.

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja z uporabo računalniške projekcije in table

Laboratorijske vaje.

Računalniške vaje.
	
	Lectures by using powerpoint slides and whiteboard.

Laboratory exercises.

Computer exercises.

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, računalniške vaje, laboratorijske vaje):

· pisni izpit

· ustni izpit

· računalniške vaje
· laboratorijske vaje
	40

40

10

10
	Type ( written and oral examination, computer exercises, laboratory exercises):

· written exam

· oral exam

· computer exercises

· laboratory exercises

	Reference nosilca / Lecturer's references: 

	ŠTUMBERGER, Bojan, IGREC, Dalibor, CHOWDHURY, Amor, HADŽISELIMOVIĆ, Miralem. Design of synchronous reluctance generator with dual stator windings and anisotropic rotor with flux barriers. Prz. Elektrotech., 2012, r. 88, nr. 12b, str. 16-19. http://www.red.pe.org.pl/articles/2012/12b/5.pdf. [COBISS.SI-ID 1024129372]

MARČIČ, Tine, ŠTUMBERGER, Gorazd, ŠTUMBERGER, Bojan. Analyzing the magnetic flux linkage characteristics of alternating current rotating machines by experimental method. IEEE trans. magn., Sep. 2011, vol. 47, iss. 9, str. 2283-2291, graf. prikazi, doi: 10.1109/TMAG.2011.2146266. [COBISS.SI-ID 67349761]

ŠTUMBERGER, Bojan, GORIČAN, Viktor, ŠTUMBERGER, Gorazd, HADŽISELIMOVIĆ, Miralem, MARČIČ, Tine, TRLEP, Mladen. Performance evaluation of synchronous reluctance motor in BLDC drive. Prz. Elektrotech., str. 147-149. [COBISS.SI-ID 13808662]

ŠTUMBERGER, Bojan, ŠTUMBERGER, Gorazd, HADŽISELIMOVIĆ, Miralem, HAMLER, Anton, GORIČAN, Viktor, JESENIK, Marko, TRLEP, Mladen. Performance comparison of three-phase flux reversal permanent magnet motors in BLDC in BLAC operation mode. J. magn. magn. mater.. [Print ed.], Oct. 2008, vol. 320, iss. 20, str. e896-e900. http://dx.doi.org/doi:10.1016/j.jmmm.2008.04.069, doi: doi:10.1016/j.jmmm.2008.04.069. [COBISS.SI-ID 12352278]

ŠTUMBERGER, Gorazd, ŠTUMBERGER, Bojan, DOLINAR, Drago. Identification of linear synchronous reluctance motor parameters. IEEE trans. ind. appl., Sep./Oct. 2004, vol. 40, no. 5, str. 1317-1324. [COBISS.SI-ID 9043734]

MARČIČ, Tine, ŠTUMBERGER, Bojan, ŠTUMBERGER, Gorazd. Comparison of induction motor and line-start IPM synchronous motor performance in a variable-speed drive. IEEE transactions on industry applications, ISSN 0093-9994, 2012, vol. 48, no. 6, str. 2341-2352, doi: 10.1109/TIA.2012.2227095. [COBISS.SI-ID 16458518]

ŠTUMBERGER, Bojan, MARČIČ, Tine, HADŽISELIMOVIĆ, Miralem. Direct comparison of induction motor and line-start IPM synchronous motor characteristics for semi-hermetic compressor drives. IEEE transactions on industry applications, ISSN 1939-9367, 2012, vol. 48, no 6, str. 2310-2321. http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6352909, doi: 10.1109/TIA.2012.2227094. [COBISS.SI-ID 72594433]


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	ZAŠČITA PRED SEVANJI

	Course title:
	RADIATION SAFETY

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

Work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	20
	10
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	BRUNO CVIKL

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisites:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· Izvori sevanja, 

· Interakcija sevanja s snovjo, 

· Transport sevanja, 

· Dozimetrija, 

· Učinki sevanja, 

· Zaščita pred sevanjem, 

· Radiobiologija, 

· Določanje mej zaščite za zunanje in notranje sevalce 

· Meritev sevanja
	
	· Radiation sources, 

· Interaction between radiation and matter, 

· Radiation transport, 

· Dosimetry, 

· Radiation effects, 

· Radiation safety, 

· Biological response to radiation, 

· Radiation protection limits for external and internal sources, 

· Radiation measurements


	Temeljni literatura in viri / Readings:

	A William H. Hallenbeck: Radiation Protection, 1st Edition, CRC Press, 2020

Alan Martin et al.:  An Introduction to Radiation Protection, CRC Presss, 2018.

A. E. Profio:  Radiation Shielding and Dosimetry, John Wiley Sons, New York, 1979.

J. E. Turner: Problems and Solutions in Radiation Protection, Pergamon Press, 1988.


	Cilji in kompetence:
	
	Objectives and competences:

	Podati osnove zaščite pred sevanji, navesti osnovne vplive sevanja na organizme, podati uporabe različnih materialov za zaščito pred sevanji. Spoznati osnovne načine detekcije in meritve sevanja.
	
	To learn radiation safety basics, including radiation effects to living organisms, means of effective radiation protection, tools for radiation detection and measurements.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Slušatelj je sposoben spoznati osnovna načela zaščite pred sevanji, pozna osnovne metode inženirske zaščite pred sevanji. 
	
	Knowledge and Understanding:

Student should be able to perform basic radiation safety procedures.

	Prenesljive/ključne spretnosti in drugi atributi:

Sposobnost klasificiranja stopnje radiološke nevarnosti in predlaganje ustreznih ukrepov.
	
	Transferable/Key Skills and other attributes:

Capable of estimating radiation risk levels and designing adequate safety measures.

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja

Avditorne vaje

Laboratorijske vaje
	
	Lectures

Problem solving sessions

Laboratory practices

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt):

Sprotne oblike:   

2 pisna kolokvija*

Laboratorijske vaje in pisno poročilo 

Pisni izpit 

Ustni izpit

*Povprečna ocena 2 kolokvijev večja, kot je 55 %, nadomesti pisni del izpita.
	20 

30 

50 
	Type (examination, oral, coursework, project):

Concurrent activities:

2 written tests*

Laboratory practice and written report 

Written exam

Oral exam

*Average grade of 2 tests greater than 55% represents a substitution for the written part of the exam.

	Reference nosilca / Lecturer's references: 

	1. CVIKL, Bruno. The interface and bulk polarization effect of the single layer ferroelectric-like organic semiconductors on the current-voltage data. Synthetic metals. [Print ed.]. 2022, vol. 284, art. 117005, 12 str. ISSN 0379-6779. DOI: 10.1016/j.synthmet.2021.117005. [COBISS.SI-ID 105488643]

2.  CVIKL, Bruno. The electric field at the hole-injecting metal/organic interface controls the bias dependence of the current-voltage hole mobility. Journal of physics. Condensed matter. 2020, vol. 33, no. 3, 11 str. ISSN 0953-8984. DOI: 10.1088/1361-648X/abbcf9. [COBISS.SI-ID 43917059]

3.   CVIKL, Bruno. The hole drift current induced electric field at hole injecting electrode/organic interface and its influence on Gaussian disordered states. Thin solid films. [Print ed.]. 2020, vol. 698, art. 137863, 15 str. ISSN 0040-6090. DOI: 10.1016/j.tsf.2020.137863. [COBISS.SI-ID 33265959]

4.  JECL, Gregor, CVIKL, Bruno. The density-of-states contributions to the negative field charge drift mobility effect in poly(3-hexylthiophene) organic semiconductor. Thin solid films. [Print ed.]. 2018, vol. 646, str. 190-198. ISSN 0040-6090. DOI: 10.1016/j.tsf.2017.12.007. [COBISS.SI-ID 31121959]




	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	NEPORUŠNE JEDRSKE PREISKOVALNE METODE

	Course title:
	NUCLEAR NONDESTRUCTIVE TESTING METHODS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	30
	
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	IGOR LENGAR

	

	Jeziki / Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	1. Fizikalne osnove interakcije jedrskih sevanj s snovjo in pojavi pri prehodu skozi snov (jedrske reakcije, sipanje in povratno sipanje, zaviranje delcev, aktivacija, vzbujanje sekundarnih sevanj).

2. Radiometrične metode preiskovanja in uporaba v industriji.

3. Autoradiografske metode, (radiografski filmi in nuklearne emuilzije), nevtronsko inducirana autoradiografija, fisionografija in ionska autoradiografija. 

4. Radiografske, radioskopske in tomografske metode (uporaba težkih nabitih delcev, delcev beta, pozitronskega sevanja, mehkih žarkov X, žarkov gama in nevtronov).

5. Sipanje in uklon jedrskih sevanj (žarki X in nevtroni) in njihova uporaba za določanje notranjih struktur in fizikalnih lastnosti materialov.

6. Jedrske sonde in mikroanalitične tehnike določanja profilov vsebnosti lahkih elementov v snovi.

7.Radioanalitične metode aktivacijske analize z nevtroni, protoni in žarki X in gama. Zakasnele in promptne tehnike instrumentalne aktivacijske analize.

8. Pregled preostalih neporušnih metod (ultrazvok)
	
	1. The physical fundamentals of the interactions of nuclear radiation with matter (nuclear reactions, scattering and back-scattering, particle attenuation, activation, induced secondary radiation).

2. Radiometrical methods of investigation and application in industry.

3. Autoradiographic techniques (radiographic films, nuclear emulsions), neutron induced autoradiography, fissionography and ion autoradiography

4. Radiographical, radioscopic and tomography methods (use of heavy charged particles, beta particles, positron emission, soft gamma rays, gamma rays and neutrons).

5. Scattering and diffraction of nuclear radiation (x-rays and neutrons) and the use for internal structure characterization and physical properties of materials. 

6. Nuclear probe and micro-analytical techniques for light element determination in matter.

7. Radio-analytical activation analysis techniques with neutrons, protons, gamma and x-rays. Delayed and prompt techniques of instrumental activation analyses.

8. A survey of other techniques (ultra sound).



	Temeljni literatura in viri / Readings:

	P. O. Moore, Non-Destructive Testing Handbook – Radiographic Testing, ASNT, 2002.

G.Deconnick, Introduction To Radioanalytical Physics, Akademiai Kiado, 1978.

G.F.Knoll, Radiation Detection And Measurement, J.Wiley and Sons, 2000.


	Cilji in kompetence:
	
	Objectives and competences:

	Podati pregled modernih jedrskih preiskovalnih  in analitičnih metod  in njihove uporabe pri razvoju modernih materialov, novih tehnologij in za industrijsko kontrolo kvalitete.
	
	A survey of modern nuclear testing methods and analytical techniques and their use in the development of new materials and technologies for industrial quality control.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Študent zna našteti področja uporabe nedestruktivnih jedrskih metod v industriji in njihove prednosti ter slabosti.


	
	Knowledge and Understanding:

The student can summarize the filed of application of nondestructive nuclear testing methods in industry, their advantages and disadvantages.

	Prenesljive/ključne spretnosti in drugi atributi:

Študent se pri vajah spozna s praktično uporabo nevtronske radiografije in / ali nevtronske aktivacijske analize.
	
	Transferable/Key Skills and other attributes:

The student learns during practical training the use of radiography and neutron activation analyses.

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja, pri katerih študent spozna teoretične vsebine predmeta. 

Pri vajah študent utrdi teoretično znanje z mentorsko vodenim reševanjem izbranih praktičnih nalog in izvaja praktične vaje v sevalnem laboratoriju, kjer sledi demonstraciji nevtronske aktivacijske analize in nevtronske radiografije.
	
	The student learns the theoretical fundamentals of the course during lectures.

During the tutorial the student strengthens the acquired knowledge with practical problem solving. The tutorial is guided by the mentor and carried out in a radiation laboratory where the student follows the demonstration of neutron activation analyses and neutron radiography.



	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

· pisni izpit

· ustni izpit

· poročilo o vajah
	50

40

10


	Type (examination, oral, coursework, project):

· written examination

· oral examination

· additionally a report about practical exercises has to be delivered by the student

	Reference nosilca / Lecturer's references: 

	LENGAR, Igor, ČUFAR, Aljaž, CONROY, S., BATISTONI, P., POPOVICHEV, Sergei, SNOJ, Luka, SYME, Brian, VILA, Rafael, STANKUNAS, Gediminas, et al. Radiation damage and nuclear heating studies in selected functional materials during the JET DT campaign. Fusion Engineering and Design, ISSN 0920-3796. 2016, doi: /10.1016/j.fusengdes.2016.01.03. [COBISS.SI-ID 29290279].

ČUFAR, Aljaž, LENGAR, Igor, KODELI, Ivan Aleksander, MILOCCO, Alberto, SAUVAN, Patrick, CONROY, S., SNOJ, Luka. Comparison of DT neutron production codes MCUNED, ENEA-JSI source subroutine and DDT. Fusion Engineering and Design, ISSN 0920-3796. 2016, 6 str., doi: 10.1016/j.fusengdes.2016.03.036. [COBISS.SI-ID 29366055].

SNOJ, Luka, LENGAR, Igor, ČUFAR, Aljaž, SYME, B., POPOVICHEV, Sergei, BATISTONI, P., CONROY, S., et al. Neutronic analysis of JET external neutron monitor response. Fusion Engineering and Design, ISSN 0920-3796. 2016, 6 str., doi: 10.1016/j.fusengdes.2016.03.046. [COBISS.SI-ID 29365799].

FILLIATRE, P., JAMMES, C., BARBOT, L., FOURMENTEL, D., GESLOT, B., LENGAR, Igor, JAZBEC, Anže, SNOJ, Luka, ŽEROVNIK, Gašper. Experimental assessment of the kinetic parameters of the JSI TRIGA reactor. Annals of Nuclear Energy, ISSN 0306-4549. 2015, vol. 83, str. 236-245. [COBISS.SI-ID 28565031].

SYME, D.B., POPOVICHEV, Sergei, CONROY, S., LENGAR, Igor, SNOJ, Luka, SOWDEN, Benjamin Choyce, et al. Fusion yield measurements on JET and their calibration. Fusion Engineering and Design, ISSN 0920-3796. 2014, iss. 11, vol. 89, str. 2766-2775. [COBISS.SI-ID 28006439].

VUOLO, M., BONIFETTO, R., DULLA, S., HEINOLA, K., LENGAR, Igor, RAVETTO, Pierro, VILLARI, R., WIDDOWSON, A., ZANINO, R., et al. Evaluation of the neutron activation of JET in-vessel components following DT irradiation,. Fusion Engineering and Design, ISSN 0920-3796, Vol. 89, Iss. 9-10. Barcelona: Elsevier, 2014, iss. 9-10, vol. 89, str. 2071-2075. [COBISS.SI-ID 28447527].

LENGAR, Igor, SNOJ, Luka. Benchmark evaluation of interacting aluminum cylinders containing uranyl fluoride solution, Nuclear engineering and design, ISSN 0029-5493, Vol. 261, 2013. Amsterdam: Elsevier, vol. 261, str. 232-237. [COBISS.SI-ID 26907687].

RADULOVIĆ, Vladimir, LENGAR, Igor, TRKOV, Andrej. Effect of systematic error in the fuel mass on ksub[eff] in pebble bed reactors, Nuclear Engineering and Design, ISSN 0029-5493, Vol. 246). Amsterdam: Elevier, 2012, vol. 246, str. 75-81. [COBISS.SI-ID 25788455].

LENGAR, Igor. Evaluation of neutron scattering in fusion reactor diagnostics and tile material. Journal of energy technology, ISSN 1855-5748. [Tiskana izd.], Nov. 2008, vol. 1, iss. 1, str. 31-41. [COBISS.SI-ID 12996886].

LENGAR, Igor, SNOJ, Luka, ROGAN, Petra, RAVNIK, Matjaž. Re-evaluation of the criticality experiments of the "Otto Hahn Nuclear Ship" reactor. Kerntechnik, ISSN 0932-3902, 2008, vol. 73, str. 242-248, [COBISS.SI-ID 22170919].

RANT, Jože, MILIĆ, Zoran, ISTENIČ, Janka, KNIFIC, Timotej, LENGAR, Igor, RANT, Andrej. Neutron radiography examination of objects belonging to the cultural heritage. Applied Radiation and Isotopes, ISSN 0969-8043. 2006, vol. 64, str. 7-12. [COBISS.SI-ID 19648807]. 


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	FIZIKA TLAČNOVODNIH REAKTORJEV

	Course title:
	PWR PHYSICS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	30
	
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	MARJAN KROMAR

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	· Cepitev jeder

· Nevtronski cikel

· Nevtronsko ravnovesje in kritičnost v 2-grupnem difuzijskem približku

· Kinetika reaktorja

· Podkritično pomnoževanje

· Odziv reaktorja pri nizkih in visokih močeh

· Kratkoročne spremembe reaktivnosti

· Srednjeročne spremembe reaktivnosti

· Dolgoročne spremembe reaktivnosti

· Gorljivi absorberji

· Upravljanje z gorivom

· Regulacija z regulacijskimi palicami

· Regulacija s kemično kompenzacijo

· Krmiljenje reaktorja


	
	· Nuclear fission

· Neutron cycle

· Neutron balance and criticality in 2-group diffusion approximation

· Reactor kinetics

· Subcritical multiplication

· Reactor response at low and high power

· Short term reactivity changes

· Intermediate term reactivity changes

· Long term reactivity changes 

· Burnable poisons

· Fuel management

· Regulation with control rods

· Regulation with chemical compensation

· Reactor control


	Temeljni literatura in viri / Readings:

	Bruno Cvikl, Jedrski energetski sistemi (z uvodom v fiziko stacionarnih reaktorjev), 119 strani, Univerza v Mariboru in Inštitut “Jožef Stefan” Ljubljana, 2010.

E. Srebotnjak, Osnove reaktorske fizike, Izobraževalni center za jedrsko tehnologijo »Milana Čopiča«, 2015.

H. Sekimoto, Nuclear Reactor Theory, COE-INES, Tokyo Institute of Technology, 2007.

J. J. Duderstadt, L. J. Hamilton, Nuclear reactor Analysis, John Wiley & Sons, 1976.

	Cilji in kompetence:
	
	Objectives and competences:

	Študenti:

· spoznajo in osvojijo osnovne procese v jedrskem reaktorju,

· spoznajo odziv reaktorja na spremembe reaktivnosti, 

· spoznajo časovno odvisne spremembe v fisijskem reaktorju in način kontrole reaktorja.
	
	Students:

· get acquainted and gain understanding of the basic processes in nuclear reactor,

· get acquainted with reactor response produced by reactivity changes, 

· get understanding of time-dependent changes in a reactor and its control.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

· poznavanje osnovnih procesov v jedrskem reaktorju,

· sposobnost napovedi obnašanja reaktorja,

· sposobnost uporabe pridobljenega teoretičnega znanja v praksi,

· avtonomnost v svojem strokovnem delu.

	
	Knowledge and understanding:

· knowledge of the basic processes in nuclear reactor,

· ability to predict reactor behaviour,

· ability to use theoretical knowledge in practice,

· independence in professional work and obligation to professional ethics.

	Prenesljive/ključne spretnosti in drugi atributi:

· Znanje, ki naj omogoči nadaljni študij sorodnih področij.

· Razvoj veščin in spretnosti v uporabi znanja na svojem konkretnem strokovnem delovnem področju.
	
	Transferable/Key Skills and other attributes:

· Skills enabling in-depth study of connected areas.

· Development of skills and expertise in the use of knowledge in a specific technical working area.

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	· Predavanja

· Avditorne vaje
	
	· Lectures

· Auditorium exercises

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

· pisni izpit (obvezna pozitivna ocena)

· domače naloge                                   
	70

30
	Type (examination, oral, coursework, project):

· written examination (obligatory positive grade to pass)

· coursework

	Reference nosilca / Lecturer's references: 

	1. ĆALIĆ, Dušan, KROMAR, Marjan. Spent fuel characterization analysis using various nuclear data libraries. Nuclear Engineering and Technology. [in press] 2022. ISSN 1738-5733. DOI: 10.1016/j.net.2022.04.009. [COBISS.SI-ID 105496067]

2. JANSSON, P., BENGTSSON, Martin, BÄCKSTRÖM, Ulrika, ALVAREZ-VELARDE, F., ĆALIĆ, Dušan, CARUSO, Stefano, DAGAN, Ron, FIORITO, L., GIOT, L., GOVERS, Kevin, SOLIS, Augusto Hernandez, HANNSTEIN, V., KROMAR, Marjan, ŽEROVNIK, Gašper, et al. Blind benchmark exercise for spent nuclear fuel decay heat. Nuclear science and engineering. [in press] 2022, 11 str. ISSN 0029-5639. DOI: 10.1080/00295639.2022.2053489. [COBISS.SI-ID 106614275]

3. KROMAR, Marjan, KURINČIČ, Bojan. Comparison of the ENDF/B-VII.0, ENDF/B-VII.1, ENDF/B-VIII.0 and JEFF-3.3 Libraries for the Nuclear Design Calculations of the NPP Krško with the CORD-2 System. Journal of nuclear engineering and radiation science. 2021, 15 str. ISSN 2332-8975. DOI: /10.1115/1.4050991. [COBISS.SI-ID 82363139]

4. GORIČANEC, Tanja, ŠTANCAR, Žiga, KOTNIK, Domen, SNOJ, Luka, KROMAR, Marjan. Applicability of the Krško nuclear power plant core Monte Carlo model for the determination of the neutron source term. Nuclear Engineering and Technology. 2021, vol. 53, iss. 11, str. 3528-3542. ISSN 1738-5733. DOI: 10.1016/j.net.2021.05.022. [COBISS.SIID 76991491]
5. MERLJAK, Vid, KROMAR, Marjan, TRKOV, Andrej. Rod insertion method analysis - a methodology update and comparison to boron dilution method. Annals of Nuclear Energy. [Print ed.]. 2018, vol. 113, str. 96-104. ISSN 0306-4549. DOI: 10.1016/j.anucene.2017.11.020. [COBISS.SI-ID 30971175



	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	OBRATOVANJE IN VARNOST JEDRSKIH NAPRAV

	Course title:
	PRINCIPLES AND PRACTICE OF SAFE NUCLEAR INSTALATIONS OPERATIONS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	25
	5
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	IVAN KODELI

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.

	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	1. Matematika: konverzija med enotami, ki se uporabljajo v jedrski energetiki, perioda reaktorja, eksponentna funkcija

2. Fizika: aktivnost, hitrost doze v odvisnosti od razdalje

3. Reaktorska fizika: spekter, k efektivni, podkritično pomnoževanje, zakasnelo in promptno kritičen reaktor, ...

4. Zaščita pred sevanji

5. Sistemi za hlajenje reaktorja

6. Jedrski detektorji in inštrumentacija

7. Sistemi za regulacijo reaktivnosti

8. Sistem za zaščito reaktorja

9. Režimi obratovanja in postopki obratovanja

10. Ocena negotovosti, verifikacija in validacija reaktorskih preračunov
	
	1. Maths: unit convertion (half life, decay  constant, period,  doubling time), exponential approximations for reactor power changes 

2. Physics: calculate activity produced by exposure of material in a given flux be able to calculate radiation level resulting at a given distance 

3. Reactor Physics: fast and thermal neutrons, delayed and prompt neutrons, components that make up K-effective, and to indicate how changes in temperature, control rod position, fuel burnup, 

4. Health Physics

5. Reactor Water Systems

6. Controls & Instrumentation 

7. Reactivity control systems

8.  Reactor Protection systems

9.  Procedures for Standard and Emergency state of operation.

10. Neclear reactor uncertainty analysis, verification and validation of models and codes.


	Temeljni literatura in viri / Readings:

	Ronald Allen Knief: Nuclear Energy Technology, Hemisphere Publishing Corporation - McGraw-Hill.

	Cilji in kompetence:
	
	Objectives and competences:

	Podati osnovne principe in metode, ki se uporabljajo pri varnem obratovanju jedrskih naprav. Cilj tega predmeta je predpriprava študentov na izpit za pridobitev licence operaterja in okvirno spoznavanje znanj, ki so potrebna za pridobitev licence operaterja.
	
	To provide a comprehensive education on all aspects of operations of a nuclear reactor. Foster a spirit of professionalism among student.

Give students an introduction into the content of reactor licensing exam.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

· sposobnost uporabe pridobljenega teoretičnega znanja v praksi

· samostojnost v strokovnem delu in zavezanost profesionalni etiki

	
	Knowledge and understanding:

· ability to use theoretical knowledge in practice

· independence in professional work and obligation to professional ethics

	Prenesljive/ključne spretnosti in drugi atributi:

Razvoj veščin in spretnosti v uporabi znanja na svojem konkretnem strokovnem delovnem področju.
	
	Transferable/Key Skills and other attributes:

Development of skills and expertise in the use of knowledge in a specific technical working area.

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja, pri katerih študent spozna teoretične vsebine predmeta. 

Pri vajah študent utrdi teoretično znanje z mentorsko vodenim reševanjem izbranih praktičnih nalog ter skozi vaje na simulatorju spozna postopke obratovanja v komandni sobi reaktorja.
	
	The student learns the theoretical fundamentals of the course during lectures.

During the tutorial the student strengthens the acquired knowledge with practical problem solving. The tutorial is guided by the mentor and carried out in a reactor simulator and in research reactor control room.

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

· pisni izpit

· seminarska naloga
	60

40
	Type (examination, oral, coursework, project):

· written examination
· final project

	Reference nosilca / Lecturer's references: 

	I. Kodeli, S. Slavič, SUSD3D Computer Code as Part of the XSUN-2017 Windows Interface Environment for Deterministic Radiation Transport and Cross Section Sensitivity-Uncertainty Analysis, Science and Technology of Nuclear Installations (in press).

I. Kodeli, Combined use of k-effective and beta-effective measurements for nuclear data validation and improvement, Proc. ND2016, Int. Conf. On Nuclear Data for Science and Technology, 11-16/09/2016, Bruges, Belgium, EPJ Web of Conferences.

I. Kodeli, K. Kondo, R.L. Perel, U. Fischer, Cross-Section Sensitivity and Uncertainty Analysis of the FNG Copper Benchmark Experiment, Fusion Engineering and Design, 109-111 (2016) 1222-1226.

I. Kodeli, W. Zwermann, Evaluation of Uncertainties in eff by Means of Deterministic and Monte Carlo Methods, Nuclear Data Sheets 118 (2014) 370-373.

I. Kodeli, A. Milocco, P. Ortego, E. Sartori, 20 Years of SINBAD (Shielding Integral Benchmark Archive and Database), Progress in Nuclear Science and Technology, 4 (2014) pp. 308-311.

I. Kodeli, Sensitivity and Uncertainty in the Effective Delayed Neutron Fraction (eff), Nuclear Instruments and Methods in Physics Research A 715}(2013)70-78.

I. Kodeli, G. Rimpault, P. Dufay, Y. Peneliau, J. Tommasi, E. Fridman, W. Zwermann, A. Aures, E. Ivanov, K. Ivanov, Y. Nakahara, T. Ivanova, J. Gulliford, Uncertainty Analysis of Kinetic Parameters for Design, Operation and Safety Analysis of SFRs, Proc. Int. Conf. on Fast Reactors and Related Fuel Cycles: Next Generation Nuclear Systems for Sustainable Development (FR17), 26-29 June 2017, Yekaterinburg, RF.

G. Rimpault, L. Buiron, N. E. Stauff, T. K. Kim, T. A. Taiwo, Y-K Lee, A. Aures, F. Bostelmann, E. Fridman, A. Kereszturi, I.-A. Kodeli, K. Mikityuk, A. Peregudov, Y. Nakahara, J. Dyrda, T. Ivanova, Objectives and Status of the OECD/NEA sub-group on Uncertainty Analysis in Modelling (UAM) for Design, Operation and Safety Analysis of SFRs (SFR-UAM), Proc. Int. Conf. on Fast Reactors and Related Fuel Cycles: Next Generation Nuclear Systems for Sustainable Development (FR17), 26-29 June 2017, Yekaterinburg, RF.

I. Kodeli, Experience in Using the S/U Analysis for Basic Data Validation and Other Fission/Fusion Reactor Applications, Int. Expert Conf. on Nuclear Technology, May 16-17, Berlin.

I. Kodeli, Nuclear Data and Code Testing Using the Radiation Shielding Experiments in SINBAD, M&C 2017 – Int. Conf. on Math. & Comput. Meth. Applied to Nucl.Sci.& Eng., Jeju, Korea, April 16-20, 2017 (2017).

I. Kodeli, G. Žerovnik, A. Milocco, Examples of Recent Use of SINBAD Database for Nuclear Data and Code Validation, Proc. ICRS-13 & RPSD-2016 Conference, Paris, Oct. 3-6, 2016.


	
UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	REAKTORSKE MERITVE IN INSTRUMENTACIJA

	Course title:
	NUCLEAR REACTOR MEASUREMENTS & NUCLEAR INSTRUMENTATION LABORATORY

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	25
	5
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	MARJAN KROMAR

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	1. Tipi in karakteristike detektorjev visoko-energijskih sevanj, kako delujejo, kako jih uporabljamo. 

2. Obdelani bodo naslednji detektorji: plinski detektorji, enostavne ionske celice, proporcionalni števci, Geiger-Mullerjevi števci, polprevodniški detektorji, (Ge(Li), HPGe), scintilacijski detektorji, organski detektorji.

3. Statistika in eksperimentalna negotovost pri meritvah jedrskih pojavov.

4. Posebnosti inštrumentacije močnostnih reaktorjev.

5. Obratovalni parametri sredice (statični in kinetični).

6. Vpliv povratnih efektov temperature in moči.

7. Meritev reaktivnosti.

8. Meritev koeficientov reaktivnosti in vrednosti kontrolnih palic.

9. Meritev porazdelitve moči.
	
	1. Types and characteristics of detectors for high-energy radiations, how they work, and how they are used.

2. Detector types include: gas-filled detectors: simple ion chambers, proportional, Geiger-Muller counters, semiconductor detectors (lithium drifted, high-purity germanium), scintillation detectors, organic.

3. Nuclear counting statistics, experimental uncertainties, uncertainty propagation.

4. Nuclear instrumentation in power reactors.

5. Operational parameters in nuclear reactor core.

6. Temperature and power feedback effect.

7. Reactivity measurements.

8. Reactivity coefficient measurements and control rod worth measurements.

9. Power distribution measurements.


	Temeljni literatura in viri / Readings:

	J. Shaw, Reactor operation, Pergamon press, 1969.

B Cvikl: Jedrske in sevalne naprave, Fakulteta za energetiko,  UM , 2014, študijsko gradivo, 134 strani.

G. K. Knoll, Radiation Detection and Measurement, John Wiley&Sons 2001.

	Cilji in kompetence:
	
	Objectives and competences:

	Podati osnovne principe in metode, ki se uporabljajo pri meritvah parametrov jedrskih reaktorjev. Spoznati osnovno delovanje sodobne jedrske inštrumentacije.
	
	Explain basic principles and methods used in measurements performed on nuclear reactors. Introduce the students to modern nuclear detectors and instrumentation.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Uporabljati osnovno jedrsko inštrumentacijo, določiti izkoristek in resolucijo detektorjev, izmeriti število sunkov in izmeriti enostaven spekter ter analizirati rezultate. Meritve reaktorskih parametrov pri podkritičnem, kritičnem in nadkritičnem reaktorju.
	
	Knowledge and understanding:

How to use basic nuclear instrumentaion, calculate their properties (efficiency, energy resolution,…). Perform nuclear counting and spectroscopy experiments, and analyze the results. Measure reactor parameters of sub-critical, critical and super-critical reactor.


	Prenesljive/ključne spretnosti in drugi atributi:

Opraviti meritve in raziskave skupaj z inštruktorjem in brez njega v skupini sošolcev. Znati slediti navodilom inštruktorja in napisati zadovoljivo poročilo o meritvah, znati oceniti omejitve in negotovosti izmerjenih rezultatov.
	
	Transferable/Key Skills and other attributes:

Do laboratory research together in both informal groups of two to four students and organized teams of eight students with a designated, rotating leader. Analyze the results of experiments and work out answers to assigned problem sets with a combination of individual study and exchange of ideas with classmates.


	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	· Predavanja

· Avditorne vaje 


	
	· Lectures

· Auditorium exercises 




	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

· pisni izpit (obvezna pozitivna ocena)
· domače naloge                                   
	70

30
	Type (examination, oral, coursework, project):

· written examination (obligatory positive grade to pass)
· coursework

	Reference nosilca / Lecturer's references: 

	1. ĆALIĆ, Dušan, KROMAR, Marjan. Spent fuel characterization analysis using various nuclear data libraries. Nuclear Engineering and Technology. [in press] 2022. ISSN 1738-5733. DOI: 10.1016/j.net.2022.04.009. [COBISS.SI-ID 105496067]

2. JANSSON, P., BENGTSSON, Martin, BÄCKSTRÖM, Ulrika, ALVAREZ-VELARDE, F., ĆALIĆ, Dušan, CARUSO, Stefano, DAGAN, Ron, FIORITO, L., GIOT, L., GOVERS, Kevin, SOLIS, Augusto Hernandez, HANNSTEIN, V., KROMAR, Marjan, ŽEROVNIK, Gašper, et al. Blind benchmark exercise for spent nuclear fuel decay heat. Nuclear science and engineering. [in press] 2022, 11 str. ISSN 0029-5639. DOI: 10.1080/00295639.2022.2053489. [COBISS.SI-ID 106614275]

3. KROMAR, Marjan, KURINČIČ, Bojan. Comparison of the ENDF/B-VII.0, ENDF/B-VII.1, ENDF/B-VIII.0 and JEFF-3.3 Libraries for the Nuclear Design Calculations of the NPP Krško with the CORD-2 System. Journal of nuclear engineering and radiation science. 2021, 15 str. ISSN 2332-8975. DOI: /10.1115/1.4050991. [COBISS.SI-ID 82363139]

4. GORIČANEC, Tanja, ŠTANCAR, Žiga, KOTNIK, Domen, SNOJ, Luka, KROMAR, Marjan. Applicability of the Krško nuclear power plant core Monte Carlo model for the determination of the neutron source term. Nuclear Engineering and Technology. 2021, vol. 53, iss. 11, str. 3528-3542. ISSN 1738-5733. DOI: 10.1016/j.net.2021.05.022. [COBISS.SIID 76991491]

5. MERLJAK, Vid, KROMAR, Marjan, TRKOV, Andrej. Rod insertion method analysis - a methodology update and comparison to boron dilution method. Annals of Nuclear Energy. [Print ed.]. 2018, vol. 113, str. 96-104. ISSN 0306-4549. DOI: 10.1016/j.anucene.2017.11.020. [COBISS.SI-ID 30971175]




	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	MATERIALI V JEDRSKI ENERGETIKI

	Course title:
	NUCLEAR ENGINEERING MATERIALS

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	30
	
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	IGOR LENGAR

	

	Jeziki / Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Ni pogojev.
	
	None.

	Vsebina: 
	
	Content (Syllabus outline):

	1. Pregled znanosti o materialih, 

2. Jedrska energija in materiali, 

3. Lastnosti in zahteve reaktorskih materialov,

 4. Osnove sevalnih poškodb,

 5. Sevalne poškodbe reaktorskih materialov, 

6. Korozija, Jedrski gorivni krog fisijskih reaktorjev, 

8. Uran, 

9. Torij, 

10. Plutonij in aktinidi,

11 Pridobivanje urana iz rud, 

12. Izotopska obogatitev, 

13. Izdelava gorivnih elementov, 

14. Lastnosti obsevanega goriva, 

15. Predelava jedrskega goriva,

 16. Shranjevanje jedrskega goriva,

 17. Jedrski gorivni krog fuzijskih reaktorjev,

 18. Separacija vodika in drugih lahkih elementov, 

19. Interakcija plazme s prvo steno fuzijskih reaktorjev,

 20. Strukturni materiali jedrski reaktorjev: kovine, keramike, kovino-keramike,

 21. Materiali za moderatorje, reflektorje, obloge in hladila, 

22. Materiali za kontrolo, zaščito in varnostne sisteme,

 23. Materiali za gorivne elemente, hladilne sisteme in reaktorske posode fisijskih reaktorjev, 

24. Strukturni materiali za hitre fisijske reaktorje.
	
	1. Introduction into material sciences 

2. Material sciences and nuclear energy 

3. Nuclear reactor properties and material requirements 

4. Fundamentals of radiation damage 

5. Radiation damage of reactor materials 

6. Corrosion 

7. Fission reactor fuel cycle 

8. Uranium 

9. Thorium 

10. Plutonium and actinides 

11. Uranium mining and extraction 

12. Enrichment 

13. Fuel elements manufacturing 

14. Properties of irradiated fuel 

15. Fuel reprocessing 

16. Irradiated fuel storage 

17. Fusion reactor fuel cycle 

18. Separation of hydrogen and other light elements 

19. Plasma interaction with first wall 

20. Structural materials of nuclear reactors: metals, ceramics, composites 

21. Moderator, reflector and cooling materials 

22. Control, shielding and protection materials 

23. Fuel element cladding, calling system and vessel internals materials 

24. Fast fission reactor structural materials




	Temeljni literatura in viri / Readings:

	B. M. Ma, Nuclear Reactors Materials and Applications, Van Nostrand Reinhold, New York, 1983.

R. Istenič, B. Cvikl, R. Ilić, Materiali v jedrski energetiki, 90 strani, Univerza v Mariboru in Inštitut “Jožef Stefan”, Ljubljana, 2010.

K. Hellan, Introduction to fracture mechanics, McGraw Hill Book Co – Singapore, 1985.



	Cilji in kompetence:
	
	Objectives and competences:

	Dopolniti znanje o znanosti o materialih, ki obravnava notranjo strukturo materialov in njeno povezavo s karakteristikami materialov in njihovim obnašanjem pri različnih pogojih. Spoznati sevalne poškodbe, korozijo, jedrska goriva, lastnosti in zahteve reaktorskih materialov in materialov za strukturne dele jedrskih elektrarn.


	
	To supplement knowledge of materials, that deals with inside structure of materials and its connection with characteristics of materials and their behaviour under different conditions. To gain knowledge of radiation damage, corrosion, nuclear fuels, characteristics and demands of reactor materials and materials for structual parts of nuclear plants.

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje:

Poznavanje lastnosti pogostih materialov, ki se uporabljajo v jedrski elektrarni, pozna osnovne termodinamske, toplotne in sevalne učinke na te materiale, pozna osnovne efekte korozije.
	
	Knowledge and understanding:

Knowledge of characteristic of repeated materials that are used in nuclear energy, knowledge of basics of thermodinamics, heat and radiation effects on these materials, knowledge od basic corrosion effects.



	Prenesljive/ključne spretnosti in drugi atributi:

Pozna glavne načine odpovedi jedrskega goriva in ostalih materialov, pozna vpliv plinastih cepitvenih produktov, pozna termično in vibracijsko utrujanje materialov.


	
	Transferable/Key Skills and other attributes:

Knowledge of main methods of denunciation of nuclear fuel and other materials, knowledge of influence over gas splitting products, knowledge of termic and vibratrational fatigue of materials.

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja, pri katerih študent spozna teoretične vsebine predmeta. 

Pri vajah študent utrdi teoretično znanje z mentorsko vodenim reševanjem izbranih praktičnih nalog. 


	
	Lectures: the students gets acquainted with theoretical content of the subject.

Tutorial: the student upgrades the theoretical knowledge with practical experience.

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

· pisni izpit

· ustni izpit
	50

50
	Type (examination, oral, coursework, project):

· written examination

· oral examination

	Reference nosilca / Lecturer's references: 

	LENGAR, Igor, ČUFAR, Aljaž, CONROY, S., BATISTONI, P., POPOVICHEV, Sergei, SNOJ, Luka, SYME, Brian, VILA, Rafael, STANKUNAS, Gediminas, et al. Radiation damage and nuclear heating studies in selected functional materials during the JET DT campaign. Fusion Engineering and Design, ISSN 0920-3796. 2016, doi: /10.1016/j.fusengdes.2016.01.03. [COBISS.SI-ID 29290279].

ČUFAR, Aljaž, LENGAR, Igor, KODELI, Ivan Aleksander, MILOCCO, Alberto, SAUVAN, Patrick, CONROY, S., 
SNOJ, Luka. Comparison of DT neutron production codes MCUNED, ENEA-JSI source subroutine and DDT. Fusion Engineering and Design, ISSN 0920-3796. 2016, 6 str., doi: 10.1016/j.fusengdes.2016.03.036. [COBISS.SI-ID 29366055].

SNOJ, Luka, LENGAR, Igor, ČUFAR, Aljaž, SYME, B., POPOVICHEV, Sergei, BATISTONI, P., CONROY, S., et al. Neutronic analysis of JET external neutron monitor response. Fusion Engineering and Design, ISSN 0920-3796. 2016, 6 str., doi: 10.1016/j.fusengdes.2016.03.046. [COBISS.SI-ID 29365799].

FILLIATRE, P., JAMMES, C., BARBOT, L., FOURMENTEL, D., GESLOT, B., LENGAR, Igor, JAZBEC, Anže, SNOJ, Luka, ŽEROVNIK, Gašper. Experimental assessment of the kinetic parameters of the JSI TRIGA reactor. Annals of Nuclear Energy, ISSN 0306-4549. 2015, vol. 83, str. 236-245. [COBISS.SI-ID 28565031].

SYME, D.B., POPOVICHEV, Sergei, CONROY, S., LENGAR, Igor, SNOJ, Luka, SOWDEN, Benjamin Choyce, et al. Fusion yield measurements on JET and their calibration. Fusion Engineering and Design, ISSN 0920-3796. 2014, iss. 11, vol. 89, str. 2766-2775. [COBISS.SI-ID 28006439].

VUOLO, M., BONIFETTO, R., DULLA, S., HEINOLA, K., LENGAR, Igor, RAVETTO, Pierro, VILLARI, R., WIDDOWSON, A., ZANINO, R., et al. Evaluation of the neutron activation of JET in-vessel components following DT irradiation,. Fusion Engineering and Design, ISSN 0920-3796, Vol. 89, Iss. 9-10. Barcelona: Elsevier, 2014, iss. 9-10, vol. 89, str. 2071-2075. [COBISS.SI-ID 28447527].

LENGAR, Igor, SNOJ, Luka. Benchmark evaluation of interacting aluminum cylinders containing uranyl fluoride solution, Nuclear engineering and design, ISSN 0029-5493, Vol. 261, 2013. Amsterdam: Elsevier, vol. 261, str. 232-237. [COBISS.SI-ID 26907687].

RADULOVIĆ, Vladimir, LENGAR, Igor, TRKOV, Andrej. Effect of systematic error in the fuel mass on ksub[eff] in pebble bed reactors, Nuclear Engineering and Design, ISSN 0029-5493, Vol. 246). Amsterdam: Elevier, 2012, vol. 246, str. 75-81. [COBISS.SI-ID 25788455].

LENGAR, Igor. Evaluation of neutron scattering in fusion reactor diagnostics and tile material. Journal of energy technology, ISSN 1855-5748. [Tiskana izd.], Nov. 2008, vol. 1, iss. 1, str. 31-41. [COBISS.SI-ID 12996886].

LENGAR, Igor, SNOJ, Luka, ROGAN, Petra, RAVNIK, Matjaž. Re-evaluation of the criticality experiments of the "Otto Hahn Nuclear Ship" reactor. Kerntechnik, ISSN 0932-3902, 2008, vol. 73, str. 242-248, [COBISS.SI-ID 22170919].

RANT, Jože, MILIĆ, Zoran, ISTENIČ, Janka, KNIFIC, Timotej, LENGAR, Igor, RANT, Andrej. Neutron radiography examination of objects belonging to the cultural heritage. Applied Radiation and Isotopes, ISSN 0969-8043. 2006, vol. 64, str. 7-12. [COBISS.SI-ID 19648807].


	UČNI NAČRT PREDMETA / COURSE SYLLABUS

	Predmet:
	RAVNANJE Z RADIOAKTIVNIMI ODPADKI IN IZRABLJENIM JEDRSKIM GORIVOM

	Course title:
	RADIOACTIVE WASTE AND SPENT FUEL MANAGMENT

	
	
	
	

	Študijski program in stopnja

Study programme and level
	Študijska smer

Study field
	Letnik

Academic year
	Semester

Semester

	ENERGETIKA, 1. stopnja 
	
	3
	1/2

	ENERGY TECHNOLOGY, 1.degree
	
	3
	1/2

	

	Vrsta predmeta / Course type
	Izbirni/Elective

	
	

	Univerzitetna koda predmeta / University course code:
	U

	

	Predavanja

Lectures
	Seminar

Seminar
	Vaje

Tutorial
	Klinične vaje

work
	Druge oblike študija
	Samost. delo

Individ. work
	
	ECTS

	25
	
	30
	
	
	65
	
	4

	
	
	AV
	LV
	RV
	
	
	
	
	

	
	
	30
	
	
	
	
	
	
	

	

	Nosilec predmeta / Lecturer:
	TOMAŽ ŽAGAR

	

	Jeziki / 

Languages:
	Predavanja / Lectures:
	slovenski / Slovene

	
	Vaje / Tutorial:
	slovenski / Slovene

	Pogoji za vključitev v delo oz. za opravljanje študijskih obveznosti:
	
	Prerequisits:

	Vpis v letnik.

Opravljene seminarske naloge in udeležba ogleda na terenu so pogoj za pristop k opravljanju izpita.
	
	Enrollment into the program. 

Completed seminar assignment and participation on field visit are necessary to enter the exam.

	Vsebina: 
	
	Content (Syllabus outline):

	Radioaktivni odpadki, obsevano jedrsko gorivo in odpadki iz jedrskega gorivnega kroga:

- ravnanje z industrijskimi odpadki na splošno

- primerjava izpustov in odpadkov različnih energetskih tehnologij

- viri radioaktivnih odpadkov

- vrste radioaktivnih odpadkov

- obsevano jedrsko gorivo in radioaktivni odpadki iz različnih jedrskih gorivnih krogov 

- predobdelava in obdelava radioaktivnih odpadkov;

- priprava radioaktivnih odpadkov;

- skladiščenje radioaktivnih odpadkov; 

- ravnanje z izrabljenim jedrskim gorivom pred odlaganjem;

- odlaganje radioaktivnih odpadkov in izrabljenega jedrskega goriva (pripovršinsko, globinsko) in tehnologije odlaganja;

- ocenjevanje lastnosti  odlagališča in varnostne analize;

- transport radioaktivnih odpadkov in transport izrabljenega jedrskega goriva,

- nove tehnologije za ravnanje z izrabljenim gorivom (ločevanje in pretvorba)

- ponovna uporaba radioaktivnih snovi

- radioaktivne snovi kot viri za prihodnost

Razgradnja jedrskih objektov:

- osnovni pojmi in zahteve za razgradnjo,

- vrste in načini razgradenj,

- tehnologije razgradenj,

- radioaktivni odpadki iz razgradnje,

- od programa razgradnje do izvedbe,

- tehnične izkušnje zaključenih razgradenj

- praktični zgledi in primeri.

	
	Radioactive waste, irradiated fuel waste from nuclear fuel cycle:

- Industrial waste and managment of industrial waste

- Intercomparison between waste streams from different energy technologies

- Sources of radioactive wastes

- The types of radioactive waste 

- irradiated and spent fuel from different cycles

- Pre-processing and processing of radioactive waste.

-  open and closed nuclear fuel cycle, waste from other sources).

- Preparation of radioactive waste.

- Storage of radioactive waste.

- The management of spent nuclear fuel before disposal (processing, storage).

- From the waste to the suspension (research, site selection and characterization, underground laboratories, administrative procedures).

- Disposal of radioactive waste and spent fuel  and disposal technology.

- Assessing the performance of the landfill and the safety analysis.

- Transport of radioactive waste and spent fuel.

- New technologies for the management of spent fuel (partitioning and transmutation)

- Reuse of irradiated materials .

- radioactive material as future resource

Decommissioning of Nuclear Facilities:

- Basic concepts and requirements of decommissioning.

- Decommissioning methods and technologies.

- Radioactive waste from decommissioning.

- Decommissioning program and execution.

- Practical examples


	Temeljni literatura in viri / Readings:

	1. Tomaž Žagar, Metka Kralj, Učbenik: Ravnanje z odpadki, Zbirka Zelena Slovenija, Učbenik založbe Fit media, 2015, poglavje 3.3.4; Odpadki pri rabi jedrske energije.
2. Tomaž Žagar, Leon Kegel, Matej Rupret, “Slovenian Approach to Strategy and Planning for High Level Waste and Spent Fuel Deep Geological Disposal”, Chapter 17, Chapter published in "International Approaches for Nuclear Waste Disposal in Geological Formations: Geological Challenges in Radioactive Waste Isolation—Fifth Worldwide Review”, 2017-04-26, ed:, Faybishenko, Boris; Birkholzer, Jens; Sassani, David; Swift, Peter;  DOI:  10.2172/1353043,  LBNL-1006984, 2016 / 2017.   

3. Radioactive waste in Perspective, OECD, ISBN 9789264092617, 2010
4. Advanced Nuclear Fuel Cycles and Radioactive Waste Management, OECD, ISBN 9789264024854, 2006  
5. The Economics of the Back End of the Nuclear Fuel Cycle, OECD, 7061, Paris France, 2013

6. Timing of High-level Waste Disposal, OECD, NEA, 6244, Paris, France, 2008.

7. Decommissioning Nuclear Power Plants, OECD-NEA, 2003

8. Implications of Partitioning and Transmutation in Radioactive Waste Management, Technical Report Series No. 435, IAEA, 2004


	Cilji in kompetence:
	
	Objectives and competences:

	Cilji:Pridobiti osnovno znanje o radioaktivnih odpadkih in izrabljenem jedrskem gorivu in o razgradnjah jedrskih objektov. Seznaniti se z možnimi načini in tehnološkimi postopki za okoljsko ustrezno, družbeno sprejemljivo in varno ravnanje z radioaktivnimi odpadki in izrabljenim gorivom in za razgrajevanje jedrskih objektov. Spoznati konkretne primere ravnanja z radioaktivnimi odpadki in izrabljenim jedrskim gorivom od nastanka do trajne odložitve in primere razgradnje jedrskih objektov. 
Razvijati odgovoren odnos do okolja in družbe na področju ravnanja z radioaktivnimi odpadki.

	
	Objectives:To acquire basic knowledge about radioactive waste, spent fuel, and decommissioning of nuclear facilities. To become familiar with arrangements and processes for the safe management of radioactive waste and spent fuel management and decommissioning of nuclear facilities. 
To recognize specific examples of safe management of radioactive waste and spent fuel from generation to permanent disposal and decommissioning of the nuclear facilities. 
To develop a responsible attitude towards environment and society in the field of radwaste management. 

	Predvideni študijski rezultati:
	
	Intended learning outcomes:

	Znanje in razumevanje
Razumevanje osnovnih lastnosti radioaktivnih odpadkov, principov ravnanja z radioaktivnimi odpadki in izrabljenim jedrskim gorivom; razumevanje zahtev in omejitev, ki izhajajo iz varnostne analize;

ločevati med končnim odlaganjem in skladiščenjem, razumeti možnosti ponovne rabe

poznavanje in razumevanje osnovnih načinov razgradnje jedrskih objektov

Uporaba
Pridobljeno znanje se lahko uporabi neposredno v praksi za ravnanje z radioaktivnimi odpadki ali pri razgradnji jedrskih objektov.

Refleksija
Primer uporabe podobnih principov ravnanja in odgovornega odnosa tudi z drugimi vrstami odpadkov (toksični odpadki), princip planiranja in izvajanja razgradnje tudi za druge okoljsko tvegane objekte in za industrijske objekte nasploh.

Prenosljive spretnosti - niso vezane le na en predmet
Principi ravnanja z radioaktivnimi odpadki so enaki in uporabni v vseh fazah jedrskega gorivnega cikla. Ravnanje z odpadki in razgradnje jedrskih objektov dobivajo pomembno težo tudi pri razvoju in načrtovanju novih jedrskih tehnologij in nove generacije reaktorjev.
	
	Knowledge and understanding
Understanding of thebasic principlesof radioactive wasteand spent fuel.Understanding of the requirementsand constraintsderived from the safetyanalysis.

Understand difference between final repository and storage. Understand the difference between waste and future resources.

To knowand to understand thebasic principles ofnuclear decommissioning.

Application
Knowledge can be used directly in practice for the management of radioactive waste and the decommissioning of nuclear facilities.
Reflection
An example ofthe use ofsimilarprinciplesofa responsible attitudewith othertypes of waste(toxic waste),for the planningandexecution of processfor otherenvironmentallyhazardousfacilitiesandindustrial plantsin general.

Transferableskills
Principlesof radioactive wasteare the same andare applicable inall stagesof the nuclear fuelcycle.Waste management anddecommissioning of nuclear facilitiesreceivesignificant weightin the developmentanddesign of newnuclear technologies anda new generation ofreactors.

	
	
	

	Metode poučevanja in učenja:
	
	Learning and teaching methods:

	Predavanja: študent spozna teoretične vsebine predmeta. 

Vaje: obravnavani so konkretni praktični primeri iz industrijske prakse ali bolj podrobno obravnavane izbrane vsebine. Vaje vključujejo 5 ur ogleda in dela na terenu, kjer študent utrdi teoretično znanje in spozna možnosti in primere uporabe znanja. Ogled vključuje demonstracijo različnih primerov ravnanja z odpadki.


	
	Lectures: students learn about the theory. 

Exercises: there are present practical examples and discuss in more detail selected content. Exercises include 5 hours of field visti and work where students consolidate their theoretical knowledge during visti to a radioactive waste managment facility.

	Načini ocenjevanja:
	Delež (v %) /

Weight (in %)
	Assessment:

	Način (pisni izpit, ustno izpraševanje, naloge, projekt)

Ustni izpit, 

opravljena seminarska naloga


	50

50
	Type (examination, oral, coursework, project):

Oral exam, 

seminar project

	Reference nosilca / Lecturer's references:

	1. Žagar T., Kegel L., Rupret M., “Slovenian Approach to Strategy and Planning for High Level Waste and Spent Fuel Deep Geological Disposal”, Chapter 17, Chapter published in "International Approaches for Nuclear Waste Disposal in Geological Formations: Geological Challenges in Radioactive Waste Isolation—Fifth Worldwide Review”, 2017-04-26, ed:, Faybishenko, Boris; Birkholzer, Jens; Sassani, David; Swift, Peter;  DOI:  10.2172/1353043,  LBNL-1006984, 2016 / 2017.   

2. Žagar T., Kralj M., Učbenik: Ravnanje z odpadki, Zbirka Zelena Slovenija, Učbenik založbe Fit media, 2015, poglavje 3.3.4; Odpadki pri rabi jedrske energije.

3. Žagar, T., Buršič, A., Špiler, J., Kim, D., Chiguer, M., David, G., Gillet, P., Recycling as an option of used nuclear fuel management strategy, Nuclear Engineering and Design, 2010

4. Žagar T., Galy, J., Magill, J., Pulsed Neutron Source with Tabletop Laser – Accelerated Protons, In: H.Schwoerer, et al., Lasers and Nuclei, Lect. Notes Phys. 694, Springer Verlag, Berlin Heidelberg 2006, pp. 109 - 127

5. Magill, J., Galy, J., Žagar, T., Laser Transmutation of Nuclear Materials, In: H. Schwoerer, et.sl., Lasers and Nuclei, Lect. Notes Phys. 694, Springer Verlag, Berlin Heidelberg 2006, pp.131 - 146

6. Žagar, T., Galy, J., Magill, J., Kellett, M., Laser – generated nanosecond pulsed neutron sources: scaling from VULCAN to table – top. New journal of physics (online ed), 2005, vol. 7, pp. 253

7. Žagar, T., Božič, M., Ravnik, M., Long – lived activation products in TRIGA mark II research reactor concrete shield: calculation and experiment. Jour. of Nuc..Mat., 2004, vol. 335/3, pp. 379 - 386

8. Žagar, T., Ravnik, M., Determination of long – lived neutron activation products in reactor shielding concrete samples. Nucl. Technol., 2002, vol. 140, pp. 113 - 126

9. J. Avsec, P. Virtič, T. Žagar, L. Štrubelj, Economy Analysis of Electricity Production from Hydrogen in Combination with Nuclear Power Plant, Proceedings of the International Conference on Power Engineering POWER 2011, July 12-14, 2011, Denver, Colorado, USA

10. T. Žagar, R. Bergant, S.Furst, Nuclear Renaissance as a Viable Solution for Reducing Greenhouse Gases – the Environmental Impact of Different Energy Technologies, Journal of Energy Technology, JET Volume 2 (2009), Issue 3, pp. 11- 28
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