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Metrics of solar cell performance limits –
normalized J-V characteristics 
(J/JSQ-V/Voc_SQ)
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Experimental and Simulation Cycles

Analyze

Analyze

• Knowledge 

• Understanding

• Design rules

• Better solar cells

Make 
device

Build 
model

Solar 
cell

Solar 
cell
model

Measurement 
results

Simulation 
results

Simulate

Characterize

Input parameters Refine model

Cell optimization

„Virtual cell“ optimization
„Virtual cell“ optimization

Cell optimization

M. Topič 4



Numerical Modelling and Simulation

 Optical and electrical simulation of solar cells and other optoelectronic devices

 Combination of different modelling techniques (TMF, FEM, RCWA, RT)

 Development of specialized software for accurate design and optimization of inorganic and organic solar cells and 
photovoltaic modules (SunShine, FEMOS, CROWM, ASPIN2)
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FEM simulation of a thin-film solar cell
(results show A in each layer) Non-conformal layer growth model for accurate

simulation of nano-textured multi-layer solar cells

Combined geometric optics / wave optics model 
(CROWM) for simulation of micro-textured TFSC
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M. Topič et al., Solar Energy Materials and Solar Cells 135 (2015) 57–66
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Simulator
(Combined Ray-Optics Wave-Optics Model)

B. Lipovšek et al., Informacije MIDEM 41 (2011) 264-271.

B. Lipovšek et al., IEEE Journal of Photovoltaics 4 (2014) 639-646.

http://lpvo.fe.uni-lj.si/en/software



Tandem perovskite/Si solar cell
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M. Jošt et al. Energy & Environmental Science 11 (2018) 3511–3523.



Tandem perovskite/Si solar cell
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M. Jošt et al. Energy & Environmental Science 11 (2018) 3511–3523.



Tandem perovskite/Si solar cell
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M. Jošt et al. Energy & Environmental Science 11 (2018) 3511–3523.
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https://www.csem.ch/page.aspx?pid=172296



Method for subcell analysis in 2T tandem solar cells
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M. Jošt et al., Solar RRL, Aug. 2021, 2100311, str. 1-8. doi: 10.1002/solr.202100311. 



Irradiation Zones – L : Low, M: Medium, H: High, K: Very High

Köppen-Geiger-Photovoltaic (KGPV) Climate Classification

M. Kottek et al., Meteorol. Z., 2006 TropicalDesertSteppeTemperateColdPolar
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J. Ascencio-Vásquez, K. Brecl, M. Topič, Solar Energy, 2019



𝑈𝑉 = 𝑓(𝐺, 𝑘𝑐)
𝑇𝑚𝑜𝑑 = 𝑓(𝑇𝑎𝑚𝑏 , 𝐺,𝑊𝑆)

𝑅𝐻 % = 𝑓(𝑊𝑉𝑃, 𝑇𝑑𝑒𝑤 , 𝑇𝑎𝑚𝑏)

Hydrolysis                : 𝑘𝐻 = 𝑓 𝑅𝐻, 𝑇𝑚
Photodegradation   : 𝑘𝑃 = 𝑓(𝑈𝑉, 𝑅𝐻, 𝑇𝑚)
Thermomechanical : 𝑘𝑇𝑚 = 𝑓 ∆𝑇, 𝑇𝑈

𝑘𝑇(𝑈𝑉, 𝑇, 𝑅𝐻) = 𝐴𝑁ෑ

𝑖=1

𝑛

1 + 𝑘𝑖 − 1 ,

Global PV Module Degradation Rates

J. Ascencio-Vásquez, K. Brecl, M. Topič, Energies, 2019 
I. Kaaya, J. Ascencio-Vásquez, K.-A. Weiss, M. Topič, IEEE JPV, 2019
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Climate Factors

Degradation Mechanisms

Total Degradation Rate



Outdoor monitoring of PV modules
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24 channel system                216 channel system                16 channel system
for tandem cells                      for single cells                   for full-size PV modules
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Berlaymont , 22 Jan 2020
Timmermans cabinet (12th floor)
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LPVO team through 25 years –
PhD students ( when finished)
and post-docs

Prof. Dr. Janez Krč                                                         

Assoc. Prof. Dr. Marko Jankovec                                                                          

Dr. Uroš Merc                                                                         

Dr. Boštjan Glažar                                                             

Dr. Gregor Černivec 

Dr. David Jurman 

Dr. Andrej Čampa                       

Dr. Marko Berginc 

Dr. Jurij Kurnik 

Dr. Tine Andrejašič 

Assoc. Prof. dr. Benjamin Lipovšek                                                                   

Dr. Matic Herman                                                             

Dr. Matevž Bokalič                                                                       

Dr. Miha Filipič 

Prof. Dr. Martina Schmid

Asst. Prof. Dr. Matija Pirc                                             

Dr. Gašper Matič                                                             

Dr. Martin Sever                                                             

Dr. Blaž Kirn                                                             

Asst. Prof. Dr. Marko Jošt                                                             

Dr. Milan Kovačič 

Dr. Rok Kimovec                                                             

Dr. Žiga Lokar                

Dr. Sascha Lindig 

Dr. Julian Ascencio                                                                     

Dr. Stefan Mitterhofer 



R&D Heads, Managers, Entrepreneurs
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MIDEM 2010, September 29th — October 1st, Radenci, SloveniaM. Bokalic, M. Topic 20



PPT Design 2011, January 21st — February 15th, Ljubljana, SloveniaD. Smolnikar 21www.etip-pv.eu/publications/sria-pv/

-55% emissions by 2030
climate neutrality

reduced energy dependency







We need to act NOW!
We need to act FAST!
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