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Solar park auction 
Mexico 2017: 
0.0177 $/kWh!

New installations 2018 
>95 GWp



Si Solar Cell Efficiency Close to Limit

Thermodynamiclimit

Data Source: NREL & DOI: 10.1098/rsta.2011.0413

Tandem cells?



Si Solar Cell Efficiency Close to Limit

A. Polman, M. Knight, E. C. Garnett, B. Ehrler, W. Sinke Science
352, aa4424 (2016)



The rise of perovskites

NREL efficiency chart
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Towards efficient and stable 
perovskite/silicon tandem solar cells 

ÅSolar cellefficiency simulations

ÅIon migrationin perovskites



Realistic solar cell model

ÅHow goodcanperovskite/silicon
solarcellsbe?

ÅHow muchof anadvantage do they
have underreal-life conditions?

ÅModel predictsperformance underreal-
life conditions



Three different 
connection 
schemes

Total power conversion 
efficiency over a year

Series tandem ςcurrent matching

Module tandem ςvoltage 
matching

Four-terminal tandem ς
electrically independent



different 
connection 
schemes

Electrical 
model

Optical 
model

Temperature, irradiance, 
spectrum @ two locations, 
Utrecht NL and Colorado
EQE & IV of solarcells

Total power conversion 
efficiency over a year

Realistic solar cell model



Sunpowersolar cell model

SunPower C60® mono-crystalline silicon solar 



Sunpowersolar cell model



Perovskite/Silicon tandem



Realistictandem solarcellmodel

Realistictandem



Utrecht, The Netherlands
Ånarrow annual temperature range
Åhigh precipitation

Åhours sunshine 1475 per year

Denver, Colorado (US)
Åbroad annual temperature range
Ålow precipitation

Åhours of sunshine 3107 per year



Realistictandem solarcellmodel

Realistictandem



Low Irradiance is a problem!



Contact losses

Realistic tandem solar cell model



Non-radiativerecombination

Parasitic resistances

Realistictandem solarcellmodel



Contact losses

Non-rad. recombination
Series resistance

Shunt resistance

Realistictandem solarcellmodel



Contact losses

Non-rad. recombination
Series resistance

Shunt resistance

Optical losses

Realistictandem solarcellmodel



Realistictandem solarcellmodel

ÅA bad siliconcell
is improvedmost



Conclusion I: Solar cell model

o Tandem solar cells

o Sensitive to environmental conditions

o Device parameters of perovskite cells are not good enough yet

o Tandem cells make most sense for a bad Si base cell

Moritz Futscheret al., ACS Energ. Lett. 1, 2016
Mortiz Futscheret al., ACS Energ. Lett. 2, 2017
Moritz Futscheret al., ACS Energ. Lett. 3, 2018



Towards efficient and stable 
perovskite/silicon tandem solar cells 

ÅSolar cellefficiency simulations

ÅIon migrationin perovskites



Ion migration important forΧ


