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Solar module degradation

Degradation of short -circuit current (ISC)

E.g. caused by delamination, discoloration, cracked cells,

glasssoiling

Degradation of open -circuit voltage (VOC)

E.g. through increasein recombination (surface/ bulk)

Degradation of fill - factor (FF)

Increase in series resistance caused for instance by
corrosion, solder bond weakening,or crackedcells.
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Solar module degradation

Decades of measurement data for

long-term degradation of single -

junction solar modules available

33CO.8.2 - 35th EU PVSEC 2019

Source: D. C. Jordan and S. R. Kurtz, òPhotovoltaic Degradation Rates-an 
Analytical Review,ó Prog. Photovolt : Res. Appl 21 (1), 12ð29 (2013).



Solar module degradation
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long-term degradation of single -
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Long-term perovskite solar module

degradation rates not yet known
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Source: D. C. Jordan and S. R. Kurtz, 
òPhotovoltaic Degradation Rates-an 

Analytical Review,ó Prog. Photovolt : 

Res. Appl 21 (1), 12ð29 (2013).



Solar module degradation

Decades of measurement data for

long-term degradation of single -

junction solar modules available

Long-term perovskite solar module

degradation rates not yet known
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What are the requirements on perovskite cell

degradation to enable long -term performance and

economic viability of silicon -based tandem

modules ?

Source: D. C. Jordan and S. R. Kurtz, 
òPhotovoltaic Degradation Rates-an 

Analytical Review,ó Prog. Photovolt : 

Res. Appl 21 (1), 12ð29 (2013).



Tandem Modules

Degradation components considered separately

Module encapsulation (constant): Reduction of encapsulation transmittance of EVAand glass

impacting cell current of top and bottom cell

Siliconcell degradation :Reduction of fill - factor and voltage (constant)

PSKdegradation scenariosand rate varied to analyseimpact on tandem performance
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0.26% Module degradation affecting top

and bottom cell ISC

PSK cell degradation (varied)

0.09% FF+ 0.03% VOC degradation

glass

EVA

PSK cell

Si cell

EVA

glass

Si module degradation parameters from: 
D. C. Jordan and S. R. Kurtz, IEEE J. Photovoltaics 4 (1), 317ð323 (2014).



PSK cell degradation

Experimental degradation scenario

Accelerateddegradation experiment using an in-housesolution-processedPSKcell.

Degradation performed at 65ÁCin ambient atmosphere with 35% humidity .
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Cell details: Quadruple cationRb-FA0.75MA0.15Cs0.1PbI2Br with a cell structure of FTO/ compact TiO2

/ mesoporous TiO2 / passivation layer (PCBM+ PMMA) / perovskite / spiro-OMeTAD / Au

J. Qian et al., SustainableEnergy Fuels3, 1439ð1447 (2019).



PSK cell degradation

Experimental degradation scenario

Accelerateddegradation experiment using an in-housesolution-processedPSKcell.

Degradation performed at 65ÁCin ambient atmosphere with 35% humidity .

Experimentaldegradation scenariobasedon measureddegradation response
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J. Qian et al., SustainableEnergy Fuels3, 1439ð1447 (2019).



PSK current degradation

Correlation between current degradation and optical transmittance

With degrading cell current, the PSKmay become transparent or opaque

Ὢis the fraction of current loss in the PSKcell that is transmitted to the silicon bottom cell
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ὐÓÃ 3ÉὐÓÃ 3Éɇρ ὸɇὶÅÎÃὪɇὐÓÃ03+ɇὸɇὶÃ 03+

J. Qian et al., Sustainable Energy Fuels 3, 1439ï1447 (2019).



PSK current degradation

Correlation between current degradation and optical transmittance

With degrading cell current, the PSKmay become transparent or opaque

Experiment: Ὢ πȢψω(nearly all light from current reduction in PSKcell is transmitted to

bottom cell)
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J. Qian et al., Sustainable Energy Fuels 3, 1439ï1447 (2019).
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Tandem Modules

Assuming a conventional 72-cell c-Si PV module layout

Case I: Perovskite/silicon two -terminal tandem module

Basedon 25.2% two-terminal tandem cell (F. Sahli et al., Nat Mater 17 (9), 820ð826 (2018).)

Initial nominal module power rating of 442 W

Case II : Perovskite/silicon four -terminal tandem module

Basedon 26.7% four-terminal tandem cell (C. O. R. Quiroz et al., J. Mater. Chem. A 6 (8), 3583ð

3592 (2018).).

Initial nominal module power rating of 467 W
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Tandem module power

Normalized tandem module power over 25 year lifetime

Experimentaldegradation scenarioin 2T configuration

AssumingὪ πȢψωfrom experiment

Limiting PSKdegradation determined for maintaining 80%power after 25 years
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Tandem module power

Normalized tandem module power over 25 year lifetime

Experimentaldegradation scenarioin 4T configuration

AssumingὪ πȢψωfrom experiment

Limiting PSKdegradation determined for maintaining 80%power after 25 years
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Energy yield

Normalized module yield over 25 year lifetime

Comparing annual energyyield for 2T and 4T setup

Tandemmodule yield exceedsthat of single-junction in earlyyears

Depending on PSKdegradation rate, silicon module yield may exceed tandem module yield

in later years
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Energy yield

Normalized module yield over 25 year lifetime

Energy yield integrated over 25 years for varying PSK degradation rates show for ~1.5%

annual PSKcell degradation rate the same total energy yield for a 2T module compared to a
single-junction silicon module can be achieved.

In 4T configuration, lifetime energy yield exceeds that of bare silicon module at the same

degradation rates
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Future tandem modules

Energy yield for projected PSK / Si PERCtandem in 2025

Projected72-cell PERCmodule assumedwith 405 W in 2025

2T: A 1% gain in tandem efficiencycanoffset 0.5% increasein annual PSKdegradation rate

4T: A 1% gain in tandem efficiencycanoffset 1% increasein annualPSKdegradation rate
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