y PV-lab.

IEM NEUCHATEL

=PFL

Modeling and Simulation of Ultraviolet Downshifting and Infrared Reflective

Encapsulants for Photovoltaic Modules

N. Rochat4, F. Ollagnon?, B. Lipovsek3, J. Escarré Palou?, F.-J. Haug?, A. Faes!?, and C. Ballif*

1Ecole Polytechnique Fédérale de Lausanne (EPFL), Institute of Microengineering (IMT), Photovoltaics and thin-film electronics laboratory (PV-Lab), Neuchatel, Switzerland

2Centre suisse d’électronique et de microtechnique (CSEM), Neuchatel, Switzerland

3University of Ljubljana, Laboratory of Photovoltaics and Optoelectronics (LPVO), Ljubljana, Slovenia

4Corresponding author: nicolasfrederic.rochat@epfl.ch

Keywords: Solar PV technology, optical simulation, encapsulant layers, UV-downshifting, IR-reflective

Motivations & goals

Motivations [1]

* Improve power conversion efficiency
® Enhance lifetime stability

Target solar module

® Solar cell: c-Si n-type TOPCon
e Configuration: bifacial (glass-glass)
o Efficiency: 23%

Figure 2 Photo of a mini-module with UVDS layer
under artificial UV light

Theory & Methods

Figure 1 Structure of bifacial PV module
New layers

e Ultraviolet  downshifting  front
encapsulant (UVDS)

o Infrared reflective back encapsulant
(IR-reflective)

Goals

Propose experimental, analytical,
simulation methods to characterize
the impact of such layers on the PV
module’s performance.

Working principles
UV downshifting front encapsulant (UVDS):

e absorbs harmful UV photons
o re-emits blue spectral range photons

IR reflective back encapsulant (IR-reflective):

—) protects from UV degradation
—) generates more electricity

o redirects IR light back toward the cell —) generates more electricity
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Figure 3 Scheme of UVDS and IR-reflective layers effects on the solar cell's performance

Experimental method
EQE measurements
IV-curve measurements

Spectrophotometry measurements

CROWM

UVDS and IR-reflective effects simulation

Simulation method

Combined Ray Optics/Wave optics Model
New version developed on CROWM [5]

Analytical method a
Simulate UVDS effect [2,3] a
One-diode electrical model

Shockley-Queisser thermal model [4]
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Figure 4 Photoluminescence path scheme

Results

Impact on electrical performance

KPI: short-circuit current density Jg.
Optimisation at standard test
conditions (STC)

UVDS layer:

Comparison with UV blocker layer
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Modification of properties:

Absorbance scaling factor Aps [-]

o Absorbance scaling factor Agps
o Conversion efficiency 1,ps o B
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Maximum of +2.6% relative increase

IR-reflective layer:
Comparison with clear matrix layer

Figure 5 Optimisation color plot for UVDS layer

Mitigated results
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Figure 6 Jsc results for UVDS layer Figure 7 Jsc results for IR-reflective layer

Impact on energy yield
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Figure 8 Energy yield estimation per hours

Energy Yield [kWh/m?]

Yearly increase: +2.18%
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Figure 9 Energy yield results with UVDS layer

Conclusion & perspectives

o UV downshifting front encapsulant can enhance the energy yield by +2%.
o |R-reflective back encapsulant shows mitigated results.

o New version of CROWM with photoluminescence incorporation.

® Broader applications could benefit from the UV downshifting effect.
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