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1. Commercial thin film PV

2. Good match for perovskite

3. All thin-film tandem PV



PV – Annual production by technology, worldwide (GWp)

PV report, ISE Fraunhofer



Thin-film PV – Annual global PV module production

PV report, ISE Fraunhofer



• Intrinsic advantages of thin-film technologies 

+ high efficiency, energy yield and reliability

• Utility scale, rooftop and BIPV applications, 

colored, patterned and/or flexible products

• Fully vertically integrated, low-cost production on a 

GW scale

• Low material consumption, short energy payback 

times, low carbon footprint

CIGS thin-film PV – White paper initiative

https://cigs-pv.net/



• Cell level

• Efficiency = 23.4 %

• VOC = 0.734 V

• JSC = 39.6 mA/cm2

• FF = 80.4 %

• Module level

• Efficiency = 19.2 %

• VOC = 48.0 V

• JSC = 0.456 A

• FF = 73.7 %

CIGS thin-film PV – Single-junction status

Solar cell efficiency tables; DOI: 10.1002/pip.3228 



• Monolithic / 2T

• 0.5 to 1 cm2

• 24.16 %

CIGS thin-film PV – Tandem status

Solar cell efficiency tables; DOI: 10.1002/pip.3228 



• Chalcopyrite structure • Tunable bandgap

CIGS thin-film PV – Tunable bandgap

DOI: 10.1016/B978-0-12-809921-6.00010-0



CuInSe2 – High potential as bottom cell for tandem

Courtesy of EMPA; PhD thesis Thomas Feurer

2T tandem efficiency 4T tandem efficiency



• Cell level

• Efficiency = 19.2 %

• VOC = 0.609 V

• JSC = 42.3 mA/cm2

• FF = 74.6 %

CuInSe2 – High potential as bottom cell for tandem

Courtesy of EMPA; DOI: 10.1002/aenm.201901428



All thin-film perovskite on CIS tandem development

Very strong and complementary consortium



All thin-film perovskite on CIS tandem development

LC-SC3-RES-1-2019-2020 - Next generation PV technologies

• Power conversion efficiency targets

• ≥ 20 % semi-transparent perovskite

• ≥ 10 % NIR-illuminated CuInSe2

• ≥ 30 % tandem cell
• ≥ 25 % tandem module

• on glass.

• With high stability,

• high manufacturability,

• and at low cost and low environmental footprint.



• Tandem efficiency = 25.0 %
• Perovskite TOP 

• Efficiency = 16.9 %

• VOC = 1.034 V

• JSC = 20.79 mA/cm2

• FF = 79.8 %

• CIS BOTTOM 

• Efficiency = 8.1 %

• VOC = 0.565 V

• JSC = 19.4 mA/cm2 

• FF = 74.2 %

• DOI: 10.1002/aenm.201901428

World record efficiencies guaranteed

Current status – 4T; Rigid; Cell



World record efficiencies guaranteed

Current status – 4T; Flexible; Cell



• They are dating... • ...but it looks promising!

• Match

• Lower bandgap perovskite

• Very good results

• 2T; rigid – 24.2 %

• 4T; rigid – 25 %

• 4T; flexible – 23 %

• New EU projects 

• PERCISTAND – started

• 2T; flexible – in the pipeline

Perovskite-on-chalcogenide, a marriage made in heaven?

Conclusions

Courtesy of DREAMSTIME / MCT - www.inquirer.com



Perovskite-on-chalcogenide tandem PV

• Uniting PV – Solar cell architecture optimization

• ERC-2016-STG – ERC – Excellent Science

• SWInG / CUSTOM-ART – Replacing In, Ga

• LCE-01-2014 - New knowledge and technologies

• LC-SC3-RES-9-2020 – Next generation of thin film PV

• Tech4Win – Tandem to the extreme = UV + IR

• LC-SC3-RES-2-2018 – Disruptive innovation in PV

Related Horizon 2020 work
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• Progress in PV tandem technology

Keep an eye on ...

https://www.linkedin.com/groups/8931403/


Thank you!

Questions?

info@energyville.be


