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Tandem solar cells enable disruptive applications

» Currently ~99% of all terrestrial PV is based on single junction solar cells
» Tandems (2 or more junctions) enable > 30% efficiency — leveraging for balance of system cost
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Tandem solar cells enable disruptive applications

» Currently ~99% of all terrestrial PV is based on single junction solar cells
» Tandems (2 or more junctions) enable > 30% efficiency — leveraging for balance of system cost
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Tandems are possible — what configuration is best?

Single Junction
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Tandems capture a wider spectrum at higher efficiency
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Tandems are possible — what configuration is best?
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Tandem PV Efficiency: Cell level demonstrations
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A Roadmap for Tandem PV Technology

Joule ¢ CellPress

OPEN ACCESS

A roadmap for tandem photovoltaics

Kirstin Alberi,* Joseph J. Berry,'~* Jacob J. Cordell,’ Daniel J. Friedman,’ John F. Geisz,’

Ahmad R. Kirmani, "« Bryon W. Larson,’ William E. McMahon," Lorelle M. Mansfield," Paul F. Ndione,’
Michael Owen-Bellini,! Axel F. Palmstrom,’ Matthew O. Reese,' Samantha B. Reese,’

Myles A. Steiner,’ Adele C. Tamboli,' San Theingi,' and Emily L. Warren'

Part I: Foundational knowledge
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Materials development
Cell-level demonstrations
Module-level integration

Identify and address failure modes
Lower degradation rates
Large-area cell demonstrations
Transition to manufacturing-relevant processing in R&D

The intent of this roadmap is to bolster the
collective effort to develop tandem PV by
providing a comprehensive view of the pathway to
commercialization and the high-level challenges
that must be overcome along the way.

Part Il: A roadmap for future development

Challenges and Opportunities
Top junctions: limprove perovskite stability and raise CdTe bandgap
Module-level integration: solve direct deposition, design issues
Develop more accurate EQE measurements and EHY models
Develop thin film bottom cell alternatives with lower EPBT

Cell and module R&D

Integrate reliability testing earlier in R&D and scaling process
Develop effective testing/qualification protocols

Solve scribe and packaging related reliability issues in perovskites
Increase outdoor testing and share data

Reliability and scaling

Solve cost issues earlier to avoid competitiveness issues
Manufacturing Expand field-scale testing earlier to identify failures

Establish scalable manufacturing
‘ Evaluate and lower use of critical materials

Establish consortia across tandems industry and R&D

System-level design
Quantify and account for market risk
Determine how to handle end-of-life solutions

Evaluate BOS requirements to support PV system planning
Determine entry market
Financial risk assessments, sharing lessons learned

Deployment

First products

2% market share

K. Alberi et al. Joule, 2024, doi: 10.1016/j.joule.2024.01.017.
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Tandems research at NREL

Material fundamentals, tandem cells
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Tandem module demonstrations
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Technoeconomic analysis
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