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Basics of TPV

Photovoltaics vs. thermophotovoltaics
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[TPV: PV conversion of (infrared) thermal radiation ]
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Basics of TPV

Conversion efficiencies
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Basics of TPV

Conversion efficiencies
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Basics of
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Basics of TPV

Conversion efficiencies
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Basics of TPV

Major differences between TPV and PV
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Basics of TPV

Major differences between TPV and PV
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Applications

X-to- -to-Power conversion

Primary
source P, Heat | Q,

heat “fatal” heatrecovery | ° C
generation site

solar rad. heat
—— A
heat = electricit
— > C I Y
electricity 1
heat

thermal storage

[Heat coming from various primary sources ] + | Heat storage ||

JNES, June 25, 2024



Applications TPV batteries

Power-to-Heat-to-Power conversion
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Applications TPV batteries

Power-to-Heat-to-Power conversion

[Need of long duration energy storage ]
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https://www.sciencedirect.com/science/article/pii/S2542435119305392

Applications TPV batteries

Power-to-Heat-to-Power conversion
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Applications

TPV batteries

Power-to-Heat-to-Power conversion

Searching for a cheap and dense energy storage ]
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Applications TPV batteries

Power-to-Heat-to-Power conversion
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https://antoraenergy.com/
https://medium.com/antora-energy/antora-raises-150-million-to-slash-industrial-emissions-a-letter-from-our-founders-dfc302bbd9a1
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Applications TPV batteries

Power-to-Heat-to-Power conversion

[ Academic projects and private companies (2) ]
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https://doi.org/10.1016/j.apenergy.2021.118081
https://www.nrel.gov/pv/high-efficiency-iii-v-solar-cells.html
https://gofourth.com/

Applications TPV batteries

Power-to-Heat-to-Power conversion
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https://doi.org/10.1016/j.joule.2022.01.010
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Very recent advances in
thermophotovoltaics
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Very recent advances

Semiconductor materials
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https://doi.org/10.1117/1.JPE.14.042403

Very recent advances

Single junction cells
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[ ... Towards 50% pairwise efficiency ]
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https://www.nature.com/articles/s41586-022-04473-y
https://www.nrel.gov/pv/high-efficiency-iii-v-solar-cells.html
https://www.nature.com/articles/s41586-020-2717-7
https://doi.org/10.1073/pnas.1903001116
https://doi.org/10.1364/OPTICA.5.000213
https://ieeexplore.ieee.org/abstract/document/1268283
https://doi.org/10.1016/j.joule.2022.10.002
https://doi.org/10.1073/pnas.2215977119
https://doi.org/10.1016/j.joule.2024.05.002

Recent advances

Record 1

Record efficiency
single junction TPV cell

Roy-Layinde et al., Joule, 2024
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[Very impressive, but experiments with a view factor < 0.4% ]
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The project-team TREE

Supported by (@B ingénierie
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The team
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Activities and events

+ Research roadmap — new projects: online collaborative work sessions (open)
«  Workshop TREE 1 (2022) & 2 (2023)
+ TREE-SCHOOL 2024
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Topics, collaborating and networking

Research topics Connexions with other organizations

2- Heat transfer TAMARYS

3- Photovoltaics
4- Materials: fabrication & characterization

5- Advanced concepts

T1- Multi-scale/physics modelling
T2- Environmental aspects (LCA,...)
T3- Development of a TPV battery

T4- Collaborations with private and foreign institutions

cnrs JNES, June 25, 2024 Page 26




Key messages

 Similarities and differences between TPV and solar PV conversions

« Solar/Power-to-Heat-to-Power conversion (“TPV batteries”) is
currently boosting R&D on TPV

« Possible thanks to ultra-high temperature energy storage
« Atleast three ongoing projects develop TPV batteries
« Record-breaking pairwise efficiencies evolve very rapidly

« Opportunities to extend existing Concentrated Solar + Thermal
Energy Storage technologies to TPV batteries

* French project-team (thematic network [GDR] in 20257) TREE

JNES, June 25, 2024



TREE-SCHOOL 2024

Thermal radiation to electrical energy conversion: from basic
principles to advanced systems

October 13-18, 2024
Fréjus, France

Supported by @ ingénierie, physique et chimie

@

morning

morning

afternoon

afternoon

evening

Sunday, Oct. 13

Introduction|

Monday, Oct.14

1- Basics of thermal
radiation

2- Basics of PV
conversion

3-Introduction to TPV

4- TPV batteries

Poster session

Tuesday, Oct. 15

sencon

6- Detailed balance
for TPV

7- Heat storage

3Environmental
aspects

Panel discussion
(TPV batteries)

Wednesday, Oct. 16

9- Properties at high
temperature

10- Selective emitters

Panel discussion
(heat sources)

Thursday, Oct. 17

11- Fabricating PV
cells

12- Photonics in PV
cells

13- Near-field TPV

14 - Characterization
of TPV devices

Friday, Oct. 18

LEEgMulti-scale
physics modelling

16- Advanced
concepts

Conclusion

Thank you!
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