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Basics of thermophotovoltaics
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Basics of TPV

Photovoltaics vs. thermophotovoltaics

TPV: PV conversion of (infrared) thermal radiation

Datas & Vaillon, 
book chapter, 
2020

0.1 W cm-2

16.2 W cm-2

https://doi.org/10.1016/B978-0-12-819955-8.00011-9
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Basics of TPV

Conversion efficiencies
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original figure

cavity*
Burger et al.,
Joule, 2020
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https://doi.org/10.1016/j.joule.2020.06.021
https://doi.org/10.1016/j.joule.2020.06.021
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Basics of TPV
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https://doi.org/10.1016/j.joule.2020.06.021
https://doi.org/10.1016/j.joule.2020.06.021
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Basics of TPV

Conversion efficiencies
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Basics of TPV

Conversion efficiencies
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https://doi.org/10.1016/j.joule.2020.06.021
https://doi.org/10.1016/j.joule.2020.06.021
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Basics of TPV

Major differences between TPV and PV

It is not possible to optimize both power and efficiency
Major impact on efficiency of minimizing out-of-band radiation exchange

Spectral selectivity

Theoretical limit (detailed balance)

εeff,OOB = 0.02

εeff,OOB

= 1

In-band (IB) Out-of-band (OOB)

emitter

cell

εe

εc
ηpair

E = Ephoton > Eg E = Ephoton < Eg
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Basics of TPV

Major differences between TPV and PV

Spectral selectivity

Out-of-band (OOB)

In-band (IB)

εeff,IB → 1

εeff,OOB → 0

BOTH the emitter and the cell must be 
blackbodies

EITHER the emitter OR the cell must be 
perfect reflectors

pout

ηpair

Maximizing

Maximizing
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Applications
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Applications

X-to-Heat-to-Power conversion

Heat coming from various primary sources

°C
electricity
heat

solar rad.
heat

°C

heat

electricity

thermal storage

“fatal” heat recoveryheat 
generation site

X Heat PowerPin Qh Pout

Waste heat

Solar

Power

Primary
source

Heat storage
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Applications

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

Fluctuating power generation from solar and wind

Solar

EU electricity 
consumption

2021

Wind

3000 TWh
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Applications

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

Need of long duration energy storage

P. Albertus et. al., Joule, 2020

https://www.sciencedirect.com/science/article/pii/S2542435119305392
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Searching for a cheap and dense energy storage

Thermal 
(sensible, 
latent,…)

Mechanical
(compr. air, 
gravity, …)

Hydrogen

Thermal 
(sensible, 
latent,…)

• Low energy density 
(< 0,01 kWh/litre)

• Complex infrastructure 
• Very high power cost
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Applications

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

Need of long duration energy storage
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Academic projects and private companies (1) 

Applications

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

Company

150 M$ recent fundraising

cells developed by              

Sensible heat (solid graphite at 1800 ⁰C)

2 MW (/year) TPV cell manufacturing facility

https://antoraenergy.com/
https://medium.com/antora-energy/antora-raises-150-million-to-slash-industrial-emissions-a-letter-from-our-founders-dfc302bbd9a1
https://www.nrel.gov/pv/high-efficiency-iii-v-solar-cells.html
https://www.businesswire.com/news/home/20230124005473/en
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Applications

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

Academic projects and private companies (2) 

Amy et al., Appl. Energy, 2022

cells by                

Sensible heat 
(liquid silicon at 2400 ⁰C)

Company

https://doi.org/10.1016/j.apenergy.2021.118081
https://www.nrel.gov/pv/high-efficiency-iii-v-solar-cells.html
https://gofourth.com/
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Applications

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

Academic projects and private companies (3) 

(silicon alloys at ~1400 ⁰C)

Datas et al., Joule, 2022

Spin-off

Latent heat

silicon alloys

https://doi.org/10.1016/j.joule.2022.01.010
https://www.thermophoton.com/index.php
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Very recent advances in 
thermophotovoltaics
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Dependence on Te and Eg

Very recent advances

Semiconductor materials
High Te → high Eg

(solar cells)

Low Te → low Eg
(photodetectors)

pout η

Mainstream
(InGaAs, GaSb)

εeff,OOB = 0.02

Roux et al., JPE, 2024

(datapoints from 32 experiments)

https://doi.org/10.1117/1.JPE.14.042403
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…Towards 50% pairwise efficiency

Tandem junction cellsSingle junction cells

LaPotin et al., Nature, 2022
40%

~ 2.39 W/cm2 (Te = 2400 ºC)pout

ηpair

All from the

(M. Steiner)

Very recent advances

Record      uuηpair

InGaAs

AlInGaAs

GaAs

InGaAsFan et al., Nature, 2020 32%

Omair et al., PNAS, 2019

Woolf et al., Optica, 2018

29.1%

24.1%

Wernsman et al., IEEE TED, 2004 23.6%

Te ~ 1200 ˚C

Te = 1207 ˚C

Te = 1039 ˚C

Te = 1055 ˚C

0.6 eV InGaAs TPV cell

0.6 eV InGaAs TPV cell

0.75 eV InGaAs TPV cell

0.74 eV InGaAs TPV cell

p o
ut

< 
1 

W
/c

m
2

38.8%
Te ~ 1850 ˚C0.74 eV InGaAs TPV cell

Tervo et al., Joule, 2022

(E. Yablonovitch)

Lenert et al., PNAS, 2022 32.5%
Te ~ 1036 ˚C0.74 eV InGaAs-InP HJ TPV cell

43.8%
Te ~ 1435 ˚C0.90 eV InGaAs TPV cell

Roy-Layinde et al., Joule, 2024

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
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Very impressive, but experiments with a view factor < 0.4% 

Record efficiency
single junction TPV cell

ηpair

Recent advances

Record      uuηpair

Roy-Layinde et al., Joule, 2024

~ 1.4 to 2.6% at Te = 1500 ˚Cεc,OOB
= 1.2 W/cm2poutmaximum for which Eg?

https://doi.org/10.1016/j.joule.2024.05.002
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The project-team 

Supported by          ingénierie 
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The team
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• Research roadmap → new projects: online collaborative work sessions (open)
• Workshop TREE 1 (2022) & 2 (2023)
• TREE-SCHOOL 2024

20 French laboratories

Activities and events
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Topics, collaborating and networking

Page 26

Research topics

1- Primary energy-to-heat conversion 
and heat storage

2- Heat transfer

3- Photovoltaics

5- Advanced concepts

4- Materials: fabrication & characterization

T1- Multi-scale/physics modelling

T2- Environmental aspects (LCA,…)

T3- Development of a TPV battery

T4- Collaborations with private and foreign institutions

Connexions with other organizations
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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

• At least 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 2025?) TREE
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Thank you! rodolphe.vaillon@cnrs.fr

Supported by          ingénierie, physique et chimie 

mailto:rodolphe.vaillon@cnrs.fr
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