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1. Introduction to thermophotovoltaics
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Photovoltaics in a nutshell
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Solar photovoltaics — thermophotovoltaics
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[TPV: PV conversion of (infrared) thermal radiation ]
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Thermophotovoltaic conversion system

TPV system

. Burger et al.,
cavity™ Joule, 2020
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Thermophotovoltaic conversion system

TPV system
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—==" TPV system efficiency
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TPV sub-system efficiency

|
. A/ \y
Primary 4!;

v
source
Solar

“ Pin

Chemical

h.A
a

cavity

output electrical
power

Nuclear

* primary energy
conversion &
Electrical | heat transfer losses

- — - —

P, P. net thermal power
| out of the emitter

]
X

-to-Heat
conversion efficiency

Laboratoire d’analyse et d’architecture des systemes du CNRS




LAAS
CNRS

Pairwise efficiency
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Pairwise efficiency
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Definitions and notations

TPV system

R
A/ \V
Solar
“ Pin
Chemical output electrical
‘.‘ power
a
Nuclear
Electrical
ecilrica Text
emitter temperature TC cell temperature

dissipated to an external _
medium at T, < | T, cell bandgap (single stage)
X (o]

Qheat

Laboratoire d’analyse et d’architecture des systemes du CNRS



2. TPV conversion efficiencies > 40%
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e A remarkable fact

Embracing thermophotovoltaic electricity: Pathways to market adoption
Alejandro Datas™ @, Paolo Bondavalli ®®, Antonio Marco Pantaleo **°

Solar Energy Materials and Solar Cells, 2025
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==~ Qut-of-band and in-band spectral regions

Out-of-band In-band
Photons are useless to PV conversion Photons may participate to PV conversion

radiative power

Blackbody spectral
density (W cm2 eV-")

qabs.OOB

Photon energy E (eV)

[ To be minimized ] [ To be maximized* ]

[ This is the so-called spectral selectivity ]

*Optimized (heating issues)
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Conditions for achieving spectral selectivity
ge
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“= Conditions for achieving spectral selectivity I

|Ideal emitter and cell radiative properties To be maximized
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[BOTH the emitter and the cell must be blackbodies*

‘

This contributes to increasing and [Eppess

*Thermal issues not considered
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“= Conditions for achieving spectral selectivity I

|Ideal emitter and cell radiative properties
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[EITHER the emitter OR the cell must be a perfect reflector ]

Out-of-band Tr(E)

This contributes to increasing M] (no impact on )
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== Spectral selectivity and optimum

1D planar configuration
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60 - . =15OO°C

I, =25°C
i N |_—* MPDP
Spectral selectivity 40 2
BO[ T T T T T T 6 g\c: I l
S0 150 gﬁ 30 _\ MPDP
| | =1
40 140
= o )0 " 30 =
20 : 20 10
101 : 10
r 0 | | L l
0 bt : 0 3) 10 15 20
025 05 075 1 125 15 1 75 2
B (W/cm?)

Laboratoire d’analyse et d’architecture des systemes du CNRS



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

LAAS
CNRS

Spectral selectivity and optimum

1D planar configuration ' — 1 Rouxetal., JPE, 2024
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_==- Achieving spectral selectivity: emitter pathway
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o= Achieving spectral selectivity: cell pathway
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3. The thermophotovoltaic battery
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High-Temperature On-demand
Thermal Energy Storage decarbonized
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Long-Duration Energy Storage

Maximum required storage duration
(hours at rated power)

Joule 1000

Long-Duration Electricity 100

Storage Applications,
Economics, and Technologies 10

Paul Albertus,** Joseph S. Manser,?* and Scott Litzelman3

P. Albertus et. al., Joule, 2020

Annual electricity from wind and solar on a regional grid (%)

Increasing VRE share — need for
Long-Duration™ Energy Storage (LDES) | ¢*>12hn)
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Key features: energy / volume unit

1000 - | Hydrogen

High-Temperature
Thermal Energy Storage i

Electrochemical
Storage

Specific energy (Wh/kg)
[
)
S

Datas et al.,
Enerqy, 2016

10
10 100 1000

Energy density (KWh/m?)

High-temperature Thermal Energy Storage (TES)
allows for very-high energy densities

Laboratoire d’analyse et d’architecture des systemes du CNRS


https://doi.org/10.1016/j.energy.2016.04.048
http://dx.doi.org/10.1016/j.energy.2016.04.048
http://dx.doi.org/10.1016/j.energy.2016.04.048

LAAS
CNRS

Key features: low cost energy storage

Joule . .
Latent heat thermophotovoltaic batteries
Alejandro Datas,'** Alicia Lopez-Ceballos,’ Esther Lopez,’ Alba Ramos,’? and Carlos del Cafizo’
CostPer Energy Datas et al.. Joule, 2022

1000 ¢

Electrochemical

i VRFB
Lrion B e
= 100 -lon T Pb-acid PHS
C @)

=
= CAES rogen /
@ A Electro-Thermal
S 10| Energy Storage

.Egsl?;?:éaAs LHTPV (Iong duratlon)

| 4 Si, InGaAsSb 50 h storage is cheap

A FeSiB, InGaAsSb 2.4% heat loss/da
10 100 1000 10000
CPP (€/kW) Cost Per Power
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Key features: lowest LCOS (long discharge duration)

0% 20% 40= B80= 100

PHS LCOS: Levelized Cost Of Storage. It divides the total cost of an electricity storage
e technology across its lifetime by its cumulative delivered electricity ($/MWh).

Li-lon
Na-§
Lead-acid

il <Co|or indicates the technology with lowest LCOS >

SuperCapacitor

Silbat
increase for » H, e .
S a8 . leads PHS il - Silbat
second 8 leads 256 leads
g LDES
cheapest 5 | e region o
technology ‘E (10-100hrs)
S| 16 |
= 16
o Li-lon
o " leads
® 4
L
; 0
0 1 3 1 N
0.25 - - 0.25 r -
10° 10’ 10? 10° 10* 10° 10 10’ 10° 10*

Cycles per year Source: SILBAT, webinar TREE, 2026
Methodology described in Schmidt & Staffel, Monetizing energy storage, 2023

[ TPV batteries are advantageous for LDES (> dozens of h) ]
See also Datas et al., Joule, 2022 Qu et al., ECM, 2026
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Key features: decarbonizing industry

Driving to net zero industry through Long Duration Energy Storage, 2023
Long duration energy storage technologies paired with renewables could reduce

global industrial greenhouse gas emissions by 65%
Hard-to-electrify’ heat (> 1,000°C): LDES offers game-changing longer-term

opportunities”.

E RA Industrial process heat above 500°C
= Potential of 929 TWh fossil fuel replacement

with renewable energy and/or surplus heat

GHG reduction of 277 MtCO2el/year

'l||! o
%
b T

Kauko et al.,
EERA, 2022
Maddedu et al., Industrial process heat above 1000°C
= Mostly steel, cement, ceramic and glass industries

2020
~ 277 TWh for Europe
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Key features: reducing VRE curtailment

Le reseau <Power generation by energy source >

de transport
d'électricité Not enough

Week of May 24 to May 30 2026

. Import E Oil @ Coal @ Gas © Hydro . Nuclear -Z:{» Solar . Wind SP Bioener: gies
Omw 32uw  Omw 253ww 4025ww 28011ww 13103ww 691ww 967mw

Real time data

Solar curtailment

A A

The fuure , https://www.rte-france.com/...
ekl “Up to 310 TWh of renewable generation could be

competitiveness

curtailed due to these limitations in the grid by 2040".

https://commission.europa.eu/...

“The Draghi report”
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== | eading startups

2\ ANTORA

Estimated cumulated funding > 230 M$

www.antora.com

= N P
7 -
~N _
A |
//\? \
-« 7
/)“‘ Iy
=" -~
\
A1 X2 X 3
INTERMITTENT,

ENERGY STORED AS
HEAT IN CARBON
BLOCKS

ALWAYS-ON HEAT AND
LOW-COST ENERGY

POWER AT INDUSTRIAL
SCALE

ANDREW PONEC

CEO
B.S. Stanford U.

DAVID BIERMAN, Ph.D. JUSTIN BRIGGS, Ph.D.

cco =~ 4 coo
Ph.D. MIT Ph.D. Stanford U.
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== MAANTORA A remarkable fact

Storage ®CBS NEWS
US startup Antora deploys 5GWh South Dakota ethanol plant to run on
thermal energy storage system at stored wind energy in first-of-its-kind
biofuels facility in South Dakota thermal storage project
By Andy Colthorpe May 20, 2026 / 8:33 AM CDT / AP

May 20, 2026

&\ ANTORA

A e T

__INDUSTRY WITH AFFORDABLE

T s o ol | a'zw-*..szﬂ—EN RW-‘:—-‘_‘&—‘“‘ e S g,
: iy i‘ L E SR s R S W W S e

https://www.antora.com/
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o= Leading startups

’A
FOURTH POWER Amy et al., Appl. Energy, 2022

Estimated cumulated funding > 50 M$
gofourth.com

< Heat-to-Power: TPV conversion >

‘s Founder
& Chief
Technologist

Prof. Asegun Henry

H B |assachusetts
I I Institute of
Technology

“Power at Scale ST'DH'IHE HHT"'
RSl 1)1 IVERING POWER

Sunin a Box”

https://www.youtube.com/watch?v=t98-LwO O0tE#t=2m03s
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https://doi.org/10.1016/j.apenergy.2021.118081
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—==" |eading startups

WL | INSTITUTO

. o UNIVERSIDAD
""" DE ENERGIA S POLITECNICA
P DE MADRID
‘-' SOLAR POLITECNICA

-’;'Ibat silbat.com/ @hERMOPHOTO/V thermophoton.com

Estimated cumulated funding > 7 M€ Estimated cumulated funding > 1 M€
Prof. Antonio Luque Alejandro Datas, Ph.D.
Co-founder CSO e CTO

Ignacio Luque, PhD.
Co-founder CEO

Concentrated
TPV generator sunlight

Latent heat storage
(Si alloys)

Ge TPV cells
and modules

Electric

PCM
heater

A Ji.ue -2025 '
Webinar TREE, 2026 Datas et al., Enerqy, 2016
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https://doi.org/10.1016/j.energy.2016.04.048
http://dx.doi.org/10.1016/j.energy.2016.04.048
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4. A French TPV battery?
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Some thermal science challenges

HT spectrally
selective emitters

‘.‘ HT-TES
\4

L .
Thermal behavior
Solar
E of TPV cells
Q Pout
abs
Chemlcal output electrical
..‘ power
&
Nuclear 2 0 Cooling
* Radiative ¢ thermalization
primary energy recombination (non-rad)
conversion & heat transfer parasiticabsorption
Electrical heattransfer losses\_ in the CaVIty ohmiclosses

CMuIti-soale multi-physics modelling)

The SFT community has a strong expertise to offer
for tackling these challenges
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GDR Thermal Radiation to Electrical Energy conversion

(Members: 21 French academic laboratories )

Laboratoi

d Cemhti  CEMHLG: s> [l

TREE
b, R — (2025-2029)
\ lemn  (1€S & IMON @l ZP
D IPVF ;~ ASEAL TRMIM v

LAAS

5 —~ RAPSODEE
= (Lemta |:r N LP_RQ@ vy @ )%&Laplace

(Partners)
Schiumberger ms/o o) ETC @ Le Ripaut
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==~ GDR 2198 TREE — tree.cnrs.fr

(Research axes >

_ (Connections 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
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5. Key messages
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Key messages

 Similarities and differences between TPV and solar PV conversions
« TPV batteries are currently emerging

* They contribute to decarbonizing industry and to better integrating
VRE into the power grid

* Possible thanks to high-temperature thermal energy storage and
recent record TPV conversion efficiencies (> 40%)

» At least four start-ups develop TPV batteries

« Opportunity for the French thermal science community to contribute to
the science around TPV batteries

« GDR CNRS TREE (“Thermal Radiation to Electrical Energy
conversion”, 2025-2029)
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For further information

« Burger, T., Sempere, C., Roy-Layinde, B., & Lenert, A. (2020). Present efficiencies and
future opportunities in thermophotovoltaics. Joule, 4(8), 1660-1680.

« Datas, A., & Valllon, R. (2021). Thermophotovoltaic energy conversion. In Ultra-high
temperature thermal energy storage, transfer and conversion (pp. 285-308).
Woodhead Publishing.

« Vaillon, R., & Chapuis, P.-O. (2025). Conversion thermophotovoltaique: des principes
aux applications. Techniques de I'lngénieur.

' TPV Clés. I I:§ISAF [ Thank you! ]

16th World Conference
on Thermophotovoltaic Generation of Electricity ANR-16-CE05-0013

©
7-9 July 2026 ANR-21-CE50-0018 -
Nantes, France anr ANR.-25-CE05-1640 rodolphe.vaillon@cnrs.fr
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https://www.techniques-ingenieur.fr/base-documentaire/energies-th4/thermodynamique-et-energetique-42216210/conversion-thermophotovoltaique-be8046/
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https://pvstar.cnrs.fr/
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