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Heat recovery with photovoltaics

Electrical power

Radiative heat flux

Photovoltaics
(PV)

Mainly for power production from solar
radiation (𝑃 = 0.3 W. cm−2).

Application for heat recovery?

Photovoltaics
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Heat recovery with photovoltaics
Thermophotovoltaics

(TPV)
Near-field Thermophotovoltaics

(NF-TPV)
Radiative heat transfer

(ℏ𝜔 ≥ 𝐸𝑔) between two

semi-infinite layers (GaAs)

Far-field
(Planck’s law)

Near-field

Enhancement of the heat flux density exchanged thanks to:
• the participation of evanescent waves at short distances

TPV performs poorly at low temperature

Need for increased radiative heat flux

Low-grade heat recovery (400-700 K)
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Heat recovery with photovoltaics

Modified Planck’s law

Enhancement of the heat flux density exchanged thanks to:
• the participation of evanescent waves at short distances
• the LED electroluminescence above the bandgap

Near-field Thermophotonics
(NF-TPX)

𝑃 > 0 ⟺ 𝜂𝐿𝐸𝐷𝜂𝑃𝑉 > 1
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Model: near-field radiative heat transfer
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Model: charge transport

Poisson

Drift-diffusion

Continuity

1D (Drift-diffusion)0D (Detailed balance)

→ iterative process

• Non-linearities
• Coupled equations

• Semi-infinite LED, PV cells
• 1 photon ↔ 1 electron-hole (e-h) pair 

participating to the current

❖ ideal model

𝑱 = 𝒆 ⋅ 𝜸𝒏𝒆𝒕 = 𝒆(𝜸𝒂𝒃𝒔 − 𝜸𝒆𝒎)

Radiative 
generation

Radiative 
recombination
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Realistic device design

GaAs PV cell
↪ high conversion efficiency

AlGaAs LED
↪ bandgap-matched with PV cell

PIN thin films → improvement of carrier transport
Study restricted to homojunctions

Surface recombinations
↪ 𝑆 = 1 m. s−1 for minority carriers

Perfect mirror
↪ Cavity effect, no photon loss
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Performance of the AlGaAs PIN device

𝑃𝑚𝑎𝑥 = 2W. cm−2

↪ 7 mW. cm−2. K−1

𝑃𝑖𝑑𝑒𝑎𝑙 = 100 W. cm−2

Why is there no power 
production at low 𝑼𝑳𝑬𝑫?
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Influence of gap distance

Low power involved due to 𝐸𝑔 ≫ 𝐸𝑡ℎ𝑒𝑟𝑚𝑎𝑙 600 K ≈ 50 meV

Heat flux increase rate in the near field (10 nm): × 𝟏𝟎 to × 𝟐𝟎

Thermophotonics is not viable above 85 nm

no EL

TPV-like
region

High EL 
region

Thermophotonics is not viable above 85 nm, because the high 
electroluminescence region shrinks and finally disappears
around 85 nm

Related to the lack of power 
production at low 𝑈𝐿𝐸𝐷

→

Near-field effects are mandatory
to reach high performance

→
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LED non-radiative losses

𝑰𝑸𝑬 =
𝑹𝒓𝒂𝒅
𝑹𝒃𝒖𝒍𝒌

Internal Quantum Efficiency

Clear relation between the LED 
IQE and the device efficiency:

Drop due to non-radiative losses

The presence of an intrinsic region:

↗ Shockley-Read-Hall recombinations : 
↘ 𝑃 at low voltage

↘ Auger recombinations: 
↗ 𝑃 at high voltage

1

2

1

2

1 2

1 2

When 𝑑 increases, 𝐼𝑄𝐸𝐿𝐸𝐷 decreases
↪ Reduction of the power production region
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Conclusion & Prospects

• Best homojunction-based NF-TPX found:𝑃𝑚𝑎𝑥 = 𝟐. 𝟐𝐖. 𝐜𝐦−𝟐 and 
𝜂𝑃𝑚𝑎𝑥

= 𝟏𝟐% for Δ𝑇 = 𝟑𝟎𝟎 𝐊.

• Using PIN junctions allows to decrease non-radiative losses at high 
LED voltage, at the expense of the low-voltage region.

• Radiative near-field effects may be mandatory to reach higher IQE, 
thus higher performance for TPX.

Conclusion
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Conclusion & Prospects

• Development of the numerical model for heterojunctions.

• Application of TPX to refrigeration → see poster of Thomas Châtelet.

• Study of efficiency loss compared to theoretical limit (𝟐𝟗% at 𝑃𝑚𝑎𝑥).

• Analysis of the photon recycling process in each device.

• Implementation of an experimental setup.

Prospects
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General overview - 𝐸𝑔 and 𝐼𝑄𝐸 dependence

• Use of highly efficient devices is key to exceed TPV
• 𝑬𝒈 only has a small impact on TPX performances

Low IQE: TPX𝑚𝑎𝑥~TP𝑉𝑚𝑎𝑥

𝐸𝑔,𝑜𝑝𝑡 close to 𝐸𝑡ℎ𝑒𝑟𝑚𝑎𝑙(𝑇𝐿𝐸𝐷)

High IQE: TPX𝑚𝑎𝑥 ≫ TP𝑉𝑚𝑎𝑥

Only small influence of 𝐸𝑔

0D

GaAs

LED (600 K)

PV cell (300 K)

𝑑 = 10 nm
𝜀 = 10 + 𝑖


