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ICFO? Standard approaches
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=>Low efficiency (<10%)
= Fluid-based =>Low power density (~ 1Watt/cm?)

=>»Bulky components =>»Low melting point (<750 K)




ICFO°® Thermophotovoltaic energy conversion

M. S. Mirmoosa et al., Journal of Optics 18, 115104 (2016)
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ICFO* Comparing solar PVs and TPVs

Carnot engine Solar PVs, AT=5700K Solar TPVs, AT=5700K TPVs, AT<<2000K
O
W il

-

TICarnot = 1— T_H nsqQ = 30% [1] Nlsolar TPV — 54% [2] Tltheory > 50% [3]
Nexp > 29.1% [45]

[11 W. Shockley, H. J. Queisser, J. Appl. Phys. 32, 510 (1961)

[2] N.-P. Harder, P. Wurfel, Semicond. Sci. Technol. 18, S151 (2003)
[3] G. T. Papadakis et al., Nano Lett. 20, 3 (2020)

[4] Z. Omair et al., PNAS 116, 31 (2019)

[5] D. Fan et al., Nature 583 (2020)




ICFO"? The thermal near-field
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Recent experimental demonstrations of near-field TPVs
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ICFO? Waste heat temperatures, band gap and efficiency

Waste heat temperatures Low-T, requires low-band gap
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ICFO*? Low-band gap yields non-radiative losses
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ICFO"® Here: thermodynamic analysis of V.
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ICFO* Principles of detailed balance
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ICFO° The open-circuit voltage

qVoc

Radiative V. Non-radiative V.
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Emission spectrum

Solar PVs
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TPVs

Nanophotonic design =» optimization
of thermal emission spectrum

Below-band gap @ Above-band gap

G. T. Papadakis, M. Orenstein, E. Yablonovitch, S. Fan, arxiv.org/3845173 12



ICFO"® Spectrum control below-band gap
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ICFO"® Spectrum above-band gap
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Spectrum above-band gap
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ICFO* General rule for maximum efficiency
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A. C. Jones et al., Progress in Surface Science 88 (2013)

=> In the near-field, polaritonic modes of the thermal emitter have narrow bandwidth, thus
allowing to approach the thermodynamic limit.

G. T. Papadakis et al., Nano Lett. 20, 3 (2020)



ICFO° The open-circuit voltage

qVoc

Radiative V. Non-radiative V.
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ICEO" Formalism
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The near-field and Bayx

.
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ICFO® The near-field and B«
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ICFO® The near-field and B«

M Narrowband model Fluctuational electrodynamics
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= Three parameters suffice for accurately modeling TPV performance.

G. T. Papadakis, M. Orenstein, E. Yablonovitch, S. Fan, Phys. Rev. Applied 16, 064063 (2021) 21



ICFO? Comparison of blackbody and narrowband model
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ICFO* Radiative V,. and light-trapping
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ICFO* Radiative V,. and light-trapping
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The open-circuit voltage

qVoc

Radiative V. Non-radiative V.

G. T. Papadakis, M. Orenstein, E. Yablonovitch, S. Fan, Phys. Rev. Applied 16, 064063 (2021)
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ICFO"® Non-radiative V,. and luminescence enhancement

q%c,nrad - kTCIOg JoioRo
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Near-field luminescence enhancement
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ICFO° The open-circuit voltage

qVoc

Radiative V. Non-radiative V.
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ICFO° Thickness considerations

=> In isolated PV cells (far-field), =>» Non-radiative recombination is volumetric.

large thickness maximizes absorption. 5
Ra V)=1C,p+ Cyn|(np —ni)t

=> In the near-field, most photon emission/absorption uger( ) [ pP " ]( P ! ) ¢

occurs near the surface. =>» A thin cell improves luminescence efficiency.
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Understanding luminescence in the far-field and near-field
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Performance in terms of efficiency and electrical power density
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ICFO* Take-home messages

The thermal near-field

Improving TPV performance
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Broadening Near-Field Emission for Performance Enhancement in
Thermophotovoltaics

Georgia T. Papadakis, Siddharth Buddhiraju, Zhexin Zhao, Bo Zhao, and Shanhui Fan*

Cite This: https:/dx.doi.org/10.1021/acs.nanolett.9b04762 I: I Read Online
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ICFO° Thank you for your attention!
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