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Context and motivations:

Recent studies [1] prove that approximately all of the world's energy consumption involves the
production or manipulation of heat over a wide temperature range. As a result, thermal energy
and heat management is a central point in our energy production/consumption. Thermal
energy can also be converted into other forms of energy such as electricity. It can be done by
thermoelectric conversion, for example, but this requires maintaining a temperature difference
between the two faces of a solid component. A promising alternative is thermophotovoltaic
conversion (TPV) [2—6], which converts the radiative heat flux from a hot body, which can be
removed from the recuperator, via a photovoltaic cell that operates in the infrared spectral
range (cf. figure 1). Multiple sources of heat (vehicle engines, factories, etc.) could be put to
use.
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Figure 1 : Principle of thermophotovoltaic conversion [5]

Unlike the case of solar photovoltaics, it is possible to control, at least partially, the radiative
(optical) properties of the hot source for the TPV device or, if the source and the cell are close
enough, to return the radiation not converted by the cell to the source to avoid yield losses. In
Figure 2, only part of the maximum radiation that can be received (black body, in orange), the
"emission window", is emitted by the hot body. This makes it possible in principle to optimize
the radiation emitted by the source in order to convert a large part of it, for example by
concentrating the power emitted just below the gap wavelength. The theoretical maximum
efficiency is then close to 100%. But this also means that the electrical power generated is


https://www.eng.niigata-u.ac.jp/~rad/index.html
https://www.eng.niigata-u.ac.jp/~rad/index.html
https://www.renewable.energy.mech.tohoku.ac.jp/
https://www.ies.upm.es/Investigacion/IES_GI/SyNC

lower, since the emission window is reduced. Contrary to the case of PV, efficiency and power
generated are not systematically proportional for the TPV.

The other key element is the TPV cell. Materials whose gap energy is located in the infrared
are few in number and some, notably InSb, must even be cooled to operate (as are IR
detectors). One of the important challenges is to design TPV cells that operate at temperatures
close to ambient without cooling.
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Figure 2 : The family of thermophotovoltaic concepts [6].
Objectives:

This project aims to understand the IR properties of a new Silicon based metamaterials, called
Black Silicon (BSi), and its possible usage in TPV devices. This so called BSi metamaterial
was chosen to be studied because recent studies have shown that the BSi has solar
photothermal conversion properties [7] and antireflection properties in both the visible and
infrared [8,9].

The first step is to be able to measure the IR emission and establish radiative properties
(mainly the emissivity) of BSi in function of the temperature. Where, the emissivity of materials
is an important radiative thermal property that finds numerous applications in energy
management, including radiative cooling, solar cells, infrared photodetectors, and broad-
spectrum optical sources.

The research student will first help with the optimization of the experimental direct emissivity’s
measurement setup. Then, alongside our PhD student, check if the BSi metamaterial can be
used efficiently as a TPV cell. One should know that the properties of the BSi samples depend
on the fabrication process, hence can be tuned. The fabricated BSi will be tested under real
life TPV usage in our collaborator laboratory.

This work will help us to better understand the BSi radiative properties, and hopefully find a
way to use it in TPV applications.



References:

[1]

(2]
[3]
[4]
[5]
[6]
[7]

(8]

[9]

A. Henry, R. Prasher, A. Majumdar, Five thermal energy grand challenges for
decarbonization, Nat. Energy. 5 (2020) 635-637. https://doi.org/10.1038/s41560-020-
0675-9.

R.E. Nelson, A brief history of thermophotovoltaic, Semicond. Sci. Technol. A. 18 (2003)
141.

T.J. Coutts, An overview of thermophotovoltaic generation of electricity, Sol. Energy
Mater. Sol. Cells. 66 (2001) 443-452.

T.J. Coutts, Thermophotovoltaic principles, potential, and problems, AIP Conf. Proc.
404,. 404 (1997) 217-234. https://doi.org/10.1063/1.53449.

P.-O. CHAPUIS, C. LUCCHESI, R. VAILLON, THERMOPHOTOVOLTAIQUE : DES
CELLULES PV POUR CONVERTIR, Photoniques. 105 (2020) 37.

T. Bauer, Thermophotovoltaics: basic principles and critical aspects of system design,
Springer, 2012. https://doi.org/10.2174/97816080528511120101.

Y. Nishijima, H. Nishijima, S. Juodkazis, Black silicon as a highly efficient photo-thermal
converter for snow/ice melting in early spring agriculture, Sol. Energy Mater. Sol. Cells.
217 (2020) 110706. https://doi.org/https://doi.org/10.1016/j.solmat.2020.110706.

C. Wu, C.H. Crouch, L. Zhao, J.E. Carey, R. Younkin, J.A. Levinson, E. Mazur, R.M.
Farrell, P. Gothoskar, A. Karger, Near-unity below-band-gap absorption by
microstructured  silicon,  Appl. Phys. Lett. 78 (2001) 1850-1852.
https://doi.org/10.1063/1.1358846.

L.L. Ma, Y.C. Zhou, N. Jiang, X. Lu, J. Shao, W. Lu, J. Ge, X.M. Ding, X.Y. Hou, Wide-
band “black silicon” based on porous silicon, Appl. Phys. Lett. 88 (2006) 171907.
https://doi.org/10.1063/1.2199593.



