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Practical development of efficient thermoelectric—photovoltaic

hybrid systems based on wide-gap solar cells
Lecturer: Dr. Bruno Lorenzi, Senior R&D Engineer, GemaTEG srl
(Dept. of Materials Science, University of Milano Bicocca)

The efficiency decrease versus temperature of solar cells is a known problem for photoveltaics (PV). Temperature
sensitivity can lead to a considerable amount of energy losses over the lifetime of solar panels. In this perspective Hybrid
Thermoelectric-Photovoltaic (HTEPY) systems, which recover solar cell heat losses to produce an additional power
output, can be a suitable option. However only hybridization with wide-gap solar cells is convenient in terms of efficiency
gains, and deserves investigation in order to evaluate HTEPV devices effectiveness.

In this talk | will report on the modeling and the development of customized bismuth telluride thermoelectric
generators, optimized to be hybridized with amorphous silicon (aSi), Gallium Indium Phosphide (GalnP) and Perovskites
solar cells. The model results showed in all three cases efficiency gains with a maximum of 3.1% for Perovskites (from
16.4% to 19.5%). These enhancements were then experimentally validated for the case of Perovskites solar cells, for
which maximum gains were found to occur at typical operating temperatures of conventional PVs.
| will then conclude the lecture with an evaluation of the cost effectiveness of HTEPV devices and the current
perspectives of this interesting technology.

Coordinator: Prof. Paolo Mele (IRCGE, SIT)
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In AY2021 I focused on the study of RE-filled skutterudite thermoelectrics.
At first, the bulk was considered, discovering a correlation between the
composition of the material and its electronic properties. Therefore, the first thin
films ever of these specific compositions were fabricated by pulsed laser deposition
(PLD) and resulted to have excellent performances.

I also fabricated transparent oxide thin films by metal-organic deposition
(MOD), looking forward to optoelectronic other than thermoelectric applications.
Currently, I am developing a full-printed thermoelectric module on paper substrates,
for room temperature thermoelectric harvesting.

The results were published in peer-reviewed journals and presented in online and

onsite international conferences.
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Major of our work on MgB: is focused in three streams:

1) We strived towards optimizing the novel cheap ultrasonication technique to




produce high performance/cost MgB2 bulks. In the initial studies we successfully
obtained 35% Jc improvement in ethanol medium. Since then we changed the
viscosity parameter by exploring other mediums such as hexane, distilled water
and 2-propanol. The results of Hexane is 20% improvement (less due to low
viscosity) distilled water seemed equivalent to that of ethanol ie. 35% d.
enhancement and this work is ready to be communicated in journals. Below is the

schematic explaining our results in ultrasonication with water media
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Fig. 4. Low-cost fabrication method for superconductor using ultra-sonication.

2) Simultaneously, we are continuously looking to enhancing flux pinning in MgBs
using various techniques including processing, dopants and others. Recently we
published on how the trapped field (TF) is distributed in large SPS MgB:
magnetized using Pulse field. It emphasizes about mechanical strength, heat
generation and TF behavior of bulks at various stages of magnetization.

3) We also worked on (Gd,Y,Er)Ba2Cu30y bulk superconducting system processed
via infiltration growth to pursue Low-cost Superconductors with Unexplored
Materials. We investigated the ternary (Gd0.33Y0.33-xEr0.33+x)-123 bulk
system, optimizing its composition by tuning the ratio of Y and Er in the 211
precursor (specifically, x = 0, 0.05, 0.1, 0.15, and 0.2). These findings provide a
notion of how to implement a low-cost production of high-performance (Gd, Y,
Er)BCO bulks for real-life applications such as magnetic levitation,
superconducting bearing, flywheel energy storage, magnetic resonance imaging,

rotary motors, drug delivery, and water purification
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Since April 2021, I have been involved in a few research projects concerning
the application of state-of-the-art theoretical/computational techniques for the
discovery of novel materials, mainly in view of energy conversion applications
1. Machine learning for novel 2D Van der Waals hetero-strictures discovery

2. Density functional theory applied to the identification of novel materials for
thermal to electric energy conversion

3. New layered materials for mechanical to electrical conversion through piezo-
electric effect

4. Exotic ferromagnetism in metal oxides

As a result of my research I:

Built very large databases that include millions of novel crystal structures for
potential energy conversion applications.

The databases are publicly available online:
https://data.research.uts.edu.au/publication/fae85210bdlelleba4d3adb3c726e5fe

Band Gap values of van der Waals hetero-structures
UMAP plot of Bang Gap

g
g

Monolayer 2
Band Gap ()

Monalayer 2

Relative Error

Fig. 5. Bandgap (top) and relative error (bottom) of the bilayers as a function of the two monolayers building blocks.
Absolute errors have been calculated as the standard deviation of the response distribution, using a dropout approach
with probability 0.1. Detailed information can be found in Bayesian Neural Networks section. The heatmaps have been
generated by interpolating the function BG1/4f(x,y) and so that the images can provide information by showing

potential clustering.
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We conduct research to develop a disposable printed paper antenna with
excellent prototyping performance. Since conventional printed electrodes have too
high a resistance to be used as the antenna, we explored ways to form low-
resistance electrodes on paper substrates. First, @ we developed a method to
increase the density of silver nanoparticles by utilizing the thermal response of
paper. By utilizing the shrinkage characteristics of the base material, we have
developed a fabrication process that reduces the sheet resistance even when the
amount of material used is the same. In the second method, we established a
method for cutting copper electrodes with a cutting plotter to form complex
circuitry. The second method is to cut copper electrodes with a cutting plotter to
form complex circuitry, which has high prototyping performance because
components can be mounted on the electrodes in the same way as with
conventional methods (Fig. 6).

As an energy harvesting technology, we have developed a wearable and soft
electrostatic generator based on streaming electrification. By optimizing the
materials and design, we succeeded in driving the electrostatic actuator from the

motion of the human body.
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(Paulo Mele)

In AY2022 my research will be devoted to accelerating the wide introduction of
thermoelectric devices into society.
I will focus on two directions:
a) obtain a larger energy conversion performance of novel TE materials (ZT
> 2, M > 20%) to justify large-scale commercialization

b) work on novel materials composed of widely diffused, cheap, and
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environmentally friendly elements.

The extensive adoption of highly efficient and sustainable novel TE materials and
harvesters based on them would be hugely beneficial for the realization of a zero-
carbon society, realizing the improvement of energy efficiency, the drastic reduction
of the overall CO; emissions, the extensive adoption of battery- and electric-grid free
devices and sensors for [oT, the implementation of wearable electronics, etc.

The compounds predicted by density functional theory (DFT) and machine learning
(ML) having high ZT will be prepared in thin films shape by two different techniques:

1) Pulsed laser deposition (PLD) - TE films will be fabricated in a vacuum chamber
on a substrate by ablating a dense target which can be prepared in a short time by SPS
(spark plasma sintering).

i1) Metal-organic deposition (MOD) - MO solution is spin-coated on the substrates,
then converted to films by thermal treatment, and post-annealed.

ZT will be enhanced by the introduction and control of nano-defects of different sizes,
working as phonon scatterers. The DFT and ML calculations will be conducted by Prof.
Fronzi of IRCGE in the framework of an already well-established collaboration.

In parallel with the discovery and fabrication of n-type and p-type materials, modules
based on alternating legs of highly performant n-type and p-type thin films added with
nanodefects will be produced by PLD and MOD. At first, 0.5~1 cm? rigid single-crystal
substrates will be used. Therefore, I will improve the design of the TE modules by
depositing oxide thin films legs on flexible substrates, to harvest heat from surfaces that
may assume a variety of shapes (curved, zigzag, irregular, and so on). The goal is to
realize an output power density P = 10 nW/cm? ~ 100 uW/cm? at T = 300~600 K,
superior to current technology and with reduced cost. These modules will be used in
the IRCGE joint project with Prof. Fronzi and Prof. Usami.

Currently we various tasks as our future plans. They are

e  We are working on the MgB: preparation via ultrasonication of boron in 2-
propanol medium, which 1is underway. We finished the boron
ultrasonication and looking forward to characterize it.

e Later this powder will be used to fabricate bulk MgB2 and further studied.

e Similar studies will be done with other medium, most likely Acetone, a low
viscosity medium as well as a high viscosity medium. Currently we are
researching to find a suitable high viscosity solvent, as the previous
candidate proved to be difficult to handle.
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e Parallelly, we are going to work on SPS processed MgB: bulks as well as
search for perfect dopant or combination of them to enhance Jc. On same
bulks, we are planning to perform extensive microstructural studies to
understand the pinning centers formed during SPS.

¢ On the other hand, we are also looking forward for enhancing and studying
the REBCO bulks by OCMG process combined with IG. Especially finding
ways to improve the c-axial growth characteristics, flux pinning, uniformity,
ete.,

(Marco Fronzi)

1) The 2D crystals, due to their planar or planar-like structure, form in only two
class of symmetry D and C. Therefore, in most cases the piezoelectric properties
absent in the z-direction, when considered in their isolated conditions. However,
several conventional techniques may induce the monolayers into a non-centre
symmetric and with piezoelectric behaviour. These are induced strain, doping,
thought ad-hoc stacking configuration of the van der Waals monolayers. The last
one being the most interesting on view of the huge number of configurations that
1s possible by stacking two different monolayers. Considering that at the moment
there are more that 6000 known monolayers, theoretically predicted, among which
more than 700 thermodynamically stable at ambient conditions, the resulting
number of possible combinations is enormous. My research in the next year will be
oriented to the discovery of novel vdW layered structures for piezo-electric
applications.

2) Thermoelectric (TE) energy harvesting is a promising approach used to convert
waste heat into electric energy. This is based on the Seebeck effect, as the electrical
current is generated in the direction parallel to the temperature gradient (VT).
However, the main problem with TE devices is the low conversion efficiency, that
currently limit their applications. I will focus my research in the application of
machine learning models for the discovery of novel exotic materials for

thermoelectric conversion.

(B 7z 4t)
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13.K. Masnok, N. Watanabe, Role of Catheter Contact Force on Biophysical
Properties of the Ablation Lesion Formation in Radiofrequency Catheter
Cardiac Ablation, 2021 IEEE Region 10 Symposium (TENSYMP) held
through online on 23rd Aug2021.

14.K. Masnok and N. Watanabe, Effects of increased catheter contact force
on the ablation impedance in the radiofrequency catheter ablation of cardiac
arrhythmias, 3rd IEEE ECBIOS, Tainan, Taiwan, 28th May 2021

15.Reina Kato, Yugo Kato, K. Fukui, N. Watanabe, Examination of new
method to express in detailed expression of plasma vWF for elucidation of
their shear stress induced diminishment, 47" Annual European Society for
Artificial Organs(ESAQ) Congress, Brunel University, London, Uxbridge,
which will be held during 7-11 September, 2021(Online, Oral Presentation,
at Organized session “Blood Damaging in ventricular assist devices”)

16.K. Masnok, N. Watanabe, Role of Catheter Contact Force on Biophysical
Properties of the Ablation Lesion Formation in Radiofrequency Catheter
Cardiac Ablation, 2021 IEEE Region 10 Symposium (TENSYMP) held
through online on 23 Aug2021. (Oral presentation)

17.N. Watanabe, A.P. McNamee, J.T. Horibin, J.F. Fraser, M. Inoue, M.
Hakozaki, F. Matsuzawa, M.J. Simmonds, Asymmetrical erythrocyte
morphology to detect sublethal damage, 2nd Joint Meeting of ESCHM-
ISCH-ISB Japan (The European Society for Clinical Hemorheology and
Microcirculation (ESCHM), The International Society for Clinical
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18.K. Masnok and N. Watanabe, Effects of increased catheter contact force
on the ablation impedance in the radiofrequency catheter ablation of cardiac
arrhythmias, 3rd IEEE ECBIOS, Tainan, Taiwan, 28" May 2021(Online Oral
presentation)

19. K. Masnok, N. Watanabe, Development of Experimental System Which
Enables To set the catheter contact angle and contact force for study on
radiofrequency catheter ablation, The 15th South East Asian Technical
University Consortium (SEATUC) Symposium 2021: Virtual Online
Symposium, Institut Teknologi Bandung (ITB), Indonesia February 25-26,
2021. (SEATUC 2021).(Oral presentation)
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