UDC 621.383.51

Oleksandr Pylypenko
Svitlana Nykyporets

SOLAR ENERGY: INCREASING PANEL EFFICIENCY
BEYOND THE THEORETICAL LIMIT

Vinnytsia National Technical University

AHoTauis.

YV yiit cmammi posensioaemocs innosayiinuil nioxio 00 NiOGUUeHHS eheKMUBHOCT COHAYHUX NaHeel, po3pobeHul
SNOHCLKUMU A HIMEYbKUMU GUeHUMU. Y Hill GUCEIMIEHO NPoOIeMy MeOpemuyHUX 0OMeNHCeHb KIACUYHUX KPEMHICEUX
aKyMynsamopie, AKi empauarome 3HAYHY HACMUMY eHepeii Y euenndi menia. Y cmammi npoananizoeano memoo
BUKOPUCMAHHS CUHSIEMHO20 NOOLLY MA MEMAane8020 KOMNIEKCY HA OCHOBL MONIOOEHY, Wo 0036018€ 0OHOMY (POmMOoHy
eenepysamu 00pasy 06a Hocii 3apsdy. [lpodemoncmposano epexmusnicmo yiei mexnonozii, ska 3a6e3nevuuna K6aHmosutl
8UXi0 coHaunux enremenmis na pieni 130%, ma ii nomenyian ons cymmegozo 30inbulenns cenepayii enekmpoenepeii 6
ManOoymHvoMmYy.

Kuro4uoBi ciioBa: coHsuHa eHEpTis, POTOCNEKTPUYHI MaHeli, KBAHTOBUN BHXIiJ, CHHTIICTHUH MO, €EKTHBHICTD,
MOTIOIEH.

Abstract.

This paper examines an innovative approach to improving the efficiency of solar panels developed by Japanese and
German scientists. It highlights the problem of the theoretical limitations of classical silicon batteries, which lose a
significant amount of energy as heat. The paper analyses the method of using singlet fission and a molybdenum-based
metal complex, allowing a single photon to generate two charge carriers simultaneously. It demonstrates the effectiveness
of this technology, which achieved a quantum yield of solar cells at the level of 130%, and its potential for significantly
increasing electricity generation in the future.
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Introduction

Solar energy has already become an integral part of modern green energy. However, one of the main
obstacles to its maximum utilization remains the insufficient efficiency of existing photovoltaic panels. The
performance of most modern systems is constrained by the fundamental physical laws of light absorption.

Definition of the problem

Standard silicon solar cells are restricted by the so-called Shockley-Queisser limit, which is about 33%.
The problem is that high-energy photons of the blue spectrum carry excess energy that silicon cannot fully
convert into current. It knocks out only one electron, and the rest of the energy evaporates irretrievably as
useless heat.

Solution

This approach, developed by researchers from Kyushu University (Japan) and Johannes Gutenberg
University (Germany), uses the singlet fission effect to overcome existing limitations. The technology is based
on the application of a special molybdenum-based metal complex with a "spin-flip" property. This molecular
structure selectively captures energy, allowing a single high-energy photon to split and generate two charge
carriers at once instead of one.

Thanks to this new method, researchers have achieved significant results. The quantum yield of solar cells
increased to an unprecedented 130%. This means that for every 100 absorbed particles of light, the system
stably produces 130 electrons.



Conclusion

Thus, the use of new molecular structures for singlet fission addresses the fundamental problem of excess
energy loss in traditional solar cells. Thanks to this approach, the next generation of solar panels will be able
to generate significantly more electricity. The developers hope that this technology will become a major step
toward more efficient renewable energy in the coming years.
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