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Structure and Characteristics of Tandem Solar Cell Composed of
Dye-sensitized Solar Cell and Thermoelectric Generator
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Abstract

The tandem solar cell composed of a dye-sensitized solar cell (DSC) and a thermoelectric generator
(TEG) was designed. In such new cell, the characteristics of DSC and TEG were investigated. DSC
uses the wavelength range of 380~750 nm and has the maximum efficiency of below 10 %. If the
solar light transmitted through DSC can be converted to heat energy, TEG can generate electric
energy using this heat energy. By this means, it is possible to utilize most of solar energy in the
wavelength range of 3503000 nm for electric generation and it can be expected to obtain higher solar
energy conversion efficiency exceeding the known limit of maximum efficiency. For this purpose we
suggest the tandem solar cell constructed with DSC and TEG. In this structure, DSC has a carbon
nanotube film as a counter electrode of DSC in order to collect the solar light and convert it to heat
energy. We measured the I V characteristics of DSC and TEG, assembled to the tandem cell. As a
result, it was shown that DSC with carbon nanotube and TEG had the efficiency of 9.1 % and 6.2 %,
respectively. From this results, it is expected that the tandem solar cell of the new design has the
possibility of enhanced conversion efficiency to exceed above 15 %.
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Fig. 1. Schematic plot showing the structure
and principles of dye-sensitized solar
cell with carbon nanotube (CNT)
counter electrode in this experiment.
1-TCO, 2-TiO:z electrode, 3-conduction
band of TiOz 4-valence band of TiOs,
5-external load, 6-electrolyte, 7-dye
molecule, 8-CNT counter electrode, and
9-transparent glass plate.
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Fig. 2. Schematic plot of tandem solar cell
composed of dye-sensitized solar cell
and thermoelectric generator. 1-trans-
parent glass substrate, 2Z-transparent
conducting oxide, 3-nanoporous TiO2
electrode with adsorbed photosensitizing
dye, 4-electrolyte, 5-CNT counter elec-
trode, 6-thermoelectric module, 7-electric
insulator, 8-thermoelectric semiconductor,

and 9-cooling plate.
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Fig. 3. Schematic plot of thermoelectric gene-
rator module used in this experiment.
1-electric insulator, 2-metallic electrode,
3-n-type thermoelectric semiconductor,
and 4-p-type thermoelectric semicon-
ductor.
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Surface morhpologies of TiO» electrode
and CNT counter electrode used in the
dye-sensitized solar cell of this experi-
ment. (a) AFM image of TiO: electrode,
(b) FE-SEM image of Pt electrode pre-
pared by RF magnetron sputtering and
(¢) FE-SEM image of CNT electrode.
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Fig. 5. The I-V characteristic curves of the
dye-sensitized solar cells with Pt
counter electrode and CNT counter
electrode.
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Fig. 7. The I-V characteristic curve of thermo-
electric generator module attached under
DSC  with the
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