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A sensitized thermal cell (STC) based on a dye-sensitized |
solar cell is a new energy conversion system for generating
electrical power directly from heat. The use of a
semiconductor instead of a dye allows this system to operate
by using heat instead of light.

The STC consists of an electron transport layer and
a semiconductor layer that together compose the working
electrode. Sandwiched between these layers and the counter
electrode is an electrolyte.

When heat is applied, electrons in the semiconductor
are thermally excited and rise from a low-energy state to a
high-energy state, and are injected into the electron transport
layer. From there, they pass through an external circuit and Semiconductor
continue on via the counter electrode to the electrolyte.

An oxidation and reduction (redox) reaction involving electrolyte ions takes place in the
electrolyte. This causes some low-energy electrons to be transferred back to the semiconductor
layer and so the process begins anew, completing the circuit. This electric power generation
continues until the system reached to the equilibrium at the setting temperature.

Interestingly, the battery characteristics were revived after discharging by placing or
burying the battery in a heat source; that is, after turning off the switch, the power generation
performance was recovered by heat. This happens because when the circuit is turned off, the
reduction reaction at the counter electrode/electrolyte interface dissipates. Consequently, ion
distribution in the electrolyte changes and equilibrium is no longer maintained. Thus power
generation begins again. The examined temperature was 80 °C, sufficiently low for the geothermal
power plant.

This paper summarizes the recent results of STC and how to develop the STC.
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Figure 1. Coin-type (left) and sheet-type

(right) sensitized thermal cells.
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Figure 2. Schematic images of a sensitized
solar cell (a) and a sensitized thermal cell

(b) using semiconductors as the sensitizer.
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Figure 3. Calculated Fermi level (black square),
measured resistivity at room temperature (blue
triangle) of entire working electrode and
measured open circuit voltage at 80 °C (red
circle) using high-doped, middle-doped, and low-
doped n-Si as electron transport materials of
Geln-Si STCs.'®
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Figure 4. Discharge (100 nA, blue) and recovery (open circuit voltage, orange) curves of a n-Si/Ge
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°C. The schematic image of the recovery phenomena (c).7
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