Computation of the Performance of Dye-Sensitized Solar Cells by a Mathematical Model
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Introduction
Dye-Sensitized Solar Cells (DSSCs) have been under intensive study since their academic introduction in 19911. Several research directions have consequently emerged to find which materials would produce the highest efficiency at the lowest cost. Modelling the conduction band electron density in the TiO2 semiconductor by diffusion began with Södergren et al.2 and led to a nonlinear diffusion equation given by Anta et al. in their 2006 paper3.

Methods
Using a mathematical model originating in Anta et al.3, we compute important performance benchmarks in DSSCs. In this model, an ordinary differential equation is used to calculate the electron density within an operating DSSC. Given the electron density, we use analytical expressions found in the literature to find vital performance parameters such as the short-circuit current density, the open-circuit voltage and ultimately the efficiency. Under this model, we evaluate the efficiency of a DSSC under commonly used parameter values and suggest improvements.

[image: ]Results 
Using the analytical solution of a modified nonlinear diffusion equation (with a method similar to Maldon and Thamwattana4), we assess the performance of typical DSSCs. Additionally we find both the electron density and DSSC performance parameters calculated with this model are in good agreement with known results in the literature. We also suggest values for the nondimensional parameters which enhance DSSC performance. From the inset figure, we find that higher values for the trap density parameter β lead to a lower overall electron density, a consequence of stronger traps in the TiO2 semiconductor5.
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