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Figure 39: The measured and averaged photocurrent ratios of PE10 and PE14.

There is one important additional detail related to the dyeing of the TiO, films and
dye concentration that must be taken into account: The dye is not adsorbed on the TiO,
evenly. The dye concentration saturates at a thin section of the TiO, film before the dye
molecules reach farther into the film [83]. Therefore a low average concentration means that
the concentration near the FTO substrate is almost zero, but may have saturated at areas
that dye molecules reach first. In practise this means that instead of dye concentration,
the thickness of the TiO, film is the property that should be changed to tune the color
of the DSC, because the areas without dye may still contribute to recombination, making
the collection efficiency lower than in a thinner film with the same amount of dye in it.
Therefore the observation of dye concentration might not be needed at all, except for
determining the moment the dye concentration has reached its saturation value in order
to reduce unnecessary delays in production. The colors and calculations naturally change
slightly, because the thickness of the bulk electrolyte changes with the TiO, film. Since the
dye in TiO, has the largest contribution to the changes in the color of DSC and a change
in dye concentration or PE thickness affect the optical properties of the DSC similarly,
this change would cause only minor adjustments in the calculations. The thickness being
the adjustable parameter could also affect the predictions made about the performance of
the cells, since the collection efficiency would change with the film thickness and electron
collection profile, but that would be relatively easy to take into account in the calculations.

It is possible that DSCs with the lowest transparencies may not be realizable, or at
least practical, because the required thickness of the PE film might not fit into limita-
tions set by the sealant thickness. The electron collection from the far edges of the film
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could be inefficient, especially considering the small additional amount of photons absorbed
compared to thinner films. However, as dyed TiO, films show, even thin PE enables low
transparencies, so this may not be a relevant consideration in any, but the most extreme
cases. (See measured transmittance spectra in sections 3.4.2 and 3.4.3.) Making the TiO,
film thin enough for high transparencies, especially with the organic dyes, is more likely to
be a relevant concern in future manufacturing processes.

3.4.4 Example of DSC design

The appearance of the solar cells is likely to become an important criterion in BIPVs. To
demonstrate the possibilities of coupled optical and electrical modeling, selected results
from simulations will be shown.

In the example the DSCs may be used for e.g. windows or skylights. In this example
scenario the aim is for the luminance transparency to be 0.30. This means that the apparent
brightness of the transmitted light will be around 60% of the brightness of the incident
light. With available components and data the colors of the transmitted and reflected light
would be as shown in figure 40.
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Figure 40: Predicted color of the transmitted (left) and reflected light (right) in AM1.5G
illumination, when Ty = 0.30.

The color may be an important factor, but without the capability to efficiently produce
electricity the DSCs are merely more expensive and glorified alternative for coloured glass.
In the case of the presented combinations the efficiencies of the DSCs calculated with L =
20 om and neglecting losses other than recombination with I3~ (collection efficiency slightly
less than 100%) are presented in table 7. The reason for the similarities between D149
and D205 is their similar absorption spectra: The highest value of the molar absorption
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Table 7: The calculated short circuit current (mA /cm?) and efficiency (%, AM1.5G) of the
DSCs shown in figure 40. (Isc, ) The calculations were done using equations (26), (8), (9)
and (14a).

Dye\1DPC | w/o 1DPC S1&2 S3&4 N1-10

N719 789 3.73 |4.76 213 | 7.57 3.56 | 6.98 3.26
D205 6.49 3.00 | 3.93 1.72 | 6.21 2.86 | 5.72 2.61
D149 6.58 3.05 399 1.76 | 6.30 2.91 | 5.81 2.66
D102 6.84 3.18 | 398 1.75|6.53 3.02|595 273

coefficient of D205 is higher than that of D149, but the shapes of the spectra are almost
identical to each other. (See figure 18.) Therefore, the colors and efficiencies of these dyes,
that correspond to same transparency, are very similar. The only difference is that in the
case of D149 larger amount of dye is required to absorb as many photons as a film dyed
with D205 does. Hence it seems likely that higher light harvesting efficiencies could be
achieved with D205 than with D149, if PE thickness is kept the same.
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Figure 41: Predicted color of the transmitted (left) and reflected light (right) in AM1.5G
illumination. when Tg = 0.30.

Had the criterion for transparency been for transmitted intensity of visible light instead
of luminance, the dye concentrations would have been different. In this case the dye con-
centrations would be higher, as comparison between the short circuit currents, efficiencies
(tables 7 and 8) and colors of transmitted light (figures 40 and 41) shows. Note that the
dye concentrations corresponding to intensity transparency most likely do not correspond



