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Perhaps the largest challenge for our global society is to find ways to replace
the slowly, but inevitably vanishing fossil fuel supplies by renewable resources
and at the same time avoid negative effects from the current energy system on
climate, environment and health. The quality of human life depends to a large
degree on the availability of clean energy sources. The worldwide power con-
sumption is expected to double in the next three decades due to the increase in
world population and the rising demand of energy in the developing countries.
This implies enhanced depletion of fossil fuel reserves leading to further aggra-
vation of environmental pollution. As a consequence of dwindling resources, a
huge power supply gap of 14 terawatts is expected to open up by year 2050, e-
qualing today’s entire consumption and threatening to create a planetary emer-
gency of gigantic dimensions. Solar energy is expected to play a crucial role as
a future energy source. The sun provides about 120, 000 terawatts to the
earth’s surface, which amounts to six thousand times the present rate of the
world’s energy consumption. Covering 20% of the area of Saudi Arabia-most-
ly desert-with 15 efficient solar cell arrays would supply all the world’s current
energy needs. However, achieving this goal with PV systems that can be pro-
duced at very low cost and show short energy pay back times while being envi-
ronmentally compatible and using abundantly available cheap materials remains

a huge challenge.

There has been tremendous interest and large-scale research and development
work on dye-sensitized solar cells (DSSCs) in numerous academic and indus-
trial laboratories. Over eight thousand research publications have appeared in
the primary scientific literature on its performance features, and the number of
patents being filed in this area is rising exponentially (there were>>300 during
2009 in the DSSC area alone). Overall solar-to-electrical conversion efficiency
has reached 13% for lab-sized cells (<1cm? area) and over 9. 9% for modules
(25—100cm? area). Many features of DSSC are unique and advantageous over
the solar cells based on crystalline or amorphous Si. Nearly all the components



of DSSC are “tunable” -semiconducting oxide substrates, dyes, electrolytes,
redox mediators and counter electrodes. This has opened great opportunities
for chemists and material scientists. Transparency and multi-color design
alone offer opportunities for the integration of DSSCs into building architecture.
Light-weight flexible versions of DSSC are now being produced commercially
on a large scale to power portable electronic devices. In ambient or indoor light
the conversion efficiency of DSSCs has reached 26%, outperforming all PV

competitors.

China has become a leader in research and development of DSSCs on a global
scale. Combining scientific creativity with judicious molecular engineering,
rapid materials development and practical implementations, our Chinese col-
leagues have made amazing and impressive contributions to this vibrant field of

third generation mesoscopic solar cells.

This book is a monograph that captures the momentum of current research ad-
dressing salient features of DSSC technology as well as the rapid pace of its de-
ployment in Asia and the rest of the world. It has been put together with the
help of an excellent team of authors, all experts with extensive hands-on expe-
rience in various aspects of DSSC technology who have made seminal contribu-
tions to our understanding of how these solar cells operate. In view of the in-
ter-disciplinary nature of the DSSC, this compilation of expert perspectives
should be of interest to researchers in the field of chemistry, physics, material

science and electronic engineering.

I would like to thank the editor and the authors for their excellent work,
which sets a new landmark in this rapidly evolving and fascinating field.

Lausanne, February 2013, M. Gritzel
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