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Preface

Energy has been a challenge for us since the dawn of time and we continue to invent
even more clever ways of capturing and harnessing it. However, only recently have
we become so numerous, and the waste from our industrial scale energy generation
so great, that getting our energy in the wrong ways now poses a real, existential
threat to us all. Fortunately, there is more than one form of energy and many
technologies are available to us to capture, store and use it without generating much
waste. Unfortunately, the ability of many economies, including Australia’s, to
respond effectively to our changing energy needs is constrained by the
preponderance of established infrastructure investment and the watering down or
outright capture of government and regulatory bodies. In short, we already have the
technological solutions we need to solve our current energy challenges, but due to
the pervasive influence of those who continue to profit from fossil fuels at everyone
else’s expense, renewable technologies are at a disadvantage. The large-scale
deployment of green energy quickly becomes the most profitable investment on any
mid to long term scale when tax payer handouts to the fossil fuel industry are taken
out of the equation. That is, the energy problem is no longer a scientific or

engineering one, but one of public policy in our choice of industrial subsidies.
g g y

Thus, the need is great for disruptive new technologies or advances in current
systems or processes that, through performance or cost improvements, render
untenable any attempts to thwart or delay further our requirement for technologies
that enable a sustainable energy future. It is the sincere hope of the Author that the
use of single walled carbon nanotubes in photovoltaics will become such a

technology.
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Abstract

The environmental and climatic drivers for massively increased use of photovoltaics
for energy generation can hardly be understated. Due to the high cost of energy
from the current generation of silicon-based photovoltaics relative to that from
highly subsidised fossil fuels, there is great interest in finding alternative materials
and device architectures for light harvesting applications. Single walled carbon
nanotubes are an allotrope of carbon with some unique electrical and optical
properties which make them promising as various elements of photovoltaic
systems. Exploring and developing methods of harnessing their properties is thus
desirable and much work has already been done in this emerging field. Before the
work presented in this thesis began in 2009, carbon nanotubes had been employed
in various roles in different types of solar cells including as transparent electrodes, as
additives to improve charge dissociation and transport in organic bulk
heterojunctions and the titania of dye sensitised solar cells, and as contributing or
scaffolding elements of donor-acceptor type photoelectrochemical systems with

porphyrins, quantum dots and more.
Throughout this thesis, the results of new experimental and theoretical investigations

into some further applications of single walled carbon nanotubes in photovoltaics

will be presented, with particular focus on carbon nanotube-silicon solar cells.
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Contextual statement

Each chapter in this thesis is either a complete published work, or a complete
published work with additional data, analysis and discussion expanding upon that
which can be found in the literature. The work in this thesis follows the Author’s
interest in exploring the use of single walled carbon nanotubes in photovoltaics,
partly with a view to determining solar cell architectures which exploit the ability of
single walled carbon nanotubes to absorb sunlight energy. Chapter 1 introduces the
issues, states the case for using carbon nanotubes in solar cell applications and
reviews some of the important background theory and literature, focussing
particularly on carbon nanotube-silicon solar cells which form the bulk of this thesis.
Chapter 2 reports the fabrication and characterisation of dye sensitised solar cells in
which the titanium dioxide working electrode is replaced with nanotubes. Chapter 3
comprises a device structure analysis of carbon nanotube-silicon solar cells whilst
Chapter 4 delves into the role that the nanotubes play in them. Chapter 5 compares
devices with either semiconducting or metallic nanotubes and investigates the effect
of nanotube film metallicity on solar cell output. In Chapter 6, the conductive
polymer, polyaniline, is used in conjunction with the nanotubes with a synergistic
effect on performance. Lastly, the modelling presented in Chapter 7 explores the use
of single walled carbon nanotubes as the primary light absorbing elements of tandem
solar cells and highlights the great potential of them for this purpose. All chapters
have been edited for consistency however there may still remain some minor

repetition and formatting differences.
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