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Electrode Nanomaterials and Systems for Conversion and Storage of Solar Energy

With the growing demand for energy, fossil fuels, which are supplying 80% of all energy
consumption in the world, are facing rapid resource depletion. The global climate change also
imposes an urgent need for environmentally sustainable renewable energy converter and
storage technologies. In this thesis, research on electrode nanomaterials and systems for
conversion and storage of renewable energy has been conducted. As a sustainable system for
conversion of solar energy, printable zinc oxide based dye-sensitized solar cells (DSSCs) has
been studied. In order to understand the origin of the differences of solar cell performance,
precise structure control of ZnO nanocrystals has been achieved by microwave-assistant
hydrothermal reaction in the presence of structure directing agents. Electron injection, back
reaction, as well as electron transport dependent on the preferentially exposed crystal facets
have been studied by employing light and voltage modulated photoelectrochemical
measurements. Storage of renewable electricity by vanadium redox flow battery (VRFB) has
been studied by fabricating a flow device by 3D printing and employing vanadium electrolyte
recycled from ammonia slag. The ultimate goal of conversion into chemical energy has also
been challenged by fabrication of 3D electrodes to be combined with organic electrocatalyst for
water splitting. Final conclusion and outlook for realization of renewable energy system are
summarized.

The thesis is composed of the following 8 chapters.

Chapter 1. Introduction — the need for sustainable renewable energy system

Chapter 2. Microwave-assistant hydrothermal synthesis of structure controlled ZnO
nanocrystals

Chapter 3. Dye-sensitized solar cells employing structure controlled ZnO nanocrystals
Chapter 4. Back reaction and transport kinetics studied by light and voltage modulated
photoelectrochemical measurements

Chapter 5. High voltage ZnO solar cell employing rectifying dye and cobalt redox

Chapter 6. Redox flow batteries fabricated by 3D printing and employing recycled vanadium
as electrolyte

Chapter 7. Electrocatalytic conversion of renewable electricity into chemical fuels
Chapter 8. Conclusions and outlook of the study
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