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Nanomaterials for energy applications

Global energy demand is projected to rise as high as 60% over the next 30 years. It is a challenging trend that may be met 
only by revolutionary breakthroughs in energy science and technology. To achieve this goal, the efforts in areas including 

exploration new fossil resources, developing renewable energy and improving energy efficiency are needed. Developing 
advanced energy technologies requires more applied research; therefore progress in basic science has a vital role to play in 
this process. It is creative linkages between basic research and applied technology development where radical innovation is 
very crucial. Materials science has been identified as key across a range of technologies including renewables, nuclear energy, 
fossil fuel, energy conversion and energy storage. To address the novel energy challenges, the new functional materials systems 
should be developed and their applicability in energy conversion devices as fuel cells, batteries, nuclear reactors, and separation 
membranes should be proved. Progress in the development of new technologies for unconventional hydrocarbons (shale oil 
and gas) also depends upon discovery of new functional materials. Nanotechnology has the potential for making impact on 
this effort by developing the advanced materials, tools and devices that are more efficient. A unique aspect of nanomaterials 
is the significantly enhanced their properties related to increased relative surface or grain boundary area, and the dominance 
of quantum effects. These effects enhance chemical reactivity, making some nanomaterials useful as catalysts, sensors, and 
components of fuel cells and batteries to improve their efficiency. These devices play also important role in the development 
of novel energy conversion processes of unconventional hydrocarbons. In this lecture, the ability to use nanomaterials 
in energy conversion will be discussed. The ability to enhance the physical properties of oxygen - CeO2, ZrO2: Y, Sc and 
proton- SrCeO3: Yb conductors will be presented. Scaling factors, such as grain size, thin film thickness, and porosity will be 
discussed in the context of a lattice defect model, and will be illustrated by recent results obtained for nanoceramic thin films, 
nanoscale superlattices, and mesoporous materials. New insights adapting fundamental sciences to accelerate development of 
new technologies for unconventional oil and gas will be discussed. Developing a more fundamental understanding of metal/
environment interactions will facilitate effective application of new monitoring technologies leading to enhanced operational 
safety and reliability. This lecture focuses also on methodologies to develop new oil and gas technologies through physics, 
chemistry and materials science. 
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