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	Aims

· Obtaining new knowledge about the economic and ecologic sustainablility of current methods of manufacturing of carbon nanotubes.
· Evaluating the economic and ecologic sustainability of the manufacturing methods for carbon nanotubes based on productivity, life-cycle cost, and environmental impact measurements.

· Ranking the manufacturing methods with respect to economic and ecologic sustainability.

	Background

Sustainable Nanomanufacturing in terms of economic and environmental (e.g. carbon neutral) sustainability is of increasing socio-economic significance. The broad acceptance of nanotechnology for numerous applications will strongly depend on whether it will provide a significant economic and environmental benefit to the industry and societies. If this is not the case nanotechnology products will only be able to occupy niche markets and the expected significant contribution of nanotechnology products to the global market (U$ 1 trillion in 2015) remains a dream. Therefore, a comprehensive study of the socio-economic sustainability of nanotechnology products is important for setting benchmarks for nanotechnology products such as carbon nanotubes (CNT), gold and silver nanoparticles, as well as semiconducting quantum dots. These nanomaterials are considered to be of major significance for various innovative technologies, such as nano and microelectronic devices, electronic nano-contacts, medical diagnostic using CT, water filtration and desalination, disinfection and anti-staining of tissues and surfaces, quantum dot lasers and communication devices, etc. and considerable amounts of these nanomaterials are already produced worldwide.

At present, a number of techniques have been developed for making different types of nanotechnological materials/products, such as using vapour phase deposition, soft lithography, etching, etc. Nevertheless, nanoparticle production is still at a laboratory scale. According to a 2003 report of the Royal Society (UK), it is estimated that currently (2005-2010) altogether less than 3000 tonne of nanomaterials are produced each year for various applications. But, it also forecasts that the increase of nano-particle production could be at least tenfold in the next decade. For it to happen, however, a number of technical and operational issues need to be well addressed before making nano-manufacturing reach an industry scale:
Different nanoparticle production methods have their advantages and disadvantages. However, which one is more viable for an industrial-scale nanomanufactuirng depends not only on the technical superiority exhibited in laboratory experiments, but also on operational and sustainability features associated with the production methods. The efficiency (e.g. production cycle time and productivity) and costs (e,g, material and operational costs) of different nanomanufacturing alternatives should be considered in the study. Also, all use of materials, resources and energy as well as all emissions from the processes in the life cycle need to be aggregated and interpreted in terms of their impacts on the environment and health, e.g. their contribution to global warming, acidification.

	Methodology

A proposition here is to use Eco-efficiency as a key indicator, and Life-cycle Assessment, Input-Output Analysis, and Simulation as main research tools to evaluate the sustainability (environmental and economic) of nanotechnologies for carbon nanotube manufacturing applied at the industry level.

	Expected Outcome

The supervisors expect that the project will provide important information about the economic and ecologic sustainability of various production methods for carbon nanotubes which will help to rank the various methods.
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