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The concept “sustainable development” has become mainstream across Europe and North America, but it has yet to take root in Turkey. Emerging technologies including nanotechnology can significantly facilitate the diffusion and implementation of sustainable development principles in our country. Turkey, with its dense population and growing economy, is an ideal breeding ground for responsible and sustainable development of emerging technologies. 

Nanotechnology has long been advocated to offer solutions to many of the sustainability challenges of the 21st century such as energy independency and management of water resources. However, to this date, there is little evidence to verify and support or refute claims of reduced environmental impacts of nanotechnology applications compared to their counterparts while a literature is growing that supports the existence of adverse impacts of some nanoparticles and nanostructured materials. 

Life Cycle Assessment (LCA) is widely recognized as an effective method to investigate nanotechnology as it takes a systems approach and provide quantitative information. LCA is essential to tackle multifaceted nature of sustainability issues associated with applications of nanotechnology, reduce material and energy consumption, identify opportunities for improvement, and optimize economic and social value of products. 

This presentation reports the findings of an NSF supported study that aims to advance our understanding of the connection between nanotechnology and sustainability. As part of this study, opportunities for improvement for greener manufacturing of nanoparticles and nanostructured materials were identified for prevalent nanomanufacturing techniques. The cumulative energy demand, waste-to-product ratio, emissions to air, water and soil of cadmium selenide quantum dots were determined via the establishment of a cradle-to-gate life cycle inventory using the Life Cycle Assessment (LCA) software SimaPro and the Ecoinvent life cycle inventory database. Comparative assessment of impacts of quantum dot photovoltaic (QDPV) modules with other types of PV modules and energy sources was carried out in order to determine how QDPV modules perform compared to competing technologies. An all-inorganic QDPV module design manufactured using a roll-to-roll (R2R) system that can widely be adopted in the future was envisioned. The adoption and diffusion of quantum dot light emitting diodes (QDLEDs) in standard LED, LCD (Liquid Crystal Display) backlighting, and lighting markets; and associated environmental impacts in the next decade in the United States (e.g. energy and mercury consumption savings, quantum dot and cadmium consumption) were estimated using an S-curve model and formulas that take into account various factors that affect the adoption of the product such as their energy efficiency (i.e. luminous efficacy) and percent adoption. 

Our results demonstrate environmental tradeoffs associated with adoption of emerging technologies and exemplify how such research can be carried out for other emerging technologies in order to determine the net environmental impacts of emerging technologies.
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