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Abstract

The global shift toward clean energy and sustainable development faces a pressing paradox: while
renewable technologies like wind power curb carbon emissions, their lifecycle can create unintended
environmental and social costs. A striking example is the growing challenge of decommissioned wind
turbine blades, which threaten ecosystems, waste systems, and communities. This lecture explores
interdisciplinary STEM strategies to convert such challenges into opportunities, focusing on upcycling end-
of-life turbine blades into high-value construction materials. Central to the discussion is upcycling end-of-
life wind turbine blades into high-value construction materials. Through advanced material science and
engineering, these retired structures are repurposed into sustainable aggregates, reinforcements, fillers,
and cementitious component. These innovations not only divert waste from landfills but also enhance
mechanical performance, reduce costs, and lower the carbon footprint of construction materials.
Considering the construction safety, efficient and labour cost, this lecture further examines how 3D printing
technology revolutionizes sustainable construction by enabling mold-free fabrication, robotic precision,
and reduced labour dependency. Computational modelling and mechanistic insights are highlighted as
pivotal tools for optimizing designs, minimizing materials use, and ensuring structural integrity, bridging
the gap between laboratory prototypes and scalable real-world applications. Concluding with a forward-
looking perspective, the lecture highlights emerging STEM innovations poised to redefine clean energy
systems and circular economies. This lecture invites and calls on stakeholders across academia, industry,
and policy to engage in collaborative solutions for a planet-scale challenge, to turn waste into wonder and
ambition into action.
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