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Composite materials have long been recognised for their remarkable strength-to-weight
ratio, durability, and design flexibility, allowing their widespread usage in the aerospace,
automotive, building, marine, and renewable energy sectors [1]. Traditionally, research has
concentrated on improving mechanical performance through upgraded reinforcements, tailored
polymer matrices, and better manufacturing procedures. While these breakthroughs have
considerably enlarged the potential of composite materials, the goals of composite research are
continuously changing [2,3]. The next generation of composites is projected to give more than just
greater mechanical qualities, driven by the worldwide goal of zero emissions, circular economy
principles, and resource-efficient manufacturing [4].

Today, the value of composite materials is increasingly measured by their environmental
performance, recyclability, renewable ingredients, and potential to cut carbon emissions
throughout their life cycle [5,6]. As a consequence, sustainable composites reinforced with natural
fibers, bio-based materials, and recyclable polymers appear to be potential options for future
engineering applications.

Despite this development, transferring laboratory-scale breakthroughs into industrial
products remains a substantial issue. Material variability, production scalability, cost
competitiveness, and long-term dependability continue to impede the broad implementation of
many sustainable composite systems [4,7]. Addressing these difficulties demands closer
collaboration between academia and industry, aided by developments in digital manufacturing,
artificial intelligence, and life cycle assessment to speed material development while assuring
environmental and economic sustainability [6,7].

The future of composite materials will be defined not just by higher strength or reduced
weight, but also by their ability to have a significant impact on industry, society, and the
environment. The transition from high performance to high impact is a novel approach in
composite engineering, with innovation judged by its contribution to sustainable growth, industrial
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application, and global resilience. By adopting this perspective, sustainable composites will

continue to play an important role in designing the future generation of engineered materials [5].
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