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ABSTRACT

Product design has revolutionised the way businesses integrate innovative and 
sustainable technologies into product development, bridging the gap between in-
novation and environmental responsibility. This chapter explores the convergence 
of advanced technologies, including IoT, AI, and digital twins, with principles of 
sustainability, such as the circular economy, eco-​design, and lifecycle management. 
It demonstrates how synergies are creating innovative, efficient, and environmen-
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tally responsive products, highlighting the need to address material choice, energy 
use, and waste reduction in material production and usage. Cases and frameworks 
illustrate best practices that stakeholders can use to apply such systems. Finally, it 
analyses emergent trends and ethical concerns that highlight implications for policy 
innovation in the pursuit of a sustainable future.

1. INTRODUCTION

Sustainable design with intelligence is transforming how products are designed, 
driving innovation in environmental stewardship. Considering the significant pressure 
on companies to address climate and resource scarcity issues, the emerging advanced 
technologies of IoT, AI, and digital twins have provided unique opportunities to 
achieve minimal environmental impacts when product performance optimisation is 
considered a transformative change (Geissdoerfer et al., 2017). These technologies 
not only make the products functional but also enable real-​time monitoring, predictive 
analytics, and customisation, extend product life cycles, and prevent waste (Kamble 
et al., 2020). Concomitantly, sustainability principles, such as circular economy 
frameworks, eco-​design, and LCA, will increasingly form the backbone of products 
designed to be energy-​efficient and recyclable, as well as to serve environmental 
ends (Ellen MacArthur Foundation, 2013).

Synergies between innovation and sustainability can be used in order to revital-
ise industries across the spectrum -​ from consumer electronics to automotive and 
health care, dealing with material choice issues, producing more efficiently with 
minimal waste; for example, smart manufacturing and IoT/AI control can manage 
energy use and decrease emissions (Chen et al., 2020). Despite these developments, 
significant barriers remain, including high implementation costs, lack of standard-
isation, and ethical concerns regarding data privacy and accessibility (Beier et al., 
2020). Overcoming these challenges will require a multifaceted effort that incor-
porates technological innovation, is supported by policy initiatives, and involves 
stakeholder collaboration.

This chapter's primary intention is to explore the intersection of innovative and 
sustainable technologies, examining challenges, current situations, product design 
applications, and future trends. The aim is to provide design manufacturers and pol-
icymakers with guidelines or case-​study illustrations of practical efforts to achieve 
a future full of innovation while maintaining a sustainable system.
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