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Abstract 

 
Moving to low-carbon operations requires solutions that work in practice, can scale with demand, and make financial 
sense. This keynote looks at how heat pumps, solar panels, and renewable energy systems can be used effectively in 
factories, offices, and buildings. Using examples from research projects and real installations, the presentation 
demonstrates proven ways to cut energy use, reduce emissions, and build reliable systems. The presentation covers 
what makes projects succeed—from designing and fine-tuning systems to long-term performance, cost-benefit 
analysis, and integration with existing equipment. It also explores new developments in hybrid systems, advanced 
heating and cooling, and smart energy management. By connecting engineering knowledge with practical 
implementation, this keynote provides industry leaders, engineers, and policymakers clear guidance to accelerate the 
shift to low-carbon energy and improve the sustainability of energy-intensive manufacturing operations. 
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