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Abstract 
Humans are facing many unprecedented environmental problems, such as waste pollution and 
climate change. Addressing these urgent issues calls for advanced decision-making 
frameworks to design, plan, and operate various infrastructures for waste valorization and 
energy transition with high efficiency and reliability. First, I will describe a unified optimization 
framework that enables the optimal design and operation of large-scale waste valorization 
infrastructures. This framework reveals the economic viability and environmental benefits of 
such infrastructures and informs policy implications such as pricing and revenue allocations. 
Second, I will outline an optimization framework that integrates smart electrification with 
manufacturing processes. This offers grid flexibility and smoothens the energy transition. 
Finally, I will present two algorithms and software we've developed to address these complex, 
large-scale decision-making challenges, leveraging graph theory, classical decomposition 
methods, and new computing architectures like GPUs. Future research directions, such as the 
coordinated management of food waste for flexible green electricity production in Hong Kong, 
will be discussed.
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