
ABSTRACT:  Computational optimal decision making tools are essential for ensuring that systems are designed, operated, and controlled 
in an economic and sustainable manner. Using optimization to make decisions for chemical and energy systems is particularly challenging 
due to the inherent presence of nonlinear process physics, both integer and continuous decisions, uncertainties in important parameters, 
and multiple relevant time scales. This challenge is most relevant for optimal model predictive control problems, which must be solved 
on the time scale of seconds to be practically implementable. This talk explores how structural insights on the underlying optimization 
problem can be identified and exploited to solve the problem more efficiently. The bulk of the talk addresses the method of decomposition, 
which solves large, computationally challenging decision making problems through a set of smaller, easier-to-solve subproblems, and 
its connection to the idea of distributed model predictive control. An algorithmic framework for automatically identifying easy-to-solve 
subproblems using community detection, a concept from network theory, is presented. The superiority of using community-based 
decompositions to solve optimization problems, compared to other intuition-based decompositions, is showcased through an optimal 
model predictive control case study. In the final part of this talk, we then introduce the concept of symmetry in optimization problems, and 
show some preliminary results which demonstrate how it is emergent in the optimal control problem for modular chemical and energy 
facilities. We further outline steps for which symmetry can be automatically identified and its effects mitigated.
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