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Abstract:

The design and operation of a process system over its lifetime span require decisions at different levels and scales, which significantly affect the initial capital investment,
optimal operation and economic, environmental and energy performance — especially in the presence of dynamic and continuously changing conditions. While significant
progress has been achieved over the years within the PSE community in the areas of (i) integration of design and control, and (ii) control and scheduling, it is fair to say
that at the moment there is not a generally accepted methodology and/or ‘protocol’ for such an integration of scales. It is also interesting to note that currently there is no
commercially available software system to fully support such an activity.

In this presentation, we present the foundations of such an integrated framework and a prototype software platform that enables the grand unification of process design,
control and scheduling in the presence of dynamic conditions and uncertainty. Based on on-going research developments over the last twenty-five years, we describe the
PAROC [PARametric Optimization and Control] system featuring: (i) a high-fidelity dynamic model representation, (ii) a suite/toolbox of model approximation methods, (iii)
a host of multi-parametric programming solvers for mixed continuous and integer optimization problems, (iv) a state-space modelling representation capability for
scheduling and control problems, and (v) an advanced toolkit for explicit model predictive control and moving horizon reactive scheduling algorithms. Key advantage of
PAROC is that the obtained solutions at different scales (i) originate from the same high-fidelity dynamic model, and (ii) the resulting explicit integrated solutions are
validated off-line and in-silico viz. the original model. We demonstrate the potential of the approach to capture decisions in three different time scales (spanning from
years to seconds) through its application to a residential-scale cogeneration system for the production of usable heat and electrical power.
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