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The optimal design and the control policies for chemical
systems have complex impacts on each other [1]. A different
design results in a system with different reachable setpoints
and dynamic behaviors. In recent years, operability
approaches have been developed to simultaneously
optimize a process design (physical dimensions, material
properties, etc.) while considering the controllera€™s
capability. Dynamic operability studies extended the
steady-state input-output mapping to a dynamic mapping
to evaluate the operability index during process operation
[2] and the transient time to reach a new steady state [3]. In
this presentation, a dynamic operability mapping is
developed to find a controllable design region, which will
help to determine optimal control laws under stochastic
disturbances within this region.

Under the influence of a stochastic disturbance,
the process achievable output set (AOS) is shifted
from its nominal value by the amount
corresponding to the projection of the probability
density function of the random variable
associated with the disturbance after mapping it
through the disturbance model. If the intersection
of all the AOSs at different realizations of the
disturbance is non-empty, the design is
controllable, and the variance of the outputs can
be quantified by the hyper-volume of the dynamic
AOS when the process outputs converge to a
time-invariant set. However, evaluating the
dynamic AOS of a high-dimensional system by
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sampling techniques is computationally
expensive and requires a large number of
function evaluations. A novel branch and bound
estimation of the dynamic AOS is developed in
this work based on the fact that the gradient of
the operability mapping function at each closure
point of the AOS is singular and there exists a
convex cone that only intersects with the dynamic
AOS at one point which also corresponds to a
closure point of the AOS.

The proposed dynamic operability framework is
applied to a load-following natural gas combined
cycle (NGCC) power plant. The framework aims
to find a controllable design that can achieve the
desired set of net load power generation when the
heating value of natural gas and the ambient
conditions are characterized by random variables.
Results of the framework application to the
NGCC system will be discussed for different
disturbance realizations.
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