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ABSTRACT 

 
Uncertainties may have a large impact on equipment decisions, plant operability, and economic 

analysis. Thus the consideration of uncertainties in optimization approaches is necessary for 

robust process design and operation. As a part of it, efficient chance constrained programming 

has become an important field of research in process systems engineering. In this work, a new 

approach is proposed for chance constrained programming of large scale nonlinear dynamic 

systems, in which some dependent variables at certain time points are to be constrained with a 

predefined probability. This new approach is an extension and a modification of our existing 

method for nonlinear chance constrained process optimization, which has been utilized for 

steady state processes. The main idea of this method is the employment of the monotone 

relation between output constraints and uncertain variables, so that the probabilities and their 

gradients can be achieved by numerical integration of the probability density function of the 

multivariate uncertain variables by collocation on finite elements. The new approach involves 

new efficient algorithms for realizing the required reverse projection and hence the probability 

and gradient computation with an optimal number of collocation points so that the original idea 

is now applicable for dynamic optimization problems with larger scale. This approach is applied 

for optimization problems of a batch distillation with a detailed dynamic process model. 
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