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Abstract: Finding the optimal operation point of an industrial process is not a trivial task 

because of the inherent difficulties of the process itself and the uncertainties and disturbances 

that continuously modify the operating conditions. In highly automated plants, optimal 

operation is typically addressed by a decision hierarchy involving several levels that include 

scheduling, real-time operation (RTO) and process control. At the RTO level, medium-term 

decisions are made on a time scale of hours to a few days, explicitly considering economic 

objectives. This step typically consists of an optimizer that determines the optimal settings 

under slowly changing conditions, and hence, steady state assumptions are considered in the 

optimization. 

RTO emerged in the late 1970s as a two-stage algorithm combining parameter estimation and 

economic optimization. When the process reaches the steady state, the uncertain parameters 

of a nonlinear model are updated to solve a parameter estimation problem using the actual 

process measurements. After the model update, economic optimization is performed, and a 

new stationary point is found. The new operating point is then applied to the process in an 

iterative scheme, seeking an optimal operating point. 

Because of the inherent uncertainty, which is translated in the difference between the model 

and reality (modeling mismatch), and the fact that the two steps are separately solved, the 

two-step algorithm by itself will not necessarily converge to the optimum of the process. So 

solve this problem, the RTO paradigm has been reformulated lately with the Modifier 

Adaptation Methodology (MA). Instead of using process measurements to update a model 

with the objective of matching predicted and measured variables, MA updates the necessary 

conditions of optimality of the model-based optimization with data gathered from the process, 

with the goal of finding the real optimum of a partially known process in an iterative way. This 

is a very useful method, since, in practice, one can find the optimum of a real system, even 

when the available model is not accurate; which can be very helpful in bioprocesses, where 

complex mechanisms takes place and phenomenological models can be very time consuming 

to be used in numerical optimization in real time. 

Although MA can find a point that satisfies the KKT conditions of a plant, it is mandatory to 

estimate the real gradients of the system, which is not a trivial task. In this work a review of 

the available methods to estimate the experimental gradient of a process is presented, 

including a new method based in using transient information. Also, a new way to understand 

the MA as a nested optimization problem is presented. With this reformulation it is not 

necessary to estimate the gradient of a real process to find its optimum.  

The advantage of using RTO with MA is shown in simulated and experimental examples of 

continuous and batch processes. 


