Challenges

FOR CONTROL RESEARCH
o0 ®

Batch Control and Trajectory Optimization
in Fuel Ethanol Production
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saccharification and fermentation (SSF), and :

distillation. The SSF process, which is conducted
in a batch fermenter, is considered the most

important part of the entire production process.

SSF breaks down dextrin into dextrose and Distillation Column

converts dextrose into ethanol. Flow chart of dry mill process

Current Progress

Fuel ethanol production is a $43 billion industry that contributes more than $8 billion in taxes to state, federal, and local governments.
Researchers generally acknowledge that there is a gap between the theoretical maximum yield and the yield achieved in process plants.
Therefore, even a low-percentage yield increase would result in hundreds of millions of dollars in profits. The most economic approach
to increasing ethanol yield is to optimize operation of the SSF process during a batch.

Challenges

1. Modeling: A better understanding of the process O Te'“pe"at“’e
represented by mathematical models is required. If :
models are derived from first principles, they usually :
consist of coupled ordinary differential equations :
(ODESs) resulting from component and energy balances. !
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2. Optimization: A major objective of batch control
is for the manipulated variables to follow reference
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is required for control purposes. Batch time

Overview of SSF process and timeline of batch operation
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Modeling of SSF Process

Reduce
Existing models of the SSF process consist of dynamic balances of components complexity
such as the concentrations of yeast, dextrose, ethanol, and other substances. Use more ~and
Three aspects have been investigated to improve the process model. appropriate stiffness of

Kinetics system

Trajectory Optimization

Maximizing the final ethanol yield is the key driver for researchers and engineers
to find better control solutions for this process. This objective can be achieved
by numerically computing the optimal setpoint trajectory of the controlled
variables. A model composed of nine ODEs (eight component balances and one
energy balance) and five path constraints is used here for illustration purposes.
A simultaneous approach, which discretizes both the manipulated variables and JiL.
the model, is used for the solution of the optimization problem. \
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Results and Discussion

The optimal temperature profile has a high temperature during the filling phase and favors a low temperature for the remainder of the
batch. The optimal enzyme addition profile indicates that glucoamylase should be injected into the fermenter toward the end of the

filling phase rather than continuously during the entire phase. The dextrose concentration after optimization is well controlled within a
reasonable range, and the ethanol concentration is increased after optimization by as much as 7%. Furthermore, relaxing the lower bound
of the temperature constraint increases ethanol production by 11%. However, considering that a discrepancy always exists between the
model and a real plant, these research findings will have to be validated in a plant setting.
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