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Highlights
· Process models incorporating start-up, shut-down and normal operations
· Nelder-Mead algorithm for process optimization and SOP tuning
· OTS with capability to automatically re-parameterize SOPs
· Enables operators to take corrective action to quickly recover from upset events

1. Introduction
The increasing complexities in process configurations, starting raw material options, and the variety of product offerings in modern biorefineries present peculiar challenges for operators and plant process automation systems [1]. Existing operator training simulators (OTS) provide a safe simulated environment for developing the skills of operators, amongst other benefits. In this paper, the usefulness of the traditional OTS is extended by incorporating an algorithm that helps operators effectively manage process upsets and changes in feed properties through automatic tuning and adjustment of standard operating procedures (SOPs). 
2. Methods
The C++ based modelling tool C-eStIM [2] was used to develop and parameterize process models for feed pre-treatment, fermentation and distillation. A commercial process control and automation software, WinErs [3], was used to integrate all unit operations into a single functioning biorefinery, with accompanying heat exchangers, pumps, and control valves. Biorefinery standard operating procedures (SOPs) were used to create sequential function charts in GRAFCET [4] for biorefinery operations. Furthermore, a parameterizable SOP for automatic adjustment of enzyme loading in response to fluctuations in inlet feed composition was also implemented using GRAFCET. The Nelder-Mead algorithm [5] for the minimization of multi-dimensional functions was developed for process optimization and automatic tuning of SOPs in response to upsets during fermentation and distillation unit operations.
3. Results and discussion
Modelling results for hydrolysis and fermentation were consistent with published data while the distillation model incorporates a cold start-up, normal batch, semi-batch and continuous operations, and unit shutdown. The developed OTS can be used to train biorefinery operators for both normal and non-routine operations. Automatic SOP adjustment shows that hydrolysis enzyme dosage is automatically adjusted in response to fluctuations in solids loading concentration (Figure 1).
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[bookmark: _Hlk535106189]Figure 1. Model results (A & B) and automatic SOP tuning results (C & D) 
4. Conclusions
This paper presents the results of the first attempt to incorporate an algorithm for process optimization and automatic tuning of SOPs into an operator training simulator. This extends the usefulness of the traditional OTS beyond operator training to include automatically adjusting production recipe inputs that inform operator corrective action, thereby minimizing material losses and process downtime. 
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(A) Distillation temperature profile showing start-up, normal operation and shut-down
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(B) Starch hydrolysis results
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(C) Liquefaction performance without autmatic SOP tuning
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(D) Liquefaction performance with autmatic SOP tuning
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