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The advent of process analytical technologies (PAT) more than two decades ago has brought the 

applications of advanced control of pharmaceutical manufacturing processes in the realm of 

possibility. The role of advanced feedback control concepts in improving the performance of batch 

processes, as well as enabling technologies in the paradigm shift from batch to continuous 

manufacturing will be corroborated. Examples how advanced control can be used for process 

intensification and the improved production of pharmaceutical particulates will be provided, with 

application to both continuous drug substance and drug product manufacturing. Examples will 

include advanced control approaches for the integrated crystallization and wet mill system and the 

spatial control in continuous oscillatory flow crystallization platforms using spherical 

crystallization as a process intensification approach to simultaneously control critical quality 

attributes of particulate products, including size and shape distribution, purity and polymorphic 

form. We will illustrate how these advanced model-based control approaches allow to achieve a 

desired trade-off between manufacturability and bioavailability in advanced pharmaceutical 

manufacturing. The application of a systematic quality0by-control (QbC) framework for the 

design of hierarchical control systems for continuous tablet production via direct compaction will 

also be described. The distributed manufacturing of pharmaceuticals using miniaturised 

pharmaceutical manufacturing (MiniPharm) platforms will be described that exploits the 

information from high throughput reaction screening approaches based on DESI and MS 

technologies and uses a reconfigurable plug-and-play platform of reactors and separators for 

continuous API production integrated with drop-wise additive manufacturing platform (DAMP), 

which can provide a novel intensified process route for rapid and reactive personalized dosage 

manufacturing of final formulated products suitable for direct delivery. The talk will also describe 

the enabling role of feedback control in the development of a rapid reaction screening platform 

that can be used for the optimization of reaction conditions and the discovery of new reaction 

pathways or new active molecules for drug discovery. The talk intends to provide motivating 

examples of the next stage of innovation in advanced pharmaceutical manufacturing, illustrating 

the potential benefits of process systems engineering concepts and the new quality-by-control 

(QbC) framework in improving product quality and process efficiency while reducing costs and 

time-to-market.    

 


