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Abstract: Manufacturing solid form products, such as pharmaceuticals, agrochemicals, and
fine chemicals, relies heavily on crystallization to i1solate the target solid. To prevent severe
downstream bottlenecks In filtration, powder flowability, and bioavailability, crystallization
processes must be systematically designed, optimized, and controlled. Moving away from
traditional empirical methods toward a digital-first manufacturing paradigm demands tight
integration among real-time process monitoring, predictive modeling, and robust process
control. This talk presents an end-to-end digital particulate manufacturing framework developed
at the University of Manchester. We demonstrate how advanced process analytical tools,
specifically bespoke stereoscopic imaging capable of measuring multidimensional particle size
and shape distnbutions directly within dense suspensions, provide high-fidelity data to inform
process modeling and control. Building on these rich datasets, we highlight computational
advances In rapid, predictive modeling using population balance equations tailored for both
designfoptimization and active troubleshooting. Extending this pipeline downstream, we
showcase recent work linking crystallization outcomes directly to filtration performance and
powder packing in a purely digital environment. Because our experimental and computational
toolsets are purpose-built from the ground up, they bypass the constraints of conventional off-
the-shelf equipment to offer a distinct, unified platform for process design. We conclude with
our current research directions and emerging frontiers across this digital manufacturing space.
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