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Abstract

The implementation of Process Analytical Technology (PAT) instruments is generally achieved stochastically.
Sub-optimal PAT locations could introduce variation in the measurements which is not related to the
analyte of interest. For this reason, rational approaches should be considered to establish an optimal sensor
placement where relevant measurements are possible and the impact of disturbances is minimized. The aim
of this paper is to demonstrate how mechanistic modelling can support appropriate sensor implementation
by means of a case study. A PAT method was developed for a bottle filling process of a pharmaceutical
formulation with the goal of increasing the yield of the process by gaining process understanding and
redefining the endpoint of the process. To ensure proper measurements, an advanced measuring interfacing
was assembled. The design of this device was rationalized with the help of a model-based approach using
three-dimensional Computational Fluid Dynamics modeling. This allows to maximize the performance of
the PAT method and exploit its full benefits.
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1. Introduction

PAT is a system for designing, analyzing and controlling manufacturing through timely measurements
(i.e. during processing) of critical quality and performance attributes of raw and in-process materials and
processes, with the goal of ensuring final product quality [1]. The goal of PAT is to understand, monitor
and control the manufacturing processes, hence guaranteeing final product quality. This enables the design
and development of well-understood processes, which can consistently deliver quality products at the end
of the manufacturing process. PAT has been a unique opportunity to revolutionize pharmaceutical man-
ufacturing in the last decade, largely driven by the growing need for improving manufacturing efficiency
and productivity while ensuring higher quality standards and guaranteeing patient safety [2]. In the phar-
maceutical industry, there is an increased awareness that these demands cannot be fulfilled by relying on
conventional manufacturing using batch processes with tedious and time-intensive offline sampling and final
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