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Medicines Manufacturing Innovation Centre 
(MMIC): the use of a Digital Twin

5. State-of-the-art for feeders and blenders

4. Digital Twin: at a glance3. University of Strathclyde and MMIC

2. Medicines Manufacturing Innovation Centre (MMIC)
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Increasing Pharma R&D

1. Background and motivation

•Pharma R&D costs significantly increasing.
• Increasing globalised competition from 

generic pharma manufacturers.
•High solvent waste: reactions + separations.
•Technological innovation required to 

maintain profitability & sustainability.

Current State of Pharmaceutical Industry

Henderson et al., 2011 | Anderson, 2012 | Diab and Gerogiorgis, 2017 
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•The Medicines Manufacturing Innovation Centre will be a cutting-edge R&D centre for pharmaceutical
manufacturing.

•University of Strathclyde are the strategic partner, providing experimental expertise and leading research in
experimental model development for secondary processing unit operations.

•State-of-the-art models are being evaluated and potential improvements identified.
•Digital tools are being employed to increase efficiency and research productivity.
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8. Summary & future directions7. CDC rapid development using Digital Twin workflow
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• Part of the Advanced Manufacturing Innovation District 
Scotland (AMIDS)

• MMIC project lead by Centre for Process Industry (CPI), U. o. 
Strathclyde, AZ, GSK, UKRI, Scottish Enterprise, and the Scottish 
Government; other partners have joined since (PSE, Pfizer, DFE 
Pharma).

• Goal: “to become an international beacon for innovation in 
small molecule medicines manufacturing”

• 80 high-value jobs by 2023, £80m R&D attracted by 2028, 
further 90 jobs created during design and construction. 

•MMIC project strategic partner.

•Key objective: Digital Twin of secondary 
processing unit operations.

•Focus on feeders and blenders.

•Working with various materials 
commonly used by industrial partners. 

Digital Twin Concept

6. Digital Twin: MMIC project
•Published modelling approaches largely 

consist of:

−Empirical equations describing mass 
flow profiles

−PCA and PLS models to relate material 
characteristics / equipment operation 
to key variables and parameters

−RTD modelling (fitting to pulse/step 
change data)

−Discrete Element Method

Rehrl et al., 2016 | Toson et al., 2018 | Van Snick et al., 2019 
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Characterise Material

Simulate CDC for different equipment 
configuration

Select equipment configuration based on 
CDC simulation output

Perform trials with selected equipment 
configuration and critical process 

parameters informed by the CDC simulation

OUTPUT
• Optimal equipment configuration and CPPs for CDC
• Inform refill strategy
• Manufacturability assessment

Material Property Database

Equipment Database 
(key equipment characteristics) 

Model parameter and model 
performance database

Standardised workflows and test 
methods

Digital twin of CDC 
(GC 1 – Development Phase: feeder and Blender)

What it is

•Appropriately accurate and precise 
representation of the real process.

•Based on real data and measurements.

•Validated against additional data.

What it is not

•A 100% replication that can predict 
conditions vastly different to than what it 
was designed for.

•A complete replacement for 
experimentation.

What it can do

•Reduce the need for experimentation.

•Allow the rapid evaluation of new 
materials and process configurations.

PHYSICAL DIGITAL

Perform Design of 
Experiments to identify 

optimal solution

Digital Twin identifies likely 
area of optimal solution. Select 

validation experiments.

•Linking of software packages into a workflow
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DM2 Platform II 'Centre for Contmuous Manufacturmg and Advanced Crystall1sat1on (GMAC) 
Development of an Automated Microscale 'Strathclyde Institute of Pharmacy and B1omed1cal Sciences (SIPBS), 
Manufacturing System for Oral Solid Dosage Forms 'Centre for Ultrasonic Engmeermg, Department of Electronic and Electncal Engmeermg, 

University of Strathclyde 

Introduction to DM2 Platform II 
This platform aims to create a unique autonomous microscale drug product 
manufacturing and testing system to select formulation and process 
parameters that result in a stable product with desired critical quality attributes. 

Challenge in formulation development 
Making decisions on 1) maximum drug loading possible, 2) excipients. J) excipient concentrations & 4) process conditions 
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The number of experiments increases drastically with the number of excipients, drug loadings and 
process conditions that need to be explored to find the optimal formulation and process settings. 
Integrating industrial digital technologies (IDTs) with innovative pharmaceutical process 
technologies wi ll de-risk and accelerate drug product manufacture, reducing experiments and 
dramatically reducing development time and raw material/solvents use by 60%, whi lst achieving 
CQA objectives by self-optimized formulation and process conditions. The platform is co-
developed and co-del ivered with industry partners focusing on 1) tablets (via direct compression) 
and 2) capsu les (via powder fill) . 
The in itial aim of this platform is to deliver an automated microscale batch manufacturing system 
that can eliminate waste while preparing tablet batches of < 10 g per batch and < 50 tablets per 
batch. 

The Microscale Tablet Manufacturing System 

Adaptable, Flexible and Automated Manufacture & Testing 
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The goal is to produce a system which can be run autonomously with user 
input limited to the filling of excipient and drug substance hoppers. This system 
will revolve around the use of fully autonomous devices control led through a 
supervisory control system linked physically using a collaborative robot 
(cobot). 

Wireless PAT 

The tableting line will consist of: 
Powder dosing and blending will be performed using a novel DEC Group 
system. 
Blend content uniformity and homogeneity testing will be performed by a 
Viavi MicroNIR 
The powder transport will be done by a Kuka LBR iiwa 14 r820 cobot. 
Tableting will be done using a Styl'One Nano from Medelpharm 
Tablet testing will be done by a Sotax AT50 

DEC Raw material 
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blend dosing setup 
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Figure 3: 30 visualization of the table top tableting setup. The sizes of the dosing and 
blending setup, powder and tablet storage, and performance testing stations have been 
estimated to give an overall representations of the space that the setup will cover. 
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Figure 1: Schematic of microscale tableting manufacturing system. 

F gure 2: Hardware block diagram showing the communication protocol between the IDTs, 
the manufacturing technologies and the supervisory control system. 
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