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PROCESS DIGITALIZATON AND
AUTOMATION PLATFORM

Built for Real-Time Intelligence and Process Control
Twin Screw Application Brochure




SmartX Digitize & Automate

Introducing a truly agnostic, unifying digitalization and
automation solution for manufacturing processesb SmartX.

A deployed SmartX instance enables process
automation through low -code/no -code interfaces,
placing the control evenly across all divisions from R&D Twin Screw
to production where everyone and every process can be
empowered with this smart manufacturing technology.
Innovate your manufacturing processes today with
SmartX.
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SmartX b Twin Screw

In twin screw processing materialssuch as pellets,
granules, powders, fibers and liquids are fed into a set of
screw barrels to convey, mix, granulate or extrude
materials. Twin screw granulation (TSG) andtwin screw
extrusion (TSE)boast the benefits of a small footprint,
simpler scale-up, agility to respond to market demands,
and the ability to eliminate batch failures.

Continuous manufacturing (CM), a method for
manufacturing products from end-to-end on an
uninterrupted production line, has become the most
sought-after method of production . CM minimizes waste,
energy, and raw material use; improves process reliability
and flexibility ; where quality is controlled and monitored
continuously. CM accelerates drug development getting
products to market quicker while reducing overheads, it
has gainedstrong support from regulators.

To install aCM line all the independent data generating
systemsand sensois not only need to be captured but fed
back for automated control of production. SmartX,an
advanced manufacturing platform not only interconnects
3" party data including Process Analytical Technology
(PAT)but affords the ability to automate production with a
low-code/no -code interface.

SmartX is scalable with options to connectmultiple
process systems and is designed not just for new twin
screw extruders, but is also retrofittable to sit alongside
existing systems.

SmartXis a force multiplier when implementing Quality by
Design (QbD) principles. Here at Innopharma we havein-
depth processknowledge and understand what is key to
automation in an evolving manufacturing industry. We are
here to support your smart manufacturing journey.

Twin Screw




Accelerated Process Development
Continuous Manufacturing

Manufacturing lines regardless d scale, batch continuous, or development stage all have the same goal,
to establish robust, repeatable, and reliable manufacturing methods to deliver compliant products.
However, as the industry faces increasingchallengesurgent modernization of current batch -wise
approaches is required.The International Council for Harmonization recently updated ICH Q13
guidelines to describe the scientific and regulatory considerations for continuous manufacturing (CM),
highlighting the significance of a science andrisk-basedapproachto provide data to prove and justify a
control strategy, and a winning control strategy requires a comprehensive process understanding

Process integration, reattime monitoring, control, digitalization, and digitization are common
technological gaps in manufacturing new production approaches are needed. SmartX is esmart
manufacturing platform that supports the ICH Q13 guide to CM, process development, design space
determination, and rapid DoE execution with QbD principles from the start.

SmartX uses realtime data from any digital source to automate control strategies and ensure
monitoring and control. SmartX provides the flexibility to be agile in development and compliant in
production. SmartX also offers sustainability and environmental benefits for process improvements,
such as yield increase and waste reduction.

Twin Screw Process Development Workflow
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SmartX

ontrol System

SmartX allows the user to monitor, control and schedule anyconnected process equipment, while also
enabling the integration of any 3rd party digital sensors into one platform. SmartX can be deployed
on-premisesor in the cloud. With the low-code/no -code user interface the barrier to entry for
process automation is reduced, anyone with process knowledge can design and run a automated

processwith little to no programming experience.
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The diagram above shows the functional
structure of the SmartX software system. Real
time process control and automation are
executed locally.

The SmartX data integration engine provides
hub functionality by routing all local data
communications and providing data caching
functionality in the event of any connection
failures.
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PAT and sensor devices can be interfaced via
their proprietary software packages, or generic
drivers as appropriate.
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Enterprise Control System (ISA-95)

The integration of enterprise and control
systemshastraditionally been guided by the
international standard called ISA-95. This
standard is a great base for communicating

how different systems can work together in a

company, but at its core ISA-95 is an
activities-based hierarchy framework. In

T
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SmartX

SmartXis capable of integration with
experimental design software for the capture of
data executed from DoE methods.

Automated process runs can becreated and
scheduled with factors assessed andanalyzed in
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is the primary strategic goal and ISA95 is
fraught with data gaps.

A deployed SmartX represents an
interconnected smart manufacturing system
that spans across the traditional tiers of an

enterprise control system. SmartX has direct

device-level communications, control,
automation, and data storage. SmartX
supports integration with existing enterprise
resource planning (ERP) systems and can
report to manufacturing execution systems
(MES) for efficient and seamless operation
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By using smart manufacturing technology like
SmartX, the use can create more adaptive,
collaborative, and data-driven workflow s. This will
not only improve the efficiency, quality, and
sustainability of manufacturing operations, but
also create new opportunities for innovation,
customization, and value creation It is time to
embrace smart manufacturing technology and
transform your enterprise into a smart factory.
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Data can be
reviewed via any
browser allowing
multiple usersto
easily explore,
compare, shareand
export data, including
rich data formats
such as the images
shown (left) from the
Eyecon, PAT.
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Examples of Applications

SmartX can bereadily deployed to work with a wide range of twin screw based process equipmert.
The scenarios described belowspotlight anticipated exampleswhere SmartXis the answer to

daunting Industry problems.

Granule size, distribution ,
density, and moisture
content are some of the key
material attributes of a twin
screw granulation process.

Maintaining a state of
control during the processis
essential to ensure
consistent product quality
and avoid product failures or
process downtime.

Rising energy& material
costs exacerbate the
significance of any
downtime or non-
conformance investigations.

Data capture is key to
gaining process insights to
drive improvements and
reduce inefficiencies.

There is a business eed to
modernize the approach to
manufacturing to maintain a
competitive advantage,
streamline operations and
increase productivity.

There is currently an
inability to capture all data
during a running process
(reaktime critical process
parameter data). Additional
sensorsare required to
provide key manufacturing
data to help drive process
insights on where and what
to focus streamlining efforts
on.

One of the main barriers to
modernizing manufacturing
is the ° K Jsel8eZlegacy
equipment which is not
interconnected.

Deploy and connect SmartX
to the existing equipment
and install additional
sensors. Retrofit the twin
screw to be a smart
technology with 3™ party
systems and sensors
interconnected to bridge the
data gap.

SmartX aggregates the data
for further post analysiswith
formats such as JSON &
CSV, soprogramming tools
like MATLAB, R, and Python
and be utilized.

This solution provided a
meansto ensure data is
usedto its full potential and
not siloed off into either
local or non-assessable
containers.

With SmartX the most up to
date data is remotely
accessibleto those who
need it and is traceable &
auditable for any batch
manufacturing record.



In hotmelt extrusion (HME),
heat and pressure are applied
to melt, homogeneously mix,
and extrude polymers with
active pharmaceutical
ingredients (API)

Many new chemical entities are
poorly water-soluble
compounds and unsuitable for
solution formulations. HME is
used to improve the
bioavailability of poorly water -
soluble compounds Pvia the
production of amorphous solid
dispersions (ASDfor oral solid
dose (OSD)products. This
results in enhanced solubility
and dissolution rates of the
product.

Twin screw extrusion is the
preferred method for
compounding biopolymers
(introducing additives and
fillers) to improve their
mechanical properties.

Biopolymers are derived from
living organisms such as plants
and microbesand are
promising candidates for
sustainable manufacturing
rather than from petroleum
(the traditional source of
polymers).

Biopolymer compounding will
reduce the global dependence
on fossil-fuel based plastics,
which have a natural
degradation time of 100+
years. By contrast,
biopolymers naturally degrade
in as little as 1 year.

A research centrewith limited
resources has been tasked with
using HME to improve the
bioavailability of the API.

The APl is expensiveto
produce and dispose of The
journey from formulation
development to product /
process developmentis lengthy
and complex, so ways to
improve efficiency must be
identified during the
development phase to drive
down waste where possible
while accelerating the
development cycle timeline.

Processingbiopolymers is
complicated. They are heat
sensitive, pressure sensitive,
prone to undesired
degradation, andare typically
hydroscopic. A flexible twin
screw extruder is key to adapt
to the challenging processing
of biopolymers.

For example, PLA processing
requires ashort residence time
to avoid over exposure to high
temperatures with careful
handling prior and during
processing to prevent
hydrolysis.

Typical twin screw extruders
either do not have sensors for
moisture content or ways of
incorporating soft sensors to
determine residence time.

SmartX is usedto design and
execute a series of automated
DoEsin a rapid manner, to
determine the degrees of
freedom to effectively stay
within the Quality Target
Product Profile (QTPP).

With alow-code/no -code
control module automated
process runs are designed to
test each degree of freedom
allowing the scientist avoid
errors with a manual DoE
approach, avoid gaps in data
analysis and have the data
amalgamated.

By adding sensors and
interconnecting the data with
a distributed control system
the extruder is transformed
into a smart device via SmartX

Additional sensors such as NIF
moisture prediction are added.
Then using processdata such
as RPM andthroughput, a soft
sensor for residence time is
developed in the SmartX Low
code/No Code environment.

The agnostic nature of SmartX
gives the twin screw extruder
untapped agility for
continuous process
development.




Evaluation and Implementation

SmartX can be integrated with many types of processing equipment. We provide a process
suitability assessment and a high level of implementation support for successful integration on
equipment such as fluid beds, twin screw granulators, crystallizers, roller compactors and mills, from

a wide range of equipment manufacturers as well as a broad range of ancillary processing equipment

e.g. scales, powder feeders, dispensing pumps etc.

=
2
S
)
o
=
§e)
=
[}
Q2
o
o
<

Process equipment /
application review

Compatible equipment
assessment
Identifying any
controllable Costs

Go / no-go decisionsto
more detailed planning

Project Planning

Detailed assessment of

requirements

System scaleand
scope

Detailed options &
pricing presented.

Timelines / scheduling

Procurement

Implementation

Off -site IT hardware
setup

Hardware delivery &
installation

Full deployment of
SmartX suite

Functional testing

Full user training
/ roll -out

Assess impact of
investment

Continued Support

Validation &
qualification support

New user training
& CPD

Custom application &
automation support
for unique process
requirements

System &
process
troubleshooting
support

The evaluation process can include where
required longer term project-based trials, as well
as short term proof of principle demonstrations
at our Process Applications Laboratory, located
in Dublin, Ireland.

Our support includes all steps from application
consultation, design and manufacturing of
hardware interface and data integration, to
training and qualification. Ongoing process
automation and digital transformation support
is available for the development of modular
automation scripts to enable unique process
specific control approaches.
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Technical Specifications

Data & Communications

Control & Automation

Communicates with processequipment
and peripherals via OPGUA, OPC- DA,
Modbus, MQTT

Easily integrates with lessstandard data sources,
e.g., USB, Serial, ADC

User-friendly, secure and flexible automation
facilitating advanced process control strategies

Simplifies equipment start-up with real-time
control action display and equipment-specific
automations

Monitors and controls all connected devices
simultaneously

Device-specific customization allows automatic
start-up procedures for PAT & process equipment

Allows custom (input) filtering of data sources to
account for known characteristics, noise,
transients etc.

Product Lifecycle Management

DoE process design, execution & analysis

Consistent GxP storage of product data process
development to scale-up, manufacturing and tech
transfer

Tools and data to enable ongoing process
optimization and failure reduction

Flexible development to enterprise-scale solution

Cloud / edge deployment options

Secure data sharing anddemocratization

Scalable from single benchtop development
implementation to full -site equipment
management

Customizable to the application(s)

Modernizing Process Equipment

Connects and modernizes existing process
equipment for advanced data infrastructure

Connects & manages disparate manual systems
(e.g., air handlers, pumps, scales)

Audit Trail

Detailed recording of all data operations
throughout the system (e.qg., creating, modifying or
deleting data)

Search, filter and export options for streamlined
usability

21 CFR Part 11 compliant
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Purpose-built modular no-code/low -code
application for accessible process flow
automation

Live deployment of updated automation
configurations in non-production applications to
support rapid development

Infinitely extensible through custom script
execution

Custom automation script development service
available

Process deviation detection, alarms and optional
automatic safe stop

Data Visualization

e Visualizeprocessparameters,quality attributes
and control variable data in realtime

e Local(HMI) andremotely accessiblecloud data
visualizationinterfaces

e Supportsnative spectral data

e Allows multiple data-sourceanddata-type
synchronizedplots

Data Storage
e Secure,GxPand21 CFRpart 11 compliant

e Realtime / batch synchronizedmachine-level
dataexport

e Cloud / edgedeployment modelsavailable

e Supportswide rangeof databasetechnologiesto
support scalability and pre-existing systems.

e Localbroker buffers prevent processfailuresin

caseof communication failures increasing data
robustness




GET IN TOUCH TO DISCUSS YOUR NEEDS

A Application Consultation Innopharma Technology
ATechnical Evaluation and Project Support Ravenscourt Campus
AFull Implementation Support e Bk e

AAfter Sales Support Sandyford, Dublin, D18 K599, Ireland

Tel: +353 1 695 0162
Email: info@innopharmatechnology.com

Web: www.innopharmatechnology.com
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