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Abstract
This research delves into the integration of continuous manufacturing (CM) within Ireland's small
molecule pharmaceutical manufacturing sector, emphasizing a comprehensive approach to
understanding benefits, challenges, and opportunities. Through qualitative methods involving
semi-structured interviews and thematic analysis, insights from 7 key stakeholders across diverse
sectors were gathered. The findings highlight persistent regulatory, technological, and cultural
barriers hindering CM adoption, while stressing the necessity of tailored regulatory reforms to
support research implementation. Collaboration among stakeholders emerges as pivotal for
driving innovation and surmounting challenges. Moreover, the study underscores CM's
transformative potential, advocating for investments in technology, workforce training, and
streamlined regulatory processes to enhance efficiency and quality control in pharmaceutical
manufacturing. Synthesizing stakeholder perspectives with existing literature, the research
underscores the importance of a holistic approach, encompassing regulatory reforms,
collaborative initiatives, and a culture of innovation, to successfully integrate CM and realize

benefits within the Irish pharmaceutical industry.
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1 Introduction

1.1 Overview

The pharmaceutical industry has long been characterized by batch production methods, where
drugs are manufactured in discrete, separate steps (Reinhardt, Oliveira & Ring, 2020). However,
there is a growing recognition of the potential advantages of continuous manufacturing (CM) in
pharmaceutical production. CM involves the continuous flow of materials through a production
process, as opposed to the traditional batch approach (Hartrampf et al., 2020). This shift offers
several potential benefits, including increased efficiency, reduced costs, improved quality

control, and enhanced flexibility in production scheduling.

In recent years, there has been a concerted effort to promote the adoption of CM in
pharmaceutical manufacturing (Rogers et al., 2020). One of the primary motivations for this push
is the desire to realize the numerous stakeholders benefits that CM can offer. These benefits
extend beyond mere efficiency gains and cost reductions to encompass broader concerns such
as safety, efficacy, supply chain resilience, and corporate social responsibility (CSR) (Alfano et al.,

2021).

For pharmaceutical manufacturers, the adoption of CM represents a significant paradigm shift.
It requires rethinking traditional production processes and embracing new technologies and
methodologies (Wahlich, 2021). However, the potential rewards are substantial. By transitioning
to CM, pharmaceutical companies can streamline their operations, reduce waste, and respond

more effectively to changes in demand (Arden al., 2021).

Ireland is an important hub for the pharmaceutical industry, with a strong presence of both
multinational corporations and indigenous firms. As such, it is well positioned to lead the way in
the adoption of CM in small molecule pharmaceutical manufacturing (Burange et al., 2022). By
leveraging existing infrastructure, expertise, and supportive regulatory environment, Ireland can

serve as a testbed for CM implementation (Reinhardt, Oliveira & Ring, 2020).

However, despite the potential benefits, there are significant challenges that must be overcome

to facilitate the widespread adoption of CM in the pharmaceutical industry. These challenges



include technological barriers, regulatory constraints, and cultural resistance to change (A. S.,
2021). Addressing these challenges will require a coordinated effort involving multiple
stakeholders, including pharmaceutical companies, regulatory agencies, technology providers,

and academic institutions.

The aim of this research is to explore the integration of continuous manufacturing (CM) in small
molecule pharmaceutical manufacturing in Ireland through a system-focused approach. This
approach recognizes that the successful implementation of CM requires more than just
technological innovation it requires a comprehensive understanding of the broader socio-

technical system in which pharmaceutical manufacturing operates.

The research will focus on understanding the multifaceted benefits that CM offers to
stakeholders and identifying opportunities for enhanced integration within the pharmaceutical
manufacturing enterprise. This will involve a thorough examination of the potential advantages

of CM, as well as an analysis of the challenges and barriers to adoption.

Overall, the research seeks to lay the groundwork for the widespread adoption of CM in small
molecule pharmaceutical manufacturing in Ireland. By providing a roadmap for integration and
addressing the challenges associated with adoption, the research aims to accelerate the
transition to more efficient, cost-effective, and sustainable manufacturing practices in the

pharmaceutical industry.

1.2 Research Purpose

The primary purpose of this research is twofold: firstly, to comprehensively explore the landscape
of CM implementation in small molecule pharmaceutical manufacturing within the Irish context;
and secondly, to develop a robust framework that guides the seamless integration of CM while

addressing existing barriers and capitalizing on potential opportunities.

To achieve this purpose, the research will delve into the current state of CM in pharmaceutical
manufacturing, examining prevailing practices and levels of adoption in Ireland. Through this

investigation, insights will be gained into how stakeholders perceive the potential benefits and



challenges associated with CM implementation. Understanding these perspectives is crucial for

crafting tailored strategies that resonate with industry needs and aspirations.

Moreover, the research will meticulously analyze the barriers impeding the widespread adoption
of CM in pharmaceutical manufacturing. Regulatory requirements and standards play a pivotal
role in shaping industry practices; therefore, an in-depth examination of their impact on CM
adoption is imperative. By identifying and understanding these barriers, the research aims to
devise targeted interventions to surmount obstacles and pave the way for smoother integration

of CM.

In addition to addressing challenges, the research endeavors to unearth opportunities for
enhanced CM integration. This involves exploring avenues for leveraging CM to enhance
efficiency, quality, and cost-effectiveness in pharmaceutical production. Furthermore, the
research will investigate how emerging technologies can be harnessed to augment the

capabilities and competitiveness of CM systems.

Ultimately, the research will culminate in the provision of pragmatic recommendations for
effective CM implementation in the small molecule pharmaceutical sector in Ireland. These
recommendations will encompass strategies to overcome identified barriers, foster collaboration
among industry stakeholders, regulatory bodies, and academia, and stimulate innovation. By
aligning with the overarching aim of facilitating CM adoption, these recommendations will serve
as a blueprint for transforming pharmaceutical manufacturing practices, thereby contributing to

improved drug access and societal well-being.

1.3 Significance of the Study

The significance of this study lies in that it has the capability to change small molecule
pharmaceutical manufacturing landscape not only limited to Ireland but globally. This lineage
provides the study of the implications arising from using a system-focused approach while
integrating continuous manufacturing (CM) through addressing some crucial gaps in current
practices and offering practical solutions to persistent problems.

Initially, this study guides in improving the knowledge of CM adoption within pharmaceutical
trade. Through focusing on the current situation in CM practices and levels of adoption that is
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evidently noticed at present moment for Ireland, it offers essential knowledge for understanding
existing methodologies and absorbency. The interpretation of the analysis can be enhanced by
obtaining a better perception from stakeholders regarding CM implementation benefits and
hurdles; it provides an opportunity to probe possible implications in details.

Second, with regard to practical implications the identification and analysis of barriers for CM
adoption provide useful recommendations for policymaker’'s regulators industry
representatives. By outlining the primary challenges preventing wider implementation, including
regulatory demands and standards this study provides strategies to manage complicated
regulatory environments minimizing integration process associated. This of course is a very
important insight, especially in an industry where it seems almost as though regulation by nature
acts to deter innovation.

Third, the creation of a bespoke System Architecture Framework (SAF) for CM implementation
opens up an important avenue to both academic and applied implementations. This study by
clarifying the basic elements of such a framework and capability in resolving technical as well as
organizational issues offers an architectural layout to pharmaceutical manufacturers for
embracing CM efficiently. Such framework not only makes strategic moves but also influences a
culture of new growth in organizations.

Overall, this investigation is highly relevant when it comes to fostering technical innovation,
developing manufacturing systems and eventually optimizing clinical outcomes. By filling the gap
between theory and practice, it constitutes stakeholders to take continuous manufacturing as an
agent of positive change in pharmaceuticals.

The research approach involves constructing a sociotechnical system using systems and
enterprise architecture techniques. It aims to reduce ambiguity in CM implementation by
developing an adaptable framework. The chosen framework, the Architecting Innovative
Enterprise Strategy (ARIES) Framework, will guide the development of a roadmap for
pharmaceutical manufacturers.

The research contributes to management research on technology transition by providing a

framework for the pharmaceutical industry to adopt continuous flow synthetic capabilities. The



goal is to offer an actionable roadmap and build on existing knowledge to propel new technology

adoption in various industries.

1.4 Research Aim and Objectives

1.4.1 Aim

This research aims to explore the integration of continuous manufacturing (CM) in small molecule
pharmaceutical manufacturing in Ireland by employing a system-focused approach. The focus is
on understanding the multifaceted benefits CM offers to stakeholders, addressing the associated
challenges, identifying opportunities for enhanced integration, and providing actionable

recommendations to facilitate a paradigm shift in the pharmaceutical manufacturing enterprise.

1.4.2 Objectives

Research Objectives Research Questions
1. Investigate the Current 1. What are the current practices and levels of adoption of
State of CM in continuous manufacturing in the pharmaceutical industry in
Pharmaceuticals Ireland? 2. How do stakeholders perceive the potential

benefits and challenges of implementing continuous

manufacturing?

2. Analyze Barriers to CM 1. What are the main barriers hindering the widespread
Adoption adoption of continuous manufacturing in the pharmaceutical
industry?

2. How do regulatory requirements and standards impact the
adoption of continuous manufacturing technologies?
3. Identify Opportunities for | 1. What potential opportunities exist for leveraging
Enhanced CM Integration continuous manufacturing to improve efficiency, quality, and

cost-effectiveness in pharmaceutical production?



2. How can emerging technologies be incorporated into
continuous manufacturing systems to enhance their

capabilities and competitiveness?

4. Provide 1. What strategies can be recommended to overcome
Recommendations for identified barriers and optimize the adoption of continuous
Effective CM manufacturing in the pharmaceutical sector?
Implementation 2. How can collaboration between industry stakeholders,

regulatory bodies, and academia be fostered to support

successful CM implementation and innovation?

1.5 Methodology

The primary research methodology outlined adopts a positivist philosophical approach, seeking
objective and measurable data to evaluate the implementation of continuous manufacturing
(CM) in the small molecule pharmaceutical industry in Ireland. This approach aligns well with the
study's objectives, aiming to uncover empirical evidence regarding the current state, challenges,
and potential solutions in CM adoption. By employing qualitative interviews, the research aims
to gather data on the adoption status, challenges, and stakeholder perceptions within the
industry.

Participant selection is crucial for the success of the study, necessitating representation from
various roles within pharmaceutical organizations to capture diverse perspectives. Ethical
considerations such as informed consent and anonymity are paramount, ensuring participants
understand the interview objectives and their rights to voluntary participation and withdrawal.
Efforts to maintain confidentiality through coding systems and secure data storage mitigate
concerns about privacy breaches.

Data analysis will utilize statistical software for comprehensive analysis, including descriptive
statistics to summarize demographic information and inferential statistics to explore associations
between variables. This analytical approach, grounded in empirical evidence, aims to uncover
nuanced relationships and complexities in CM adoption, providing insights for evidence-based

recommendations to enhance manufacturing practices in the Irish pharmaceutical industry. The
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validity and reliability of findings derived from statistical analysis empower stakeholders to make
informed decisions, driving progress in CM implementation and pharmaceutical manufacturing
advancements.

Based on the findings from data analysis, a tailored System Architecture Framework (SAF) for CM
implementation will be developed. This framework will be informed by systems and enterprise
architecture techniques, as well as existing literature on CM implementation in the
pharmaceutical industry. The Architecting Innovative Enterprise Strategy (ARIES) Framework will
guide the development of this SAF, ensuring it addresses both technical and organizational
challenges effectively.

Finally, the developed SAF will be validated and refined through expert review and feedback from
industry professionals. This iterative process will ensure the framework's relevance, practicality,
and applicability to real-world CM implementation scenarios in the pharmaceutical
manufacturing sector. Overall, this methodology ensures a rigorous and systematic approach to
investigating, analyzing, and addressing the complexities surrounding CM adoption in small

molecule pharmaceutical manufacturing in Ireland.

1.6 Structure of the Study:

The dissertation is divided into five chapters, each serving a specific purpose aimed at
illuminating the research topic. The introduction chapter provides an overview of the study's
objectives and rationale, highlighting the need for the research. In the literature review chapter,
introduces continuous flow synthesis, pharmaceutical manufacturing enterprise, and how CM
technologies would benefit multiple pharmaceutical industry stakeholders. A specific barrier to

CM adoption flow synthesis education/skills gap-is discussed.

The research methodology chapter outlines the chosen approach, methods, and techniques used
in data collection and analysis, ensuring the credibility and validity of the research process. The
fourth chapter which is data analysis, has the primary data collected, findings from careful
analysis of the collected data are demonstrated. These results are then critically analyzed and
interpreted in the following discussion chapter where their implications, relevance, and

limitations are carefully assessed giving more insight into the larger research field. Lastly, the



dissertation concludes with a synthesis of main findings which highlights the importance of the
research to the field, an acknowledgement of research limitations, and possible future research
directions. Implementation strategies are interwoven in the dissertation which ensures

practicality and applicability of the findings.



2 Literature Review

2.1 Overview

This literature review aims to explore the current state of continuous manufacturing (CM) in the
pharmaceutical industry in Ireland, analyze the barriers to CM adoption, identify opportunities
for enhanced integration of CM, and provide recommendations for effective implementation.
The review begins by defining key terms such as "enterprise" and "enterprise strategy" and
introducing the ARIES process model. It then delves into the history of continuous flow synthesis
and potential benefits for pharmaceutical manufacturing. However, despite the potential
advantages, the adoption of CM in the pharmaceutical industry, particularly in Ireland, is not
uniform. This research gap in adoption rates suggests a need for further investigation into current
practices and implementation levels in the country.

The literature review also highlights various barriers hindering the adoption of CM. These barriers
include technological challenges, regulatory requirements, cost considerations, and cultural
resistance to change. Understanding these barriers is crucial for devising strategies to overcome
them and facilitate successful CM implementation.

Additionally, the review identifies opportunities for enhanced CM integration into
pharmaceutical production processes. These opportunities may involve leveraging CM for
improved effectiveness, quality, and cost reduction, as well as utilizing new technologies to
enhance CM capabilities and competitiveness. Based on the findings regarding current practices,
barriers, and opportunities, the literature review provides recommendations for effective CM
implementation. These recommendations may include strategies for removing identified
bottlenecks, fostering collaboration between stakeholders, and promoting CM adoption as a

disruptive technology in drug production.

Badmanetal. CM has significant potential for Emphasizes advantages over traditional

(2019) revolutionizing pharmaceutical batch chemistry, focusing on safety,

manufacturing by  offering  safety, scalability, and efficiency improvements.

scalability, and efficiency benefits.



Alfano et al.

(2021)

Lee et al.

(2015)

National
Academy of
Sciences

(2021)

Bennett et al.

(2019)

Despite CM's benefits, widespread adoption

in  pharmaceuticals is hindered by

regulatory challenges, technological

complexities, and skilled personnel needs.

CM represents a shift towards more

efficient, flexible, and cost-effective

production methods, aligned with
regulatory goals and industry demands.
hurdles and

Regulatory engineering

complexities hinder CM adoption, but
recent FDA approvals indicate a positive
trend towards embracing continuous flow.
CM offers opportunities for improved
efficiency, flexibility, drug accessibility, and
environmental sustainability, advocating for

a holistic approach.

Acknowledges CM advantages but
stresses existing barriers like regulatory
hurdles, engineering challenges, and
workforce requirements.

Highlights CM as transformative, aligning
with  regulatory goals, promoting
innovation and sustainability, enhancing
efficiency, and meeting standards.
Recognizes obstacles but points to recent
regulatory approvals as progress,
indicating industry's gradual acceptance
of CM.

Expands discussion beyond technical
benefits,

challenges to  societal

emphasizing drug accessibility and

environmental sustainability.

Table 1: Compare and Contrast authors view about CM pharmaceutical manufacturing industry

Badman et al. (2019) focus on CM's advantages over traditional methods, emphasizing safety,

scalability, and efficiency. Alfano et al. (2021) acknowledge CM's benefits but highlight barriers

to widespread adoption such as regulatory challenges and workforce needs. Lee et al. (2015)

view CM as transformative, aligning with regulatory goals and industry demands for innovation

and sustainability, emphasizing efficiency and flexibility. National Academy of Sciences (2021)

note obstacles to CM adoption but see recent FDA approvals as positive, indicating industry

acceptance. Bennett et al. (2019) advocate for a holistic approach, highlighting societal benefits

like improved drug accessibility and environmental sustainability in addition to technical

challenges.
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This literature review, though, has been able to provide insights into the adoption of
computerized manufacturing in the pharmaceutical industry in Ireland; however, there still exist
research gaps in the understanding of the process. The report identifies present state, obstacles,
opportunities, and strategies for the integration of CM, but future research is needed to fill in
these research gaps so as to guarantee the full integration of CM with pharmaceutical
manufacturing processes in Ireland. The research has been conducted on all the research gaps in
knowledge related to the utilization of Continuous Manufacturing (CM) by the pharmaceutical
industry in Ireland.

This includes doing more precise studies on the specific problems and what opportunities
pharmaceutical companies in Ireland face in the CM adoption, and also doing a review on the
regulation and the industry peculiar to the region. The stakeholders can fill those research gaps
and develop a more holistic perception of the elements influencing the CM adoption in Ireland
and will be able to design more specific plans to support the successful implantation of the
modern technologies in the local pharmaceutical industry.

2.2 Enterprise Definition and Description

Nightingale and Rhodes define the business as a composite system with attributes including value
generation, purpose, and adaptability. The manufacturing of pharmaceuticals that improve
health and hence promote human development is represented by the pharma enterprise in the
pharmaceutical business. According to Badman et al. (2019), the ten-element framework of the
ARIES process model was created to help companies and organizations better understand their
operations and create an organizational strategy. The research highlights that these components
are identifiable, creating a successful corporate strategy depends on how they interact

(Hartrampf et al., 2020; Rogers et al., 2020).

The overarching guiding concept that guides the organization's present and future activities is
known as the enterprise strategy, which is the highest level of strategy. Implementing the
enterprise plan or modifications depends on the ARIES process model (Alfano et al., 2021).
Processes are the strategy's physical manifestation. As a result, things like significant corporate
threats - like the interruption of the pharmaceutical supply chain during the COVID-19 pandemic

can be intentionally used as a springboard for transformational technology.

-11 -



2.3 Continuous Flow Synthesis

In synthetic chemistry and biology, flow synthesis has great promise as a revolutionary approach
that can enable batch-free, continuous flow synthesis. Safety concerns and suitability for
reactions like photochemical or electrochemical transformations are some of the drawbacks of
batch chemistry, which have generally served to stifle inventiveness in chemical processes.
Continuous flow chemistry, which happens in a constant flow of reagents inside tubes with
narrow diameters, may overcome limitations such as lack of reusability and usage of inactive
catalysts (Badman et al., 2019). For large-scale chemical manufacturing, it offers safer, more

effective, and scalable decentralised industrial usable chemical production.

Modular reactors, separation units, pressure regulators, and analytical tools for product purity
are examples of continuous flow setups (Alfano et al., 2021). In turn, the flow synthesis makes
use of the reactor's low surface-to-volume ratio and an efficient mixing process made possible
by temperature and pressure control (Rogers et al., 2020). This novel approach's safety,
scalability, and adaptability have the potential to revolutionize pharmaceutical industrial

manufacturing.

2.3.1 Continuous Flow Apparatus

The basic structure of a continuous flow apparatus (Figure 1) consists of a modular setup of
reactors, separation units, pressure regulators, various sensors such as temperature and flow,
and analytical instrumentation, specifically process analytical technology (PAT), to ensure

product purity (Rogers et al., 2020).
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Figure 1: MIT's pharmacy on-demand device (left) and a flow synthesis diagram (right) from

respective scientific articles, exemplifying pharmaceutical innovation

Reagents are introduced into the reactor and circulated using different pumping techniques
(syringe, peristaltic, piston) (Alfano et al., 2021). The modules are connected via small-diameter
tubing, typically 10 mL in stainless steel, or PEEK (Plutschack et al., 2017). Flow synthesis takes
advantage of the low surface-to-volume ratio within the reactor to achieve more efficient mixing

and temperature and pressure control (Plutschack et al., 2017).

2.3.2 Benefits of Continuous Flow Synthesis

Historically, multistep synthesis has been tedious in batch chemistry mainly due to the need to
work up each intermediate step through purification only to then use that intermediate in the
next step, and on and on (Webb & Jamison, 2010). These repeated steps can result in a large
amount of material loss throughout the synthetic process and thus relatively low final product
yields. Notably, nature does not do this in the synthesis of complex molecules, hence flow
chemistry is essentially looking to nature for inspiration on effective and efficient synthetic
techniques (Lummiss et al., 2017). Consequently, this technology can expedite the total synthesis
of complex products through the removal of intermediate work-up and analytical steps.

Additionally, telescoping of the flow apparatus opens the aperture to more efficiently produced
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and increasingly intricate moieties to be constructed (Plutschack et al., 2017). Flow chemistry has
been adopted readily in energetic materials manufacturing, oil and gas refineries, green
chemistry initiatives, speciality chemical synthesis, and academic R&D laboratories (Gérardy et
al., 2018) to replace batch chemistry because it is inherently safer and more efficient in batch
processes.

Flow chemistry unlocks previously unused chemical transformations due to their safety concerns
when conducted in bulk (Lummiss et al., 2017). Thus, flow synthesis has put many lesser-used,
downright verboten chemistries, back on the table. The modest volume of reagents needed is
used over a longer pathway/time interval thus eliminating most of the dangers associated with
highly unstable/reactive species. The small scale of the reaction pathway allows for high-
temperature and pressure steps to be confined to smaller containers, drastically reducing the
threat of explosions and fire (Gérardy et al., 2018). The small volumes also lend themselves to
efficient heat transfer, reduced headspace, and the ability to control any kind of runaway
reaction safely when compared to bulk reactions. Multiple reaction parameters can be readily
manipulated in flow chemistry without the need for continual teardown and setup such as
temperature, pressure, concentration, and energy source (Plutschack et al., 2017). Due to this
ease of tunability, reaction conditions can be optimized to eliminate hazardous conditions,
byproducts, and other barriers typically encountered in bulk reactions.

For example, the previously mentioned class of photochemical transformations constitute
another category of reactions that are typically shied away from in bulk because of inefficiencies
in light penetration. Flow synthesis has given a resurgence to this particular arrow in the
chemist's quiver because the flow path is so small thus allowing for efficient photochemical
reactions (Lummiss et al., 2017). Over the last decade, flow synthesis technology has progressed
from a primarily chemistry-centered technique toward the need for engineering advancements
(Gérardy et al., 2018). Most, if not all, chemical transformations that scientists have attempted
to harness through flow synthesis have been achieved. Even those that seemed initially
impossible due to inline precipitation or fowling have been achieved through engineering and
synthetic creativity (Plutschack et al., 2017). Currently, the technology is progressing toward

more facile utilization in multi-step total synthesis with the goal of end-to-end automation sans
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the need for any human interaction (Gérardy et al., 2018). The real challenge now lies in the
engineering decisions to determine how to make flow chemistry more accessible, dynamic, and

consistent with Current Good Manufacturing Practices (CGMP).

2.4 Food and Drug Administration (FDA)

The FDA plays a critical role in ensuring that patients receive high-quality, safe goods. The
organization uses quality-by-design (QbD) methods in pharmaceutical development and
manufacturing because it believes that quality should be considered early in the lifespan of a
product. The FDA's regulatory strategy, which includes identifying material qualities and process
parameters and a continuous improvement process, is determined by the quality of the target

product profile (Hartrampf et al. 2020).

One of these international organizations that collaborates with the FDA to create a universal
language for pharmaceutical development standards is the International Council for
Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH). Additionally,
it has created teams and programs like the Emerging Technology Program and Team (ETT), whose
goal is to encourage the use of disruptive manufacturing technologies, such as continuous
manufacturing, in the production of pharmaceuticals (Wahlich, 2021). However, because each
device that uses this technology must have a product-based regulation, the FDA's regulatory

approach makes it difficult for CM to be widely used.

2.5 Pharmaceutical Industry Background

The pharmaceutical industry has undergone significant evolution over the past century,
transforming from the initial discovery and production of drugs like morphine and aspirin to
becoming one of the largest contributors to the US healthcare industry, accounting for a
substantial portion of the Gross Domestic Product (GDP) (DePietro, 2021). With approximately
18% of the GDP attributed to healthcare and close to 20% of that segment belonging to the
pharmaceutical industry, it plays a critical role in the national healthcare system.

Quality risk management (QRM) is a fundamental aspect of ensuring the safety and purity of drug
products within the pharmaceutical industry (Rantanen & Khinast, 2015). Linked to Quality by

Design (QbD), QRM aims to reduce risk to an acceptable level or introduce processes to
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effectively manage it. This strategic framework is crucial for safeguarding patient safety and
maintaining regulatory compliance throughout the drug product lifecycle. By implementing QbD
processes, resources for reducing or managing risks are allocated to the initial stages of
manufacturing development, thereby minimizing concerns downstream.

However, though oversight is scrupulous and quality assurance practices are strictly followed,
the pharmaceutical manufacturing industry is extremely risk-averse. However, this risk aversion,
though crucial for guaranteeing the safety and efficacy of a product, might inhibit innovation in
the sector. However, drug companies continually strive to gain a competitive advantage by
enhancing their product offerings and exploring new technologies.

Outsourcing has become a prevalent trend in the pharmaceutical industry, with companies
leveraging contract manufacturing organizations (CMOs) to handle late-stage manufacturing
operations (Barrett, 2022). This outsourcing allows pharmaceutical companies to focus on
research and development (R&D), where they can differentiate themselves and compete for
market share. Manufacturers, whether in-house or contracted, are tasked with producing
medications of the highest quality through consistent engineering and quality assurance
practices.

Chemistry, Manufacturing, and Controls (CMC) play a pivotal role in the development of
pharmaceutical products (Lee et al., 2015). CMC encompasses not only the drug product itself
but also the manufacturing facility and associated processes. Analytical methods, including
Process Analytical Technology (PAT), are integrated into the manufacturing process to ensure
validation of product quality (Analyzing the $1.4 Trillion Global Pharmaceutical Industry, 2022).
PAT enables real-time monitoring of process variables and product attributes, facilitating
effective CMC.

Regulatory compliance, particularly with Current Good Manufacturing Practices (CGMP), is
essential for pharmaceutical manufacturers to maintain product consistency and safety
(Dabrowska, 2019). Any deviations in the manufacturing process or facility must be carefully
evaluated through the lens of CMC, potentially requiring significant documentation and

validation efforts.
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The US pharmaceutical industry is renowned for commitment to quality and safety, largely due
to stringent oversight by regulatory agencies such as the Food and Drug Administration (FDA)
(Carolina, 2023). While criticism of the FDA's risk aversion and slow approval processes exists, it
remains a global leader in product approvals, driven by the prolific pharmaceutical industry.
Despite significant contributions to the economy and healthcare infrastructure, the
pharmaceutical industry faces challenges such as drug shortages and environmental concerns
associated with manufacturing processes (Carolina, 2023). Production-related issues, upstream
supply chain interruptions, scalability limitations, and business decisions of individual firms
contribute to drug shortages, which can have serious implications for patient access to essential
medications.

The COVID-19 pandemic exacerbated existing drug shortages, highlighting the need for timely
and equitable access to drug products (Carolina, 2023). Rising drug prices further exacerbate
accessibility concerns, potentially compromising national security and public health. From a
program management perspective, reducing manufacturing timelines can expedite the delivery
of medications to end-users, thereby addressing accessibility challenges and minimizing the

impact of drug shortages.

2.6 Continuous Manufacturing in the Pharmaceutical Industry

The pharmaceutical industry has increasingly adopted flow chemistry (CM) as a disruptive
technology, driven largely by the FDA's push for safer, more cost-effective products while
safeguarding the supply chain and enhancing manufacturing innovation and flexibility (National
Academy of Sciences, 2021). Flow synthesis apparatus likened to Coca Cola™ Freestyle
dispensers, enables personalized drug formulations without stockpiling all possible combinations
individually (Lee et al., 2015). This approach, akin to process intensification, allows for higher
yields efficiently with a smaller footprint, reducing process costs (National Academy of Sciences,
2021).

Continuous flow manufacturing systems, in combination with a modular system approach, offer
flexibility in adapting to various products with differing volumes, thereby reducing time and costs
compared to bespoke manufacturing processes (Lee et al., 2015). The implementation of the CM

in pharmaceutical manufacturing is characterized by the change in the batch manufacturing
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process control strategies to achieve the correct system control strategies (Lee et al., 2015). This
requires a higher level of process design to maximize the multiple parameters, which include flow
rate, crystallization, synthesis, drying, and blending for desired product quality (Lee et al., 2015).
In contrast to batch manufacturing, CM facilitate mass balance tracing along the process, critical
to product uniformity, safety, and efficacy (National Academy of Sciences, 2021).

The quality and monitoring systems are embedded processes that are important for the CM
systems for product uniformity and safety (National Academy of Sciences, 2021). Process
Analytical Technology (PAT) is the key technology for the implementation of CM processes by
allowing live control and monitoring. (National Academy of Sciences, 2021).

Overall, the adoption of CM in pharmaceutical manufacturing represents a significant shift
towards more efficient, flexible, and cost-effective production methods, aligned with regulatory

imperatives and industry demands for innovation and sustainability.

2.6.1 Drug Accessibility

One of the possibilities that flow chemistry offers is to make drugs more widely available,
especially in places where they appear to be scarce. In the event of natural catastrophes and
regionalized epidemic outbreaks, it might be crucial to provide emergency medications. By doing
away with particular storage conditions, continuous manufacturing (CM) can better handle
logistics at the point of care (Arden et al., 2021). This holds great significance for the unrestricted
and rapid use of medications due to their low-temperature storage (Burange et al., 2022). In
addition, CM uses strategic competitive advantages to undermine supply chain protection for
pharmaceuticals in the US. The flow synthesis's cost benefits would enable American soil to once
again create necessary generic medications, maintaining the safe supply chain (Alfano et al.,
2021).

Pharma businesses may use higher scalability and flexibility with CM to tackle the issue of
medicine scarcity. Continuous flow production is quite different from batch production because
of extended working period, parallel operations, and real-time response to market needs, even
if unique prospects for scale-up. In continuous flow synthesis, the low concentration of reagents
makes production planning easier, which reduces overproduction and, as a result, prevents

needless waste (Capellades et al., 2021).
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Additionally, CM might be applied earlier in the drug development process to guarantee more
easily available medications. CM reduces the duration of drug development efforts by using
technology to swiftly manufacture target compounds during the pre-discovery phase (Burange
et al., 2022). One of the main advantages of modular and plug-and-play flow synthesis systems,
which are designed to increase the productivity of the drug development process, is the quick

transition from preclinical to clinical trials.

2.6.2 Environmentally Sustainable Manufacturing

The push to achieve more eco-friendly pharmaceutical manufacturing processes aims to reduce
the amount of material and energy used and waste generated in the production of drug products
(Lee et al., 2015). Traditional batch manufacturing is responsible for a significant amount of
waste, while continuous manufacturing (CM) appears to be a candidate mechanism to transition
pharmaceutical manufacturing towards green chemistry (Bennett et al.,, 2019). For example,
according to Dr Adela Magher, Health Care Without Harm (HCWH) Europe pharmaceuticals policy
officer. The production of both active pharmaceutical ingredients (APIs) and finished dose
antibiotics is concentrated in specific locations so the resulting point, source pollution, is in
incredibly high concentrations and encourages the development of drug resistance (Nawrat,
2023). This practice has a detrimental impact on vulnerable populations living near
manufacturing facilities and wastewater treatment plants in these countries.

Because the CM of pharmaceuticals can result in a more distributed manufacturing network, such
concentrated pollutant streams can be eliminated (Lee et al., 2015). Additionally, PAT, process
and residence time control, improved heat and mass transfer, increased safety, shorter process
intervals, inherent reproducibility, and better product quality contribute to the overall reduction
in energy and wasted material when utilizing CM vs batch manufacturing (Nasr et al., 2017). In a
more particular sense, the CM processes can utilize recycling streams which may be able to
provide a huge boost in efficiency (Dallinger & Kappe, 2017). Continuous recycling is attained by
engineering recycling loops in the flow apparatus to recover unreacted starting materials,
catalysts, and solvents, which plays a significant role in the overall process mass efficiency

(Bennett et al., 2019). Reagent recycling provides a high yield with minimal waste of precursors,
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a common issue in batch production. This is especially beneficial for APl feedstocks and process

intermediates.

2.7 Technology Transition Barriers

The full acceptance of Continuous Flow Chemistry (CM) by pharmaceutical manufacturers has
been limited by several challenges such as regulatory issues. New manufacturing technologies
such as CM need regulatory approval for every product which results in unexpected costs,
process redesigns, training, and opportunity costs. Consequently, manufacturers often opt for
established batch manufacturing techniques initially when developing a new product (National
Academy of Sciences, 2021).

However, efforts by regulatory bodies, such as the FDA, to guide navigating the regulatory
challenges associated with CM have led to progress. For instance, recent FDA approvals for drugs
like Orkambi and Prezista to be manufactured using continuous flow techniques indicate a
positive shift (CONTINUOUS MANUFACTURING OF DRUG SUBSTANCES AND DRUG PRODUCTS).
To facilitate the widespread adoption of continuous-flow pharmaceutical manufacturing,
investments are being made in developing dynamic and modular reactors (Alfano et al., 2021).
Despite these advancements, several engineering challenges remain, making flow chemistry
tedious at times. Issues such as precipitation and reactor tubing clogging require innovative
solutions. Additionally, the need for a skilled workforce proficient in the design, engineering, and
operation of flow reactors poses a challenge to ubiquitous CM implementation (Webb & Jamison,

2010).

2.8 Beyond Small Molecules

Flow synthesis is not limited to small molecule synthesis. Medical therapies are increasingly
trending toward specialized, tailored, point-of-care medicine. For example, cancer treatment has
moved toward using the patient's DNA and the biomarkers of their cancer to personalize
treatment. Because only a small amount of this type of medication would be needed, the use of
flow synthesis is uniquely suited to the production of these types of tailored drugs. Furthermore,
proteins and peptide sequences are typically synthesized through biological methods limiting the

amino acids that can be incorporated. Flow synthesis can be used to easily add non-naturally
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occurring amino acids to further adapt proteins to target biological moieties more precisely
(Bennett et al., 2019).

Additionally, orphan drugs, which are FDA-approved for small patient populations due to low
disease prevalence, could experience a resurgence in both production and development through
the widespread adoption of continuous manufacturing (CM) in the pharmaceutical industry. The
reduction in costs associated with these drugs, facilitated by the beneficial application of CM,
could significantly expand the scope of care, potentially improving the lives of many individuals.
As highlighted by Crowell et al. (2018), the on-demand manufacturing of clinical-quality
biopharmaceuticals demonstrates the potential of advanced manufacturing techniques in
pharmaceuticals. Furthermore, Nawrat (2023) emphasizes the pressing need for pharmaceutical
companies to address environmental concerns despite public pressure, indicating a broader
consideration of manufacturing methodologies such as continuous flow synthesis. Consequently,
as various disciplines increasingly explore the potential of continuous manufacturing in
pharmaceutical production, the technology is poised to advance further towards widespread

adoption by the industry.

2.9 Barriers to Continuous Manufacturing (CM) Adoption in the Pharmaceutical Industry

1. Investment and Cost: Transitioning from traditional batch processing to continuous
manufacturing requires significant investment in new equipment, technology, and
infrastructure. This initial investment can be a barrier for pharmaceutical companies,
especially smaller ones, who may face financial constraints.

Recommendation: Pharmaceutical companies should conduct thorough cost-benefit analyses to
assess the long-term advantages of CM adoption, including potential cost savings from increased
efficiency and reduced waste.

2. Process Complexity: Continuous manufacturing processes are often more complex than
batch processes, requiring sophisticated control systems and real-time monitoring. This
complexity can pose challenges in terms of process design, operation, and
troubleshooting.

Recommendation: Companies should invest in workforce training and development to ensure

that employees have the necessary skills and expertise to operate and manage continuous
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manufacturing processes effectively. Collaboration with technology providers and research
institutions can also help in addressing technical challenges and optimizing process performance.

3. Change Management: Adopting CM represents a significant shift in manufacturing
paradigms, requiring changes in organizational culture, workflows, and regulatory
compliance procedures. Resistance to change from employees and stakeholders can
impede the adoption and successful implementation of CM.

Recommendation: Pharmaceutical companies should prioritize change management efforts,
including clear communication, stakeholder engagement, and employee training programs, to
facilitate smooth transitions to CM. Leadership support and a culture of innovation are essential
for overcoming resistance to change.

Opportunities for Enhanced Integration of Continuous Manufacturing:

1. Increased Efficiency and Agility: Continuous manufacturing offers the potential for
streamlined production processes, reduced cycle times, and improved resource
utilization. By eliminating batch processing constraints, CM enables pharmaceutical
companies to respond more quickly to market demands and changes in product
requirements.

Recommendation: Companies should leverage CM to optimize production scheduling, minimize
inventory levels, and enhance supply chain flexibility. Investing in advanced analytics and data-
driven decision-making tools can further improve operational efficiency and agility.

2. Enhanced Product Quality: Continuous manufacturing allows for tighter process control,
real-time monitoring, and rapid adjustments, leading to superior product quality and
consistency. By minimizing variability and reducing the risk of errors, CM can enhance
patient safety and satisfaction.

Recommendation: Pharmaceutical companies should prioritize quality management systems and
compliance with regulatory requirements to ensure the integrity and reliability of continuous
manufacturing processes. Implementing advanced process analytical technologies (PAT) and
quality-by-design (QbD) principles can help in optimizing product quality and meeting regulatory

standards.
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3. Expedited Market Access: The efficient and scalable nature of continuous manufacturing
enables faster product development, validation, and commercialization timelines. By
accelerating the time-to-market for new drugs and generics, CM can provide competitive
advantages and revenue opportunities for pharmaceutical companies.

Recommendation: Companies should leverage CM to capitalize on emerging market
opportunities, streamline regulatory approval processes, and differentiate their product
offerings. Collaboration with regulatory agencies and industry partners can help in navigating
regulatory requirements and expediting market access for CM-produced drugs.

Effective Implementation Recommendations:

1. Strategic Planning: Pharmaceutical companies should develop comprehensive
implementation plans that align with their business objectives, market strategies, and
regulatory compliance requirements. This includes conducting feasibility studies, risk
assessments, and stakeholder consultations to inform decision-making and resource
allocation.

2. Robust Infrastructure: Investing in state-of-the-art equipment, technology platforms, and
infrastructure is essential for successful CM implementation. Companies should prioritize
scalability, flexibility, and interoperability to accommodate future growth and evolving
market demands.

3. Regulatory Compliance: Compliance with regulatory requirements is critical for CM
adoption and commercialization. Companies should engage proactively with regulatory
agencies, stay informed about evolving guidelines and standards, and incorporate
regulatory considerations into their CM development and validation processes.

Continuous Improvement: Continuous manufacturing is inherently dynamic and iterative,
requiring ongoing monitoring, optimization, and adaptation. Companies should establish robust

guality management systems, performance metrics, and feedback.

2.10 Conceptual Framework
The conceptual framework of this literature review is built upon understanding the current state
of continuous manufacturing (CM) in the pharmaceutical industry in Ireland, identifying barriers

and opportunities for adoption, and providing recommendations for effective implementation.
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This framework integrates key concepts from enterprise strategy, continuous flow synthesis,
regulatory perspectives, and industry-specific challenges and opportunities.

Firstly, the framework defines the pharmaceutical enterprise using Nightingale and Rhodes'
description of an enterprise as a composite system with attributes such as value generation,
purpose, and adaptability. In this context, the pharmaceutical enterprise aims to enhance health
outcomes and promote human development through the efficient production of high-quality
medications (Nightingale & Rhodes, 2020). The enterprise strategy, guided by the ARIES process
model, facilitates the implementation of this vision by aligning organizational processes with
strategic objectives (Alfano et al., 2021).

Continuous flow synthesis, a core component of CM, offers numerous advantages over
traditional batch chemistry, including improved safety, scalability, and efficiency (Badman et al.,
2019). By employing modular reactors, separation units, and process analytical technologies, CM
can streamline pharmaceutical production, reduce material loss, and enable more efficient
chemical transformations (Plutschack et al., 2017). Despite these benefits, the adoption of CM
faces several barriers, such as technological complexities, regulatory challenges, and the need for
skilled personnel (Alfano et al., 2021).

Regulatory frameworks play a pivotal role in the adoption of CM. The FDA's quality-by-design
(QbD) approach emphasizes early consideration of quality in the product lifecycle, which aligns
well with CM principles (Hartrampf et al., 2020). However, the need for product-specific
regulatory approvals poses challenges for widespread CM implementation. Collaborative efforts
like the International Council for Harmonization (ICH) and the FDA's Emerging Technology
Program aim to facilitate the adoption of innovative manufacturing technologies, including CM
(Wahlich, 2021).

The pharmaceutical industry's risk-averse nature and traditional reliance on batch production
further complicate CM adoption (Rantanen & Khinast, 2015). However, the potential for CM to
address drug shortages, improve production efficiency, and enhance product quality presents
significant opportunities. By leveraging these opportunities and addressing identified barriers,

the industry can transition towards more sustainable and efficient manufacturing practices.
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This framework highlights the need for ongoing research to fill existing gaps and develop specific
strategies for CM adoption in Ireland. Stakeholders must focus on technological advancements,
regulatory alignment, and workforce development to realize the full potential of CM in
pharmaceutical manufacturing.

2.11 Summary

The literature review provides a comprehensive overview of the adoption of continuous
manufacturing (CM) in the pharmaceutical industry in Ireland, exploring potential benefits,
current state, barriers, opportunities, and strategies for integration. While the review offers
valuable insights into various aspects of CM adoption, several research gaps remain, which future
studies could address to facilitate the full integration of CM with pharmaceutical manufacturing
processes in Ireland.

One significant research gap is the need for more precise studies on the specific challenges and
opportunities faced by pharmaceutical companies in Ireland regarding CM adoption. While the
literature review outlines general barriers such as technological challenges, regulatory
requirements, and cultural resistance, a deeper understanding of how these factors manifest in
the Irish context is necessary. For instance, are there unique regulatory hurdles specific to Ireland
that hinder CM adoption? Are there cultural or organizational factors within Irish pharmaceutical
companies that pose challenges to implementing CM? These questions remain unanswered and
warrant further investigation to provide tailored solutions for the Irish pharmaceutical industry.
Furthermore, while the review touches upon the potential benefits of CM for drug accessibility
and environmental sustainability, it does not delve deeply into how these aspects apply to the
Irish pharmaceutical landscape. Understanding the specific implications of CM for improving
access to medications in Ireland, especially during emergencies or regionalized outbreaks, is
crucial. Similarly, exploring how CM can contribute to reducing the environmental footprint of
pharmaceutical manufacturing in Ireland, considering factors such as local regulations and
infrastructure, would provide valuable insights.

Another research gap lies in the regulation and industry peculiarities specific to the region. While
the literature review acknowledges the role of regulatory bodies like the FDA in guiding CM

adoption, it does not extensively discuss the regulatory landscape in Ireland. Investigating how
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Irish regulatory agencies perceive and regulate CM, as well as any unique challenges or
opportunities they present, would be beneficial. Additionally, understanding the dynamics of the
pharmaceutical industry in Ireland, including the role of key stakeholders and market dynamics,
could shed light on factors influencing CM adoption.

Moreover, while the review outlines strategies for overcoming barriers to CM adoption and
promoting integration, there is a need for empirical evidence supporting the effectiveness of
these strategies in the Irish context. Conducting case studies or surveys within Irish
pharmaceutical companies to assess the practicality and feasibility of recommended strategies
would provide actionable insights for stakeholders. Additionally, exploring successful CM
implementation initiatives in other countries with similar regulatory and industry landscapes to
Ireland could offer valuable lessons and best practices. Further this research fills these identified
research gaps through a survey of Irish pharmaceutical companies, assessing specific challenges,

opportunities, and regulatory dynamics related to continuous manufacturing adoption in Ireland.
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3 Research Methodology

This chapter describes the methodology and methods employed in this study. This research
explores the current state, barriers, opportunities, and recommendations for implementing
continuous manufacturing (CM) in the pharmaceutical industry in lIreland. The chosen
methodology for this research endeavor aligns closely with the aim and objectives of exploring
the implementation of continuous manufacturing (CM) in the pharmaceutical sector in Ireland.
Adopting a comprehensive methodology is crucial for attaining a deep understanding of the

current state, barriers, opportunities, and recommendations within this industry.

The project adopted a qualitative approach to gather and analyze data, aiming to provide a
nuanced understanding of stakeholders' perspectives and experiences regarding CM adoption.
Data collection involved semi-structured interviews with key stakeholders, including
representatives from pharmaceutical companies, regulatory agencies, academic institutions, and
industry experts. These interviews were designed to elicit insights into current CM practices,
perceptions of benefits and challenges, barriers to adoption, opportunities for integration, and

recommendations for effective implementation.

Additionally, document analysis was conducted to review existing literature, industry reports,
regulatory guidelines, and technological advancements related to CM in the pharmaceutical

sector. This helped contextualize findings and identify key themes for further exploration.

Data analysis followed a thematic approach, wherein emerging patterns, themes, and categories
were identified and interpreted in relation to the research objectives and questions.
Triangulation of data sources and researcher reflexivity were employed to enhance the validity

and reliability of the findings.
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3.1 Research Philosophy

This research adopts Interpretivism philosophy that reality is constructed and interpreted by
individuals. It's primarily concerned with understanding the subjective experiences, beliefs, and
perceptions of individuals, aiming to bridge theoretical knowledge with practical application
within the context of continuous manufacturing (CM) implementation in the small molecule
pharmaceutical industry in Ireland. Due to focus on subjective experiences, interpretivism often

leans towards qualitative research methods such as interviews, observations, and ethnography.
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Research Research
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Figure 3: Research Philosophies

Interpretivism philosophy, it is advocated that it is of great importance for researchers to
understand the perceptions of different individuals who have different value systems. Therefore,
interpretive research philosophy is more engaged with people and their perceptions in contrast

to data and science.

3.2 Research approach

Qualitative research within the paradigmatic framework involves an exploration of social
phenomena within their natural context, employing interpretive methods. Instead of
guantitative research, which seeks to quantify data and test hypotheses, qualitative research
aims for depth and understanding. Researchers immerse themselves in the setting, observing

and interacting to capture the complexities of human experience.

In this paradigm, data collection methods are diverse, including interviews, focus groups,
observations, and document analysis. These methods allow researchers to uncover nuanced
perspectives and uncover meanings embedded in social interactions. The process is iterative,

with findings emerging gradually rather than following a predetermined structure.

Central to qualitative research is the role of the researcher as an interpreter. Researchers engage
in complex reasoning, blending inductive and deductive processes to make sense of the data.
They approach social phenomena holistically, recognizing the interconnectedness of various

factors influencing the research topic.

Ultimately, the aim of qualitative research is to gain a deep understanding of the phenomenon
under investigation, capturing complexity and richness. Through rigorous analysis and
interpretation, qualitative researchers strive to generate insights that contribute to theory-

building and inform practical applications within the field.

3.3 Research Strategies
This study aimed to be a comprehensive exploration of the landscape of continuous
manufacturing (CM) in the small molecule pharmaceutical industry in Ireland. A qualitative

approach was adopted as qualitative research offers a deeper understanding of the complexities
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inherent in this context. Semi-structured interviews will be used as the main data-gathering
device as this technique allows for flexibility in questioning, enabling the exploration of diverse

perspectives and nuanced insights.

Through this approach, the interviewer can gain insight into the values, preferences, attitudes,
and beliefs of stakeholders from various sectors of the pharmaceutical industry in Ireland. These
stakeholders may include representatives from pharmaceutical companies, regulatory bodies,
academic institutions, and relevant government agencies. By engaging with a diverse range of
perspectives, this study aims to provide a comprehensive analysis of the current state of CM
adoption, barriers to implementation, opportunities for integration, and recommendations for

effective implementation.

Furthermore, this research will employ thematic analysis to identify patterns and themes within
the data, allowing for a systematic exploration of the research objectives. By triangulating data
from multiple sources and employing rigorous analysis techniques, this study seeks to generate
valuable insights that can inform policy, practice, and future research directions in the field of

continuous manufacturing in the pharmaceutical industry in Ireland.

3.4 Ethical Issues and Considerations

Ethical considerations in the implementation of continuous manufacturing (CM) in the
pharmaceutical industry are paramount to ensure integrity, transparency, and respect for all
stakeholders involved. Bassey's principles of democracy, truth, and respect for persons serve as

a robust framework for guiding ethical practices in this context.

Firstly, democracy in research implies engaging all relevant stakeholders in decision-making
processes regarding CM implementation. This involves actively seeking input from
pharmaceutical companies, regulatory bodies, academia, and the public to ensure that diverse

perspectives are considered and valued.

Secondly, truthfulness is essential in all stages of research, from data collection to analysis and
reporting. Transparency in presenting findings, including both successes and challenges of CM

adoption, fosters trust among stakeholders and promotes accountability in decision-making.
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Respect for persons underscores the importance of safeguarding the rights, autonomy, and
dignity of individuals affected by CM implementation. This includes ensuring informed consent,

protecting sensitive data, and mitigating potential risks to employees, patients, and communities.

Trustworthiness, as emphasized by Bassey, is fundamental to maintaining the integrity of
research outcomes. Researchers must uphold ethical standards in data collection and analysis,
adhering to rigorous methodologies and accurately representing findings to avoid bias or

misrepresentation.

In summary, ethical considerations in implementing CM in the pharmaceutical industry involve
fostering democratic participation, upholding truthfulness and transparency, respecting the
rights of individuals, and maintaining trustworthiness throughout the research process. By
adhering to these principles, stakeholders can navigate potential ethical challenges and promote

responsible innovation in pharmaceutical manufacturing.
Inclusion criteria:
- Professionals actively involved in the pharmaceutical industry in Ireland.

- Represent diverse perspectives within the industry, including manufacturing, regulatory affairs,

quality control, and research and development.

- Participants from both large pharmaceutical companies and smaller enterprises.
- Age range between 25 to 65 years to ensure a diverse range of experiences.
Exclusion criteria:

- Individuals not directly involved in the pharmaceutical industry.

- Participants outside the specified age range.

- Professionals lacking experience or expertise in the mentioned areas of manufacturing,

regulatory affairs, quality control, or research and development.
- Individuals who are unwilling or unable to participate in in-depth interviews.
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3.5 Participants/Sample

The study will engage in-depth interviews with a purposive sample of 7 key stakeholders
representing diverse perspectives within the pharmaceutical industry in Ireland. Participants will
include professionals involved in manufacturing, regulatory affairs, quality control, and research
and development. The sample will encompass individuals from both large pharmaceutical
companies and smaller enterprises to capture a comprehensive view of the industry landscape.
The age range of participants will span from 25 to 65 years to ensure a diverse range of
experiences and insights. By including stakeholders from various organizational levels and
backgrounds, the study aims to gather rich and multifaceted perspectives on the current state,
barriers, opportunities, and recommendations for implementing continuous manufacturing in

the small molecule pharmaceutical industry in Ireland.

3.6 Data Collection

Semi-structured interviews will serve as the primary research instrument, offering a nuanced
exploration of stakeholders' perspectives and insights. Following Bryman's (2001) model, these
interviews will employ a flexible structure, allowing for the exploration of predefined questions
while also permitting the emergence of new themes. Open-ended questions will be utilized to
elicit comprehensive responses, ensuring a depth of understanding regarding current practices,
challenges, and opportunities related to continuous manufacturing (CM) in the pharmaceutical
industry in Ireland. Interviewees will include representatives from pharmaceutical companies,
regulatory agencies, academic institutions, and other relevant stakeholders. The qualitative
nature of these interviews will enable the capture of nuanced viewpoints, facilitating a
comprehensive analysis of the CM landscape and informing the formulation of effective

implementation strategies.

Sure, here is a table outlining the interview protocol with references back to the literature review:
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Interview Questions References

What specific role do you play within the pharmaceutical industry,

particularly in relation to manufacturing processes?

Alfano et al. (2021),
Bennett et al.

(2019)

Could you elaborate on your experience in pharmaceutical
manufacturing, particularly focusing on your involvement in

process optimization and improvement?

Lee et al. (2015),
National Academy

of Sciences (2021)

Can you provide insights into the current state of continuous

manufacturing (CM) adoption within the small molecule

pharmaceutical manufacturing sector in Ireland based on your

observations over the past decade?

Badman et al
(2019), Alfano et al.
(2021)

From your perspective, what are the primary barriers hindering the
widespread adoption of CM in pharmaceutical manufacturing in
Ireland, and cultural

considering technological, regulatory,

factors?

Alfano et al. (2021),
National Academy

of Sciences (2021)

In your opinion, what are the significant opportunities that
continuous manufacturing (CM) presents for enhancing small
molecule pharmaceutical manufacturing in Ireland, particularly in

terms of efficiency, quality, cost-effectiveness, and sustainability?

Badman et al
(2019), Bennett et
al. (2019)

How do you perceive the influence of regulatory requirements and
standards on the adoption of continuous manufacturing (CM) in
the pharmaceutical industry in Ireland, and what reforms do you
believe are necessary to facilitate CM integration while ensuring

compliance and safety?

Alfano et al. (2021),
National Academy

of Sciences (2021)
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To effectively implement continuous manufacturing (CM) in small Badman et al.
molecule pharmaceutical manufacturing in Ireland, what (2019), Bennett et
collaborative efforts among stakeholders do you think are al.(2019)
essential, and how can they contribute to overcoming challenges

and driving progress in CM adoption and innovation?
Table 2: Interview Questions

The interview protocol outlined in Table 2 focuses on gathering insights from industry
professionals regarding various aspects of pharmaceutical manufacturing, particularly in relation
to the adoption of continuous manufacturing (CM) in Ireland. Questions cover the interviewee's
role in the industry, experience in pharmaceutical manufacturing, perspectives on CM adoption,
barriers to implementation, opportunities it presents, regulatory influences, and collaborative
efforts necessary for successful integration. References cited provide a basis for the questions,
indicating a reliance on recent literature and studies in the field. Overall, the questions aim to
gather comprehensive insights into the current state, challenges, and opportunities surrounding

CM adoption in small molecule pharmaceutical manufacturing in Ireland.

3.7 Data Analysis

The data analysis procedure will commence with the transcription of the 7 interviews conducted.
Following transcription, meticulous scrutiny and analysis will be undertaken using NVivo
software. This analysis will involve coding and thematic analysis to identify patterns, themes, and
relationships within the data. Each interview transcript will be systematically reviewed to extract
relevant insights related to the research objectives and questions. Through coding, key concepts
and themes will be identified, allowing for the organization and interpretation of the data.
Thematic analysis will further refine these concepts into coherent patterns, enabling the
extraction of meaningful findings. The iterative process of coding and thematic analysis will
facilitate a comprehensive understanding of the current state, barriers, opportunities, and

recommendations regarding continuous manufacturing in the pharmaceutical industry in Ireland.
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3.8 Measurements of Study Construct

In qualitative investigations, constructs are typically evaluated through open-ended inquiries.
Interview questions will be designed to align with each research objective and be grounded in
identified theoretical perspectives. This comprehensive data collection and analysis plan ensures
a thorough exploration to implementing continuous manufacturing in small molecule
pharmaceutical industry in Ireland, utilizing the rich insights provided by qualitative research

methods and the analytical capabilities of NVivo software.

3.9 Verification and Validity

To ensure the trustworthiness and quality of this research, a multi-faceted approach was
adopted. Firstly, rigorous data collection methods, primarily through semi-structured interviews,
were employed to gather rich and diverse perspectives from stakeholders in the pharmaceutical
industry in Ireland. This approach allowed for in-depth exploration of the research questions and

ensured the validity of the findings.

Additionally, to enhance reliability, triangulation techniques were employed, incorporating
multiple sources of data such as industry reports, regulatory documents, and academic literature.
This cross-validation approach bolstered the credibility of the research findings and minimized

the risk of bias.

Lastly, the findings were subjected to peer review and scrutiny by experts in the field to enhance
the generalizability and robustness of the conclusions. This comprehensive approach to
verification and validity strengthens the reliability and credibility of the research outcomes,
contributing to significance and utility for informing continuous manufacturing implementation

strategies in the pharmaceutical industry.

3.10 Summary

In this chapter, this research undertaken a comprehensive exploration of the landscape
surrounding the implementation of continuous manufacturing (CM) within the small molecule
pharmaceutical industry in Ireland. Through a qualitative research approach grounded in

constructivist and interpretivist paradigms, we have delved into the multifaceted perspectives of
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stakeholders, aiming to uncover the current state, barriers, opportunities, and recommendations

for effective CM integration.

This research journey commenced with an in-depth investigation into the current practices and
levels of adoption of CM in the pharmaceutical industry in Ireland. Through semi-structured
interviews with key stakeholders and document analysis, we gained insights into the perceptions

of benefits and challenges associated with CM adoption.

Furthermore, this research identified and analyzed the main barriers hindering the widespread
adoption of CM, including regulatory requirements and standards that impact technological

advancements in pharmaceutical production.

Moreover, this research exploration extended to identifying potential opportunities for
leveraging CM to enhance efficiency, quality, and cost-effectiveness in pharmaceutical
manufacturing. This research also examined how emerging technologies could be incorporated

into CM systems to enhance competitiveness.

Drawing from these insights, this research provided recommendations for effective CM
implementation, emphasizing strategies to overcome identified barriers and foster collaboration

between industry stakeholders, regulatory bodies, and academia.

Throughout this journey, ethical considerations remained paramount, guided by principles of
democracy, truthfulness, and respect for persons. We ensured the integrity and trustworthiness
of this research through rigorous data collection and analysis methods, including member-

checking and peer review.

In conclusion, this study offers a nuanced understanding of the complexities surrounding CM
implementation in the pharmaceutical industry in Ireland. By bridging theoretical knowledge
with practical application and embracing diverse perspectives, we aim to inform strategies for

successful CM adoption and drive innovation in pharmaceutical manufacturing processes.
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4  Finding and Analysis

In the results chapter, the application of thematic analysis, as guided by Braun and Clarke (2006),
unfolds a comprehensive understanding of the implementation of continuous manufacturing in
the small molecule pharmaceutical industry in Ireland. Through 17 interconnected themes,
ranging from Adoption and Barriers to Technological Challenges and Traditional Batch Methods,
the project map visually presents the cohesive network of themes, establishing a narrative thread
that weaves together the various facets of continuous manufacturing adoption and impact on

the pharmaceutical production landscape.

Additionally, the word frequency cloud visually encapsulates the most prominent terms within
the dataset, highlighting key concepts such as Continuous Manufacturing Technologies, Quality
Issues, and Regulatory Challenges. This chapter serves as a pivotal synthesis of insights, offering
a nuanced exploration of the opportunities, challenges, and implications associated with the
adoption of continuous manufacturing practices in the pharmaceutical industry, particularly

within the context of small molecule drug production in Ireland.

4.1 Themes and Codes

Thematic analysis, as outlined by Braun and Clarke (2006), provides a robust method for
comprehending, dissecting, and illuminating inherent patterns within qualitative data. This
methodology offers the flexibility essential for a thorough exploration of data, facilitating the
identification and structuring of emergent themes to deepen the understanding of the research

domain.
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Thematic analysis by Braun and Clarke J

Figure 4: Thematic Analysis Steps (Braun and Clarke, 2006)

Phase 1: In Phase One of the analysis, titled "Adoption," the focus lies on understanding the
current state of continuous manufacturing adoption within the small molecule pharmaceutical
industry in Ireland. This phase delves into categorizing adoption levels, distinguishing between
those companies merely considering continuous manufacturing (coded as "Adoption"), those
actively engaged in implementation (coded as "Current Adoption"), and those where continuous
manufacturing has become a standard practice (coded as "Widespread Adoption"). Through this
categorization, a comprehensive picture of the industry's readiness and openness to continuous

manufacturing emerges.

Phase 2: Moving forward, Phase Two, titled "Barriers," addresses the challenges hindering the
seamless adoption of continuous manufacturing. Cultural barriers may include resistance to
change or reluctance to deviate from traditional production methods. Identifying the main
barrier and primary barriers offers insights into the specific obstacles that need to be overcome

for successful integration.

Phase 3: Phase Three, "Benefit," explores the advantages of continuous manufacturing. By
highlighting major benefits, such as enhanced efficiency, reduced production time, and improved
product quality, stakeholders gain a clearer understanding of the value proposition associated

with this manufacturing approach.
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Phase 4: "Challenges," the title of Phase Four, acknowledges the hurdles that must be navigated
to achieve widespread adoption. Regulatory challenges, technological obstacles, and other
factors may impede progress. Addressing these challenges head-on is essential for creating a

supportive environment for continuous manufacturing implementation.

Phase 5: Phase Five, "Continuous Manufacturing," delves deeper into the concept itself. This
phase covers various aspects, including adoption rates, benefits, existing implementations, and
emerging technologies. By comprehensively analyzing the landscape of continuous

manufacturing, stakeholders can identify opportunities for growth and improvement.

Phase 6: In Phase Six, titled "Effectiveness," the focus shifts to evaluating the cost-effectiveness
and overall efficacy of continuous manufacturing implementations. Assessing the effectiveness
of this approach provides valuable insights for refining strategies and optimizing resource

allocation.

Phase 7: "Effort," the theme of Phase Seven, underscores the importance of collaborative and
concerted efforts in driving continuous manufacturing initiatives forward. By fostering
collaboration among industry stakeholders and pooling resources, the path to successful

implementation becomes smoother and more sustainable.

Phase 8: Phase Eight, "Implementations," delves into real-world examples of continuous
manufacturing implementations. By examining both effective and ineffective implementations,

valuable lessons can be learned, informing future strategies and best practices.

Phase 9: "Industries," the title of Phase Nine, broadens the scope to include insights from industry
professionals across various sectors. Understanding the perspectives and experiences of
pharmaceutical industry professionals and stakeholders provides valuable context for decision-

making and strategy development.

Phase 10: Phase Ten, titled "Issues," addresses potential challenges and issues that may arise
during continuous manufacturing implementation. From hypothetical scenarios to quality
concerns, identifying and proactively addressing these issues is essential for ensuring smooth

operations and maintaining product integrity.
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Phase 11: "Pharmaceutical Production Practices," the focus of Phase Eleven, explores the
evolving landscape of pharmaceutical production practices. By examining traditional batch
production methods alongside continuous manufacturing approaches, stakeholders gain a

holistic view of the industry's trajectory.

Phase 12: Phase Twelve, "Production," zooms in on the production process itself, emphasizing
the importance of product quality and safety. From quality control standards to product recall

procedures, every aspect of production is scrutinized to ensure compliance and mitigate risks.

Phase 13: "Quality," the theme of Phase Thirteen, places a spotlight on quality control standards
and practices. Ensuring product quality is paramount in the pharmaceutical industry, and

continuous manufacturing introduces new considerations and challenges in this regard.

Phase 14: Phase Fourteen, titled "Recall," examines the protocols and procedures associated with
product recalls. In the event of quality issues or safety concerns, swift and effective recall

measures are essential for protecting consumers and preserving public trust.

Phase 15: "Staff," the focus of Phase Fifteen, highlights the importance of having qualified and
trained staff to support continuous manufacturing operations. Investing in staff training and

development is crucial for maximizing efficiency and minimizing errors.

Phase 16: Phase Sixteen, "Technological," underscores the central role of technology in
continuous manufacturing. From advanced manufacturing technologies to technology providers
and equipment manufacturers, technological advancements drive innovation and progress in the

industry.

Phase 17: Lastly, Phase Seventeen, "Traditional Batch," examines the coexistence of traditional
batch production methods alongside continuous manufacturing. By comparing and contrasting
these approaches, stakeholders gain a deeper understanding of the industry's evolution and

future trajectory.

Table 3: Themes and Codes
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Theme 1: Continuous Manufacturing Adoption

In interviews conducted within the small molecule pharmaceutical industry in Ireland, the topic
of continuous manufacturing adoption emerged prominently. Stakeholders revealed varying
stages of adoption within the industry, ranging from initial exploration to widespread
implementation. Some companies were actively considering continuous manufacturing as a
viable production method, while others had already integrated it into their operations. The
insights provided by interviewees illuminated the factors driving adoption, such as the potential

for increased efficiency, reduced costs, and enhanced flexibility in production processes.
Theme 2: Barriers

Cultural barriers were identified as a significant impediment to the widespread adoption of
continuous manufacturing in the pharmaceutical industry. These cultural barriers encompassed
resistance to change, ingrained perceptions about traditional batch production methods, and

concerns regarding regulatory compliance and product quality. Interviewees highlighted the
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need for a cultural shift within organizations to overcome these barriers and embrace the

benefits of continuous manufacturing fully.
Theme 3: Benefit

Interviewees underscored the major benefits associated with continuous manufacturing in the
pharmaceutical industry. These benefits included improved product quality, enhanced process
efficiency, reduced production cycle times, and increased flexibility in responding to market
demand fluctuations. By transitioning from batch production to continuous manufacturing,
companies stood to gain a competitive edge through streamlined operations and optimized

resource utilization.
Theme 4: Challenges

Several challenges were identified regarding the implementation of continuous manufacturing in
the pharmaceutical industry. Regulatory challenges, such as ensuring compliance with stringent
quality standards and evolving regulatory requirements, were cited as significant hurdles.
Additionally, technological challenges, such as the need for specialized equipment and process
optimization, posed obstacles to effective implementation. Addressing these challenges required
collaboration between industry stakeholders and regulatory bodies to develop robust

frameworks and guidelines.
Theme 5: Continuous Manufacturing

Continuous manufacturing emerged as a transformative approach to pharmaceutical production,
offering numerous benefits over traditional batch methods. Interviewees highlighted ongoing
efforts to drive adoption and optimize continuous manufacturing technologies and processes.
Key aspects such as equipment manufacturers, technology providers, and successful
implementation strategies were discussed, reflecting the industry's commitment to embracing

innovation and enhancing manufacturing practices.

Theme 6: Effectiveness
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The effectiveness of continuous manufacturing implementation was a focal point of the
interviews, with stakeholders emphasizing the importance of cost-effectiveness and efficient
resource utilization. Effective implementation strategies, including collaborative efforts between
industry partners and regulatory bodies, were deemed essential for maximizing the benefits of

continuous manufacturing while addressing associated challenges.
Theme 7: Effort

Interviewees emphasized the need for a collaborative and concerted effort to overcome barriers
and drive successful continuous manufacturing implementations. This collaborative effort
involved industry professionals, regulatory authorities, technology providers, and manufacturing
companies working together to develop and implement best practices. By pooling resources and
expertise, stakeholders aimed to accelerate the adoption of continuous manufacturing and

realize full potential within the pharmaceutical industry.
Theme 8: Implementations

Discussions surrounding continuous manufacturing implementations shed light on the diverse
approaches taken by pharmaceutical companies to integrate this technology into their
production processes. Successful implementation required careful planning, investment in
specialized equipment, and ongoing optimization to ensure seamless operation and compliance
with regulatory requirements. Lessons learned from past implementations informed future

strategies, facilitating continuous improvement and innovation in manufacturing practices.
Theme 9: Industries

The role of industry professionals and pharmaceutical companies in driving continuous
manufacturing adoption was highlighted in the interviews. Industry professionals played a crucial
role in advocating for change, sharing best practices, and fostering collaboration across the
industry. Pharmaceutical companies, in turn, spearheaded implementation efforts, leveraging
their resources and expertise to overcome challenges and capitalize on the benefits of

continuous manufacturing.
Theme 10: Issues

-46 -



Interviewees discussed hypothetical issues and quality concerns associated with continuous
manufacturing, emphasizing the importance of robust quality control standards and thorough
testing protocols. Quality issues, such as variability in product quality and process consistency,
were addressed through rigorous quality assurance measures and ongoing monitoring. By
proactively identifying and addressing potential issues, stakeholders aimed to ensure the

reliability and safety of continuous manufacturing processes.
Theme 11: Pharmaceutical Production Practices

The evolution of pharmaceutical production practices towards continuous manufacturing was a
key topic of discussion, with stakeholders recognizing the need for innovation and adaptation in
response to changing market dynamics. Traditional batch production methods were contrasted
with continuous manufacturing approaches, highlighting the advantages of the latter in terms of
efficiency, quality, and scalability. As the industry embraced continuous manufacturing, it

signaled a paradigm shift towards more sustainable and agile production practices.
Theme 12: Production

Interviews delved into various aspects of pharmaceutical production, including product quality,
recall procedures, and the transition from traditional batch methods to continuous
manufacturing. Stakeholders emphasized the importance of maintaining high-quality standards
throughout the production process, from raw material sourcing to final product distribution.
Continuous manufacturing offered opportunities to enhance production efficiency and minimize

the risk of product recalls through real-time monitoring and process optimization.
Theme 13: Quality

Quality control standards and assurance measures were paramount in ensuring the safety and
efficacy of pharmaceutical products manufactured through continuous processes. Interviewees
discussed the importance of adhering to established quality guidelines, conducting thorough
quality tests, and implementing robust quality management systems. By prioritizing product
quality and regulatory compliance, stakeholders aimed to build trust with consumers and

regulatory authorities while maintaining a competitive edge in the market.
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Theme 14: Recall

The topic of product recalls and batch recalls was addressed in the context of continuous
manufacturing, with stakeholders highlighting the importance of proactive risk management and
mitigation strategies. Continuous monitoring and real-time quality assessment enabled early
detection of potential issues, reducing the likelihood of widespread recalls and minimizing
disruptions to production operations. By implementing robust recall procedures, pharmaceutical

companies aimed to uphold their commitment to consumer safety and regulatory compliance.
Theme 15: Staff

The role of qualified and trained staff in successful continuous manufacturing implementations
was underscored in the interviews. Skilled personnel were essential for operating specialized
equipment, conducting quality tests, and troubleshooting process issues. Training and
professional development initiatives were identified as key strategies for building a competent
workforce capable of navigating the complexities of continuous manufacturing and ensuring

consistent product quality and regulatory compliance.
Theme 16: Technological

Continuous manufacturing technologies were at the forefront of discussions, with stakeholders
highlighting the pivotal role of technological advancements in driving innovation and efficiency
in pharmaceutical production. From equipment manufacturers to technology providers, various
industry players contributed to the development and adoption of cutting-edge technologies for
continuous manufacturing. Technological challenges, such as scalability and interoperability,

were addressed through collaborative efforts and ongoing research and development initiatives.
Theme 17: Traditional Batch

The transition from traditional batch production methods to continuous manufacturing
represented a significant paradigm shift in the pharmaceutical industry. Stakeholders discussed
the advantages of continuous manufacturing over traditional batch methods, including improved
process efficiency, reduced production cycle times, and enhanced product quality. While

traditional batch production still had place in certain contexts, continuous manufacturing offered
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opportunities for greater flexibility, scalability, and cost-effectiveness in pharmaceutical

production.

4.2 Project Map of Theme Nodes & Codes

The project map outlines a structured approach to understanding the intricacies of implementing
continuous manufacturing (CM) in the small molecule pharmaceutical industry in Ireland.
Through thematic analysis, several interconnected themes and corresponding codes emerged,

shedding light on the challenges, benefits, and strategies associated with CM adoption.

Interview 1: In the first interview, the speaker acknowledges that continuous manufacturing (CM)
in small molecule pharmaceutical manufacturing in Ireland is gradually gaining traction but is not
yet widespread compared to traditional batch production methods. They note that while some
companies are beginning to adopt CM for potential benefits in efficiency and quality, others are
more cautious due to concerns about regulatory compliance and the investment required to
transition existing processes. The speaker emphasizes the potential advantages of CM, such as
faster production and improved quality control, likening it to updating to a faster and more
efficient system. However, they also highlight the challenges of adjusting existing processes and
the time and investment needed for this transition. Despite these challenges, they express
optimism about the future benefits for Ireland's pharmaceutical industry as more projects get

underway and companies begin to realize the advantages of CM.

Interview 2: The second interviewee echoes similar sentiments about the current state of CM
adoption in Ireland. They note that while there are some pilot projects and initiatives underway,
the transition to CM is still slow and steady. They identify a combination of technological,
regulatory, and cultural barriers to widespread adoption, emphasizing the need for advanced
equipment and systems tailored for CM, as well as challenges in compliance with existing
regulatory guidelines. Additionally, they highlight the cultural resistance to change within
organizations accustomed to traditional batch production methods. Despite these barriers, the
interviewee sees opportunities for enhancing CM integration in Ireland, particularly in improving
efficiency, quality, and cost-effectiveness through reduced downtime, real-time monitoring, and

control, and streamlined production processes.
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Interview 3: The third interview provides a perspective on the gradual adoption of CM in Ireland's
pharmaceutical industry. The interviewee acknowledges that while CM is gradually increasing, it
is still limited compared to traditional batch production methods. They highlight various factors
hindering widespread adoption, including technological challenges, regulatory hurdles, and
cultural resistance to change. The interviewee emphasizes the need for more equipment and
control systems to support continuous processes, as well as updates to existing regulatory
guidelines tailored to CM. They also stress the importance of addressing cultural factors such as
resistance to change and fear of establishing new workflows. Despite these barriers, the
interviewee sees opportunities for improving efficiency, quality, and cost-effectiveness through

reduced cycle times, real-time monitoring, and control, and lower manufacturing costs over time.

Interview 4: In the fourth interview, the speaker discusses the current state of CM adoption in
Ireland, noting that while it is steadily progressing, most companies still rely on traditional batch
production methods. They identify challenges such as the availability of qualified staff and high
initial investment costs as primary barriers to widespread adoption. The interviewee emphasizes
the potential advantages of CM, such as faster production, reduced waste, and improved quality
control, but also recognizes the need for regulatory reforms to accommodate CM practices. They
propose collaboration among stakeholders, including industry professionals, regulatory bodies,
and technology providers, to address technological challenges, update regulatory frameworks,

and provide training and education for widespread adoption of CM.

Interview 5: In the fifth interview, the interviewee acknowledges the gradual progress of CM
adoption in Ireland's pharmaceutical industry. They highlight the need for trained staff and high
initial investment costs as primary barriers to adoption, as well as the importance of regulatory
requirements and standards in shaping the adoption of CM. The interviewee sees opportunities
for enhancing efficiency, quality, and cost-effectiveness through reduced turnaround times, real-
time monitoring and control, and streamlined production processes. They advocate for
regulatory reforms to facilitate smoother implementation of CM and recommend collaboration
among stakeholders to address technological challenges, update regulatory frameworks, and

foster a culture of innovation within the industry.
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Interview 6: In the sixth interview, the interviewee discusses the gradual adoption of CM in
Ireland's pharmaceutical industry and identifies regulatory and technological factors as primary
barriers to widespread adoption. They emphasize the need for qualified staff and high initial
investment costs as challenges to adoption, as well as the importance of regulatory requirements
and standards in shaping the adoption of CM. The interviewee sees opportunities for enhancing
efficiency, quality, and cost-effectiveness through reduced turnaround times, real-time
monitoring and control, and streamlined production processes. They advocate for collaboration
among stakeholders to address technological challenges, update regulatory frameworks, and

provide training and education for widespread adoption of CM.

Interview 7: The interviewee provided insightful perspectives on the adoption of continuous
manufacturing in small molecule pharmaceutical manufacturing in Ireland. They noted that while
adoption is increasing, it remains slower compared to traditional batch production methods. The
hesitancy among companies stems from concerns about initial investment requirements and the
need to retool existing facilities. This cautious approach reflects the industry's balancing act

between innovation and practicality.

Regarding barriers to adoption, the interviewee highlighted a combination of technological,
regulatory, and cultural factors. Technologically, there is a need for further development tailored
to continuous manufacturing, while regulatory complexities and cultural resistance also pose
challenges. The regulatory framework, largely built around batch production, needs adjustments

to accommodate continuous manufacturing fully.

However, the interviewee emphasized significant opportunities for enhancing integration.
Continuous manufacturing can streamline processes, reduce manufacturing times, minimize
waste, and improve quality through real-time monitoring and control. These benefits underscore

the potential for efficiency gains and cost reductions within the industry.

When discussing regulatory influence, the interviewee acknowledged the pivotal role regulations
play. Current regulations favor batch manufacturing, creating obstacles for continuous
manufacturing. They advocated for regulatory reforms to align regulations with evolving
manufacturing landscapes. Simplified approval processes, clear guidelines, and closer
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collaboration between regulatory bodies and industry stakeholders were proposed as essential

steps toward facilitating smoother implementation.

In terms of recommendations for effective implementation, the interviewee stressed the
importance of collaboration among stakeholders. This includes investment in research and
development to refine technologies, active engagement between regulatory bodies and industry
experts, and educational initiatives to address cultural barriers. Such collaborative efforts are

crucial for accelerating adoption and driving innovation in pharmaceutical production in Ireland.

Overall, the interviewee's insights underscored the multifaceted nature of the challenges and
opportunities surrounding continuous manufacturing adoption in Ireland's pharmaceutical
industry. Their recommendations emphasized the importance of collaboration, regulatory
reform, and technological advancement in realizing the potential benefits of continuous

manufacturing.
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Figure 5: Project Map of Theme Nodes & Codes

4.3 Word Frequency Cloud
In the realm of pharmaceutical manufacturing, the implementation of continuous manufacturing
processes has emerged as a pivotal focus, particularly within the small molecule pharmaceutical
industry in Ireland. This shift towards continuous manufacturing signifies a departure from
traditional batch production methods, promising enhanced efficiency, quality, and regulatory
compliance. However, this transition is not devoid of challenges and barriers, necessitating a

system-focused approach to navigate through the complexities effectively.

One of the primary areas of exploration within this context is the adoption of continuous
manufacturing practices. At present, the adoption levels vary across the industry spectrum, with

some entities embracing these methodologies while others lag behind. Understanding the
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factors influencing adoption rates is crucial, as it sheds light on the prevailing cultural barriers
and primary obstacles hindering widespread acceptance. By identifying and addressing these
barriers, stakeholders can facilitate a smoother transition towards more efficient manufacturing

practices.

The benefits associated with continuous manufacturing are multifaceted and substantial. From
heightened cost-effectiveness to improved product quality and reduced production times, the
advantages are compelling. However, alongside these benefits come regulatory challenges that
demand meticulous attention. Navigating the regulatory landscape requires collaboration and
concerted effort among industry professionals, regulatory bodies, and technology providers to

ensure compliance without compromising innovation.

Technological advancements play a pivotal role in the successful implementation of continuous
manufacturing. Overcoming technological challenges, such as equipment compatibility and
process scalability, is imperative for seamless integration into existing production frameworks.
This necessitates collaboration between equipment manufacturers and pharmaceutical

companies to develop and refine technologies tailored to the specific needs of the industry.

Effective implementation of continuous manufacturing hinges on several factors, including the
availability of qualified and trained staff proficient in the intricacies of these processes. Investing
in workforce development and training programs is essential to equip personnel with the

necessary skills to operate and maintain continuous manufacturing systems effectively.

Despite the potential benefits, concerns regarding product quality and recall remain pertinent.
Ensuring adherence to stringent quality control standards is paramount to mitigate quality issues
and minimize the risk of product recalls. Continuous monitoring and quality testing protocols are

indispensable in upholding product integrity and safeguarding consumer safety.

As the industry transitions towards continuous manufacturing, traditional batch production
methods are gradually being phased out. While traditional batch methods have served their
purpose, the shift towards continuous manufacturing signifies a paradigm shift towards more

streamlined and efficient production practices.
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In conclusion, the adoption and implementation of continuous manufacturing in the small
molecule pharmaceutical industry in Ireland represent a significant step towards enhancing
efficiency, quality, and regulatory compliance. By addressing cultural barriers, technological
challenges, and regulatory complexities, stakeholders can pave the way for widespread adoption
and reap the myriad benefits that continuous manufacturing has to offer. Embracing
collaborative efforts and investing in workforce development are essential components of this
transformative journey, ensuring the industry remains at the forefront of innovation and

excellence.
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Figure 6: Word Frequency Cloud

4.4 Summary

The summary encapsulates the findings and insights gleaned from interviews and thematic
analysis concerning the implementation of continuous manufacturing (CM) in the small molecule
pharmaceutical industry in Ireland. Across multiple interviews, experts shed light on various
facets of CM adoption, barriers, opportunities, regulatory influences, and recommendations for

effective implementation.
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The interviews collectively paint a picture of the evolving landscape of CM adoption in Ireland's
pharmaceutical sector. While the adoption of CM is acknowledged to be gradual, potential to
revolutionize production speed and quality control is widely recognized. However, the interviews
also underscore the significant challenges associated with transitioning from traditional batch

methods to CM, including regulatory hurdles and organizational resistance.

A common theme throughout the interviews is the recognition of the multifaceted nature of
barriers to CM adoption. These barriers encompass technological, regulatory, and cultural
dimensions. Advanced equipment, regulatory reforms, and a shift in organizational mindset
towards continuous improvement are cited as essential for overcoming these barriers and

enhancing integration.

Despite the challenges, opportunities for improving efficiency, quality, and cost-effectiveness
through CM implementation are highlighted. Real-time monitoring, reduced downtime, and
enhanced quality control are identified as potential benefits. However, it is emphasized that
realizing these benefits requires concerted efforts from stakeholders and significant investments

in CM technologies.

Regulatory reforms tailored to CM practices are deemed crucial for facilitating smoother
implementation while ensuring product safety and efficiency. Collaboration among stakeholders,
including industry professionals, regulatory bodies, and academic institutions, is seen as essential

for driving innovation and accelerating adoption.

The interviews also stress the importance of addressing technological challenges, updating
regulatory frameworks, and providing training and education to support CM implementation.
Continuous innovation and investment in CM technologies are identified as key drivers of positive

change in pharmaceutical production practices.

Common barriers to adoption identified across interviews include the availability of qualified staff
and high initial investment costs. However, opportunities for enhancing integration, such as

faster production and reduced waste, are also highlighted. Regulatory requirements are
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acknowledged as influential factors, with the need for regulatory reforms to support smoother

implementation.

The findings from the interviews conducted offer a comprehensive view of the current landscape
of continuous manufacturing (CM) adoption within the small molecule pharmaceutical industry
in Ireland. Through thematic analysis, several key themes emerged, shedding light on the
challenges, benefits, and strategies associated with transitioning from traditional batch

production to continuous manufacturing.

Interview 1 highlighted the gradual but optimistic shift towards CM adoption in Ireland. While
acknowledging the industry's cautious approach due to concerns about regulatory compliance
and investment requirements, the interviewee emphasized the potential advantages of CM, such
as improved efficiency and quality control. They likened the transition to updating to a faster and
more efficient system, indicating a positive outlook for Ireland's pharmaceutical industry as more

projects embrace CM.

Echoing similar sentiments, Interview 2 underscored the slow yet steady progress of CM
adoption. The interviewee identified technological, regulatory, and cultural barriers hindering
widespread adoption. Advanced equipment tailored for CM, compliance with regulatory
guidelines, and cultural resistance to change were highlighted as key challenges. However, they
also identified opportunities for enhancing integration, emphasizing efficiency, quality, and cost-

effectiveness improvements through streamlined processes and real-time monitoring.

Interview 3 provided additional insights into the gradual uptake of CM while acknowledging the
existing barriers. The interviewee stressed the need for updated equipment and control systems,
along with regulatory reforms tailored to CM practices. Despite these challenges, opportunities
for efficiency gains and cost reductions through reduced cycle times and real-time monitoring

were recognized.

Interview 4 reiterated the challenges of CM adoption, particularly the availability of qualified staff
and high initial investment costs. The interviewee emphasized the potential advantages of CM,

such as faster production and improved quality control, while also advocating for regulatory
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reforms and collaboration among stakeholders to address technological challenges and update

regulatory frameworks.

Interview 5 echoed similar sentiments, highlighting the importance of regulatory requirements
and standards in shaping CM adoption. They advocated for regulatory reforms and collaboration

among stakeholders to facilitate smoother implementation.

Interview 6 provided consistent insights into the barriers and opportunities surrounding CM
adoption. Regulatory and technological factors were identified as primary barriers, while
collaboration among stakeholders was emphasized as essential for driving innovation and

accelerating adoption.

Interview 7 reiterated the industry's cautious approach towards CM adoption, emphasizing the
need for regulatory reforms and collaboration among stakeholders. They underscored the
potential benefits of CM, including efficiency gains and cost reductions, while advocating for
simplified approval processes and closer collaboration between regulatory bodies and industry

experts.

Overall, the interviews collectively highlight the complex interplay of challenges and
opportunities in transitioning to CM in Ireland's pharmaceutical industry, emphasizing the
importance of collaboration, regulatory reform, and technological advancement for successful

implementation.

The research on implementing continuous manufacturing (CM) in the small molecule
pharmaceutical industry in Ireland using a system-focused approach identifies several key
findings and insights. Through interviews and a literature review, the study addresses research
objectives aimed at understanding the current state of CM adoption, analyzing barriers,
identifying opportunities for integration, and providing recommendations for effective

implementation.

The literature review reveals a comprehensive understanding of CM in the pharmaceutical
industry, emphasizing potential benefits, challenges, and regulatory landscape. While CM offers

advantages such as enhanced efficiency and reduced environmental footprint, barriers like
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regulatory requirements and cultural resistance hinder widespread adoption. However, recent
FDA approvals signal a positive shift in regulatory attitudes towards CM, indicating evolving

perspectives in the industry.

Interview findings complement the literature review by providing real-world insights into the
current landscape of CM adoption in Ireland. While there is a gradual uptake of CM, concerns
about regulatory compliance, technological challenges, and cultural resistance persist. Interviews
highlight the importance of addressing these barriers through regulatory reforms, technological

advancements, and collaborative efforts among stakeholders.

A significant research gap identified is the need for updated regulatory frameworks tailored to
CM practices. Current regulations, primarily designed for batch production, require adjustments
to accommodate the unique characteristics of CM. Simplified approval processes and closer
collaboration between regulatory bodies and industry experts are essential to facilitate smoother

implementation.

The results also emphasize the potential benefits of CM, including increased efficiency, improved
quality control, and cost reductions. However, realizing these benefits requires overcoming
barriers such as the availability of qualified staff and high initial investment costs. Collaborative
efforts between industry stakeholders and regulatory bodies are crucial for addressing these

challenges and fostering a culture of innovation within the industry.

Furthermore, the findings underscore the importance of technological advancements in driving
CM adoption. Tailored equipment, process scalability, and workforce training programs are
essential for successful integration. Continuous monitoring and real-time quality assessment are

also paramount to ensure product integrity and regulatory compliance.

In summary, the research findings highlight the transformative potential of continuous
manufacturing in the small molecule pharmaceutical industry in Ireland. By addressing regulatory
complexities, technological challenges, and cultural barriers, stakeholders can pave the way for

widespread adoption and realize the numerous benefits that CM offers. Embracing collaborative
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efforts and investing in workforce development are essential for driving innovation and

excellence in pharmaceutical manufacturing.
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5 Conclusions and Recommendations

5.1 Implications of Findings for the Research Questions:
Current Practices and Adoption Levels of Continuous Manufacturing (CM) in Ireland's

Pharmaceutical Industry:

The research revealed a diverse landscape of CM adoption among pharmaceutical companies in
Ireland. While some firms are actively embracing CM, others remain cautious due to concerns
about regulatory compliance and investment requirements. This suggests a need for tailored
approaches to support companies at different stages of adoption, ranging from those exploring

CM possibilities to those fully integrated into CM processes.

Stakeholders' Perceptions of Benefits and Challenges of Implementing Continuous

Manufacturing:

Stakeholders perceive CM as offering potential benefits such as increased efficiency, reduced
production cycle times, and improved flexibility in responding to market demand fluctuations.
However, they also recognize challenges including regulatory compliance, technological barriers,
and cultural resistance to change. Understanding these perceptions can inform targeted

interventions to address concerns and capitalize on perceived advantages.

Barriers to Widespread Adoption of Continuous Manufacturing:

Cultural resistance, technological complexities, regulatory constraints, and investment
considerations emerged as key barriers to widespread CM adoption. Addressing these barriers
requires concerted efforts from industry stakeholders, regulatory bodies, and academia to
provide support mechanisms such as updated equipment, regulatory reforms, and workforce

development initiatives.

Impact of Regulatory Requirements and Standards on Continuous Manufacturing

Technologies:
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Regulatory requirements play a pivotal role in shaping CM adoption. The current regulatory
framework, primarily designed for batch production, needs adjustments to accommodate CM
practices fully. Closer collaboration between regulatory bodies and industry stakeholders is
essential to streamline approval processes and ensure compliance, thereby facilitating smoother

CM implementation.

Opportunities for Leveraging Continuous Manufacturing to Improve Efficiency, Quality, and

Cost-Effectiveness:

Despite challenges, CM offers significant opportunities for enhancing efficiency, quality control,
and cost-effectiveness in pharmaceutical production. Companies can gain a competitive edge
through streamlined operations and optimized resource utilization. To realize these benefits,
stakeholders should prioritize regulatory compliance, technological advancements, and

collaborative initiatives.
Incorporating Emerging Technologies into Continuous Manufacturing Systems:

Emerging technologies hold promise for enhancing the capabilities and competitiveness of CM
systems. Collaboration between equipment manufacturers, pharmaceutical companies, and
academia is crucial for developing and refining technologies tailored to the specific needs of the
pharmaceutical industry. Investment in workforce development and training programs is also
necessary to ensure personnel are equipped with the skills required to operate and maintain

advanced CM systems effectively.

The research findings and literature review on the implementation of continuous manufacturing
(CM) in Ireland's pharmaceutical industry present a complementary and comprehensive view.
Both sources underscore CM's potential to enhance efficiency, quality control, and cost-
effectiveness. The literature highlights CM's ability to streamline operations, reduce cycle times,
and improve flexibility in response to market demands. Similarly, interviewees emphasized these
advantages, with one stating, "The transition to CM is like upgrading to a faster and more efficient

system," reflecting the positive outlook within the industry.
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However, both the literature and interviews identify significant barriers to widespread CM
adoption. Technological challenges, regulatory compliance, and cultural resistance are recurrent
themes. The literature review points out that current regulatory frameworks are tailored to batch
production and need adjustments to accommodate CM. This sentiment is echoed in interviews,
with one expert noting, "Regulatory guidelines are still catching up to the realities of continuous
manufacturing." Additionally, technological barriers such as the need for advanced equipment
and process scalability are consistently highlighted. An interviewee stressed, "We need updated

equipment and control systems to fully integrate CM."

Cultural resistance to change is another critical barrier. The literature suggests that organizational
mindsets towards traditional batch methods pose challenges to CM adoption. This was mirrored
in interviews, where one participant remarked, "There is a significant cultural resistance to
change, which hinders the transition to CM." Addressing these barriers requires concerted
efforts, including regulatory reforms, technological advancements, and a shift in organizational

culture towards continuous improvement.

Opportunities for leveraging CM are also emphasized. Both sources highlight the potential for
real-time monitoring, reduced downtime, and enhanced quality control. However, realizing these
benefits necessitates overcoming initial investment costs and ensuring the availability of
qualified staff. An interviewee noted, "High initial costs and the lack of qualified personnel are

significant hurdles, but the long-term benefits of CM cannot be ignored."

The literature review and interview findings converge on the need for collaboration among
industry stakeholders, regulatory bodies, and academia to drive CM adoption. Simplified
approval processes and closer collaboration are deemed essential for facilitating smoother
implementation. As one interviewee put it, "Collaboration between regulatory bodies and

industry experts is crucial for driving innovation and accelerating CM adoption."

In conclusion, the research underscores the transformative potential of CM in lIreland's
pharmaceutical industry. By addressing regulatory, technological, and cultural challenges
through collaborative efforts and investment in workforce development, stakeholders can pave

the way for widespread CM adoption and associated benefits.
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5.2 Contributions and Limitations of the Research

This study contributes to the existing literature by systematically examining the current practices
and adoption levels of continuous manufacturing (CM) in the small molecule pharmaceutical
industry in Ireland. By revisiting the aim and objectives, this research confirms and extends the
findings of the literature review while also identifying areas where it diverges, thus emphasizing

original contribution to the field.

The aim of this study was to assess the landscape of CM adoption, stakeholders' perceptions of
benefits and challenges, barriers to widespread adoption, the impact of regulatory requirements,
opportunities for leveraging CM, and the integration of emerging technologies into CM systems.
Through a comprehensive review of relevant literature and empirical data collection, this study
validates and augments existing knowledge regarding CM implementation in the pharmaceutical

sector.

Comparing the findings with the original literature review, it becomes evident that while some
aspects align closely with prior research, such as the perceived benefits of CM in terms of
efficiency and quality improvement, others reveal new insights. For instance, the identification
of cultural resistance as a significant barrier to adoption provides a nuanced understanding of
the challenges faced by companies transitioning to CM. Additionally, the emphasis on regulatory
requirements underscores the need for closer collaboration between regulatory bodies and

industry stakeholders to facilitate smoother implementation.
Managerial Implications:

The findings of this research carry significant implications for pharmaceutical companies seeking
to implement CM practices. By addressing the "so what" question, this study provides actionable

insights and lessons for managers:

1. Tailored Approaches to Adoption: Companies at different stages of CM adoption can
benefit from tailored support mechanisms, ranging from educational initiatives for those
exploring CM possibilities to regulatory compliance assistance for fully integrated CM

processes.
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2. Prioritizing Regulatory Compliance: Given the pivotal role of regulatory requirements in
shaping CM adoption, companies should prioritize compliance efforts and engage in

collaborative dialogues with regulatory bodies to streamline approval processes.

3. Investment in Workforce Development: To leverage emerging technologies effectively,
companies must invest in workforce development and training programs to ensure
personnel are equipped with the necessary skills to operate and maintain advanced CM

systems.

5.3 Recommendations for future research

Despite contributions, this research has several limitations that warrant acknowledgment:

1. Small Sample Size: The sample size of companies surveyed may limit the generalizability
of findings. Future research should include a larger and more diverse sample to capture a

broader spectrum of perspectives and experiences.

2. Regional Focus: This study primarily focuses on the small molecule pharmaceutical
industry in Ireland, which may limit applicability to other geographic regions. Future
research could explore CM adoption in different contexts to provide a more

comprehensive understanding of industry dynamics.

3. Methodological Constraints: The reliance on qualitative data collection methods may
introduce bias or subjectivity into the findings. Incorporating quantitative measures could

enhance the robustness of future research efforts.

4. Long-Term Impact Assessment: This study primarily examines immediate perceptions
and challenges related to CM adoption. Future research could explore the long-term
impact of CM implementation on operational efficiency, product quality, and overall

competitiveness.

Addressing these limitations will contribute to a more nuanced understanding of CM adoption in
the pharmaceutical industry and inform strategic decision-making processes for companies

embarking on or expanding their CM initiatives.
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5.4 Final Conclusion and Reflections

In conclusion, this research provides valuable insights into the current practices and adoption
levels of continuous manufacturing (CM) in the small molecule pharmaceutical industry in
Ireland. By systematically examining the landscape of CM adoption, stakeholders' perceptions of
benefits and challenges, barriers to widespread adoption, the impact of regulatory requirements,
opportunities for leveraging CM, and the integration of emerging technologies into CM systems,

this study contributes to both academic knowledge and managerial understanding.

The findings highlight the importance of tailored approaches to support companies at different
stages of CM adoption, ranging from those exploring CM possibilities to those fully integrated
into CM processes. Addressing cultural resistance, technological complexities, regulatory
constraints, and investment considerations requires collaborative efforts from industry
stakeholders, regulatory bodies, and academia. Prioritizing regulatory compliance, investing in
workforce development, and fostering collaboration between equipment manufacturers,

pharmaceutical companies, and academia are crucial for successful CM implementation.

Moreover, the identification of cultural resistance as a significant barrier to adoption underscores
the need for organizational change management strategies to facilitate smoother transitions. The
emphasis on regulatory requirements emphasizes the necessity of closer collaboration between
regulatory bodies and industry stakeholders to ensure compliance and streamline approval

processes.

From a managerial perspective, the findings offer actionable insights for pharmaceutical
companies seeking to implement CM practices. Tailored support mechanisms, prioritization of
regulatory compliance, and investment in workforce development are essential for navigating

the challenges and realizing the potential benefits of CM adoption.

Looking forward, it is essential to address the limitations of this research, including the small
sample size, regional focus, methodological constraints, and the need for long-term impact
assessment. Future research endeavors should aim to overcome these limitations by expanding

the sample size, exploring CM adoption in different contexts, incorporating quantitative
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measures, and conducting longitudinal studies to assess the sustained impact of CM

implementation on operational efficiency, product quality, and overall competitiveness.

In essence, this study serves as a foundation for further research and strategic decision-making
processes within the pharmaceutical industry. By acknowledging contributions, limitations, and
areas for future exploration, this research aims to foster continued advancements in continuous
manufacturing practices, ultimately enhancing efficiency, quality, and cost-effectiveness in

pharmaceutical production.
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7

Appendix

7.1 Appendix A - Interview Questions

INTERVIEW QUESTIONS:

1. Can you discuss the current adoption of continuous manufacturing (CM) in small molecule
pharmaceutical manufacturing in Ireland compared to traditional batch production methods?

2. What are the primary barriers to the widespread adoption of CM in pharmaceutical
manufacturing in Ireland? Are these barriers primarily technological, regulatory, cultural, or a

combination of factors?

3. What opportunities do you see for enhancing the integration of continuous manufacturing
(CM) within the small molecule pharmaceutical industry in Ireland? How could CM improve
efficiency, quality, or cost-effectiveness in specific areas?

4. How do regulatory requirements and standards influence the adoption of continuous
manufacturing (CM) in the pharmaceutical industry in Ireland? Do you think regulatory reforms

are needed to facilitate smoother CM implementation?

5. What recommendations would you propose for effectively implementing continuous
manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland? How can
stakeholders collaborate to accelerate CM adoption and drive innovation in pharmaceutical
production?



7.2 Appendix B — Interview Transcript
Interview 1:

Unknown Speaker 0:03
Hi ma'am. Good evening.

Unknown Speaker 0:04
Hi, good evening.

Unknown Speaker 0:06
How are you?

Unknown Speaker 0:07
And good thanks,

Unknown Speaker 0:09

shall i1 start the interview. Yes, this interview is being recorded. Okay.
My first question is can you discuss the current adoption of continuous
manufacturing in small molecule pharmaceutical manufacturing in Ireland
compared to traditional batch production method.

Unknown Speaker 0:31

Continuous manufacturing adoption in small molecule pharmaceutical
manufacturing in Ireland is gradually increasing, although slower
compared to traditional batch production methods. While some companies
have embraced continuous manufacturing for its potential to enhance
efficiency and reduce cost, many other remains cautious due to initial
investment requirements and the need for retooling existing facilities.
Okay, ma'am, thank

Unknown Speaker 1:01

you. And my next question is, what are the primary barriers to the
widespread adoption of continuous manufacturing in Ireland? Are these
barriers primarily technologically regulatory, cultural, or a combination
of these factors?

Unknown Speaker 1:15

I think the primary barriers to widespread continuous manufacturing
adoption in Ireland are a combination of technological and regulatory and
cultural factors. Technologically there is a need for further development
of equipment and processes tailored to continuous manufacturing.
Regulatory complexities also poses a challenges as existing frameworks
are largely built around batch production. Additionally, cultural
resistance to change and the perceived risk associated with transitioning
from established methods hindered the adoption.

Unknown Speaker 1:55

Okay, ma'am, thank you so much. And my next question is What
opportunities do you see for enhancing the integration of continuous
manufacturing within the small molecule pharmaceutical industry in
Ireland? How could continuous manufacturing improve efficiency, quality
or cost effectiveness in specific area?

Unknown Speaker 2:14



In my opinion, enhanced integration of continuous manufacturing in the
small molecule pharmaceutical industry in Ireland offers opportunities
for significant improvements in efficiency, quality and cost
effectiveness. Continuous manufacturing can streamline production
processes, reduce manufacturing times and minimize waste generation. And
real time monitoring and control in my continuous manufacturing systems
enable better quality assurance and faster identification of deviations,
ultimately leading to higher product quality and reduced overall cost.

Unknown Speaker 2:53

Okay, ma'am, thank you. And my next question is, how do regulatory
requirements and standards influence that option of continuous
manufacturing in the pharmaceutical industry in Ireland? Do you think
regulatory reforms are needed to facilitate smooth and continuous
manufacturing implementation?

Unknown Speaker 3:10

I think regulatory requirements play an important role in continuous
manufacturing adoption. current regulations often favored restore batch
manufacturing creating hurdles for continuous manufacturing
implementation. Reforms are indeed necessary to align regulations with
the evolving landscape of pharmaceutical manufacturing. Simplified
approval processes clear guidelines specific to continuous manufacturing,
and closer collaboration between the regulatory bodies and industry
stakeholders are essential to facilitate smoother continuous
manufacturing implementation.

Unknown Speaker 3:50

Okay, ma'am, thank you. And my last question is what recommendation would
you propose for effectively implementing continuous manufacturing in
small molecule pharmaceutical manufacturing in Ireland? How can
stakeholders collaborate to accelerate continuous manufacturing adoption
and drive innovation in pharmaceutical production?

Unknown Speaker 4:10

effective implementation of continuous manufacturing in small molecule
pharmaceutical manufacturing in Ireland requires a collaborative effort
among stakeholders. Firstly, industry players should invest in research
and development to refine continuous manufacturing technologies and
address existing gaps. regulatory bodies must actively engaged engaged
with industry experts to develop updated guidelines tailored to
continuous manufacturing. Additionally, educational initiatives and
knowledge sharing platforms can help alleviate cultural barriers by
fostering a better understanding of continuous manufacturing benefits and
best practices. Ultimately, a concerted effort from all stakeholders is
clear. Sure to accelerating continuous manufacturing adoption and driving
innovation in pharmaceutical production in Ireland

Unknown Speaker 5:09
okay man thanks you so much for your valuable time and opinion

Unknown Speaker 5:12
Thank you



Interview 2:

Unknown Speaker 0:05
Hi ma'am. Good evening hi christi Good evening, how are you? I'm good, how
are you? also Good. Can I take your interview regarding my dissertation?

Unknown Speaker 0:18
Yeah, of course you can.

Unknown Speaker 0:20

Shall I start? Yeah. This interview is being recorded. Yeah. Okay. My first
question 1is can you discuss the current adoption of continuous
manufacturing in small molecule pharmaceutical manufacturing in Ireland
compared to traditional batch production methods?

Unknown Speaker 0:40

Yeah, sure, You know, the continuous manufacturing is really slowly being
adopted in small molecule pharmaceutical production in Ireland. When, while
we, you know, the traditional batch methods are still more common, but cm
offers more benefits, like you know, making production faster and better-
quality control. It's like updating to faster and more efficient system.
However, switching to cm takes time and investment to adjust existing
processes. As more projects get underway. Ireland's pharmacy industry
expected to benefits and seems advantage in the long run. Yeah,

Unknown Speaker 1:19

that's okay, ma'am. Thank you. My next question is what are the primary
barriers to the widespread adoption of continuous manufacturing in Ireland?
Are these barriers primarily technological, regulatory, cultural, or a
combination of these factors?

Unknown Speaker 1:35

Yeah, that is a really good question christi. In my opinion as the primary
barriers to the widespread adoption of continuous manufacturing, in
pharmaceutical manufacturing in Ireland, the combination of technological
challenges, regulatory requirements and cultural factors. In
technologically companies need to invest in new equipment and skills, which
can be costly and take time to implement, even if it takes the regulatory
is hurdles may arise due to the need for adjustments in approval process,
and also quality control standards to accommodate into cm Moreover, there
may be a reluctance to change within the organizations that are used to
traditional batch production methods. In overall, it's a mix of these
factors that hinder the adoption of CM in the ireland's pharmaceutical
sector.

Unknown Speaker 2:29

Okay, ma'am, thank you. And my next question is, what opportunities do you
see for enhancing the integration of continuous manufacturing within the
small molecule pharmaceutical industry in Ireland? How could continuous
manufacturing improve efficiency, quality or cost effectiveness in specific
area?



Unknown Speaker 2:48

Well, it's really, you know, the continuous manufacturing indeed offers a
significant advantage for small molecule pharmaceutical companies in
Ireland. One of one of the major benefits is the reduction in turnaround
time, which ultimately leads to increased productivity and sales. When we
focus on by producing more effectively, you know, the companies can meet
demand faster and capitalize on market opportunities. If we take, you know,
additionally, the cm decreases that issues like batch recalls, unlike the
traditional batch production, where a single error can result in an entire
batch being scrapped, cm allows for continuous monitoring and adjustment
and also minimizing the risk of quality issues affecting large quantity of
products. It's also a benefit for the pharmaceutical industries. This not
only improve the product quality, but also save companies substantial, you
know, the costs associated with recalls and batch wastage. If we take
overall the implementation of continuous manufacturing present presents a
you know the promising opportunity for enhancing the efficiency, quality
and cost effectiveness. The small molecule pharmaceutical industry in
Ireland that's a whole lotta

Unknown Speaker 4:07

Okay, ma'am. Thank you. And my next gquestion 1s how do regulatory
requirements and standards influenced that option of continuous
manufacturing in the pharmaceutical industry in Ireland? Do you think
regulatory reforms are needed to facilitate smoother continuous
manufacturing implementations?

Unknown Speaker 4:26

You know, in the case of regulatory requirements and standards, it's have
a big say in whether continuous manufacturing takeoff in Ireland,
pharmaceutical industry. They make sure medicines are safe and effective.
But sometimes these rules can slow down cm adoption because they are not
designed for it. So yes, some changes might be needed to make it easier
for companies to switch to cm these changes could involve updating the
regulations to fit cm better and making the approval process smoother and
also overall you know the simple rules could help Ireland make the most of
cm while keeping medicine safe. And also, in other side, regulatory
requirements are crucial for shaping the use of continuous manufacturing
in Ireland's pharmaceutical industry. While current rules were mainly
designed for batch manufacturing, there is you know growing realization
that then they need updating to fit. First the reforms should aim to give
clear guidelines and standards that tailored to continuous manufacturing
methods. In this way, innovation can thrive while still guaranteeing that
medicine is safe and effective

Unknown Speaker 5:45

okay man ma'am, and thank you. And my last question is what recommendation?
would you propose for effectively implementing continuous manufacturing in
small molecule pharmaceutical manufacturing in Ireland? How can
stakeholders collaborate to accelerate continuous manufacturing adoption
and drive innovation in pharmaceutical production?

Unknown Speaker 6:06



It is also good question Christi so, in my opinion, to make continuous
manufacturing work well for small molecule pharmaceuticals in Ireland. You
know, everyone needs to team up. That means pharmaceutical companies, the
equipment makers, the regulators, and also the universities all work
together, they should share what worked best tackle regulatory changes,
and invest in makes the cm methodologies better. Also, keeping an eye on
new ideas and also trying to do better that will help speed up continuous
manufacturing adoption and also make drug production better as well. That's
in my in my opinion, that's a better way.

Unknown Speaker 6:53
Okay, ma'am, thank you so much for your valuable time and opinion.

Unknown Speaker 6:56
No worries christi you have best of luck for your dissertation. Thank you,

ma'am. No worries. Well, bye. Bye bye.

Transcribed by https://otter.ai

Interview 3:

Unknown Speaker 0:02
Hi, sir. Good evening.

Unknown Speaker 0:05
Hi. How are you?

Unknown Speaker 0:09
Yeah, I'm fine. How are you? I'm good. Can I take your interview regarding
my dissertation?

Unknown Speaker 0:16
Yeah, sure, but my sound it's not well, but it's okay.

Unknown Speaker 0:21
That's okay. No problem.

Unknown Speaker 0:24
Yeah, shall I start the interview?

Unknown Speaker 0:27
Yeah sure.

Unknown Speaker 0:28
This interview is being recorded.

Unknown Speaker 0:32

Yeah, okay. Okay. My first question is can you discuss the current adoption
of continuous manufacturing in small molecule pharmaceutical manufacturing
in Ireland compared to traditional batch production method?

Unknown Speaker 0:45



I think that adoption of continuous manufacturing in small molecule,
pharmaceutical manufacturing as Ireland is still in its early stages
compared to traditional batch production methods.

Unknown Speaker 1:00
Some companies have started to implement the continuous manufacturing, but
it's not yet widespread due to various factors

Unknown Speaker 1:08
such as the initial investment cost and the need for retooling existing
facilities are very high.

Unknown Speaker 1:18

Okay, sir, thank you. And my next question is, what are the primary barriers
to the widespread adoption of continuous manufacturing in Ireland are these
barriers primarily technological, regulatory, cultural or or a combination
of factors?

Unknown Speaker 1:34

The primary barriers to the widespread adoption of continuous manufacturing
in pharmaceutical manufacturing in Ireland are combination of
technological, regulatory and also cultural factors, technologically there
is a need for further development and optimization of continuous
manufacturing process to match the flexibility and the robustness of batch
production. regulatory requirements also,

Unknown Speaker 2:06

play a significant role as current standards may not fully accommodate
the continuous manufacturing practices and also the cultural resistance to
change within organizations can

Unknown Speaker 2:20
hinder the adoption efforts also

Unknown Speaker 2:25

okay. Thank you, sir. And my next question 1s What opportunities do you
see for enhancing the integration of continuous manufacturing within the
small molecule pharmaceutical industry in Ireland? How could continuous
manufacturing improve efficiency, quality or cost effectiveness in specific
areas?

Unknown Speaker 2:44

I think continuous manufacturing presents numerous opportunities for for
enhancing the efficiency quality and also the cost effectiveness in small
molecule pharmaceutical production.

Unknown Speaker 3:00

Basically, in Ireland, by streamlining the processes and reducing batch to
batch wvariability, the continuous manufacturing can improve the overall
production efficiency and also the product quality also.

Unknown Speaker 3:14



And 1in addition to that, the continuous nature of the continuous
manufacturing enables the real time monitoring and control leading to
quicker detection of deviations and potential cost savings

Unknown Speaker 3:27
through reduced waste and rework.

Unknown Speaker 3:32

Okay, thank you, sir. And my next question is how do regulatory requirements
and standards influence that adoption of continuous manufacturing in the
pharmaceutical industry in Ireland? Do you think regulatory reforms are
needed to facilitate smoother continuous manufacturing implementation?

Unknown Speaker 3:50
I think regulatory requirements and standards influenced that adoption of
continuous manufacturing in pharmaceutical industry ireland.

Unknown Speaker 3:59
But the current regulations may not fully address the unique challenges
and also the opportunities presented by continuous manufacturing

Unknown Speaker 4:08

which in the can create uncertainty and hesitation among manufacturers,
The regulatory reforms that provide clear guidelines and standards specific
specifically tailored to the continuous manufacturing

Unknown Speaker 4:25
would certainly facilitate smoother implementation and also encourage more
companies to

Unknown Speaker 4:32
come and adopt this innovative approach.

Unknown Speaker 4:38

Okay, sir, and my last question is, what recommendation would you propose
for effectively implementing continuous manufacturing and small molecule
pharmaceutical manufacturing in Ireland? How can stakeholders collaborate
to accelerate continuous manufacturing adoption and driving innovation in
pharmaceutical production?

Unknown Speaker 4:57
My recommendation so in

Unknown Speaker 5:00

effectively implement continuous manufacturing in small molecule
pharmaceutical manufacturing in Ireland 1s <collaborating among the
stakeholders.

Unknown Speaker 5:10

And which means this includes industry professionals, regulatory bodies,
academics and technology providers. The stakeholders should work together
to address technological challenges update regulatory frameworks, and they
also provide training and education to ensure widespread adoption of
continuous manufacturing.



Unknown Speaker 5:34
In addition to that,

Unknown Speaker 5:37
the investments in continuous manufacturing technologies and they provide
they improve the culture of innovation within the industry can accelerate
the progress and drive positive positive change in the pharmaceutical
production practices.

Unknown Speaker 5:55
Okay, sir, thank you so much for your valuable time and opinion.

Unknown Speaker 6:00
Yeah, thank you.no problem

Unknown Speaker 6:03
Bye bye

Unknown Speaker 6:05
bye.

Transcribed by https://otter.ai
Interview 4:

Unknown Speaker 0:02

Hi, sir. Good evening. Hello, good evening. How are you? I'm doing good.
How are vyou? I'm good. Okay, can I start my interview regarding my
dissertation? Yeah, okay, no problem we can start it now.

Speaker 1 0:21

This interview is being recorded. Okay. Yeah. Yeah, no problem. My first
question 1is can you discuss the current adoption of continuous
manufacturing in small molecule pharmaceutical manufacturing in Ireland
compared to traditional batch production methods?

Speaker 2 0:37

Oh, okay. So, the current adoption of continuous manufacturing in small
molecule, pharmaceutical manufacturing in Ireland is actually steadily
progressing. But, you know, the most companies still use the old way, which
is called in a batch production. Now, continuous manufacturing makes things
faster, and ensures better quality. So it's 1like getting a faster and
smarter system. So, but changing to continuous manufacturing takes time
and money to adjust everything. So, as more companies start using continuous
manufacturing, Ireland's medicine industry will get better and faster in
the future, I believe.

Speaker 1 1:24

Okay, sir, thank you. And my next question is, what are the primary barriers
to the widespread adoption of continuous manufacturing in Ireland? Are
these barriers primarily technological, regulatory, cultural, or a
combination of factors?



Speaker 2 1:40

I think, I think the first main barrier is the availability of qualified
staff. I mean, like continuous manufacturing is a very novel approach, as
it regards, you know, come into full play around nowadays. So, the first
thing is, there's not that much trained staff available to implement all
these new methods. And so, you know, it, it comes down to everything from
engineering to data to maintenance, and even the software part of it's all
very new. So, so, that you know, that will be the main hurdle. Also, the
initial investment costs are very high for a company to adopt this process.
So, that again, you know, like, how many companies started the process?
So, that's it like, make another

Speaker 1 2:37

okay. So, thank you so much. And my next question is, what opportunities
do you see for enhancing the integration of continuous manufacturing within
the small molecule pharmaceutical industry in iraland ? How could
continuous manufacturing improve efficiency quality or cost effectiveness
in specific areas?

Speaker 2 2:54

Okay, for the answer for this question, I would say 1like continuous
manufacturing, you know, will generate less turnaround time, and that will
be the biggest advantage for the company in a called at the end of the day,
the more products we make more products we sell. So, that will so that will
be the primary advantage. Also, it is less likely to cause issues 1like
batch recall, because there was a hypothetical issue with a batch. One of
the excipients were added wrong and you know, a failed the quality test or
something like that, which would cause a product recall or even cause to
dump the batch and restart again, that will take you over cost a company
and as you know, substantial amount of money, like cost a large amount of
money, so that this is an area that can be improved with continuous
manufacturing, because it eliminates the need for total batch Throughout.
All our you know, like continuous manufacturing can boost the small molecule
pharmaceutical industry in Ireland. It makes production faster, reduce
waste, and improves quality control by checking things in real time. Plus,
it cuts down on manual work and saves money by using resources better.
Overall, continuous manufacturing could make Ireland's pharmaceutical
industry more competitive and sustainable.

Speaker 1 4:28

Okay, sir, thank vyou. And my next question 1is, how do regulatory
requirements and standards influence that adoption of continuous
manufacturing in the pharmaceutical industry in Ireland? Do you think
regulatory reforms are needed to facilitate smoother continuous
manufacturing implementation?

Speaker 2 4:44

And regulatory requirements and standards are important in deciding
if continuous manufacturing grows in Ireland's pharmaceutical
industry, They ensure medicines are safe but sometimes they hold back
continuous manufacturing because they are not built for it.So yes, I
would say yes, changes might be needed to help companies switch
continuous manufacturing smoothly.And this could also mean like



could help Ireland use continuous manufacturing Well, while keeping
medicines safe.

Speaker 1 5:27

Okay, sir, thank you. And my last question is what recommendation would
you propose for effectively implementing and implementing continuous
manufacturing in small molecule pharmaceutical manufacturing in Ireland?
How can stakeholders collaborate to accelerate continuous manufacturing
adoption and drive innovation in pharmaceutical production?

Speaker 2 5:46

Okay, so the priority will be to educate and train staff and the new
methods, because that's probably the best hurdle. We have implemented this
process at the moment, which is the order of qualified staff to do it. And
also the second thing would be even with the initial investment, people
want to take manufacturing companies want to take it in sectors rather than
having a full plan dedicated to continuous manufacturing, even if they
could focus on getting on line of building and continuous manufacturing.
And even after trial one and see how that works. So I think mainly, you
know, many companies are trying to, in trying to when they look at this,
they think they are going to have to decide a whole plan to this process.
But even taking in sectors I think would be very helpful and in the long
term, much more cost efficient for companies.

Speaker 1 6:51
Okay, sir, thank you for your valuable time and opinion.

Speaker 2 6:55
Thank you. Thank you so much, and I wish you all the best for your project.

Speaker 1 7:03
Thank you. Good. Bye, you too. Bye. Bye.

Transcribed by https://otter.ai
Interview 5:

Unknown Speaker 0:03
Hi, ma'am. Good evening.

Unknown Speaker 0:06
Hi, Good evening. How are you? Good, how are you?

Speaker 1 0:12

I'm good. Can I take your interview regarding my dissertation? Yeah. And
shall I start the interview yeah start it this interview being recorded.
My first question is, can you discuss the current adoption of continuous
manufacturing in small molecule pharmaceutical manufacturing in Ireland
compared to traditional batch production methods.

Speaker 2 0:40
And in my opinion, continuous manufacturing adoption in
pharmaceutical manufacturing in Ireland is gradually gaining



and quality, others are more cautious due to concern regarding regulatory
complaints and uncertainty surrounding the approval processes.

Speaker 1 1:07

Okay,ma'am thank you. And my next question is, what are the primary barriers
to the widespread adoption of continuous manufacturing in Ireland? Are this
barrier primarily technological, regulatory, cultural or a combination of
factors?

Speaker 2 1:23

Oh, yeah, the primary barrier to widespread cm adoption is a combination
of regulatory and technological factors. The current regulatory frameworks
are largely built around batch production methods, making it challenging
for companies to navigate the approval process. Additionally, the lack of
standardized guidelines and uncertainty surrounding regulatory
expectations contribute to hesitancy among the manufacturers that said,

Speaker 1 1:56

okay, ma'am, thank you. And my next question is, what opportunities do you
see for enhancing the integration of continuous manufacturing within the
small molecule pharmaceutical industry in Ireland? How could continuous
manufacturing improve efficiency, quality or cost effectiveness in specific
areas?

Speaker 2 2:16

I think the integration of continuous manufacturing within small molecule
pharmaceutical industry in Ireland presents opportunities for efficiency,
quality and cost effectiveness. And it also allows real time monitoring
and control of processes, which enable fast identification of deviation
and also improved quality assurance. Furthermore, the continuous nature of
cm reduces manufacturing times and minimizes wastage and ration.
Ultimately, these all leads to cost savings. Okay, ma'am, thank you.

Speaker 1 3:03

And my next question is, how do regulatory requirements and standards
influence that option of continuous manufacturing in the pharmaceutical
industry 1in Ireland? Do you think regulatory reforms are needed to
facilitate smooth continuous manufacturing implementation?

Speaker 2 3:22

yeah, the regulatory requirements have a significant influence on the
adoption of continuous manufacturing. In Ireland, there is a clear need
for regulatory reforms to facilitate smooth CM implementation. This also
includes the development of standardized guidelines specific to continuous
manufacturing, and also streamline approval processes and closer
collaboration between regulatory bodies and industry stakeholders. I think
so.

Speaker 1 3:58

Okay, ma'am, thank you. And my last question is, what recommendation would
you propose for effectively implementing continuous manufacturing in small
molecule pharmaceutical manufacturing in Ireland? How can stakeholders
collaborate to accelerate continuous manufacturing adoption and drive
innovation in pharmaceutical production?



Speaker 2 4:17

My recommendation would Dbe to effectively implement continuous
manufacturing us for the stakeholders must collaborate closely. This also
involves industry players, investing in research, and also the development
to refine the continuous manufacturing technologies and address the
regulatory concerns. Then the regulatory bodies should actively engage with
industry experts to develop updated guidelines tailored for continuous
manufacturing. And additionally, educational initiatives and training
programs can help build awareness by Working together stakeholders can
accelerate cm level adoption and drive innovation in pharmaceutical
production in Ireland. That's what I think. And that's. That's

Speaker 1 5:14
okay, ma'am. Thank you. Thank you for your valuable time and opinion.

Speaker 2 5:19
Oh, yeah. Thank you and thank you for inviting me for the meeting. Thank

you.

Transcribed by https://otter.ai

Interview 6:

Unknown Speaker 0:03
Hi ma'am. Good evening.

Unknown Speaker 0:05

Hello, good evening. How are you? I'm good. What about you? I'm good. Can
I take your interview regarding my dissertation? Yes sure. Shall I start
the interview? Yeah, okay. And this interview is being recorded. Yeah okay.

Unknown Speaker 0:25

And my first question is, can you discuss the current adaption of continuous
manufacturing in small molecule pharmaceutical manufacturing in Ireland
compared to traditional batch production method?

Unknown Speaker 0:36

From my opinion in Ireland, the adoption of continuous manufacturing in
small molecular pharmaceutical manufacturing is gradually increasing. And
also, it's still limited compared to the traditional batch production
method. And also, there are a few more companies are developing continuous
manufacturing, but either adoption is hindered by the wvarious factor or
that all for

Unknown Speaker 1:03

Okay, ma'am, thank you. And my next question is,what are the primary
barriers to the widespread adoption of continuous manufacturing in Ireland?
Are these barriers primarily technological, regulatory, cultural, or a
combination of factors?

Unknown Speaker 1:19
I think the primary barriers to the adoption of continuous manufacturing
in Ireland are the mix of technological and the regulatory challenge. And



also, there is a need for more equipments and control system to support
the continuous process. And also, I think, on the regulatory front, the
existing guidelines are for batch manufacturing, and also it making it
difficult for companies to navigate the complaints or requirements for the
Continuous manufacturing and also the cultural factors such as resistance
to change and a fear of establishing a workflow also contribute to the
slower absorption. That's for that's all for that question.

Unknown Speaker 2:05

Okay, ma'am, thank you. And my next question is, what opportunities do you
see for enhancing the integration of continuous manufacturing within the
small molecule pharmaceutical industry in Ireland? How could continuous
manufacturing improve efficiency, quality or cost effectiveness in specific
areas?

Unknown Speaker 2:24

From my experience, I think the Continuous manufacturing presents several
opportunities for enhancing the efficiency, quality and also cost
effectiveness in pharmaceutical manufacturing in Ireland. And also, by
eliminating the need for batch processing and reducing the cycle times the
continuous manufacturing can improve the overall production efficiency.
And also, I think the real time monitoring control enable the early
detection of deviations and also it will help to enhancing the product
quality and reducing the risk of recalls. Moreover, the production process
of continuous manufacturing as some potential to lower the manufacturing
cost over time.

Unknown Speaker 3:12
That's all

Unknown Speaker 3:13

okay, ma'am, Thank you. How do regulatory requirements and standards
influenced that adoption of continuous manufacturing in the pharmaceutical
industry? 1in ireland Do vyou think regulatory reforms are needed to
facilitate smooth and continuous manufacturing implementation?

Unknown Speaker 3:29

From my opinion, the regulatory requirements are have a significant impact
on the adoption of Continuous manufacturing in the pharmaceutical industry.
And also, the current regulations were developed with the Dbatch
manufacturing in mind, and it will lead to challenges in applying them to
the continuous process. And also the regulatory reforms are necessary to
provide a clearer guidance and also it established a specific standard for
continuous manufacturing. And these all are really helpful for ensuring
both complaints and innovations in pharmaceutical manufacturing. That's my
answer.

Unknown Speaker 4:09

Okay, ma'am, thank you. And my last question is, what recommendation would
you propose for effectively implementing continuous manufacturing in small
molecule pharmaceutical manufacturing in Ireland? How can stakeholders
collaborate to accelerate continuous manufacturing adoption and drive
innovation in pharmaceutical production?



Unknown Speaker 4:29

In Ireland, the collaborations and the communication among the stakeholders
are essential, like the pharmaceutical companies or regulatory agencies,
and also the equipment manufacturers and the research institution, need to
work together to address the technological and also the regulatory and the
cultural barriers. This may include the best practice for regulatory
reforms and also investing in workplace training and development and also
by

Unknown Speaker 5:00

In this collaborative environment, the stakeholders can accelerate the
adoption of continuous manufacturing. And also they will drive innovations
in pharmaceutical production. That's all my answers for this question.

Unknown Speaker 5:14
Okay, man, thank you so much for your valuable time and opinion. You're
welcome.

Unknown Speaker 5:21
Thank you. Bye

Transcribed by https://otter.ai

Interview 7:

Unknown Speaker 0:03
Hi, sir. Good evening.

Unknown Speaker 0:05
Good evening to you.

Unknown Speaker 0:07
How are you?

Unknown Speaker 0:08
I'm good.

Unknown Speaker 0:11
Can I take an interview regarding my dissertation?

Unknown Speaker 0:14
Yes, okay.

Unknown Speaker 0:16

Shall I start the interview? Yes, this interview is being recorded. Okay.
My first question is, can you discuss the current adaption of continuous
manufacturing in small molecule pharmaceutical manufacturing in Ireland
compared to traditional batch production methods.

Unknown Speaker 0:37

Currently, the adoption of continuous manufacturing in small molecule
pharmaceutical manufacturing in Ireland is growing, but it's not as
widespread as traditional batch production methods. There are several



several pilot projects and initiatives underway, but the transition is
slow and steady. Also, it's not yet widespread due to the various factors
such as the initial cost investment and the need for retooling existing
facilities that's it

Unknown Speaker 1:12

okay, sir, thank you. And my next question is, what are the primary
barriers to the widespread adoption of continuous manufacturing in
Ireland? Are this barrier primarily technological, regulatory, cultural,
or a combination of factors?

Unknown Speaker 1:27

Well, the primary barriers to the widespread adoption of continuous
manufacturing in pharmaceutical manufacturing ireland are combination of
technologically regulatory and cultural factors. Technologically, there
is a need for advanced equipments and system tailored for continuous
manufacturing and regulatory hurdles, just the compliance with existing
batch-oriented guidelines also poses a significant challenge.
Additionally, there is a current cultural resistance to change within the
industry as continuous manufacturing requires a shift in mindset towards
continuous improvement and real time monitoring. That's it.

Unknown Speaker 2:09

Okay, sir, thank you. And my next question is, what opportunities do you
see for enhancing the integration of continuous manufacturing within the
small molecule pharmaceutical industry in Ireland? How could continuous
manufacturing improve efficiency, quality or cost effectiveness in
specific areas

Unknown Speaker 2:27

well there are significant opportunities for enhancing the integration of
continuous manufacturing within the small molecule pharmaceutical
industries in Ireland, continuous manufacturing could improve efficiency
by reducing the down time between batches, while enhance the quality
through real time monitoring and control and potentially lower the costs
by streamlining process product production processes. Also, by optimizing
production workflows, and minimizing waste, continuous manufacturing can
contribute to all overall sustainability efforts as well.

Unknown Speaker 3:03

Okay, sir, thank you. And my next question is, how do regulatory
requirements and standards influence that adoption of continuous
manufacturing in the pharmaceutical industry in Ireland? Do you think
regulatory reforms are needed to facilitate smoother continuous
manufacturing implementation?

Unknown Speaker 3:21

Regardless, regulatory requirements and standard plays a crucial role in
influencing the adoption of continuous manufacturing in the
pharmaceutical industries in ireland. While existing regulations were
developed batch manufacturing in mind, there's a recognition of need for
update to accommodate continuous manufacturing. regulatory reforms should
focus on the point providing clear guidance and standard towards specific



continuous manufacturing processes, fostering innovation while ensuring
product safety and efficiency. that's it.

Unknown Speaker 3:58

Okay, sir, thank you. And my last question is, what recommendation would
you propose for effectively implementing continuous manufacturing in
small molecule pharmaceutical manufacturing in Ireland? How can
stakeholders collaborate to accelerate continuous manufacturing, adaption
and drive innovation in pharmaceutical production?

Unknown Speaker 4:17

In my opinion, to effectively implement continuous manufacturing in small
molecule pharmaceuticals manufacturing in Ireland, collaboration among
stakeholders is essential. This includes pharmaceutical companies,
equipment manufacturers regulatory agencies and academic institutions.
The stakeholders should work together to share best practices address
regulatory challenge and invest in research and development to advance
continuous manufacturing technologies. Additionally, fostering a culture
of innovation and continuous improvement within the industry will be
crucial for the accelerating of continuous manufacturing adoption and
driving progresses in the pharmaceutical production. That's it

Unknown Speaker 5:00
Okay so thank you so much for for your valuable time and opinion Thank

you

Transcribed by https://otter.ai
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DISSERTATION TITLE: A System-Focused Approach to Implementing Continuous Manufacturing
in Small Molecule Pharmaceutical Industry in Ireland

RESEARCHER’S NAME: Christi Chemballil Joseph
PROGRAMME OF STUDY: MSc pharmaceutical Business and Technology
SUPERVISOR'S NAME: Alessandra Vecchi

DECLARATION:

The information in this application form is accurate to the best of my knowledge. | undertake to
abide by the principles outlined by Innopharma/Griffith College ethics policy in my research
dissertation. | confirm that | have completed a full ethics assessment for my research dissertation
as per the college guidelines. | will not begin my primary research until such approval from my
supervisor and/or ethics Committee has been obtained.

| pledge to carry out my research according to the Innopharma/Griffith College academic integrity
standards. Any results presented in my dissertation will be from my own, original research, | will
reference and/or acknowledge any material or sources used in its preparation and | will not
plagiarise the work of anyone else.
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For Ethics Committee (if required):
Ethics Committee Approval Given: Yes No

ETHICS COMMITTEE MEMBER SIGNATURE:

DATE:
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NOTE: Supervisors are responsible for ensuring their students fill in this form correctly and that all ethical
areas have been considered.

SECTION 1: DESCRIPTION OF RESEARCH STUDY

Purpose and objectives of research
The primary purpose of this research is to investigate the integration of continuous manufacturing
(CM) in small molecule pharmaceutical manufacturing in Ireland through a system-focused
approach. This study aims to comprehensively explore the landscape of CM implementation within
the Irish context and develop a robust framework for seamless integration while addressing existing
barriers and capitalizing on potential opportunities.

Drawing insights from existing literature, it is evident that the pharmaceutical industry is undergoing
a paradigm shift from batch production methods towards continuous manufacturing. This shift is
motivated by the potential benefits CM offers, including increased efficiency, reduced costs,
improved quality control, and enhanced flexibility in production scheduling. However, despite these
advantages, there exist significant challenges such as technological barriers, regulatory constraints,
and cultural resistance to change.

Objectives:

Investigate the Current State of CM in Pharmaceuticals
Analyse Barriers to CM Adoption
Identify Opportunities for Enhanced CM Integration

Provide Recommendations for Effective CM Implementation
Research methodology:

The primary data for this research will be acquired through semi-structured interviews conducted
with key stakeholders in the small molecule pharmaceutical industry in Ireland. A total of 5-7
interviews will be conducted, targeting participants aged between 25 and 65 years old. Thematic
analysis will be employed to analyze the qualitative data gathered from these interviews. The
interviews will be recorded in audio format to ensure accuracy in data collection. NVivo software
will be utilized for data analysis, allowing for systematic coding and identification of recurring
themes. This methodology will enable a nuanced exploration of stakeholder perspectives, insights,
and experiences related to CM integration in pharmaceutical manufacturing.




SECTION 2: POSSIBLE ETHICAL ISSUES

Answer 'yes' or 'no' to the following questions.

SUBJECT MATTER
Does the research proposal involve:

Research into specific company activities that would be deemed sensitive or confidential Yes No
Research into politically and/or racially/ethnically and/or commercially sensitive areas Yes No
Sensitive, personal, professional or corporate issues Yes No

RESEARCH PROCEDURES
Does the research proposal involve:

Research that might damage the reputation of companies or participants Yes No
Research that may negatively affect the reputation of Griffith College/Innopharma Yes No
Use of personal records without consent Yes No
Use of company data without consent Yes No
The offer of any inducements to participate Yes No
Audio or visual recording without consent Yes No
Using a language other than English Yes No

PARTICIPANTS

Does the research proposal involve:

People who are not competent and/or fluent in English Yes No

Does your research group include any of the following vulnerable groups Yes No

(Adults with psychological impairments; Adults with learning difficulties; Adults under the protection/control /influence of
others (e.g. in care/prison); Relatives of ill people (e.g. parents of sick children); Hospital or GP participants recruited in a
medical facility; persons under the age of 18)

If you have answered NO to ALL guestions, please go straight to Section 4.

If you have answered YES to ANY guestion in SECTION 2, you must fill in SECTION 3.

SECTION 3: STEPS TAKEN TO AVOID ETHICAL ISSUES

[Only fill in this section if you answered YES to ANY of the questions in Section 3. For example, if you answered yes to
including participants who are not fluent in English, you might put forward a plan that offers your survey in two languages
to take this into account. Another example could be a study where the researcher wants to include information about the
care received by children with a long-term condition but it would not be ethical to approach the children directly but it might
be acceptable to instead ask parents questions about their child’s care. If these plans are acceptable to your supervisor,
you may not need to apply for ethical approval from the Ethics Committee].

If your ethics relates to Subject Matter, outline your action plan to work around any sensitive issues.

If your ethics relates to Research Procedures, outline your action plan to deal with possible ethical issues in your
research procedures.

If your ethics relates to Participants, outline how you will protect vulnerable persons or those that do not have
English as their first language.

SECTION 4: ABOUT YOUR PARTICIPANTS

QOutline your participant profile and why you have chosen them for this study



The participants selected for this study are individuals aged between 25 and 65 with 8 to 10 years of
experience in the pharmaceutical industry, particularly in the realm of manufacturing processes.
These individuals possess expertise and insights crucial for understanding the challenges and
opportunities associated with continuous manufacturing (CM) in small molecule pharmaceutical
manufacturing in Ireland.

Their extensive experience in the industry ensures that they can provide valuable perspectives on the
current state of CM adoption, barriers hindering its implementation, and potential opportunities for
enhanced integration. Their diverse backgrounds and roles within pharmaceutical manufacturing
companies make them well-suited to offer nuanced insights into various facets of CM adoption,
including technological, regulatory, and organizational aspects.

The rationale for selecting participants with 8 to 10 years of experience lies in their substantial
involvement in pharmaceutical manufacturing processes, which allows for a deep understanding of
industry dynamics and trends. Additionally, this timeframe ensures that participants have
encountered evolving practices and technologies, making their insights relevant and up-to-date.

How do you plan to gain access to/contact/approach your participant(s).

To access potential participants for the interviews, I'll employ diverse strategies. Firstly, I'll directly
contact heads or managers in pharmaceutical companies via email, utilizing the "contact us" option
on their websites. This targeted approach ensures engagement with key individuals in manufacturing
departments, guaranteeing insights from knowledgeable sources. Additionally, I'll leverage
LinkedIn's professional network to identify experts in small molecule pharmaceutical manufacturing
within Ireland. Through personalized messages, I'll invite them to participate, explaining the
research's purpose. Moreover, I'll leverage personal connections in the Ireland pharmaceutical
industry, tapping into my network to identify suitable interviewees. This approach not only facilitates
access but also fosters trust and rapport, potentially increasing participation rates. These multifaceted
strategies aim to secure interviews with experienced professionals, enriching the research with
diverse perspectives.

SECTION 5: INFORMATION, CONSENT AND CONFIDENTIALITY

Participant Information Letter (PIL) for participants

[You must submit an information letter for participants with this application, as part of your appendices document. For
online surveys, it is sufficient to include a paragraph summarising and explaining the purpose of the research at the
beginning of the survey. In all other research e.g. interviews, phonecalls, a PIL should be provided to each participant
before they are asked for their consent to take part. A template PIL is available in Moodle].

Please confirm below that your information letter covers:

Description of the research topic and method Yes No
Details of what participation will involve Yes No
Rights to anonymity Yes No
Confidentiality Yes No
Rights to withdraw from the research Yes No
The contact details of the researcher and supervisor (if necessary) Yes No

Informed Consent Form (ICF) for participants



[Informed consent is required for most research. For online surveys, it is sufficient to get the participant to tick two boxes
at the beginning of the survey — one to state they understand the research and one to give consent. In all other research
e.g. interviews, phonecalls, a signed consent form is required. If the data is gathered online e.g. zoom, a signed consent
form can be scanned and sent to the researcher. A template ICF is available in Moodle. The signed ICFs, along with the
surveys, audio files or interview notes etc. must be stored in the primary data folder on moodle and can be accessed by
Innopharma staff for the purposes of verifying the authenticity of the research carried out and the data collected].

Please indicate below if your research requires a signed consent form by selecting the relevant option only:

Yes: my research requires signed consent and | have attached an ICF in the appendices of my application.
No: my research study involves an online survey only and/or does not require signed consent

SECTION 6: STORAGE OF DATA

[Please ensure that you are abiding by GDPR and the national Data protection laws https://www.hrb.ie/funding/gdpr-
guidance-for-researchers/gdpr-and-health-research/).

The student is responsible for storage of data and this will be handed over to the college in an electronic format as part
of the thesis submission i.e. primary data and completed ICFs where applicable will be added to the primary data folder
on moodle. The rationale is to keep data as long as it is still useful and there is an intention to use it further for research
so if this is not the case then this can be stipulated here and a shorter retention period given.]

How will you store the research data and for how long? How will you manage data protection issues?

To safeguard the security and confidentiality of the research data, strict adherence to GDPR
regulations will be ensured. Original audio recordings and signed consent forms will be stored on
encrypted and password-protected computer throughout the relevant period or until the exam board
approves the dissertation results, after which they will be securely deleted. Similarly, interview
transcripts, devoid of identifying information, will be securely stored on password-protected devices

SECTION 7: NON-DISCLOSURE AGREEMENT & STUDENT CONSENT

Non-Disclosure Agreement (NDA)
Will the final dissertation contain any information pertaining to any source what would warrant the use of a Non-
Disclosure Agreement (NDA) e.g. industry-based research?
Yes No

Student consent
If a Non-Disclosure Agreement (NDA) is not required, does the Student consent to allow their completed dissertation to
be held/published by Innopharma/Griffith College?
Yes No

SECTION 8: RECORDING AND RETENTION OF DISSERTATION VIVA

Viva Recording
The Dissertation viva will be recorded. This recording may be used to facilitate assessment by Innopharma staff, a third
reader if necessary and/or if requested by the external examiner for the Programme. The recording will be held in line
with current GDPR guidelines and will not be made publicly available.


https://www.hrb.ie/funding/gdpr-guidance-for-researchers/gdpr-and-health-research/
https://www.hrb.ie/funding/gdpr-guidance-for-researchers/gdpr-and-health-research/

SECTION 9: DOCUMENT CHECKLIST

NOTE: Applicants must attach the following documents in electronic format to the appendix.

Which documents are added to the appendix? Please tick N/A if not applicable:

Participant Information Letter (PIL) for participant Yes N/A
Informed Consent Form (ICF) for participant Yes N/A
Questions/survey for interviewees/focus groups etc (can be in draft form) Yes N/A
Any other documents e.g. Non-Disclosure Agreement Yes N/A

| confirm that this application is complete and all required documents are included in the appendix.

For Student:

STUDENT SIGNATURE:M’

DATE:04/04/2024

SECTION 10: APPENDIX

INTERVIEW QUESTIONS:

1. Can you discuss the current adoption of continuous manufacturing (CM) in small molecule
pharmaceutical manufacturing in Ireland compared to traditional batch production methods?

2. What are the primary barriers to the widespread adoption of CM in pharmaceutical
manufacturing in Ireland? Are these barriers primarily technological, regulatory, cultural, or
a combination of factors?

3. What opportunities do you see for enhancing the integration of continuous manufacturing
(CM) within the small molecule pharmaceutical industry in Ireland? How could CM improve
efficiency, quality, or cost-effectiveness in specific areas?

4. How do regulatory requirements and standards influence the adoption of continuous
manufacturing (CM) in the pharmaceutical industry in Ireland? Do you think regulatory
reforms are needed to facilitate smoother CM implementation?

5. What recommendations would you propose for effectively implementing continuous
manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland? How can
stakeholders collaborate to accelerate CM adoption and drive innovation in pharmaceutical
production?




Participant Information Letter

TITLE OF THE STUDY: A System-Focused Approach to Implementing Continuous
Manufacturing in Small Molecule Pharmaceutical Industry in Ireland

WHO | AM AND WHAT THIS STUDY IS ABOUT: I'm Christi Chemballil Joseph and I'm
pursuing my Master of science in Pharmaceutical Business and Technology in Griffith College
Dublin. As part of my dissertation, I’'m conducting a research study to explore the integration of
continuous manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland. This
research is part of my academic endeavor to understand the challenges and opportunities associated
with adopting CM in the pharmaceutical industry. My aim is to provide valuable insights and
recommendations for facilitating the seamless integration of CM while addressing existing
barriers.

WHAT WOULD TAKING PART INVOLVE? Participation in this study involves participating
in an interview where we will discuss your perspectives on continuous manufacturing in the
pharmaceutical industry. The interview will be audio-recorded for transcription purposes. Your
participation will contribute to our understanding of the current landscape and potential future
directions in pharmaceutical manufacturing.

WHY HAVE YOU BEEN INVITED TO TAKE PART? You have been invited to take part in
this research study because of your expertise or experience in the pharmaceutical industry,
particularly in relation to manufacturing processes. Your insights are valuable for gaining a
comprehensive understanding of the challenges and opportunities associated with continuous
manufacturing.

DO YOU HAVE TO TAKE PART? Participation in this study is completely voluntary. You
have the right to refuse participation, decline to answer any questions, or withdraw from the study
at any time without facing any consequences. In case, you need to withdraw, please contact me on
my private mail id.

Email id: christicjdecember25@gmail.com

WHAT ARE THE POSSIBLE RISKS AND BENEFITS OF TAKING PART?



There is no possible risk in take part of this research. There may be benefits such as contributing
to advancements in pharmaceutical manufacturing practices and gaining insights into industry
trends. Your confidentiality will be maintained throughout the research process.

WILL TAKING PART BE CONFIDENTIAL?

Your participation and any information you provide will be kept confidential. All data will be
anonymized, and only the research team will have access to the collected information. Any
identifying information will be removed from transcripts, and only aggregate findings will be
reported.

HOW WILL INFORMATION YOU PROVIDE BE STORED AND PROTECTED? The
information you provide will be securely stored on password-protected devices and encrypted
cloud storage until after my dissertation has been awarded. Only | will have access to the data.
After this period of time, a transcript of interviews that has been scrubbed of all identifying
information will be kept for an additional two years. You have the right to access the information
you have submitted at any moment under the legalization of freedom of information

WHAT WILL HAPPEN TO THE RESULTS OF THE STUDY?

The results of the study will be disseminated through academic publications, conference
presentations, and possibly teaching materials. If applicable, the dissertation resulting from this
research will be made accessible in the university library and may be available in online
repositories.

WHO SHOULD YOU CONTACT FOR FURTHER INFORMATION?

For further information, you can contact

Name: Christi Chemballil Joseph

Email id: christicjdecember25@gmail.com

[THANK YOU]



Consent to take part in research

A System-Focused Approach to Implementing Continuous Manufacturing in Small
Molecule Pharmaceutical Industry in Ireland

The researcher retains one copy signed by both themselves and the participant. The participant should also
receive a copy of consent form as a record of what they have signed up to.

I voluntarily agree to participate in this research study

I understand that even if | agree to participate now, | can withdraw at any time or refuse to answer
any question without any consequences of any kind

I understand that | can withdraw permission to use data from my interview within two weeks after
the interview, in which case the material will be deleted.

I have had the purpose and nature of the study explained to me in writing and | have had the
opportunity to ask questions about the study

I understand that participation involves giving my views on the questions asked

I understand that | will not benefit directly from participating in this research

I understand that all information | provide for this study will be treated confidentially

I understand that in any report on the results of this research my identity will remain anonymous.
This will be done by changing my name and disguising any details of my interview which may
reveal my identity or the identity of people | speak about

| agree to my interview being audio -recorded.

I understand that disguised extracts from my interview may be quoted in dissertation, conference
presentation, published papers, ejournals, library etc.

If data is coming from within one company or specifically pertaining to the one company -I
understand that | will adhere to all of the codes of conduct and employee confidentiality for
company and there is no expectation to breach these by partaking in this research. Include a
signed confidentiality statement between researcher and company if deemed necessary.

I understand that if | inform the researcher that myself or someone else is at risk of harm, they may
have to report this to the relevant authorities - they will discuss this with me first but may be
required to report with or without my permission

I understand that signed consent forms and original audio recordings will be retained in my
computer until specific relevant period -for students this will be until the exam board confirms the
results of their dissertation

I understand that a transcript of my interview in which all identifying information has been removed
will be retained for two years

I understand that under freedom of information legalisation | am entitled to access the information

I have provided at any time while it is in storage as specified above.

z



-l understand that | am free to contact any of the people involved in the research to seek further

clarification and information.

Researcher Details

Name: Christi Chemballil Joseph

Degree Programme: MSc. Pharmaceutical Business and Technology.
College Details: Griffith College Dublin

Contact number: 0894092285

Contact mail: christicjdecember25@gmail.com
Signature of participant

Signature of research participant

- 14/04/2024- Date

Signature of researcher

I believe the participant is giving informed consent to participate in this study

oty

- — - 14 /04/2024 Date

Signature of researcher
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Participant Information Letter

TITLE OF THE STUDY: A System-Focused Approach to Implementing Continuous
Manufacturing in Small Molecule Pharmaceutical Industry in Ireland

WHO | AM AND WHAT THIS STUDY IS ABOUT: I’'m Christi Chemballil Joseph and I’'m
pursuing my Master of science in Pharmaceutical Business and Technology in Griffith College
Dublin. As part of my dissertation, I’'m conducting a research study to explore the integration of
continuous manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland. This
research is part of my academic endeavor to understand the challenges and opportunities associated
with adopting CM in the pharmaceutical industry. My aim is to provide valuable insights and
recommendations for facilitating the seamless integration of CM while addressing existing
barriers.

WHAT WOULD TAKING PART INVOLVE? Participation in this study involves participating
in an interview where we will discuss your perspectives on continuous manufacturing in the
pharmaceutical industry. The interview will be audio-recorded for transcription purposes. Your
participation will contribute to our understanding of the current landscape and potential future
directions in pharmaceutical manufacturing.

WHY HAVE YOU BEEN INVITED TO TAKE PART? You have been invited to take part in
this research study because of your expertise or experience in the pharmaceutical industry,
particularly in relation to manufacturing processes. Your insights are valuable for gaining a
comprehensive understanding of the challenges and opportunities associated with continuous
manufacturing.

DO YOU HAVE TO TAKE PART? Participation in this study is completely voluntary. You
have the right to refuse participation, decline to answer any questions, or withdraw from the study
at any time without facing any consequences. In case, you need to withdraw, please contact me on
my private mail id.

Email id: christicjdecember25@gmail.com

WHAT ARE THE POSSIBLE RISKS AND BENEFITS OF TAKING PART?

bb



There is no possible risk in take part of this research. There may be benefits such as contributing
to advancements in pharmaceutical manufacturing practices and gaining insights into industry
trends. Your confidentiality will be maintained throughout the research process.

WILL TAKING PART BE CONFIDENTIAL?

Your participation and any information you provide will be kept confidential. All data will be
anonymized, and only the research team will have access to the collected information. Any
identifying information will be removed from transcripts, and only aggregate findings will be
reported.

HOW WILL INFORMATION YOU PROVIDE BE STORED AND PROTECTED? The
information you provide will be securely stored on password-protected devices and encrypted
cloud storage until after my dissertation has been awarded. Only | will have access to the data.
After this period of time, a transcript of interviews that has been scrubbed of all identifying
information will be kept for an additional two years. You have the right to access the information
you have submitted at any moment under the legalization of freedom of information

WHAT WILL HAPPEN TO THE RESULTS OF THE STUDY?

The results of the study will be disseminated through academic publications, conference
presentations, and possibly teaching materials. If applicable, the dissertation resulting from this
research will be made accessible in the university library and may be available in online
repositories.

WHO SHOULD YOU CONTACT FOR FURTHER INFORMATION?

For further information, you can contact

Name: Christi Chemballil Joseph

Email id: christicjdecember25@gmail.com

[THANK YOU]
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Consent to take part in research

A System-Focused Approach to Implementing Continuous Manufacturing in Small
Molecule Pharmaceutical Industry in Ireland

The researcher retains one copy signed by both themselves and the participant. The participant should also
receive a copy of consent form as a record of what they have signed up to.

I voluntarily agree to participate in this research study

I understand that even if | agree to participate now, | can withdraw at any time or refuse to answer
any question without any consequences of any kind

I understand that | can withdraw permission to use data from my interview within two weeks after
the interview, in which case the material will be deleted.

I have had the purpose and nature of the study explained to me in writing and | have had the
opportunity to ask questions about the study

I understand that participation involves giving my views on the questions asked

I understand that | will not benefit directly from participating in this research

I understand that all information | provide for this study will be treated confidentially

I understand that in any report on the results of this research my identity will remain anonymous.
This will be done by changing my name and disguising any details of my interview which may
reveal my identity or the identity of people | speak about

| agree to my interview being audio -recorded.

I understand that disguised extracts from my interview may be quoted in dissertation, conference
presentation, published papers, ejournals, library etc.

If data is coming from within one company or specifically pertaining to the one company -I
understand that | will adhere to all of the codes of conduct and employee confidentiality for
company and there is no expectation to breach these by partaking in this research. Include a
signed confidentiality statement between researcher and company if deemed necessary.

I understand that if | inform the researcher that myself or someone else is at risk of harm, they may
have to report this to the relevant authorities - they will discuss this with me first but may be
required to report with or without my permission

I understand that signed consent forms and original audio recordings will be retained in my
computer until specific relevant period -for students this will be until the exam board confirms the
results of their dissertation

I understand that a transcript of my interview in which all identifying information has been removed
will be retained for two years

I understand that under freedom of information legalisation | am entitled to access the information

I have provided at any time while it is in storage as specified above.

dd



-l understand that | am free to contact any of the people involved in the research to seek further

clarification and information.

Researcher Details

Name: Christi Chemballil Joseph

Degree Programme: MSc. Pharmaceutical Business and Technology.
College Details: Griffith College Dublin

Contact number: 0894092285

Contact mail: christicjdecember25@gmail.com

Signature of participant

Signature of research participant

- — 14/04/2024- Date

Signature of researcher

| believe the participant is giving informed consent to participate in this study

i

-- - Date

14/04/2024

Signature of researcher
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Participant Information Letter

TITLE OF THE STUDY: A System-Focused Approach to Implementing Continuous
Manufacturing in Small Molecule Pharmaceutical Industry in Ireland

WHO | AM AND WHAT THIS STUDY IS ABOUT: I’m Christi Chemballil Joseph and I’'m
pursuing my Master of science in Pharmaceutical Business and Technology in Griffith College
Dublin. As part of my dissertation, I’'m conducting a research study to explore the integration of
continuous manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland. This
research is part of my academic endeavor to understand the challenges and opportunities associated
with adopting CM in the pharmaceutical industry. My aim is to provide valuable insights and
recommendations for facilitating the seamless integration of CM while addressing existing
barriers.

WHAT WOULD TAKING PART INVOLVE? Participation in this study involves participating
in an interview where we will discuss your perspectives on continuous manufacturing in the
pharmaceutical industry. The interview will be audio-recorded for transcription purposes. Your
participation will contribute to our understanding of the current landscape and potential future
directions in pharmaceutical manufacturing.

WHY HAVE YOU BEEN INVITED TO TAKE PART? You have been invited to take part in
this research study because of your expertise or experience in the pharmaceutical industry,
particularly in relation to manufacturing processes. Your insights are valuable for gaining a
comprehensive understanding of the challenges and opportunities associated with continuous
manufacturing.

DO YOU HAVE TO TAKE PART? Participation in this study is completely voluntary. You
have the right to refuse participation, decline to answer any questions, or withdraw from the study
at any time without facing any consequences. In case, you need to withdraw, please contact me on
my private mail id.

Email id: christicjdecember25@gmail.com

WHAT ARE THE POSSIBLE RISKS AND BENEFITS OF TAKING PART?

ff



There is no possible risk in take part of this research. There may be benefits such as contributing
to advancements in pharmaceutical manufacturing practices and gaining insights into industry
trends. Your confidentiality will be maintained throughout the research process.

WILL TAKING PART BE CONFIDENTIAL?

Your participation and any information you provide will be kept confidential. All data will be
anonymized, and only the research team will have access to the collected information. Any
identifying information will be removed from transcripts, and only aggregate findings will be
reported.

HOW WILL INFORMATION YOU PROVIDE BE STORED AND PROTECTED? The
information you provide will be securely stored on password-protected devices and encrypted
cloud storage until after my dissertation has been awarded. Only | will have access to the data.
After this period of time, a transcript of interviews that has been scrubbed of all identifying
information will be kept for an additional two years. You have the right to access the information
you have submitted at any moment under the legalization of freedom of information

WHAT WILL HAPPEN TO THE RESULTS OF THE STUDY?

The results of the study will be disseminated through academic publications, conference
presentations, and possibly teaching materials. If applicable, the dissertation resulting from this
research will be made accessible in the university library and may be available in online
repositories.

WHO SHOULD YOU CONTACT FOR FURTHER INFORMATION?

For further information, you can contact

Name: Christi Chemballil Joseph

Email id: christicjdecember25@gmail.com

[THANK YOU]
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Consent to take part in research

A System-Focused Approach to Implementing Continuous Manufacturing in Small
Molecule Pharmaceutical Industry in Ireland

The researcher retains one copy signed by both themselves and the participant. The participant should also
receive a copy of consent form as a record of what they have signed up to.

I voluntarily agree to participate in this research study

I understand that even if | agree to participate now, | can withdraw at any time or refuse to answer
any question without any consequences of any kind

I understand that | can withdraw permission to use data from my interview within two weeks after
the interview, in which case the material will be deleted.

I have had the purpose and nature of the study explained to me in writing and | have had the
opportunity to ask questions about the study

I understand that participation involves giving my views on the questions asked

I understand that | will not benefit directly from participating in this research

I understand that all information | provide for this study will be treated confidentially

I understand that in any report on the results of this research my identity will remain anonymous.
This will be done by changing my name and disguising any details of my interview which may
reveal my identity or the identity of people | speak about

| agree to my interview being audio -recorded.

I understand that disguised extracts from my interview may be quoted in dissertation, conference
presentation, published papers, ejournals, library etc.

If data is coming from within one company or specifically pertaining to the one company -I
understand that | will adhere to all of the codes of conduct and employee confidentiality for
company and there is no expectation to breach these by partaking in this research. Include a
signed confidentiality statement between researcher and company if deemed necessary.

I understand that if | inform the researcher that myself or someone else is at risk of harm, they may
have to report this to the relevant authorities - they will discuss this with me first but may be
required to report with or without my permission

I understand that signed consent forms and original audio recordings will be retained in my
computer until specific relevant period -for students this will be until the exam board confirms the
results of their dissertation

I understand that a transcript of my interview in which all identifying information has been removed
will be retained for two years

I understand that under freedom of information legalisation | am entitled to access the information

I have provided at any time while it is in storage as specified above.

hh



-l understand that | am free to contact any of the people involved in the research to seek further

clarification and information.

Researcher Details

Name: Christi Chemballil Joseph

Degree Programme: MSc. Pharmaceutical Business and Technology.
College Details: Griffith College Dublin

Contact number: 0894092285

Contact mail: christicjdecember25@gmail.com

Signature of participant

Signature of research participant

- — 15/04/2024 - Date

Signature of researcher

I believe the participant is giving informed consent to participate in this study

o

- - 14/04/2024 - Date

Signature of researcher



Participant Information Letter

TITLE OF THE STUDY: A System-Focused Approach to Implementing Continuous
Manufacturing in Small Molecule Pharmaceutical Industry in Ireland

WHO | AM AND WHAT THIS STUDY IS ABOUT: I’'m Christi Chemballil Joseph and I’'m
pursuing my Master of science in Pharmaceutical Business and Technology in Griffith College
Dublin. As part of my dissertation, I’'m conducting a research study to explore the integration of
continuous manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland. This
research is part of my academic endeavor to understand the challenges and opportunities associated
with adopting CM in the pharmaceutical industry. My aim is to provide valuable insights and
recommendations for facilitating the seamless integration of CM while addressing existing
barriers.

WHAT WOULD TAKING PART INVOLVE? Participation in this study involves participating
in an interview where we will discuss your perspectives on continuous manufacturing in the
pharmaceutical industry. The interview will be audio-recorded for transcription purposes. Your
participation will contribute to our understanding of the current landscape and potential future
directions in pharmaceutical manufacturing.

WHY HAVE YOU BEEN INVITED TO TAKE PART? You have been invited to take part in
this research study because of your expertise or experience in the pharmaceutical industry,
particularly in relation to manufacturing processes. Your insights are valuable for gaining a
comprehensive understanding of the challenges and opportunities associated with continuous
manufacturing.

DO YOU HAVE TO TAKE PART? Participation in this study is completely voluntary. You
have the right to refuse participation, decline to answer any questions, or withdraw from the study
at any time without facing any consequences. In case, you need to withdraw, please contact me on
my private mail id.

Email id: christicjdecember25@gmail.com

WHAT ARE THE POSSIBLE RISKS AND BENEFITS OF TAKING PART?
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There is no possible risk in take part of this research. There may be benefits such as contributing
to advancements in pharmaceutical manufacturing practices and gaining insights into industry
trends. Your confidentiality will be maintained throughout the research process.

WILL TAKING PART BE CONFIDENTIAL?

Your participation and any information you provide will be kept confidential. All data will be
anonymized, and only the research team will have access to the collected information. Any
identifying information will be removed from transcripts, and only aggregate findings will be
reported.

HOW WILL INFORMATION YOU PROVIDE BE STORED AND PROTECTED? The
information you provide will be securely stored on password-protected devices and encrypted
cloud storage until after my dissertation has been awarded. Only | will have access to the data.
After this period of time, a transcript of interviews that has been scrubbed of all identifying
information will be kept for an additional two years. You have the right to access the information
you have submitted at any moment under the legalization of freedom of information

WHAT WILL HAPPEN TO THE RESULTS OF THE STUDY?

The results of the study will be disseminated through academic publications, conference
presentations, and possibly teaching materials. If applicable, the dissertation resulting from this
research will be made accessible in the university library and may be available in online
repositories.

WHO SHOULD YOU CONTACT FOR FURTHER INFORMATION?

For further information, you can contact

Name: Christi Chemballil Joseph

Email id: christicjdecember25@gmail.com

[THANK YOU]
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Consent to take part in research

A System-Focused Approach to Implementing Continuous Manufacturing in Small
Molecule Pharmaceutical Industry in Ireland

The researcher retains one copy signed by both themselves and the participant. The participant should also
receive a copy of consent form as a record of what they have signed up to.

I voluntarily agree to participate in this research study

I understand that even if | agree to participate now, | can withdraw at any time or refuse to answer
any question without any consequences of any kind

I understand that | can withdraw permission to use data from my interview within two weeks after
the interview, in which case the material will be deleted.

I have had the purpose and nature of the study explained to me in writing and | have had the
opportunity to ask questions about the study

I understand that participation involves giving my views on the questions asked

I understand that | will not benefit directly from participating in this research

I understand that all information | provide for this study will be treated confidentially

I understand that in any report on the results of this research my identity will remain anonymous.
This will be done by changing my name and disguising any details of my interview which may
reveal my identity or the identity of people | speak about

| agree to my interview being audio -recorded.

I understand that disguised extracts from my interview may be quoted in dissertation, conference
presentation, published papers, ejournals, library etc.

If data is coming from within one company or specifically pertaining to the one company -I
understand that | will adhere to all of the codes of conduct and employee confidentiality for
company and there is no expectation to breach these by partaking in this research. Include a
signed confidentiality statement between researcher and company if deemed necessary.

I understand that if | inform the researcher that myself or someone else is at risk of harm, they may
have to report this to the relevant authorities - they will discuss this with me first but may be
required to report with or without my permission

I understand that signed consent forms and original audio recordings will be retained in my
computer until specific relevant period -for students this will be until the exam board confirms the
results of their dissertation

I understand that a transcript of my interview in which all identifying information has been removed
will be retained for two years

I understand that under freedom of information legalisation | am entitled to access the information

I have provided at any time while it is in storage as specified above.



-l understand that | am free to contact any of the people involved in the research to seek further

clarification and information.

Researcher Details

Name: Christi Chemballil Joseph

Degree Programme: MSc. Pharmaceutical Business and Technology.
College Details: Griffith College Dublin

Contact number: 0894092285

Contact mail: christicjdecember25@gmail.com
Signature of participant

Signature of research participant

- 15/04/2024 - Date

Signature of researcher

I believe the participant is giving informed consent to participate in this study

o

- — - 14/04/2024 - Date

Signature of researcher
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Participant Information Letter

TITLE OF THE STUDY: A System-Focused Approach to Implementing Continuous
Manufacturing in Small Molecule Pharmaceutical Industry in Ireland

WHO | AM AND WHAT THIS STUDY IS ABOUT: I’'m Christi Chemballil Joseph and I’'m
pursuing my Master of science in Pharmaceutical Business and Technology in Griffith College
Dublin. As part of my dissertation, I’'m conducting a research study to explore the integration of
continuous manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland. This
research is part of my academic endeavor to understand the challenges and opportunities associated
with adopting CM in the pharmaceutical industry. My aim is to provide valuable insights and
recommendations for facilitating the seamless integration of CM while addressing existing
barriers.

WHAT WOULD TAKING PART INVOLVE? Participation in this study involves participating
in an interview where we will discuss your perspectives on continuous manufacturing in the
pharmaceutical industry. The interview will be audio-recorded for transcription purposes. Your
participation will contribute to our understanding of the current landscape and potential future
directions in pharmaceutical manufacturing.

WHY HAVE YOU BEEN INVITED TO TAKE PART? You have been invited to take part in
this research study because of your expertise or experience in the pharmaceutical industry,
particularly in relation to manufacturing processes. Your insights are valuable for gaining a
comprehensive understanding of the challenges and opportunities associated with continuous
manufacturing.

DO YOU HAVE TO TAKE PART? Participation in this study is completely voluntary. You
have the right to refuse participation, decline to answer any questions, or withdraw from the study
at any time without facing any consequences. In case, you need to withdraw, please contact me on
my private mail id.

Email id: christicjdecember25@gmail.com

WHAT ARE THE POSSIBLE RISKS AND BENEFITS OF TAKING PART?
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There is no possible risk in take part of this research. There may be benefits such as contributing
to advancements in pharmaceutical manufacturing practices and gaining insights into industry
trends. Your confidentiality will be maintained throughout the research process.

WILL TAKING PART BE CONFIDENTIAL?

Your participation and any information you provide will be kept confidential. All data will be
anonymized, and only the research team will have access to the collected information. Any
identifying information will be removed from transcripts, and only aggregate findings will be
reported.

HOW WILL INFORMATION YOU PROVIDE BE STORED AND PROTECTED? The
information you provide will be securely stored on password-protected devices and encrypted
cloud storage until after my dissertation has been awarded. Only | will have access to the data.
After this period of time, a transcript of interviews that has been scrubbed of all identifying
information will be kept for an additional two years. You have the right to access the information
you have submitted at any moment under the legalization of freedom of information

WHAT WILL HAPPEN TO THE RESULTS OF THE STUDY?

The results of the study will be disseminated through academic publications, conference
presentations, and possibly teaching materials. If applicable, the dissertation resulting from this
research will be made accessible in the university library and may be available in online
repositories.

WHO SHOULD YOU CONTACT FOR FURTHER INFORMATION?

For further information, you can contact

Name: Christi Chemballil Joseph

Email id: christicjdecember25@gmail.com

[THANK YOU]
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Consent to take part in research

A System-Focused Approach to Implementing Continuous Manufacturing in Small
Molecule Pharmaceutical Industry in Ireland

The researcher retains one copy signed by both themselves and the participant. The participant should also
receive a copy of consent form as a record of what they have signed up to.

I voluntarily agree to participate in this research study

I understand that even if | agree to participate now, | can withdraw at any time or refuse to answer
any question without any consequences of any kind

I understand that | can withdraw permission to use data from my interview within two weeks after
the interview, in which case the material will be deleted.

I have had the purpose and nature of the study explained to me in writing and | have had the
opportunity to ask questions about the study

I understand that participation involves giving my views on the questions asked

I understand that | will not benefit directly from participating in this research

I understand that all information | provide for this study will be treated confidentially

I understand that in any report on the results of this research my identity will remain anonymous.
This will be done by changing my name and disguising any details of my interview which may
reveal my identity or the identity of people | speak about

| agree to my interview being audio -recorded.

I understand that disguised extracts from my interview may be quoted in dissertation, conference
presentation, published papers, ejournals, library etc.

If data is coming from within one company or specifically pertaining to the one company -I
understand that | will adhere to all of the codes of conduct and employee confidentiality for
company and there is no expectation to breach these by partaking in this research. Include a
signed confidentiality statement between researcher and company if deemed necessary.

I understand that if | inform the researcher that myself or someone else is at risk of harm, they may
have to report this to the relevant authorities - they will discuss this with me first but may be
required to report with or without my permission

I understand that signed consent forms and original audio recordings will be retained in my
computer until specific relevant period -for students this will be until the exam board confirms the
results of their dissertation

I understand that a transcript of my interview in which all identifying information has been removed
will be retained for two years

I understand that under freedom of information legalisation | am entitled to access the information

I have provided at any time while it is in storage as specified above.
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-l understand that | am free to contact any of the people involved in the research to seek further

clarification and information.

Researcher Details

Name: Christi Chemballil Joseph

Degree Programme: MSc. Pharmaceutical Business and Technology.
College Details: Griffith College Dublin

Contact number: 0894092285

Contact mail: christicjdecember25@gmail.com
Signature of participant

Signature of research participant
ﬁf{;

- 15/04 /2024 - Date

Signature of researcher

| believe the participant is giving informed consent to participate in this study

o

- - 14/04/2024- Date

Signature of researcher
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Participant Information Letter

TITLE OF THE STUDY: A System-Focused Approach to Implementing Continuous
Manufacturing in Small Molecule Pharmaceutical Industry in Ireland

WHO | AM AND WHAT THIS STUDY IS ABOUT: I’'m Christi Chemballil Joseph and I’'m
pursuing my Master of science in Pharmaceutical Business and Technology in Griffith College
Dublin. As part of my dissertation, I’'m conducting a research study to explore the integration of
continuous manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland. This
research is part of my academic endeavor to understand the challenges and opportunities associated
with adopting CM in the pharmaceutical industry. My aim is to provide valuable insights and
recommendations for facilitating the seamless integration of CM while addressing existing
barriers.

WHAT WOULD TAKING PART INVOLVE? Participation in this study involves participating
in an interview where we will discuss your perspectives on continuous manufacturing in the
pharmaceutical industry. The interview will be audio-recorded for transcription purposes. Your
participation will contribute to our understanding of the current landscape and potential future
directions in pharmaceutical manufacturing.

WHY HAVE YOU BEEN INVITED TO TAKE PART? You have been invited to take part in
this research study because of your expertise or experience in the pharmaceutical industry,
particularly in relation to manufacturing processes. Your insights are valuable for gaining a
comprehensive understanding of the challenges and opportunities associated with continuous
manufacturing.

DO YOU HAVE TO TAKE PART? Participation in this study is completely voluntary. You
have the right to refuse participation, decline to answer any questions, or withdraw from the study
at any time without facing any consequences. In case, you need to withdraw, please contact me on
my private mail id.

Email id: christicjdecember25@gmail.com

WHAT ARE THE POSSIBLE RISKS AND BENEFITS OF TAKING PART?
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There is no possible risk in take part of this research. There may be benefits such as contributing
to advancements in pharmaceutical manufacturing practices and gaining insights into industry
trends. Your confidentiality will be maintained throughout the research process.

WILL TAKING PART BE CONFIDENTIAL?

Your participation and any information you provide will be kept confidential. All data will be
anonymized, and only the research team will have access to the collected information. Any
identifying information will be removed from transcripts, and only aggregate findings will be
reported.

HOW WILL INFORMATION YOU PROVIDE BE STORED AND PROTECTED? The
information you provide will be securely stored on password-protected devices and encrypted
cloud storage until after my dissertation has been awarded. Only | will have access to the data.
After this period of time, a transcript of interviews that has been scrubbed of all identifying
information will be kept for an additional two years. You have the right to access the information
you have submitted at any moment under the legalization of freedom of information

WHAT WILL HAPPEN TO THE RESULTS OF THE STUDY?

The results of the study will be disseminated through academic publications, conference
presentations, and possibly teaching materials. If applicable, the dissertation resulting from this
research will be made accessible in the university library and may be available in online
repositories.

WHO SHOULD YOU CONTACT FOR FURTHER INFORMATION?

For further information, you can contact

Name: Christi Chemballil Joseph

Email id: christicjdecember25@gmail.com

[THANK YOU]
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Consent to take part in research

A System-Focused Approach to Implementing Continuous Manufacturing in Small
Molecule Pharmaceutical Industry in Ireland

The researcher retains one copy signed by both themselves and the participant. The participant should also
receive a copy of consent form as a record of what they have signed up to.

I voluntarily agree to participate in this research study

I understand that even if | agree to participate now, | can withdraw at any time or refuse to answer
any question without any consequences of any kind

I understand that | can withdraw permission to use data from my interview within two weeks after
the interview, in which case the material will be deleted.

I have had the purpose and nature of the study explained to me in writing and | have had the
opportunity to ask questions about the study

I understand that participation involves giving my views on the questions asked

I understand that | will not benefit directly from participating in this research

I understand that all information | provide for this study will be treated confidentially

I understand that in any report on the results of this research my identity will remain anonymous.
This will be done by changing my name and disguising any details of my interview which may
reveal my identity or the identity of people | speak about

| agree to my interview being audio -recorded.

I understand that disguised extracts from my interview may be quoted in dissertation, conference
presentation, published papers, ejournals, library etc.

If data is coming from within one company or specifically pertaining to the one company -I
understand that | will adhere to all of the codes of conduct and employee confidentiality for
company and there is no expectation to breach these by partaking in this research. Include a
signed confidentiality statement between researcher and company if deemed necessary.

I understand that if | inform the researcher that myself or someone else is at risk of harm, they may
have to report this to the relevant authorities - they will discuss this with me first but may be
required to report with or without my permission

I understand that signed consent forms and original audio recordings will be retained in my
computer until specific relevant period -for students this will be until the exam board confirms the
results of their dissertation

I understand that a transcript of my interview in which all identifying information has been removed
will be retained for two years

I understand that under freedom of information legalisation | am entitled to access the information

I have provided at any time while it is in storage as specified above.
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-l understand that | am free to contact any of the people involved in the research to seek further

clarification and information.

Researcher Details

Name: Christi Chemballil Joseph

Degree Programme: MSc. Pharmaceutical Business and Technology.
College Details: Griffith College Dublin

Contact number: 0894092285

Contact mail: christicjdecember25@gmail.com
Signature of participant

Signature of research participant
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- — 16/04/2024 - Date

Signature of researcher

I believe the participant is giving informed consent to participate in this study

o

- - 14/04/2024- Date

Signature of researcher
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Participant Information Letter

TITLE OF THE STUDY: A System-Focused Approach to Implementing Continuous
Manufacturing in Small Molecule Pharmaceutical Industry in Ireland

WHO | AM AND WHAT THIS STUDY IS ABOUT: I’'m Christi Chemballil Joseph and I’'m
pursuing my Master of science in Pharmaceutical Business and Technology in Griffith College
Dublin. As part of my dissertation, I’'m conducting a research study to explore the integration of
continuous manufacturing (CM) in small molecule pharmaceutical manufacturing in Ireland. This
research is part of my academic endeavor to understand the challenges and opportunities associated
with adopting CM in the pharmaceutical industry. My aim is to provide valuable insights and
recommendations for facilitating the seamless integration of CM while addressing existing
barriers.

WHAT WOULD TAKING PART INVOLVE? Participation in this study involves participating
in an interview where we will discuss your perspectives on continuous manufacturing in the
pharmaceutical industry. The interview will be audio-recorded for transcription purposes. Your
participation will contribute to our understanding of the current landscape and potential future
directions in pharmaceutical manufacturing.

WHY HAVE YOU BEEN INVITED TO TAKE PART? You have been invited to take part in
this research study because of your expertise or experience in the pharmaceutical industry,
particularly in relation to manufacturing processes. Your insights are valuable for gaining a
comprehensive understanding of the challenges and opportunities associated with continuous
manufacturing.

DO YOU HAVE TO TAKE PART? Participation in this study is completely voluntary. You
have the right to refuse participation, decline to answer any questions, or withdraw from the study
at any time without facing any consequences. In case, you need to withdraw, please contact me on
my private mail id.

Email id: christicjdecember25@gmail.com

WHAT ARE THE POSSIBLE RISKS AND BENEFITS OF TAKING PART?
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There is no possible risk in take part of this research. There may be benefits such as contributing
to advancements in pharmaceutical manufacturing practices and gaining insights into industry
trends. Your confidentiality will be maintained throughout the research process.

WILL TAKING PART BE CONFIDENTIAL?

Your participation and any information you provide will be kept confidential. All data will be
anonymized, and only the research team will have access to the collected information. Any
identifying information will be removed from transcripts, and only aggregate findings will be
reported.

HOW WILL INFORMATION YOU PROVIDE BE STORED AND PROTECTED? The
information you provide will be securely stored on password-protected devices and encrypted
cloud storage until after my dissertation has been awarded. Only | will have access to the data.
After this period of time, a transcript of interviews that has been scrubbed of all identifying
information will be kept for an additional two years. You have the right to access the information
you have submitted at any moment under the legalization of freedom of information

WHAT WILL HAPPEN TO THE RESULTS OF THE STUDY?

The results of the study will be disseminated through academic publications, conference
presentations, and possibly teaching materials. If applicable, the dissertation resulting from this
research will be made accessible in the university library and may be available in online
repositories.

WHO SHOULD YOU CONTACT FOR FURTHER INFORMATION?

For further information, you can contact

Name: Christi Chemballil Joseph

Email id: christicjdecember25@gmail.com

[THANK YOU]
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Consent to take part in research

A System-Focused Approach to Implementing Continuous Manufacturing in Small
Molecule Pharmaceutical Industry in Ireland

The researcher retains one copy signed by both themselves and the participant. The participant should also
receive a copy of consent form as a record of what they have signed up to.

I voluntarily agree to participate in this research study

I understand that even if | agree to participate now, | can withdraw at any time or refuse to answer
any question without any consequences of any kind

I understand that | can withdraw permission to use data from my interview within two weeks after
the interview, in which case the material will be deleted.

I have had the purpose and nature of the study explained to me in writing and | have had the
opportunity to ask questions about the study

I understand that participation involves giving my views on the questions asked

I understand that | will not benefit directly from participating in this research

I understand that all information | provide for this study will be treated confidentially

I understand that in any report on the results of this research my identity will remain anonymous.
This will be done by changing my name and disguising any details of my interview which may
reveal my identity or the identity of people | speak about

| agree to my interview being audio -recorded.

I understand that disguised extracts from my interview may be quoted in dissertation, conference
presentation, published papers, ejournals, library etc.

If data is coming from within one company or specifically pertaining to the one company -I
understand that | will adhere to all of the codes of conduct and employee confidentiality for
company and there is no expectation to breach these by partaking in this research. Include a
signed confidentiality statement between researcher and company if deemed necessary.

I understand that if | inform the researcher that myself or someone else is at risk of harm, they may
have to report this to the relevant authorities - they will discuss this with me first but may be
required to report with or without my permission

I understand that signed consent forms and original audio recordings will be retained in my
computer until specific relevant period -for students this will be until the exam board confirms the
results of their dissertation

I understand that a transcript of my interview in which all identifying information has been removed
will be retained for two years

I understand that under freedom of information legalisation | am entitled to access the information

I have provided at any time while it is in storage as specified above.
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-l understand that | am free to contact any of the people involved in the research to seek further

clarification and information.

Researcher Details

Name: Christi Chemballil Joseph

Degree Programme: MSc. Pharmaceutical Business and Technology.
College Details: Griffith College Dublin

Contact number: 0894092285

Contact mail: christicjdecember25@gmail.com

Signature of participant

Signature of research participant

- — 16/04/2024 Date

Signature of researcher

I believe the participant is giving informed consent to participate in this study

o

- - 14/04/2024- Date

Signature of researcher
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7.4 Appendix D - Gantt Chart

Thesis Title A System-Focused Approach to Implementing Continuous Manufacturing in Small Molecule Pharmaceutical Industry in Ireland
Project Timeline
Month Month Month
Wkl  Wk2  Wk3 Wk4 WkS Wk6 Wk7  Wk8 WK9  WkI0 Wk1l WkI2

Milestones Key
Literature Review Draft

2 Research proposal draft

3 Literature review

4 Develop/Source Measures for surveys
5 Develop Recruitment Materials

6 Preparation of surveys/interview schedules
7 Start Recruitment process

8 Methodology: Write Up

9 Pilot Study?

10 Data Collection

11 Analysis

12 Thesis writing/editing

13 Thesis review by supervisors

14 Incorporate feedback

15 Submit Thesis

16 Create X

17 Submit X
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